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ABSTRACT

Runion, G. B., and Bruck, R. . 1988. Effects of thiabendazole-DMSO treatment of longleaf pine
seed contaminated with Fusarium subglutinans on germination and seedling survival. Plant

Disease 72:872-874.

A thiabendazole-dimethyl sulfoxide soak increased in vitro germination of longleaf pine seed
known to be contaminated with the pitch canker fungus, Fusarium subglutinans. Thiabendazole
also resulted in lower percentages of seed and seedlings contaminated with the fungus.
Thiabendazole was applied as Mertect 340F at concentrations of 423, 1,268, 2,114, 2,537, 3,382, or
4,228 uga.i./mland as Arbotect 20S at concentrations of 266, 798, 1,330, 1,596, 2,128, or 2,660 ug
a.i./ml. Fungicides were suspended in 10% dimethyl sulfoxide to enhance efficacy. The 2,660 and
3,382 ug a.i./ml concentrations resulted in the highest germination rates for the Arbotect and
Mertect treatments, respectively, but were not significantly different from most concentrations
tested. All treatments reduced the recovery of F. subglutinans from seed that did not germinate and
from seedlings compared with controls. The higher concentrations tended to be most effective.
Arbotect was the more effective of the two formulations tested. The 2,660 ug a.i./ml treatment
resulted in the highest germination rate and the lowest recovery of F. subglutinans from seedlings.

Pitch canker, caused by Fusarium
subglutinans (Wollenw. & Reink.)
Nelson, Toussoun, & Marasas (= F.
moniliforme Sheld. var. subglutinans
Wollenw. & Reink.) (18), was first
reported on longleaf pine (Pinus palustris
Mill.) in 1947 (14). The disease was not
considered economically important at
that time and the fungus even was tested
for its ability to increase resin flow in
longleaf pine to benefit the naval stores
industry (22).

Pitch canker is now known to cause
damage on most southern pine species
(11). F. subglutinans causes cankers
and/or branch dieback in seed orchards
of most southern pine species, including
longleaf pine (3,9-11). The fungus also is
known to infect and damage the seed,
cones, and other reproductive structures
of these southern pines (1,3,15,16), and to
cause damping-off of longleaf (19) and
other (4) pine seedlings.
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In 1984, poor germination of longleaf
pine seed and high incidence of seedling
damping-off were observed for seed
produced by the North Carolina Division
of Forest Resources’ (NCDFR) seed
orchard at Bladen Lakes State Forest. In
a preliminary test, F. subglutinans was
isolated on selective medium (17) from
nondisinfested seed (197 of 200) and from
seed that were surface-disinfested by
dipping in 95% ethanol and flaming (169
of 200). This preliminary test indicated
that the fungus was contained both
externally on and internally in these seed,
which will be referred to as contaminated
to reflect both conditions. The fungus
also was isolated from seedlings (40 of 40)
that displayed damping-off symptoms.

Benzimidazole fungicides are known
to be effective against Fusarium spp.,
including F. subglutinans (5). Benomyl
was effective in eradicating F. moniliforme
Sheld. and F. oxysporum Schlecht. from
asparagus (Asparagus officinalis L.) seed
(7). Benomyl (12) and thiabendazole (20)
can suppress growth of F. subglutinansin
culture, and thiabendazole is effective in
reducing the impact of pitch canker on
loblolly pine (P. taeda L.) seedlings (20).

The objective of this research was to
determine the effects of two formulations
of thiabendazole, suspended in 10%
dimethyl sulfoxide (DMSO), on
germination of longleaf pine seed
contaminated with F. subglutinans and
on the subsequent survival of these
seedlings.

MATERIALS AND METHODS
Longleaf pine seed were obtained from

the NCDFR seed orchard located on

Bladen Lakes State Forest, near

Elizabethtown, NC. A bulked seed
collection was used to avoid possible
clonal bias in sensitivity to the fungicides,
germination, or susceptibility to the
fungus. Clonal variation in disease
incidence (0-75% of ramets exhibited
infected terminals) among the 32 orchard
clones had been observed (G. B. Runion,
unpublished).

Seed were washed under rapidly
running tap water for 6 hr before
treatment in an effort to reduce surface
contaminants without affecting germi-
nation. Thiabendazole was applied as
Mertect 340F (42.28% a.i.) at concentra-
tions of 423, 1,268, 2,114, 2,537, 3,382, or
4,228 ug a.i./ml and as Arbotect 20S
(26.6% a.i.) at concentrations of 266, 798,
1,330, 1,596, 2,128, or 2,660 ug a.i./ml.
Preliminary experiments had defined the
maximum concentrations of each
formulation, above which phytotoxic
effects on germination were observed.

Treatments were applied by soaking 90
seed in 100 ml of suspension containing
each fungicide concentration, 10%
DMSO by volume, and sterile distilled
water. Preliminary experiments demon-
strated that DM SO was required for the
fungicides to be effective. The DMSO
concentration was established during this
preliminary experiment. Control seed
were soaked in 100 ml of solution
containing 10% DMSO in sterile distilled
water. Seed were soaked for 12hrat40C
on a rotating shaker (approximately 90
rpm) to keep the fungicides in suspension.
Preliminary experiments were used to
define the optimum duration of seed
soak.

After the 12-hr soak, seeds were rinsed
for 10 min in sterile distilled water and
placed individually in sterile moist
chambers made from test tubes (16X 150
mm) containing filter paper strips to
support and provide moisture to the
seeds. Test tubes contained 5 ml of sterile
distilled water and were sealed with
permeable membrane caps.

Thirty test tubes were placed in wire
mesh baskets and three baskets per
treatment were incubated in a completely
ramdomized design under continuous
flourescent light at 25 C. Seed were
maintained under these conditions for
approximately 6 wk, at which time the
number of germinated seed (seedlings)
was recorded. All seed and seedlings were
removed from the test tubes, surface-
disinfested in 0.525% NaOCI for 5 min,



and placed on Nash and Snyder’s
Fusarium selective medium (17). The
seed and seedlings were incubated under
ambient laboratory conditions (approxi-
mately 20 C) for 10 days, at which time
the presence or absence of F. subglutinans
was determined for each seed and
seedling by examination of fungal
characteristics (18) using a compound
microscope. The experiment was
conducted three times using seed from
the same collection in each run.

Data taken included the number of
seed that germinated and the numbers of
seedlings and seed that yielded F.
subglutinans in culture. All numbers
were expressed on a percentage basis for
analysis. Mean to variance plots for all
data demonstrated no heterogeneity of
variance and, thus, data were not
transformed before analysis. Data were
analyzed using the General Linear
Models procedure (PROC GLM) and
the Regression procedure (PROC REG)
of the Statistical Analysis Systems (21).
In all analyses, means were considered
significantly different if they differed at
the P < 0.05 level.

RESULTS

There were no significant differences
among the three runs of the experiment
for any variable. Therefore, data
presented are the average of all runs. All
concentrations of Arbotect, except 266
ug a.i./ml, and all concentrations of
Mertect, except 423 and 2,114 uga.i./ml,
resulted in higher seed germination rates
than did controls. The 2,660 and 3,382 ug
a.i./ml concentrations exhibited the
greatest percent germination for the
Arbotect and Mertect treatments,
respectively. However, percent germina-
tion for these best treatments was not
significantly different from germination
for most concentrations tested (Table 1).
Percent germination data for both
formulations were not adequately
described by any model under regression
analysis (RZy values <0.25).

All concentrations of both thiabenda-
zole formulations resulted in less
frequent recovery of F. subglutinans
from germinated longleaf pine seed (i.e.,
seedlings) and from seed that did not
germinate compared with controls
(Table 1). The 2,660 and 4,228 ug a.i./ml
concentrations exhibited the lowest
recovery of F. subglutinans from
seedlings for the Arbotect and Mertect
treatments, respectively. The 1,596 and
4,228 uga.i./ml concentrations exhibited
the lowest recovery of the fungus from
seed that did not germinate for the
Arbotect and Mertect treatments,
respectively. However, recovery of F.
subglutinans from seedlings and from
seed for these best treatments was not
significantly different from recovery
observed for most concentrations tested
(Table 1). The percentage of seedlings
infected and the percentage of seed

contaminated with F. subglutinans
demonstrated significant (R’ values of
0.73-0.79) linear responses to the natural
logarithm of the thiabendazole concentra-
tion for both formulations tested.

DISCUSSION

This study indicates that most concen-
trations of both thiabendazole formula-
tions, when used with DMSO, increased
germination of and reduced recovery of
F. subglutinans from longleaf pine seed
and seedlings in vitro. Further experi-
mentation is required to determine
whether similar effects of the fungicides
would occur under greenhouse or
nursery conditions. The potential for a
seed soak treatment to be effective in the
field seems possible as many of the
control seedlings exhibited signs and
symptoms of damping-off while these
signs and symptoms existed on very few
thiabendazole-treated seedlings.

Preliminary studies indicated that
DMSO was necessary in order to obtain
efficacy of the fungicides. This is
supported by work on asparagus (7) and
Brassica spp. (13) where benomyl in
acetone, as a solvent, was more effective
in eradicating Fusarium spp. than
benomyl in water. Acetone, a lower
concentration of DMSO, or other
solvents might provide similar or more
effective results than observed in this
study, and deserve further investigation
We did not determine the physiological
basis of the increased efficacy by DMSO
or the site and mode of action of
thiabendazole in longleaf pine seed, but
these subjects should be explored.

In general, Arbotect was more

effective than Mertect at similar, or even
lower, concentrations of thiabendazole
for all variables measured. Differences in
solubility between Arbotect (which is
acidified to enhance its solubility in
water) and Mertect (a less soluble
colloidal suspension) (2) is the most
probable reason for the differences in
efficacy observed between the two
fungicides. We attempted to minimize
the difference in solubility by soaking
seed on a rotating shaker and by using
DMSO, because the solubility of
thiabendazole increases in DMSO (2).

Percent germination was increased by
most concentrations of both thiabendazole
formulations tested. However, there were
very poor correlations between thiabend-
azole concentration and seed germination.
These poor correlations may have resulted
from nonuniform bulking of seed from the
32 orchard clones that could have provided
differences in sensitivity to the fungi-
cides, germination, or numbers of
contaminated, empty, or nonviable seed.
Use of seed from one or a few clones and
elimination of empty and excessively
damaged seed, through use of radiography
(16) or other techniques (gravity table or
air separator), may increase the correlation
of percent germination to thiabendazole
concentration.

F. subglutinans is known to survive as
a soil inhabitor (6) and has been isolated
from pine plantation and seed orchard
soil (8). Seed that do not germinate and
are infested with the fungus could serve
as sources of inocula and increase the
incidence of damping-off in nursery beds.
Therefore, reduction in the number of
seed infested with F. subglutinans could

Table 1. Effects of thiabendazole seed soak treatments on germination of longleaf pine seed in vitro®

Thiabendazole Percent Percent
Thiabendazole concentration Percent seedlings seeds
formulation (ug a.i./ml) germination" infected™ contaminated?’
Control 0 38.2 ¢ 779 a 78.2 a
266 356¢ 17.2 be 19.1 be
798 52.2 ab 9.6 cd 12.1 cd
Arbotect 1,330 570 a 17.5b 22.7b
1,596 45.7b 11.1 bed 9.8d
2,128 53.0a 9.9 cd 10.5 cd
2,660 574 a 79d 16.0 bed
423 44.1 be 253D 19.0 be
1,268 48.2 ab 18.7 be 21.5b
Mertect 2,114 44.4 be 17.9 be 17.4 bc
2,537 544 a 13.6 ¢ 15.4 be
3,382 55.6a 14.1¢ 129 ¢
4,228 48.5 ab 12.1¢ 120 ¢

" Treatments were applied by soaking seed for 12 hr in the various thiabendazole concentrations
plus 10% DMSO. Control seed were soaked in distilled water plus 10% DMSO.

“Data are based on 90 seed per run of the experiment, and represent the average of three runs.

*Data are based on the percentage of seed that germinated and yielded Fusarium subglutinans in
culture, and represent the average of 96-155 seedlings for all three runs of the experiment

combined.

’ Data are based on the percentage of seed that did not germinate but yielded F. subglutinans in
culture, and represent the average of 115-174 seed for all three runs of the experiment combined.
* Within a formulation, numbers within a column followed by the same letter are not significantly
different according to contrasts using the General Linear Models procedure of the Statistical
Analysis System. All concentrations of both formulations are compared with the same control.
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be an important additional benefit of a
thiabendazole seed soak treatment.
Finally, this type of seed treatment is a
preliminary step in addressing infection
after it has occurred, and is an attempt to
ameliorate the situation temporarily so
that a crop of longleaf pine can be raised
from contaminated seed. Although little
is known at present concerning the
epidemiology of this aspect of pitch
canker in general, and the mechanisms of
seed infection in particular, we must
address the causes of longleaf pine seed
infection and not merely treat the result.
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