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ABSTRACT

Tests were conducted at the USDA Forest Service Lucky Peak Nursery to compare four pre-sowing
treatments on production of bare root ponderosa pine seedlings. Treatments tested included
standard fumigation with methyl bromide—chloropicrin (MBC), fallowing with periodic cultivation, and
two cultivars of Brassica napus incorporated into soil as green manure crops (“Dwarf Essex,” “Hybrid
Mustard”). A biological control agent (Trichoderma harzianum) was also applied to some treatment
areas. All treatments except MBC resulted in increased populations of Fusarium prior to sowing; the
Brassica green manure crops greatly stimulated Fusarium populations. Seedling emergence, first-
year seedling survival and height were less in all nonfumigation treatments. Fusarium oxysporum
was the most frequently isolated pathogen from soil and diseased seedlings. Seedling height,
diameter and root biomass on 2-0 seediings were not significantly different among the treatments.
Addition of T. harzianum had no effect on seedling production. Reduced seedling density, common
in nonfumigation treatment areas, may result in larger seedlings.

INTRODUCTION of high-quality seedlings at the nursery for
many years (Marshall 1983).

The USDA Forest Service Lucky Peak

Nursery near Boise, ldaho has traditionally
used preplant soil fumigation as a means of
controlling soilborne pathogens, weeds, and
improving bare root conifer seedling
production. The fumigant of choice has been
methyl bromide/chloropicrin (MBC), which is
usually applied near the end or summer or
early fall of the year prior to sowing when soil
temperature and moisture conditions are most
conducive  for  proper chemical soil
penetration. Soil fumigation with MBC has
resulted in sustained, predictable production

Recently, methyl bromide has been targeted
for phase out and elimination as a fumigant in
the United States because of its propensity to
degrade stratospheric ozone which affects
penetration of ultraviolet light to the earth’'s
surface (Chapman 1992; Stone et al. 1995;
World Meteorological Association 1995). The
Montreal Protocol identified ozone-depleting
chemicals and called for reduction and
elimination of some of the more important
ones (Evans and Greczy 1995; Shaheen
1996). Use of methyl bromide is currently



being reduced and its use is scheduled for
elimination by January 2005, even though
some exemptions may be granted. Therefore,
several investigations have been conducted at
the Lucky Peak Nursery to identify and test
viable alternatives to preplant soil fumigation
with methyl bromide. Previous tests have
involved alternative chemical fumigants
(dazomet) (James and Beall 1999) and bare
fallowing fields for at least one growing
season prior to sowing (James and Beall
2000). Neither of these treatments was
deemed a viable alternative to methyl
bromide.

Brassica spp. incorporated into soil as a green
manure crop may provide alternatives to pre-
plant soil fumigation with chemical pesticides.
Metabolites from certain cultivars have shown
toxicity to common soilborne plant pathogens
(Mayton et al. 1996) and may exhibit disease-
suppressive characteristics under agricultural
conditions (Chung et al. 2002; Mayton et al.
1996; Ramirez-Villapudua and Munnecke
1988). Glucosinolates in Brassica tissues are
converted to isothiocyanates upon
decomposition (Mayton et al. 1996; Rosa and
Rodrigues 1999); isothiocyanates, when
produced in sufficient concentrations, may be
toxic to certain soil pathogens. One way of
supplementing possible disease suppres-
siveness of Brassica spp. is by incorporating
biological control agents at the same time.
Trichoderma harzianum has been successful
in controlling soilborne pathogens in a number
of agricultural settings (Knudsen and Bin
1990; Knudsen et al. 1991). This fungus
competes with and produces toxic metabolites
that may inhibit important soilborne pathogens
(Knudsen and Bin 1990; Papavizas 1985).

An evaluation was conducted at the Lucky
Peak Nursery to determine efficacy of
selected Brassica cultivars as green manure
crops, supplemented with application of T.
harzianum, in controlling soilborne pathogens
and production of high quality ponderosa pine
seedlings.

MATERIALS AND METHODS

Tests were initiated during the summer of
2000. Each treatment was replicated three
times; treatment blocks were located within
three sections of Field 14 in a complete
randomized block design (figure 1). Each
treatment block was 50 ft. (16.5 m) in length
and two seedling beds wide. The treatments
were: standard methyl bromide/chloropicrin
(MBC) fumigation in August 2000 at the rate
of 350 Ibs/acre (= 390 kg/ha), bare fallowing
with periodic cultivation, and two Brassica
napus green manure crops (cultivars “Dwarf
Essex” and “Hybrid Mustard”) that were sown
in the late summer of 2000, grown over the
winter, and incorporated into the soil 14 days
before sowing in the spring of 2001. A
formulation of Trichoderma harzianum (strain
ThzID1) was added to half of the MBC, fallow,
and Brassica plots just prior to sowing.

Soil populations of potential pathogens in the
genus Fusarium and potential antagonists in
the genus Trichoderma were assayed prior to
soil treatments and again just prior to sowing.
Samples were collected from within each
replicate plot; three collections within each
plot were mixed together to represent a single
sample. Each collection consisted of a soil
core taken to a depth of about 8 inches (20
cm). Soil was placed in plastic bags, kept
refrigerated, and transported to the laboratory
for analysis.

Standard soil dilutions (Hildebrand and Dinkel
1988, James et al. 1990, 1996, Stone et al.
1995) were conducted to estimate populations
of Fusarium and Trichoderma spp. Soil from
each sample was initially sieved (2 mm sieve)
to remove rocks, pieces of organic matter, and
soil aggregates. From each sample, an
approximate 5 g subsample was oven dried at
about 100°C for at least 24 hrs. until sample
weight stabilized. Oven-dry weight was then
calculated to provide a standard for sample
comparison. For population assays, 0.05 g of
field-moist soil was combined with 10 ml of



Figure 1. Plot layout in Field 14 to evaluate effects of preplant soil treatments on production of
bare root ponderosa pine seedlings - USDA Forest Service Lucky Peak Nursery, Boise, Idaho.

Photo taken at the end of the first growing season.

0.3% water agar (WA) and thoroughly mixed.
One milliliter of solution was placed on each of
three plates of selective agar medium for
Fusarium and closely related fungi (Komada
1975) and spread uniformly. Trichoderma
propagules were also enumerated on
Komada’'s medium which supports growth of
this fungus unless amended with benomyl or
lithium chloride. Plates were incubated for 7
days at about 24°C under diurnal cycles of
cool, fluorescent light. Fusarium and
Trichoderma colonies were identified by their
morphology on the selective medium;
populations were expressed as number of
colony-forming units (cfu) per g of oven-dried
soil. Selected Fusarium isolates were
transferred to carnation leaf agar (Fisher et al.
1982) and potato dextrose agar (PDA) for
identification to species using the taxonomy of
Nelson et al. (1983). Isolates of Trichoderma
were not identified to species.

All plots were sown during early May 2001
with the same seedlot of ponderosa pine
(Pinus ponderosa Laws.) using standard
nursery procedures and covered with fine
sand. After seedling emergence was deemed
complete (mid-July), three sampling subplots
(1.5 ft® — 0.31 m® were installed within each
replicate plot; these subplots were located
approximately equidistant from each other and
concentrated within the center of each
replicate plot (figure 2). Seedling emergence
and postemergence damping off were
determined within each subplot in July. At the
same time, 10 diseased seedlings were
randomly collected from each replicate plot for
pathogen analysis in the laboratory. Selected
seedlings were washed thoroughly, root/stem
tissues surface sterilized in a 0.525% aqueous
solution of sodium hypochlorite, and dissected
into pieces about 5 mm in length. Twenty-five
randomly selected pieces from seedlings



Figure 2. Borders of subplots (white pot labels) used for determining seedling emergence, first-
year survival, and level of disease within pre-plant treatment plots - USDA Forest Service Lucky
Peak Nursery, Boise, Idaho. Seedlings with postemergence disease are indicated by arrows.

within each replicate plot were placed on
Komada’s medium and isolated organisms
were identified as described above for soil
samples.

At the end of the first growing season
(October), seedling density and disease were
determined within each subplot. Heights of 10
seedlings within each subplot (if available)
were measured at the same time. At the end
of the first growing season, 100 diseased 1-0
pine seedlings were randomly collected from
* throughout the study area.

They were analyzed for pathogens by placing
5 root or stem pieces from each seedling on
Komada’s medium and identifying associated
organisms as described above. Seedlings
were washed and surface sterilized prior to
isolations. '

At the end of the second growing season (fall
2002), sample seedlings were carefully
extracted from beds by hand for morphology
measurements. Sample seedlings were
located within inner seedling rows (to
eliminate edge effects) and entire root
systems were included with each seedling.
Fifty “average” seedlings were collected from
each replicate plot and transported to the

laboratory for measurement. Seedling height

. (from basal cotyledon scar to the tip of the

terminal bud), diameter (just above the ground
line) and root mass (oven-dry weight of all
attached roots) were determined for each
sample seedling. Seedling heights, diameters,
and root masses were compared among the
treatments with an analysis of variance.
Significant differences (P=0.05) in these three
morphology categories were located using the
least significant difference (LSD) procedure.

RESULTS

Presowing fumigation with MBC greatly
reduced, but did not eliminate soil populations
of Fusarium (table 1). Levels of Trichoderma
were also reduced, but not as drastically. The
other nonfumigation treatments resulted in
increased  soil  Fusarium  populations,
especially following incorporation of both
Brassica green manure crops into soil. Soil
Fusarium levels were well above estimated
disease thresholds (> 1000 cfu/q) (Hildebrand
and Dinkel 1988; James et al. 1990) in
Brassica plots prior to sowing the conifer crop.
Although Fusarium populations increased in
the fallow treatments, presowing populations
were slightly below disease threshold levels.
Effects of the nonfumigation treatments on



Trichoderma populations were variable (table

1).

Seedling responses to preplant soil treatments
were evaluated by measuring seedling
emergence, first-year survival, disease and
height growth, and height, diameter and root
mass production at the end of the second
growing season. Treatment effects on
seedling emergence and postemergence
damping-off are summarized in table 2.
Reduced seedling emergence and higher
damping-off occurred in nonfumigated plots.
Biocontrol treatment improved seedling
emergence for all treatments except soil
fumigation; effects on damping off were
variable. Isolations from seedlings with
postemergence damping-off symptoms (figure

2) yielded high levels of Fusarium oxysporum
Schlecht. (table 3). Three different
morphotypes of this species were routinely
isolated from diseased seedlings.
Morphotypes were differentiated on their
cultural variability, i.e., production of aerial
mycelium, violet pigmentation, and
sporodochia (pionnotal). All three
morphotypes produced spores characteristic
of F oxysporum:. chlamydospores,
macroconidia, and microconidia borne in false
heads on short, unbranched monophialides
(Nelson et al. 1983). Two other Fusarium
species (F. sporotrichioides Sherb. and F.
solani (Mart.) Appel & Wollenw.) were isolated
at very low levels (table 3). Trichoderma
isolates were isolated infrequently from
diseased seedlings.

Table 1. Effects of pre-plant treatments on soil populations of Fusarium and Trichoderma
USDA Forest Service Lucky Peak Nursery, Boise, Idaho'.

Treatment® | Replication | oo ST e
: Fusarium .. .. Trichoderma .
; ' Pre-Treat Pre-Sow Pre-Treat Pre-Sow
A1l 1 168 0 4176 671
2 452 34 2563 371
3 486 0 3214 1212
Average . 340,740 b 1.2 H981T06 ] miia761.2
. % Change = O6: Ty B b s T
A2 1 349 1004 2775 1606
2 954 706 3031 1847
3 202 807 4297 1479
Average 489.8 838.8| ~  33219] 16443
%Change | +71.2" bl (i =808
A3 1 1015 3424 1863 2920
2 469 19485 2853 1408
3 1366 4232 2735 6827
< Average | . 94511. .. 90478 | - 25279 - 3739.0
% Chaﬁge" i By P BBTE T s L R g
A4 1 242 1108 3131 2417
2 442 9629 2141 3118
3 188 607 3178 1651
Average 290.5 3781.0 2816.7 2395.5
% Change +1201.5 e o 1. 0

! Values in table are colony-forming units per gram of oven-dry soil. Percent change reflects changes from pre-treatment to

pre-sowing populations.

A1 = fumigation with methyl bromide/chloropicrin; A2 = bare fallow with periodic cultivation; A3 = cultivation and incorporation
of Dwarf Essex variety of Brassica; A4 = cultivation and incorporation of Hybrid Mustard variety of Brassica.



Table 2. Effects of pre-plant soil treatments on emergence of ponderosa pine seedlings-
USDA Forest Service Lucky Peak Nursery, Boise, Idaho’.

Treatment - With Biocontrol Without Biocontrol
Plot? _Emergence.. | Disease | Emergence. Disease
A-1-1 22.3 1.3 24.7 3.7
A-1-2 22.7 1.3 25.3 3.7
A-1-3 19.7 2.7 27.7 3.7

Avel'age_ = 21.5 St 1 .8 ] 259 ‘ 3-7
A-2-1 21.3 5.7 14.3 3.3
A-2-2 22.7 4.0 19.3 2.7
A-2-3 11.7 4.3 19.0 2.0

Average ' 18:5 L IEE A T e el | SRR A
A-3-1 21.3 2.3 13.0 3.0
A-3-2 18.7 2.0 11.0 2.7
A-3-3 _ 10.3 3.7 8.0 _ 3.3

. UAvErage | S uie8T e 27 SO e Ge 30 T
A-4-1 18.0 3.3 12.3 2.0
A-4-2 16.0 3.0 9.3 2.7
A-4-3 15.3 3.7 4.3 g
AVBF&Q_B EEL 16.4 -.-3-_-’3':_‘.;‘--3;_;__'_:':=.-J--_; 4 _87 5 : ._*:-i.j::-;_.i: :'-_-__:_z,

! Values in table are number of seedlings per 0.31m2.

2 A1 = fumigation with methyl bromide/chloropicrin; A2 = bare fallow with periodic cultivation; A3 = cultivation and incorporation
of Dwarf Essex variety of Brassica; A4 = cultivation and incorporation of Hybrid Mustard variety of Brassica.

Table 3. Fusarium and Trichoderma isolated from diseased ponderosa pine seedlings at the
end of seedling emergence - USDA Forest Service Lucky Peak Nursery, Boise, Idaho’.

Treatment® |~ Fusariumoxysporum’ | Fu(;;?gm“ | Trichoderma
oo Type® g Type 2t Type:3. : it R
A-1 88.0 32.0 9.3 0 9.3
A-2 78.6 60.0 16.0 1.3 6.7
A-3 88.0 70.7 24.0 0 14.7
A-4 69.3 65.3 13.3 1.3 8.0
All 81.0 57.0 15.6 0.7 9.7

: Values in table are percent of sampled root and stem pieces (75 sampled per treatment) colonized with the particular fungus.

° A1 = fumigation with methyl bromide/chloropicrin; A2 = bare fallow with periodic cultivation; A3 = cultivation and incorporation
of Dwarf Essex variety of Brassica; A4 = cultivation and incorporation of Hybrid mustard variety of Brassica.

= Types based on cultural characteristics (aerial hyphae, pigmentation, sporodochial production).

* Includes E. sporotrichioides and F. sofani.

Effects of preplant soil treatments on first-year
seedling survival, height growth, and post-
emergence disease are summarized in table
4. Seedling densities were less in all non-
fumigation treatments, regardiess of biocontrol
agent application. Discernable seedling
disease was low in all treatments. Seedlings
were generally slightly taller within plots

fumigated with MBC, although differences
among treatments were small.

Fusarium oxysporum was again the most
commonly isolated pathogen from diseased
1-0 seedlings (table 5). All three morphotypes
of this species were well represented in
isolations. Fusarium sporotrichioides was also



isolated; Trichoderma spp. were isolated at
low levels.

Preplant soil treatment effects on height,
diameter, and root mass production of 2-0
seedlings are summarized in table 6. No
significant differences were found in any of the
measured morphology parameters among the
four treatments. In addition, amendments with
the biocontrol agent did not significantly affect
seedling production. Similar-sized seedlings
were produced from all treatments by the end
of the second growing season.

DISCUSSION

Root diseases caused primarily by Fusarium
oxysporum are important in limiting production
of bare root pine seedlings at the Lucky Peak
Nursery (James 2002; James and Beall 1999,
2000). Disease levels tend to vary among the
different production fields and are also
influenced by  environmental factors,
particularly moisture and ambient

temperatures. Most root disease occurs
during the first growing season (James 2001,
2002); seedlings surviving the first year
usually grow well the second season and
reach desired sizes. However, seedling
densities may be reduced by first-year root
diseases and the required number of quality
seedlings may not be obtained.

Preplant soil fumigation with MBC has been
effective at the nursery for many years
(Marshall 1983). Although  expensive,
fumigation has generally resulted in denser
seedbeds and larger, healthier seedlings.
Because of the impending loss of methyl
bromide as a fumigant, several trials have
been conducted at the nursery to identify
viable alternatives. The fumigant dazomet
(Basamid®) was not as effective at Lucky
Peak as other nurseries (James and Beall
(1999), primarily because heavy soils with

Table 4. Effects of pre-plant soil treatments on first-year seedling survival, disease, and
height growth - USDA Forest Service Lucky Peak Nursery, Boise, Idaho.

Treatment | . . With Biocontrol =~ - Without Biocontrol -
Plot' . Live | Dead® | Height’ | = Live* | Dead He:ght3
A-1-1 20.7 1.3 6.02 23.0 1.3 7.25
A-1-2 22.0 1.3 7.65 21.3 13 8.25
A-1-3 24.3 0.7 8.17 19.7 LT 9.70
Average | 22.3 . = 1.1 7.28 213 a0 4l 8.0
A-2-1 20.7 0.7 7.05 13.0 0.7 8.39
A-2-2 17.7 2.0 7.22 20.0 0.7 8.67
A-2-3 10.0 2.0 7.30 16.3 1.0 7.78
~Average [i-16.%c | 150 b 29 |64 a1 0.8 e 14828
A-3-1 18.7 1.3 6.70 13.3 0.7 7.55
A-3-2 10.7 0.3 7.02 16.3 2.0 7.12
A-3-3 6.7 1.0 7.27 8.3 1.7 6.76
_Average | 12.0 0952y 696 | 127 KTUA4l 1T 7460
A-4-1 15.3 0.3 6.81 13.0 0.3 7.40
A-4-2 14.0 2.3 7.68 8.0 0.7 7.85
A-4-3 10.3 0.7 7.89 6.3 1.3 9.32
Averagerf. 182 |L- 4.4 - uf: 744 0 e 0.8 B0b
Al =59 s PSR . 7.22 149 A e e 1 OB

M = fumigation with methyl bromide/chloropicrin; A2 = bare fallow with periodic cultivation; A3 = cultivation and incorporation of Dwarf
Essex variety of Brassica; A4 = cultivation and incorporation of Hybrid Mustard variety of Brassica

2 Number of seedlings per 0.31m°.
q Average height of 10 seedlings - if available (cm).



Table 5. Fusarium and Trichoderma isolated from diseased ponderosa pine seedlings at the
end of the first growing season - USDA Forest Service Lucky Peak Nursery, Boise, Idaho.'

Fungus Infection’ - 1 Colonization® "' = -

Fusarium oxysporum’® 82 68.2
Type 1

Type 2 82 60.4
Type 3 62 26.0
All Isolates 100 100
Fusarium sporotrichioides 2 0.8
Trichoderma 20 5.0

" Percent of 100 seedlings sampled infected with the particular fungus.

2 Percent of stem and root pieces sampled (5 per seedling) colonized with the particular fungus.
9 Types based on cultural characteristics (aerial hyphae, pigmentation, sporodochial production).

Table 6. Effects of pre-plant soil treatment on 2-0 seedling density, height, diameter, and
root biomass - USDA Forest Service Lucky Peak Nursery, Boise, Idaho.

& Average Height Average Diameter | Average Root Mass
Treatment' - (cm) . (mm) e Y TR

A1 + Biocontrol 25.8 6.2 2.54
A1 — Biocontrol 22.7 5.4 1.94
A2 + Biocontrol 23.1 6.1 2.78
A2 — Biocontrol 21.7 5.9 3.07
A3 + Biocontrol 21.7 6.4 3.21
A3 — Biocontrol P20 6.2 2.94
A4 + Biocontrol 22.1 6.6 3.50
A4 — Biocontrol 22.5 6.1 2.99

All “A1” 24.3 A° 5.8 A® 2.24 A?

All “A2” 224 A 6.0 A 2.93 A

All “A3” 22.0A 6.3 A 3.08 A

All “A4” 223 A 6.4 A 3.25A
All + Biocontrol 23.2 A’ 6.3 A° 3.01 A’
All — Biocontrol 22.3 A 59A 2.74 A

A1 = fumigation with methyl bromide/chloropicrin; A2 = bare fallow with periodic cultivation; A3 = cultivation and incorporation
of Dwarf Essex variety of Brassica; A4 = cultivation and incorporation of Hybrid Mustard variety of Brassica. Biocontrol treatments

were addition of Trichoderma harzianum strain ThziD1.

2 For comparisons among the four treatments, means followed by the same letter are not statistically different (P=0.05) using the least

significant difference (LSD) procedure.

For comparisons between treatments with and without biocontrol amendments, means followed by the same letter are not statistically

different (P=0.05) using the least significant difference (LSD) procedure.

high clay content restricted distribution of the
fumigant throughout the soil profile (Munnecke
and Van Gundy 1979). Likewise, fallowing
fields with periodic cultivation was not very
effective in reducing soil pathogen inoculum or
improving seedling production, particularly in

fields with heavier soils and poorer water
drainage (James and Beall 2000).

Our results indicated that incorporating
Brassica green manure crops into soil initially
caused extensive increases in soil Fusarium
populations, including F. oxysporum. This



population increase adversely affected
seedling emergence and growth during the
first growing season. Higher levels of pre-
emergence disease probably resulted from
increased Fusarium levels; postemergence
disease may not have been as severe.
However, during the second growing season,
seedlings were much less affected. Seedlings
surviving to the end of the second growing
season grew well and were generally healthy
regardiess of the preplant treatment. By the
time of lifting, seedlings produced in all areas
were similar. Therefore, the most important
benefit of soil fumigation was first-year
seedling establishment and performance.
Reductions in seedling density may occur
because of higher first-year root disease.
However, root diseases did not greatly affect
seedlings during the second growing season.
If sufficient area is available for bare root
seedling production at the nursery, reduced
seedling densities may not be of concern.
However, high first-year disease means that
sowing densities must remain high to achieve
desired number of seedlings.

Biological control with one strain of
Trichoderma harzianum has thus far not
effectively controlled soilborne diseases in
tested forest nurseries (James 2000; James et
al. 2004). We found little effect of this
biocontrol agent in our tests, other than limited
improvement in seedling emergence in plots
treated with Brassica green manure Crops.
There may have been some amelioration of
resident Fusarium populations by the
biocontrol agent, but this was difficult to
measure.

Tests of Brassica green manure crops to
reduce soilborne diseases in forest nurseries
have so far been disappointing. Although such
treatments were effective in some agricultural
systems (Angus et al. 1994; Chung et al.
2002), similar results have not been
forthcoming in forest nurseries (Hansen et al.
1990; Hamm and Hansen 1990; James et al.
2004). It is likely that the level of
glucosinolates produced by tested Brassica
cultivars following soil incorporation is
insufficient to offset the proliferation of
pathogen populations that occur because of

adding large amounts of organic matter
(Hansen et al. 1990). This could be caused by
inefficient release of isothiocyanates from the
tissues, a key step that requires extensive
tissue maceration and ample water (Morra
and Kirkegaard 2002).  Alternatively,
glucosinolates present within B. napus tissues
may not produce products that are biologically
active against F. oxysporum. The latter
possibility is plausible, given the fact that B.
napus does not container glucosinolates that
release 2-propenyl isothiocyanate (Gardiner et
al. 1999), an isolthiocyanate that was shown
to inhibit mycelial growth and completely
suppress conidial and chlamydospore
germination (Smolinska et al. 2003).

Fusarium spp. are excellent saprophytes on a
wide range of organic matter. Their
populations respond directly to soil additions
of organic matter and may stabilize when food
sources become  scarcer. Fusarium
oxysporum responds to added organic matter
like other Fusarium spp. This fungal species
makes up the vast majority of the Fusarium
population at the Lucky Peak Nursery (James
and Beall 1999, 2000) and is almost
exclusively the species isolated from diseased
as well as healthy seedling root systems
(James 2000, 2001, 2002). Not all isolates of
F. oxysporum are pathogens (Gordon and
Martyn 1997; Gordon and Okamoto 1992).
However, pathogenic and nonpathogenic
isolates appear morphologically similar and
cannot easily be differentiated. Controlled
pathogenicity tests have been successful in
locating pathogenic strains (James et al.
2000), but more promising techniques include
molecular genetic analyses (Assighetse et al.
1994; Gordon and Martyn 1997; Kim et al.
1993; Kistler 1997). If molecular probes can
be developed to locate pathogenic strains of
F. oxysporum from forest nurseries, growers
will be in a much better position to predict
disease severity from information about
resident populations of this fungus.

The Lucky Peak Nursery has a long history of
producing high-quality bare root forest
seedlings, particularly pine species. This has
been possible by routine preplant soil
fumigation with MBC. The future without



methyl bromide may result in greater
problems with bare root seedling production,

primarily because of expected higher levels of

root disease. This may partly be overcome by
conversion of production to containers, which
is being actively pursued at the nursery. For
example, a new greenhouse facility was
recently installed which will be able to produce
thousands of container seedlings annually.
This will likely reduce the need for but will not
eliminate bare root production in the future.
Therefore, continued efforts to identify viable
alternatives to methyl bromide fumigation at
the Lucky Peak Nursery will be necessary.
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