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EFFECTS OF A 2-YEAR FALLOW PERIOD ON SOIL POPULATIONS OF FUSARIUM, TRICHODERMA
AND PYTHIUM SPECIES AFTER INCORPORATING CORN PLANT RESIDUES-

USDA FOREST SERVICE NURSERY, COEUR D'ALENE, IDAHO

R.L James
Plant Pathologist

ABSTRACT

Soil in Field 2 at the USDA Forest Service Nursery,
Coeur d'Alene, Idaho was assayed six times over a 2-
year fallow period for potentially pathogenic Fusarium
and Pythium spp. following incorporation of a corn
cover/green manure crop. Populations of potentially
disease-antagonistic Trichoderma spp. were also
assayed. Soil populations of Fusarium did not decrease
over the fallow period and were at sufficient levels
after two years to be of concern from a disease
potential standpoint. Populations of Pythium were
fairly low throughout the monitoring period.
Trichoderma populations remained high, but were
probably not sufficient to ameliorate Fusarium disease
potential. Fusarium spp. readily colonized soil organic
matter particularly roots of the previous conifer
seedling crop; these fungi also frequently colonized
corn organic debris. Fusarium oxysporum was the
major potential pathogen colonizing soil and organic
matter. When a corn cover/green manure crop is
produced within fields destined for conifer seedling
production, these fields will require soil fumigation
prior to sowing seedling crops to reduce risk of
Fusarium-associated diseases.

INTRODUCTION

For production of bareroot seedling stock at the USDA
Forest Service Nursery in Coeur d'Alene, Idaho,
growers traditionally use pre-plant soil fumigation to
control soil-borne pathogens and weeds (Boyd 1971;
James et al. 1990). Soil fumigants are chemical
biocides that non-selectively kill soil microorganisms
(Boone 1988). In the past, the soil fumigant of choice
was methyl bromide/chloropicrin (MBC - formulated

as 66 percent methyl bromide and 33 percent
chloropicrin). However, at the Coeur d'Alene Nursery,
this fumigant has been replaced in recent years with
dazomet (Basamid®), a powdery material applied
topically, cultivated into soil, activated and sealed by
overhead irrigation (Chapman 1992; James and Beall
1999). Dazomet has effectively controlled soilborne
pathogens at the nursery (James et al. 1990, 1996).
However, because of increasing fumigant costs and
potential environmental concerns, nursery growers
have a goal to produce high-quality forest tree
seedlings without pre-plant soil fumigation. To this
end, several field studies have been conducted at the
nursery to develop alternatives to soil fumigation. One
of the most promising alternatives evaluated so far is
fallowing fields for at least 1 year prior to sowing a
seedling crop (Stone et al. 1997). Fallowed fields are
usually periodically cultivated to keep weed
populations low as well as mix soil layers to facilitate
death of propagules of potentially pathogenic fungi.

A major concern with prolonged fallowing is the
potential for reduced soil organic matter, which
directly affects soil tilth, and wind and water erosion
problems. Growers have traditionally controlled
erosion and maintained soil organic matter by growing
a cover/green manure crop between seedling crops.
Cover crops are usually incorporated into the soil a few
months prior to sowing. Although different types of
cover crops have been used at the Coeur d'Alene
Nursery, growers have recently selected field corn
because it produces relatively large amounts of organic
matter and its root system helps break up water-
impermeable hard pans. Normally, the corn crop is
grown in the summer, chopped and incorporated in the
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fall. Fields are then fallowed for at least 1 year and
fumigated with dazomet prior to sowing a seedling
crop. Fumigation usually successfully reduces
populations of soil fungi that normally build up on
incorporated organic matter (James et al. 1990, 1996).
However, without soil fumigation, high populations of
potentially pathogenic fungi may persist and present a
threat to the future seedling crop (James et al. 1996).

Since an important goal at the Coeur d'Alene Nursery
is to eliminate pre-plant soil fumigation, a test was
conducted to evaluate extended fallowing after
incorporating a com cover crop on soil populations of
important disease-causing fungi. The major goal of the
test was to determine how soil fungal populations
responded to increased organic matter from the cover
crop and how these populations changed over time in a
fallowed field.

MATERIAL AND METHODS

Field com (Zea mays L.) was grown in Field 2 during
the summer of 1997. In September, the crop was
chopped and incorporated into the soil. The goal was
to mix as much of the organic material with the soil as
possible. After incorporation, the field was left fallow
and periodically cultivated during the next 2 years to
control weed populations. The field was sampled six
times over the 2-year fallow period. Sampling occurred
in May '98, July '98, Sept. '98, Nov. '98, April '99,
and August '99 (8, 10, 12, 14, 19, and 23 months after
cover crop incorporation, respectively).

Throughout Field 2, five east-west transects were
located at irrigation risers at specific intervals (each
transect was four irrigation risers apart). Five
approximately equidistant sample points were located
along each transect (25 total sample points). Sample
points were fixed by pacing along each transect. At
each sample point a soil core was taken to a depth of
about 8 inches (20 ern). Soil was placed in plastic bags,
kept refrigerated, and transported to the laboratory for
analysis.

Standard soil dilutions (James 1998; James and Beall
1999; James et al. 1990,1996) were conducted to
estimate populations of Fusarium, Trichoderma and
Pythium 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
100DC for at least 24 hours until sample weight had
stabilized. Oven-dry weight was then calculated to
provide a standard for sample comparison. For assays
of Fusarium and Trichoderma populations, 0.05 g of
field-moist soil was combined with 10 ml of 0.3 per-

cent water agar and thoroughly mixed. One ml of
solution was placed on each of three plates of selective
agar medium (Komada 1975) and spread uniformly.
Plates were incubated 5-7 days at about 24DC under
diurnal cycles of cool, fluorescent light. Fusarium and
Trichoderma colonies were identified by their
morphology on the selective medium; populations,
expressed as number of colony-forming units (cfu) per
g of oven-dried soil, were calculated. Selected
Fusarium isolates were transferred to carnation leaf
agar (Fisher et al. 1982) and potato dextrose agar
(PDA) for identification using the taxonomy of Nelson
and others (1983). For assay of Pythium populations,
0.5 g of soil was combined with 10 ml of 0.3 percent
water agar. One m1 of solution was placed on each of
three plates containing another selective medium
consisting of V-8 juice agar amended with pimaricin,
rifamycin, ampicillin, and pentachloronitrobenzene
(James et al. 1990, 1996). Plates were incubated in the
dark at about 24DC for 3 days. Pythium colonies were
identified on the basis of their diameter after 3 days
(15-20 mm), feathery margin, and growth within rather
than superficially on the agar surface. Selected isolates
were transferred to PDA for identification using the
taxonomy of Waterhouse (1968). It was assumed that
each fungal colony originated from one propagule.

Fusarium, Trichoderma, and Pythium populations were
determined for each sample point and time. Averages
and standard deviations were also calculated. In
addition, the ratio of Trichoderma to Fusarium
populations (TIP ratio) was calculated for each sample.
This ratio has been useful as an approximation of
potential disease suppressiveness in nursery soils
(James 1998; James et al. 1996). Generally, the higher
the ratio, the less potential for Fusarium-caused
disease due to expected antagonism by Trichoderma
spp.

During the September 1998 sample (12 months after
cover crop incorporation), pieces of cornstalk debris
within the soil were randomly collected and dissected
into pieces approximately 5 mm x 2-3 mm in size.
These pieces were washed thoroughly in running tap
water for several minutes to remove adhering soil
particles. They were then surface sterilized in a 10
percent bleach (0.525 percent aqueous sodium
hypochlorite) solution for 10 seconds, rinsed in sterile
water, blotted dry, and placed on a selective agar
medium (Komada 1975) and incubated as described
above. Ten debris pieces were incubated in each petri
dish. Percentage colonization by Fusarium and
Trichoderma spp. was calculated; selected Fusarium
isolates were identified as described above.
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During the April 1999 sample (19 months after cover
crop incorporation), organic matter pieces within the
soil, recovered during soil sieving, were sampled for
colonization by Fusarium and Trichoderma spp.
Sampled organic matter was comprised mostly of
residual roots from previous conifer seedling crops;
roots were randomly selected, dissected into pieces 3-5
mm in length, surface sterilized, and incubated on the
selective medium (Komada 1975) as described above ..
Percentage colonization by Fusarium and Trichoderma
spp. was calculated; selected Fusarium isolates were
again identified as described above.

Soil populations of Fusarium, Trichoderma and
Pythium usually vary widely within forest nursery soil
(James and Beall 1999; James et al. 1990, 1996; Stone
et al. 1997). Fungal propagu1es are often aggregated so
that assays tend to give large spacial variations in
population counts. Because of extreme variability,
statistical analyses do not usually result in significant
population differences (James and Beall 1999; Stone et
al. 1997). Therefore, soil population data were not
statistically analyzed. Rather, average population
changes were described as trends.

RESULTS

Fusarium soil populations generally got larger with
increasing time following incorporation of the com
cover crop (table 1). After the end of the first year,
populations were quite high and exceeded the "disease
threshold" of 1000 cfu/g (Hildebrand and Dinkel 1988;
James and Beall 1999) at 20 of 25 sample points.
Populations continued at high levels and remained
fairly stable throughout the second fallow year.
Although number of samples was limited, spring
Fusarium populations were usually lower than fall
populations. As expected, Fusarium populations
varied greatly throughout Field 2; this variability was
indicated by relatively large standard deviations (table
1).

Trichoderma populations increased faster than
Fusarium levels after cover crop incorporation and
averaged higher than Fusarium throughout most of the
2-year sampling period (table 2). Trichoderma
populations varied even more than Fusarium
populations. In some cases, e.g., during the 19-month
sample, assay plates were completely covered with
Trichoderma spp., indicating population levels beyond
the detection capability of the dilution series used.

Ratios of Trichoderma to Fusarium populations
throughout the 2-year sampling period are summarized
in table 3. These ratios also displayed wide ranges of
variability; standard deviations often exceed averages.
Some ratios were at levels (i.e., below 1.00) where
disease would be expected.

Pythium populations in Field 2 were usually lower than
"disease threshold" levels of 100 cfu/g (Hildebrand and
Dinkel 1988; James and Beall 1999)(table 4).
However, during the second year, several samples had
populations exceeding this threshold. As with the other
assayed fungi, high population variability was found.
The most commonly isolated Pythium species was P.
irregulare Buisman. Pythium ultimum Trow. and P.
aphanidermatum (Edson) Fitzp. were also isolated, but
much less frequently.

Cornstalk debris was common within Field 2 a year
following cover crop incorporation; this debris was
colonized by several Fusarium spp., but at much lower
levels than Trichoderma spp. (table 5). However,
Fusarium spp. were much more commonly isolated
from other soil organic matter, comprised mostly of
roots of previous conifer seedling crops (table 6).

The soil Fusarium population isolated from Field 2
was quite diverse (table 7). By far the most common
species within soil (table 7) and colonizing organic
matter (tables 5 and 6) was F. oxysporum Schlecht.
The second most common species in soil was F.
equiseti (Corda) Sacco All other Fusarium spp. were
usually isolated at very low levels. Exceptions were F.
solani (Mart.) Appel & Wollenw., isolated during the
second sampling period (10 months after cover crop
incorporation), and F. avenaceum (Fr.) Sacc., isolated
during the first sampling period (8 months after
incorporation).
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Table 1. Changes in soil Fusarium populations following incorporation of the com cover crop in Field 2,
USDA Forest Service Nursery, Coeur d'Alene, Idaho'.
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I Numbers in table are colony-forming units per g oven-dried soil (cfulg).
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Table 2. Changes in soil Trichoderma populations following incorporation of the corn cover crop in Field 2,
USDA Forest Service Nursery, Coeur d'Alene, Idaho'.
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Table 3. Changes in Trichoderma/Fusarium soil population ratios following incorporati?n of the
corn cover crop in Field 2, USDA Forest Service Nursery, Coeur d'Alene, Idaho.
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I Numbers in table are ratios of Trichoderma to Fusarium populations.
1 Samples collected in approximately the same location along 5 transects (5 plots per transect)
throughout Field 2.

3 Months after incorporating com cover crop into soil.
" Standard deviation.

DISCUSSION

In the production of bareroot seedlings in forest
nurseries, diseases caused by soil-borne pathogens can
quickly cause substantial damage. Fusarium-associated
diseases are probably the major diseases of conifer
seedlings at the Coeur d'Alene Nursery (James et al.
1987, 1990, 1996). In bareroot production areas, these
diseases have traditionally been controlled by pre-plant
soil fumigation with general biocides such as methyl
bromide/chloropicrin and, more recently, dazomet

(James et al. 1990, 1996). Fumigation is usually
effective in greatly reducing or eliminating soil
populations of potential pathogens (Boone 1988; Boyd
1971; James et al. 1990, 1996). However, such
treatments are expensive and may cause environmental
problems. Bare fallowing for at least 1 year prior to
sowing a seedling crop is fairly effective in reducing
soil pathogen populations, resulting in production of
satisfactory seedling crops at the Coeur d'Alene
Nursery (James et al. 1996; Stone et al. 1997).
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To provide necessary soil tilth and help break up water
impermeable layers, managers at the Coeur d'Alene
Nursery started to grow field com cover/green manure
crops a few years ago. These crops improved soil
characteristics necessary to grow high-quality forest
seedlings. However, incorporating such large amounts
of plant organic material into soil resulted in
tremendous increases in microbial populations,

including organisms capable of causing conifer
seedling diseases (James 1998). Without taking steps
to reduce potential pathogen populations, such as
soil fumigation, subsequent seedling crops could be
expected to suffer from increased diseases (James
1998; James et al. 1996).

Table 4. Changes in soil Pythium populations following incorporation of the
com cover crop in Field 2, USDA Forest Service Nursery,

Coeur d'Alene, Idaho 1.
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1 Numbers in table are colony-forming units per g oven-dried soil (cfulg).
2 Samples collected in approximately the same locations along 5 transects (5 plots per transect)
throughout Field 2.

J Months after incorporating corn cover crop into soil.
• Standard deviation.
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Table 5. Colonization of cornstalk debris by selected fungi 12 months after incorporation into soil-
Field 2, USDA Forest Service Nursery, Coeur d' Alene, Idaho.

~. Fungal S~~ies __l_~~~rcentColonization l
t,__Fu_sarium oxysporu"! 1 11.0----J
Lf.!:!sariu'!!:..§J!.0rotrichioides1 4.0 .----J
i Fusarium culmorum i 1.0 I
r---AilFusarium spp. -1 16.0 --.1
i Trichoderma sPL I 54.0 ir Others (UnidentifiedU 30.0 J

Table 6. Colonization of pieces of organic matter within soil by selected fungi 19 months after
incorporation of the com cover crop - Field 2, USDA Forest Service Nursery,

Coeur d'Alene, Idaho.
r.' ........•.•'....••. -----.-.--- ..•.-....••.••--..• :.r~~-.'.-''''.-'---.'. '--.-:-----..-'---'-" .1pS' :Fungal Species~~JPercent Colo.!liza~E_......::;J
f_~SariU-,!!.2E!.P..oru1!.! ± .~._.._iLQ .__ .. ~
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Table 7. Fusarium species isolated from soil following incorporation of the com cover crop -
Field 2, USDA Forest Service Nursery, Coeur d'Alene, Idaho'.

;'··Sall!PlingPer!.od-~onths Afterlncorporation3
~.--

Fusarium' f--'
Snecles": ... 8 .• " 10' _/<: 12 _::r "14" 19 ···i 23

i FOXY 78.4 6l:li 80.5 I 82.9 ! 93.3 ! 89.3 ..

! FEQU I I I 5.9
I FACU I

2.0 4.0 1O:.~_1 13.3 i 5.41
1.4 r-'

I FSOL
3.0 0.8t 5.5~ 0.81 0.2

0 r-
t o - ._~fQ-j-=-~0.6 1.3 ! 0.91 ~..~-.
I FAVE 12.1 4.8 I 0.3 0.8 I 0 0.4

..------:-::-t---- . ---,;,.

FSPO 0 .__ 0.8~. ______2.2 0.6 0 1.0 I
--

FSAM I 3.5 o ! 0 0 0 2.0.----~-.------- ~,~-,..•.
FPRO 1.0 o , 0.5 0 0 I 0

I
--·-·----t------ I -'

j FCUL 0 3.2 I 0 0 0 OJ
FCHL I 0 , ~=~=L~l=-·0 0.3 I 0 , 0 I! Isolates· I 199 ! 126 I 622 I 626 I 422 I

I Numbers in table are percent of Fusarium isolates identified from soil samples.
2 Fusarium species: FOXY = F. oxysporum; FEQU = F. equiseti; FACU = F. acuminatum; FSOL = F. solani;
FAVE = F. avenaceum; FSPO = F. sporotrichioides; FSAM = F. sambucinum; FPRO = F. proliferatum;
FCUL = F. culmorum; FCHL = F. chlamydosporum.

; Months after incorporating the corn cover crop.
• Number of isolates examined for each sampling period.
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One possibility to reduce soil pathogen levels without
fumigation after cover crop incorporation is prolonged
fallowing (James et al. 1996; Stone et al. 1997).
However, results of this evaluation indicated that after
2 years of fallowing, soil populations of Fusarium
were still above disease threshold levels and had
remained fairly stable during the second fallow year.

There was still evidence of high amounts of com and
seedling root residues within the soil after 2 years; this
material was commonly colonized by Fusarium spp.
Therefore, since the 2-year fallowing did not result in
extensive reductions of Fusarium populations, the soil
would require fumigation prior to sowing a conifer
seedling crop to ensure low disease levels.
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Soil populations of Trichoderma spp. also increased
and remained high during the 2-year fallow period.
However, their levels may not have been sufficient to
ameliorate disease potential due to high Fusarium
populations (Papavizas 1985; Papavizas and Lumsden
1980). Therefore, some level of Fusarium-incited
disease would be expected even though Trichoderma
populations were higher than Fusarium.

Pythium populations in Field 2 were generally low and
did not greatly increase over the 2-year fallow period.
Normally at the Coeur d'Alene Nursery, Pythium root
disease is fairly uncommon and localized in
inadequately drained portions of seedbeds (James
1982).

This evaluation confirmed previous investigations at
the Coeur d'Alene Nursery (James 1998; James et al.
1989, 1990, 1996) indicating that many different
Fusarium spp. reside in the soil. Ten species were
isolated from both mineral soil and organic matter.
Most species were present at very low levels. Fusarium
oxysporum comprised the largest proportion of the
population, but relatively high, isolated populations of
F. equiseti, F. so/ani, and F. avenaceum were also
found. The most probable pathogenic species on
conifer seedlings were F. oxysporum and F. solani
(Gordon and Martyn 1997; Hartley et al. 1918).
Fusarium equiseti and F. avenaceum are common soil
inhabitants of many agriculture-type soils, particularly
those of warm-temperate areas (Burgess 1981; Burgess
et al. 1988). Fusarium equistei is usually considered
saprophytic or secondary colonizer of diseased plants
(Francis and Burgess 1975). However, it has rarely
been associated with pine seedling diseases (Delucca et
al. 1982).

The proportion of the soil Fusarium population made
up of fungal strains capable of eliciting diseases on
conifer seedlings was unknown. Many isolates were
probably saprophytic. However, without further
testing, the pathogenic/saprophytic ratio cannot be
known. Fusarium oxysporum occurs in soil as both
pathogenic and saprophytic populations (Gordon and
Martyn 1997; Gordon and Okamoto 1992a; Kistler
1997). If most of the population increase resulting from
incorporation of com organic matter were saprophytes,
there would be little concern. However, if pathogenic
strains responded to higher levels of organic matter
like the saprophytic population, there would be greater
disease potential. There is indirect evidence from
previous tests to indicate that overall Fusarium
population increases adversely affect subsequent
seedling crops (James et al. 1996; Stone et al. 1997).
Therefore, it is expected that at least some of the
increased population was comprised of pathogenic
strains. Unfortunately, current sampling protocols do

not distinguish pathogenic from saprophytic Fusarium
isolates. Molecular analyses can be used to help
characterize pathogenicity on the basis of genetic
polymorphisms (Gordon and Martyn 1997; Gordon
and Okamoto 1992b, 1992c; Kistler et al. 1987, 1991).
If such techniques are applied to Fusarium populations
in forest nursery soils, we may be in a position to better
predict disease potential from soil population levels.

In conclusion, this evaluation indicated that fallowing a
field for 2 years following incorporation of a com
cover/green manure crop did not reduce soil population
levels of potentially-pathogenic Fusarium spp. As a
result, soil fumigation will probably be necessary to
reduce Fusarium populations to levels of low potential
disease impact prior to sowing subsequent seedling
crops.
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