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ABSTRACT

Behrendt, C. J., Blanchette, R. A., and Farrell, R. L. 1995. Biological
control of blue-stain fungi in wood. Phytopathology 85:92-97.

Biological control of blue-stain fungi, such as Ophiostoma spp., that
are detrimental to the wood products industry, was demonstrated in
laboratory and field trials by a colorless strain of O. piliferum, Cartapip-97.
This strain lacks melaninlike compounds responsible for the discoloration
of sapwood. Inoculation of logs with Cartapip in the laboratory 2 wk
before challenging with other fungi resulted in 58-68% colonization for
Cartapip in isolated wood chips, while O. piliferum, O. piceae, O. minus,
Phanerochaete gigantea, or Trichoderma harzianum colonized 0, 0, 0,
0, and 619, respectively. Inoculation of logs with Cartapip 4 wk before
other fungi resulted in similar trends with strong inhibition of blue-stain
fungi. Simultaneous inoculation of logs with Cartapip and other fungi
resulted in decreased colonization by both Cartapip and Ophiostoma
species. When blue-stain fungi, P. gigantea or T. harzianum were inocu-

lated 2 wk before Cartapip, colonization for these fungi ranged from
19 to 64% in cultured wood chips, whereas Cartapip ranged from 0 to
45% among the different treatments. Inoculation of O. piliferum and
O. piceae prior to Cartapip resulted in inhibition of Cartapip. Two field
trials demonstrated the exclusion of blue-stain fungi with prior coloniza-
tion of the sapwood by Cartapip. Four weeks after inoculation of logs
in the field, 92-100% of cultured wood chips were colonized by Cartapip
in both trials, while blue-stain fungi colonized only 0-8%. In contrast,
blue-stain fungi colonized 63% of the cultured wood chips in untreated
control logs during the first field trial, and 29 and 71% for untreated
control and antitranspirant treatments, respectively, during the second
field trial. Results from both laboratory and field trials show the
effectiveness of Cartapip for protecting freshly cut wood from blue-stain
fungi.

Additional keywords: biocontrol, blue stain, biodeterioration, sap stain.

Blue-stain fungi cause a reduction in the value of timber or
timber products by discoloring sapwood. The blue to black dis-
coloration greatly reduces the aesthetic quality of timber but has
little affect on wood strength (6,28,31,37). However, in mechanical
pulping processes, blue-stained wood chips can cause a detrimental
reduction in pulp quality, requiring an increase in bleaching
chemicals to achieve high paper brightness (3,7). Methods used
to control blue-stain fungi include saturating logs with water to
inhibit fungal colonization (25) and application of inhibitory
fungicides or chemicals (34,35,37). Previous investigations using
biological control to prevent blue-stain fungi have had limited
success in the laboratory but the ability of these organisms to
successfully control blue stain under field conditions has not been
demonstrated (2,15,23,30).

Blue-stain fungi, such as Ophiostoma and Ceratocystis spp.,
are primary colonizers that rapidly invade freshly cut wood.
Hyphae can be found in all cells of the xylem, but ray parenchyma
cells and resin canals are colonized preferentially (1,4,13,29). The
discoloration imparted to the wood is due to melaninlike pigments
in the hyphae (38). .

Recent investigations have demonstrated that some stain fungi
are able to degrade wood extractives such as triglycerides, fatty
acids, and diterpenoid resin acids during wood colonization (3,5,
14). In paper manufacturing processes, prior removal of these
compounds can be beneficial. Colorless strains of Ophiostoma
piliferum (Fr.:Fr.) Syd. & P. Syd. lacking melanin have been
identified and are currently being used in biological pulping
processes, in which wood chips are inoculated before mechanical
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pulping, to remove problematic pitch. A colorless strain of O.
piliferum is commercially available under the trade name
Cartapip-97 (Sandoz Chemicals Corp., Charlotte, NC). Previous
investigations have shown that unsterilized wood chips inoculated
with this strain are rapidly colonized, have reduced amounts of
pitch, and are protected from colonization by blue-stain fungi
(3,5,14). This research evaluates the effectiveness of a colorless
O. piliferum strain at protecting cut logs from wild-type blue-
stain fungi in the laboratory and field and demonstrates how
the colorless strain interacts in wood when inoculated with other
fungi and at different time intervals.

MATERIALS AND METHODS

Laboratory study. Red pine (Pinus resinosa Aiton) trees
approximately 15-20 yr old were felled at the Cloquet Forestry
Center, Cloquet, MN, The trees were cut into 30.5-cm sections
and transported to the laboratory. Inoculation of randomly
chosen, unsterilized logs occurred 1-3 days after cutting.

Fungi used in the laboratory study included a colorless strain
of O. piliferum, Cartapip-97 (obtained from Sandoz Chemicals
Corp., Charlotte, NC), three wild-type blue-stain fungi (O.
piliferum, O. piceae (Miinch) Syd. & P. Syd., O. minus (Hedg.)
Syd. & P. Syd.), Phanerochaete gigantea (Fr.:Fr.) Rattan et al
in S. S. Rattan, and Trichoderma harzianum Rifai. P. gigantea
and T, harzianum were obtained from red pine during a previous
field study in Minnesota. Blue-stain fungi were obtained from
Pinus spp. in the north central United States. To inoculate logs,
cultures were grown in 2% malt-extract broth for 14 days prior
to inoculation in order to allow fungal mat formation. Cultures
were grown at room temperature (20 C) under natural laboratory
lighting, To determine the average weight of the mycelial inocu-
lum, five mats not used in inoculations were dried and weighed.




Averaged dry mat weights were as follows: Cartapip 0.105 g
+0.009, O. piliferum 0.093 g £0.008, O. piceae 0.086 g +0.013,
O. minus 0.043 g +0.002, T. harzianum 0.083 g £0.009, and
P. gigantea 0.180 g £0.015.

Treatments included inoculation with O. piliferum, O. piceae,
O. minus, P. gigantea, T. harzianum, or Cartapip alone; a water
control; Cartapip inoculated simultaneously with each of the
above fungi; Cartapip inoculated 2 wk after each of the other
fungi; Cartapip inoculated 2 wk before the other fungi; and
Cartapip inoculated 4 wk before the other fungi. A total of twenty-
seven treatments were used with 8 logs per treatment.

Log ends were inoculated 1-3 days after cutting by placing
one fungal mat on each end of a red pine log. Fungal mats were
evenly spread over the entire end of the log using a sterile glove
pressed firmly enough to ensure adherence. Individual
inoculations occurred by placing one inoculum mat on the log
end. Simultaneous inoculation of Cartapip with the other fungi
involved mixing both mats by hand in a beaker, vortexing for
20 s, and placing them on a log end.

After inoculation, each log was stored at room temperature
(20 C) in a clear plastic bag with two moist paper towels for
14 wk. After 3 wk, bags were opened to allow air exchange.
Sampling and analysis of logs was carried out 6 and 14 wk after
inoculation, with 4 logs randomly chosen at each sampling date.
Sampled logs were flamed on both ends and split with a sterile
ax using one half of the log for culturing. Isolation of fungi was
done aseptically by removing wood chips with a dimension of
approximately 3 X 3 X I mm from the sapwood of the split
surface. Isolated wood chips were removed from the end of the
log and at 1.3, 2.5, 5.1, 7.6, 10.2, 12.7, and 15.2 cm from the
end of the log. At each interval, chips were taken from the edge
of the log at regular spacing toward the heartwood. Isolated wood
chips were placed on one of three media; a semiselective medium
for basidiomycetes modified slightly from that used by Worrall
(36) (1.5% malt-extract agar amended with 0.01 g/L streptomycin
sulfate, 2 ml/L lactic acid, and 0.06 g/L 50% WP benlate),
Sabouraud Dextrose media with 0.40 g/ L cycloheximide, 0.05 g/ L.
chloramphenicol, and 0.05 g/L streptomycin sulfate (27), and
1.5% Difco Malt Extract and Difco Agar. After 1-2 wk, fungal
colonies growing on media were identified. The percentage of
cultured wood chips that were colonized was determined by
dividing the number of fungal colonies growing on media by
the total number of wood chips removed from the end of the
log to a depth of 10.2 cm into the sapwood (average 22 chips).

Field trial 1. The June field study at the Cloquet Forestry Center,
Cloquet MN, had plots located in the southwest corner of the
station (T-49, R-18, section 36). The site was located between
a 2-yr-old clear-cut area and a mature red pine plantation. Red
pine trees, approximately 60-70 yr old with an average diameter
of 20.3 cm, were felled and cut into lengths of approximately
61 cm. Logs were inoculated 1-2 days after cutting,

Treatments consisted of a water control, an antitranspirant,
Cartapip at a concentration of 5.1 X 10" cfu/ml with an anti-
transpirant, Cartapip treatment at 5.1 X 107 cfu/ml, and Cartapip
treatment at 5.1 X 10° cfu/ml. The last concentration represents
the inoculum concentration used in paper mills for spraying fresh
wood chips (14). The antitranspirant used to retain moisture on
the log surface was ForEverGreen (25% acrylic co-polymer from
Mycogen Corporation, San Diego, CA). ForEverGreen (202 ml)
was diluted in 1,420 ml of water.

Cartapip-97 was added to 1,420 ml of distilled water, mixed,
and sprayed with a hand sprayer with a pressure of 207-276 MPa.
Each log was individually sprayed, including bark and sawn ends,
until slight runoff. Thirteen logs per treatment were sprayed
individually, then piled into a pyramidal shape. The antitran-
spirant treatments were applied immediately after the Cartapip
inoculation or after the water treatment used for controls.

Logs were sampled 4 wk after inoculation by cutting lengths
of approximately 20.3 cm from 2 randomly chosen logs per treat-
ment. Isolations were made from the sapwood as previously
described for the laboratory study with the exception of the sample
intervals. Wood chips were removed from the log end and at

1.3 and 2.5 cm from the end of the log. Four chips evenly spaced
across the sapwood were removed at each interval. Wood chips
were placed on selective media for isolating Ophiostoma spp.
modified slightly from that used by Harrington (19) (0.01 g/L
cycloheximide and 0.01 g/ L streptomycin sulfate). The percentage
of cultured wood chips colonized was determined by dividing
the number of fungal colonies growing on media by the total
number of wood chips removed from the log end to a distance
of 2.5 cm into the sapwood (12 chips per log).

Additional Cartapip treatments, including Cartapip at 5.1 X
10° cfu/ml, Cartapip at 5.1 X 107 cfu/ml and Cartapip (5.1 X
10") cfu/ml with an antitranspirant, were added in order to
examine the effect that time of inoculation after cutting had on
sapwood colonization by Cartapip and blue-stain fungi. The
additional treatments were carried out as stated above, except
the time of inoculation for logs was 1-2 days, 2 wk, and 4 wk
after cutting.

Field trial 2. A second field trial was initiated in late August
1992. Treatments were the same as those described for the previous
field trial but with the Cartapip (5.1 X 10° cfu/ml) treatment
deleted. Sampling of logs occurred as described above, with 3
logs assayed at each sampling time. Wood chips for culturing
were removed from the log end, 0.95, and 1.90 c¢m in from the
end of the log, with 4 chips evenly spaced across the sapwood
at each interval. The percentage of cultured wood chips colonized
was determined by dividing the number of fungal colonies growing
on media by the total number of wood chips removed from the
log end to a distance of 1.9 cm into the sapwood (12 chips per
log).

Analysis of the field and laboratory data was performed using
the statistical program STATISTIX (NH Analytical Software,
Roseville, MN). Each log per treatment in the laboratory trial
was considered a replicate, therefore the data was analyzed as
a completely randomized design. Each log in field treatments,
though sampled from the same log pile, was analyzed as a replicate
using a standard ANOVA. ANOVA and Fisher’s LSD test
(£ = 0.05) were performed, comparing the mean percentage of
colonization between treatments.

RESULTS

Laboratory investigations. Visual observations of Cartapip-
inoculated logs in the laboratory showed growth on log ends
within 7 days, and dense mycelial growth over the entire cut
surface 10-12 days after inoculation. The maximum distance
colonized from the cut end by Cartapip was 7.6 cm and 15.2 cm
at 6 and 14 wk, respectively, with an average growth of 6.8 mm
per wk. The percentage of isolated chips colonized by Cartapip
ranged from 0 to 65% at 6 wk and 19 to 669 at 14 wk (Table 1).
The percentage of chips colonized at 6 and 14 wk showed a reduc-
tion in colonization, as the depth of the sampling interval from
the end of the log increased (Table 1). Fourteen weeks after inocu-
lation, 30 and 42% of the sapwood isolations yielded various
Deuteromycete fungi ( Trichoderma and Penicillium spp. were the
most prevalent) at intervals of 1.3-2.5 ¢m and 1.3-5.1 cm,
respectively.

Treatments with Cartapip inoculated 2 or 4 wk before the
pigmented wild-type strains of O. piliferum, O. piceae, or O.

TABLE 1. Mean percentage’ of isolated wood chips from the sapwood
in inoculated treatments colonized by Cartapip at different intervals from
the log end, at 6 and 14 wk after inoculation in the laboratory trial

Time after inoculation (wk)

Intervals
(cm) 6 14
0.0-2.5 65 66
2.6-5.1 59 57
5.2-7.6 13 43
7.7-10.2 0 27
10.3-15.2 0 19

“Each value represents the mean from results of four logs.
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minus, and before P. gigantea or T. harzianum, resulted in 48-76%
of the isolated chips colonized by Cartapip (Table 2). Results
showed a significant difference (P = 0.05) between treatments
in which Cartapip was inoculated before O. piliferum, O. piceae,
O. minus, or P. gigantea, and those in which Cartapip was inocu-
lated after each of these fungi. Logs treated with Cartapip were
free of blue stain (Fig. 1).

Inoculation of Cartapip simultaneously with O. piliferum, O.
piceae, O. minus, P. gigantea, or T. harzianum resulted in Cartapip
colonization percentages of 50, 36, 43, 7, and 72%, respectively
(Table 2). Inoculation of Cartapip simultaneously with these fungi
resulted in lower colonization percentages of Cartapip (Table 2).

Inoculation of O. piliferum to log ends 2 wk prior to Cartapip
resulted in no Cartapip (0%) isolated from the wood chips (Table 2).
Similarly, inoculation of O. piceae and P. gigantea prior to
Cartapip resulted in severe inhibition of Cartapip, yielding coloni-
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Fig. 1. Split logs of red pine from laboratory trial 6 wk after inoculation
with wild-type Ophiostoma piliferum and Cartapip. Treatments from top
to bottom represent A, inoculation of O. piliferum alone, B, O. piliferum
inoculated before Cartapip, C, O. piliferum inoculated simultaneously
with Cartapip, and D, O. piliferum inoculated 2 wk after Cartapip. Blue
stain was most prolific in treatments in which wild-type strain of O.
piliferum was inoculated before or simultaneously with Cartapip (A to
C). No blue stain is evident in log treated with Cartapip 2 wk before
treatment with O. piliferum (D).

TABLE 2. Mean percentage’ of isolated wood chips from the sapwood
colonized by Cartapip after 14 wk, when Cartapip was inoculated after,
simultaneously, or before other fungi in the laboratory

Inoculation hi

of logs with Ophiostoma spp. Phanerochaete Trichoderma
Cartapip piliferum piceae minus gigantea harzianum
2 wk after 0a" 6a 19a S5a 45a
Simultaneously 50 b 36ab 43 ab T7a 72¢

2 wk before 62bc 58b 66D 59b 68 be

4 wk before 76 ¢ 58b 55b 48 b 52 ab

YEach value represents the pooled mean from results of four logs analyzed
to a depth of 10.2 cm from the end of the log.

“Letters within a column are significantly different according to Fisher's
LSD test, P=0.05.
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zation percentages for Cartapip of 6 and 5% (Table 2). Cartapip
colonized 19% of the sapwood when inoculated 2 wk after O.
minus, and 45% of isolated chips when inoculated after T.
harzianum (Table 2). Logs inoculated with pigmented strains of
blue-stain fungi were darkly discolored (Fig. I).

Individual inoculation of log ends with O. piliferum, O. piceae,
O. minus, P. gigantea, or T. harzianum resulted in wood-chip
colonization percentages of 77, 44, 38, 44, and 77%, respectively,
for each fungus (Table 3). Average laboratory colonization rates
for wild-type blue-stain fungi were 7.3, 5.0, and 5.9 mm/wk for
O. piliferum, O. piceae, and O. minus. Variations in the fungal
colonization and growth rate of these fungi were observed at
the species levels.

Sapwood was not colonized by blue-stain fungi or P. gigantea
when inoculated 2 wk after Cartapip (Table 3). Exclusion of O.
minus and P. gigantea was also observed when inoculation of
Cartapip occurred 4 wk prior to these fungi (Table 3). Inoculation
of O. piliferum and O. piceae to log ends 4 wk after Cartapip
resulted in colonization percentages for O. piliferum and O. piceae
of 1 and 10%, respectively (Table 3). O. piliferum and O. piceae
were isolated from only 1 of 4 logs sampled for each treatment.
There was no significant difference (P = 0.05) between Cartapip
treatments when inoculated 2 wk before O. piliferum, O. piceae,
O. minus, P. gigantea, or T. harzianum and 4 wk before these
fungi (Table 3). A significant difference (P = 0.05) was observed
between Cartapip treatments inoculated prior to O. piliferum,
O. piceae, O. minus, and P. gigantea and individually inoculated
control treatments (Table 3). When inoculated 2 and 4 wk after
Cartapip, T. harzianum colonized 61 and 55% of the isolated
chips, respectively.

Simultaneous inoculation of logs with blue-stain fungi and
Cartapip resulted in chip colonization of 53, 22, and 0% for O.
piliferum, O. piceae, and O. minus, respectively (Table 3). Coloni-
zation of the sapwood by P. gigantea and T. harzianum when
simultaneously inoculated with Cartapip resulted in 62 and 76%,
respectively (Table 3). Logs inoculated simultaneously with
Cartapip and blue-stain fungi contained some blue stain (Fig. 1).

Isolations of wood resulted in 56, 55, 19, 51, and 64% coloniza-
tion, by O. piliferum, O. piceae, O. minus, P. gigantea, or T.
harzianum, respectively, when inoculated 2 wk before Cartapip
in the laboratory (Table 3). Significant colonization of the isolated
wood chips was obtained with all species when inoculated before
Cartapip except Q. minus, which colonized only 19% of the chips.

Field investigations. Visual observations of fungal growth on
log ends in the first field trial showed good colonization by
Cartapip 2 wk after inoculation. However, after 8 wk, Cartapip
growth on the cut log ends was visually less obvious. The
percentage of isolated chips colonized by Cartapip in treated logs
was 100, 100, and 92% for treatments of Cartapip (5.1 X 10°
cfu/ml), Cartapip (5.1 X 107 cfu/ml), and Cartapip with an
antitranspirant, respectively (Table 4). No growth (0%) of
Cartapip was observed in the chips of control or antitranspirant-

TABLE 3, Mean percentage® of isolated wood chips from the sapwood
colonized by Ophiostoma piliferum, O. piceae, O. minus, Phanerochaete
gigantea, or Trichoderma harzianum after 14 wk, when these fungi were
inoculated after, simultaneously, or before Cartapip in the laboratory

Inoculation

of logs with Ophiosioma spp. Phanerochaete Trichoderma
Cartapip piliferum piceae minus gigantea harzianum
2 wk after 56bc® 55d 19b 51b 64 ab
Simultaneously 53 b 22bc Oa 62b 76 b

2 wk before 0a 0a 0a 0a 61 ab

4 wk before la 10ab Oa Oa 55a
Control’ 77¢ 44cd 38c 44 b T77b

*Each value represents the pooled mean from results of four logs analyzed
to a depth of 10.2 cm from the end of the log.

YLetters within a column are significantly different according to Fisher’s
LSD test, P = 0.05.

*Inoculation of logs with Ophiostoma spp., P. gigantea, or Trichoderma
harzianum only, and not challenged by Cartapip.




alone-treated logs (Table 4). A significant difference (P = 0.05)
was observed between Cartapip-treated and untreated logs, but
no significant difference was observed among any of the Cartapip-
treated logs. Growth of Cartapip on the bark of logs was not
observed, and attempts to isolate Cartapip from the bark were
unsuccessful. Colonization of blue-stain fungi from isolated chips
yielded percentages of 63, 63, 0, 8, and 8% for control, anti-
transpirant alone, Cartapip (5.1 X 10° cfu/ml), Cartapip (5.1 X
10" cfu/ml), and Cartapip with antitranspirant treatments, respec-
tively (Table 4). A significant difference (P = 0.05) in colonization
of blue-stain fungi was observed between treated and untreated
logs.

Visual observations of logs in the second field trial showed
similar results. Cartapip colonized log ends 2 wk after inoculation
and log ends appeared slightly white, but evidence of the fungus
was not as obvious after 8 wk. Colonization of the chips by
Cartapip yielded 4, 0, 96, and 96% for control, antitranspirant,
Cartapip (5.1 X 107 cfu/ml), and Cartapip with antitranspirant
treatments (Table 4). Statistical analysis of the results showed
a significant difference (P = 0.05) between treated and untreated
logs. The percent wood chips colonized by blue-stain fungi was
29, 71, 0, and 49 for control, antitranspirant, Cartapip (5.1 X
10" cfu/ml), and Cartapip with an antitranspirant (Table 4). No
significant difference (P = 0.05) was observed between control
logs and Cartapip-treated logs, but a significant difference was
observed between antitranspirant- and Cartapip-treated logs.

Effect of time of inoculation on colonization of the sapwood.
Results from the additional Cartapip treatments inoculated at
different time periods showed that colonization percentages of
blue-stain fungi increased as the time of Cartapip inoculation
after cutting increased from 1-2 days to 4 wk (Table 5). Coloniza-
tion percentages increased for blue-stain fungi from 0 to 33%,
8 to 50%, and 8 to 299 for treatments of Cartapip (5.1 X 10°
cfu/ml), Cartapip (5.1 X 107 cfu/ml) and Cartapip with an anti-
transpirant, respectively (Table 5). In general, Cartapip coloniza-
tion percentages decreased as the inoculation time increased from
1-2 days to 4 wk after cutting. Cartapip percentages decreased
from 100 to 54%, 100 to 429, and 92 to 389% for treatments
of Cartapip (5.1 X 10° cfu/ml), Cartapip (5.1 X 107 cfu/ml) and

TABLE 4. Mean percentage of isolated wood chips from the sapwood
in field trial treatments (logs inoculated 1-2 days after cutting) colonized
by Cartapip and blue stain fungi, at 4 wk after inoculation

Field trial 1" Field trial 2*
Blue stain Blue stain
Treatments Cartapip fungi Cartapip fungi
Control 0a' 63a 4a 29b
Antitranspirant 0a 63a 0a 71 a
Cartapip (5.1 X 10%/ml 100 b 0b
Cartapip (5.1 X 107)/ml 100 b 8b 96 b 0b
Cartapip and 922b 8b 9% b 4b

antitranspirant

“Each value represents the pooled mean from results of two logs analyzed
to a depth of 2.5 cm from the end of the log.

" Each value represents the pooled mean from results of three logs analyzed
to a depth of 1.9 cm from the end of the log.

¥ Letters within a column are significantly different according to Fisher’s
LSD test, P = 0.05.

* Treatment not carried out in second field study.

Cartapip with an antitranspirant, respectively (Table 5). Greatest
inhibition of blue-stain fungi and maximum colonization of
Cartapip in sapwood were obtained when inoculation occurred
1-2 days after cutting.

DISCUSSION

Results from laboratory and field studies demonstrated that
Cartapip colonized freshly cut sapwood and excluded blue-stain
fungi from becoming established. To successfully control blue
stain it is essential that Cartapip colonize available substrates
before other fungi become established. This colorless strain
appears to be adapted for rapid resource capture, and, like blue-
stain fungi, quickly dominates the sapwood, utilizing readily avail-
able compounds. Fatty acids, triglycerides, and resin acids within
wood extractives, commonly referred to as pitch, are degraded
during the early stages of Cartapip colonization (3,5,14). The
ability of Cartapip and blue-stain fungi to colonize freshly cut
wood appears to be associated with their capacity to tolerate
and metabolize wood extractives (1,33).

Cartapip growth in the laboratory was most prevalent within
the first 5 cm of the log end and decreased as distance increased
into the interior of the log. The percent colonization of Cartapip
in laboratory-inoculated logs was lower than in logs observed
in the field studies, probably due to incubation conditions asso-
ciated with the plastic bag. These conditions tended to cause
elevated moisture levels on wood surfaces due to condensation
within the bag, promoting growth or dispersal of Deuteromycetes,
while inhibiting the growth of blue-stain fungi (25,31). The promo-
tion of mold growth, such as Trichoderma and Penicillium spp.,
may have restricted some colonization of Cartapip and may be
responsible for lowering the successful isolation of Cartapip from
sapwood.

Successful colonization of Cartapip in laboratory logs resulted
in nearly complete inhibition of all blue-stain fungi from the
sapwood. In treatments in which blue-stain fungi were inoculated
before Cartapip, colonization of the sapwood by blue-stain fungi
resulted in the inhibition of Cartapip. Colonization of sapwood
treated with O. minus was less than colonization with treatments
using other blue-stain fungi or Cartapip. Other investigations have
also found poor growth by O. minus compared with other blue-
stain fungi (18,26).

Inoculation with Cartapip and T. harzianum in laboratory treat-
ments resulted in colonization of sapwood by both fungi with
little inhibition of either species. Colonization of the sapwood
by T. harzianum and Cartapip occurred whether Cartapip or
T. harzianum was inoculated first. Although the percentage of
T. harzianum within the sapwood was high, it did not appear
to interfere with the growth of Cartapip within the wood.

Colonization of the sapwood by P. gigantea occurred in the
laboratory when inoculated before or simultaneously with
Cartapip, but not when inoculated after Cartapip. This inhibition
is most likely due to competition for readily available nutrients
in the fresh sapwood. Previous studies have shown that P. gigantea
is able to colonize logs in forest environments when blue stain
is present (17,18,32). Logs in forest situations that have been
previously colonized by Cartapip for an extended period of time
would likely be colonized by P. gigantea or other white rot fungi
following a typical succession of microorganisms (17,22,32).

In field trials, successful colonization of the sapwood was

TABLE 5. Mean percentage” of isolated wood chips from the sapwood in field treatments colonized by Cartapip and blue stain fungi 4 wk after

inoculation of cartapip to the log end

Blue stain fungi

Time of inoculation Cartapip Cartapip Cartapip Cartapip

after cutting (5.1 X 10%/ml) (5.1 X 107/ ml) with antitranspirant (5.1 X 10°/ ml) (5.1 X 107/ ml) (with antitranspirant)
1-2 days 100 100 92 0 8 8

2 weeks 100 92 96 17 21 8

4 weeks 54 42 33 50 29

“Each value represents the pooled mean from results of two logs analyzed to a depth of 2.5 cm from the end of the log.
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obtained in all of the Cartapip treatments. The effectiveness of
Cartapip at inhibiting blue-stain fungi appears to be related to
colonization of the first 2.5 cm of sapwood, and not the inoculum
concentration or the antitranspirant treatment used in the trials.
However, materials such as antitranspirants that reduce water
loss (8,12) may be desirable in dry environments to ensure germina-
tion by Cartapip and promote rapid growth in stacked logs.

Successful colonization by Cartapip and maximum exclusion
of blue-stain fungi from the sapwood occurred when Cartapip
was inoculated 1-2 days after cutting. Colonization by Cartapip
was also substantial when inoculated 2 wk after cutting, but the
percentage of blue-stain fungi colonizing the sapwood increased.
To obtain the best control of blue-stain fungi, Cartapip should
be inoculated as soon as possible after cutting to utilize the avail-
able substrate before other blue-stain fungi can become established.

The low percentage of blue-stain fungi colonizing sapwood in
untreated control logs for the second field trial (initiated in August)
may have resulted from lower amounts of rainfall and cooler
temperatures associated with this field trial (climate weather data,
Cloquet Forestry Center, Cloquet, MN). Certain environmental
factors such as moisture and temperature have previously been
shown to reduce blue stain growth (18,31). Reduced populations
of bark beetles observed late in the season may also have an
effect on the extent of blue-stain fungi in wood (16). The con-
tamination of a few control logs with Cartapip also occurred.
Cartapip growth in the control logs most likely resulted from
rain and wind dispersing spores from treated to untreated logs,
inadvertent contact during inoculation, or possibly animal or
insect vectors. The spores of Ophiostoma spp. are easily dispersed
by rain splash, wind, insects, animal vectors, or during harvest
and processing operations (9,10,24).

Bark beetle activity was prevalent during the June field trial,
and observations of logs 2 wk after treatment showed bark beetle
colonization in the cambial region of many logs. Observations
during the second field trial, initiated in August, showed very
low levels of beetle activity and colonization. Bark beetles are
able to carry spores of blue-stain fungi and introduce the spores
beneath the bark (11,20,21). Since Cartapip is apparently unable
to colonize the outer bark of logs, bark beetles may transmit
propagules of blue-stain fungi already adhering to their bodies
into the sapwood. While blue stain is controlled on the log ends
by Cartapip, bark beetles, if present, may introduce blue stain
into the sides of the logs. To keep logs free of blue stain during
times of high populations of bark beetles, additional control pro-
cedures would be needed for preventing bark beetle attack. These
could include debarking, application of insecticides or other
methods (16).

This study demonstrates that a colorless strain of O. piliferum,
is effective for protecting cut logs from colonization by blue-
stain fungi. These results support previous observations of reduced
blue stain in wood chips after treatment at pulp mills (3,5,14).
This novel approach to controlling blue stain should have wide
application in the forest-products industry to reduce detrimental
sap stain in conifers.
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