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ABSTRACT

Liu, D., Anderson, N. A., and Kinkel, L. L. 1995. Biological control of
potato scab in the field with antagonistic Streptomyces scabies. Phyto-
pathology 85:827-831.

Control of potato scab by two suppressive strains of Streptomyces (5.
diastatochromogenes strain PonSSII and S. scabies strain PonR) was
demonstrated in a 4-year field-pot experiment at Becker, MN, from 1988
to 1992. The suppressive strains were grown on a vermiculite-oatmeal
broth base and mixed with scab-conducive soil at 1, 5, and 10% (vol/
vol). Corresponding treatments with 1, 5, and 10% carrier only and non-
amended controls were arranged to investigate dilution and/or nutrient
effects on scab control. Both strains significantly decreased scab on po-
tato tubers of cv. Norchip compared with the nonamended control treat-

ment. Both suppressive strains at the 1% level were not significantly dif-
ferent in scab control from those at the 5 and 10% levels after the first
year. There were no consistent differences in the level of disease control
provided by strains PonR and PonSSII. For strain PonSSII, percent dis-
ease control after inoculation at the 1% level increased every year,
whereas disease control with the 10% inoculation was constant. Effects
of vermiculite dilution and/or oatmeal broth nutrients at the 10% level
on scab reduction were significant during the first 2 years but were not
significant during the last 2 years. The suppressive strains did not affect
tuber yield and were reisolated from the tubers grown in inoculated soil
in all 4 years of the experiment.

Additional keywords: suppressive soil.

Common scab of potato (Solanum tuberosum L.) is caused by
Streptomyces scabies (5,10,13,25,27) and other species of Strep-
tomyces (1,3,4,6,7,14,21). Root crops such as beet, carrot, radish,
rutabaga, parsnip, and turnip also are susceptible to scab disease (10).

Several methods have been used to control potato scab, in-
cluding excess irrigation during tuber formation (16); application
of green manures (23,28); crop rotation (10); organic amend-
ments (12); chemical control (10,22); soil fumigation (10); low
soil pH (10,15,22); use of a biofertilizer containing S. albido-
flavus strain CH-33 that produces an antibiotic lethal to S. scabies
(8,9); and potato seed tuber bacterization (24). Genetic resistance
to potato scab when incorporated into a potato cultivar is stable
over time.

A phenomenon associated with potato scab is the natural de-
cline of the disease in soils repeatedly grown to potatoes (11).
Menzies (20) demonstrated that a biological factor was respon-
sible for scab decline in a suppressive soil in eastern Washington.
In Minnesota, scab decline was first observed in a plot used to
screen potato germ plasm for scab resistance after 23 years of
potato monoculture (19). After growing the scab-susceptible cul-
tivars Pontiac, Cobbler, and Russet Burbank in the suppressive
plot for 3 years (1985 to 1987) and failing to generate scab dis-
ease, attempts were made to find a biological factor responsible
for the scab suppression, analogous to that described by Menzies
(20). From the lenticels of scab-free tubers (cv. Pontiac), three
strains of Streptomyces were isolated. These three strains pro-
duced antibiotics lethal to pathogenic strains of S. scabies in
antibiosis tests (18). Only one of the three strains was used in this
study because the sizes of inhibition zones produced by the
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strains against pathogens were similar based on antibiosis tests
(18), and methodological constraints made it impossible to in-
vestigate all strains at the same time.

A second strain of Strepromyces that produced antibiotics against
pathogenic strains of S. scabies and that was obtained from the
lenticel of a Pontiac tuber grown in a scab-screening nursery at
Becker, MN, also was chosen for study. The scab nursery had
been planted with potatoes for 13 years at the time this strain was
isolated, and a slight scab decline had been noted.

These two suppressive strains were identified as S. diastato-
chromogenes PonSSII and S. scabies PonR, respectively (17).
The purpose of this study was to evaluate the potential of these
two antibiotic-producing suppressive strains of Streptomyces to
control potato scab disease in field-pot tests.

MATERIALS AND METHODS

The potential of strains PonR and PonSSII to biologically con-
trol potato scab disease was evaluated in a 4-year field-pot test at
the University of Minnesota Sand Plains Experiment Station, Becker.
Soil at the Becker site is a dark, coarse sand with a pH of 5.5 to
6.4. The soil is classified in the Hubbard series and is low in
nitrogen, potassium, and organic matter.

Streptomyces strains were stored as spore suspensions in 20%
glycerol at —20°C. For preparation of field inoculum, 10 pl of
spore suspensions of a strain was diluted in 1 ml of sterile water.
The resulting spore suspensions were inoculated onto oatmeal agar
(0.01 ml per plate) and incubated for 10 days. Fresh spore sus-
pensions were prepared by pouring 15 ml of sterile water onto the
surface of a petri dish and gently scraping the culture with a
sterile wire loop. The resulting suspension was taken up with a sterile
syringe and used to inoculate vermiculite as described below.

Field inoculum was prepared by growing each suppressive strain
individually for 4 weeks in metal trays containing 3,500 cm® of
vermiculite and 900 ml of oatmeal broth. Oatmeal broth was pre-
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pared by autoclaving 20 g of oatmeal and 1 g of casamino acids
per liter of deionized water for 20 min. The vermiculite-oatmeal
mix was sealed in the trays using a double layer of aluminum foil.
The sealed trays were autoclaved for 90 min on each of two suc-
cessive days at a 24-h interval. Trays then were inoculated with
10 ml of the fresh spore suspensions from each of two petri
dishes, using a syringe with a sharp needle. The outer layer of
aluminum foil was briefly opened inside a laminar flow hood, and
the inoculum was injected into the vermiculite tray by piercing
the inner foil layer with the sharp needle. Trays were resealed
immediately with the outer layer after inoculation. The trays were
incubated at room temperature and shaken weekly to distribute
inoculum. PonR and PonSSII had 8 and 6 x 107 CFU per cm’,
respectively.

Soil treatments were prepared by adding inoculum of each strain
to scab-conducive soil obtained from a current potato scab test
plot at Becker. The inoculum was added to conducive soil and
mixed for 4 min in a cement mixer at concentrations of 1, 5, and
10% (vol/vol). The four control treatments consisted of non-
amended conducive soil and conducive soil to which only the
sterile vermiculite-oatmeal broth blend was added at 1, 5, and
10% (vol/vol). The soil then was placed into 16-liter plastic pots
that had the bottoms removed. These pots were set in rows into
soil in which potatoes had never been grown. One plant (cv. Nor-
chip certified B-size seed tubers having no visual scab symptoms)
was grown in each pot. Additionally, a plant was grown between
each pair of pots, giving a within-row plant spacing of 30.5 cm.
The distance between rows was 91.4 cm. Pots with inoculated
soil remained in place throughout the 4-year experiment. The ex-
perimental design was a randomized complete block, one pot per
replicate, with 18 replicates per treatment.

At harvest, tubers from each pot were carefully removed using
hand trowels and placed in individual bags. Care was taken to
minimize soil loss from individual pots. Tubers were later washed
and scored for total number of lesions of types 3, 4, and 5 (0 = no
scab, 1 = very small superficial lesions, 2 = small superficial
lesions, 3 = periderm broken, 4 = pit, and 5 = deep pit) per tuber.
Lesions of types 3 to 5 are considered economically important.
The two suppressive strains were reisolated each year from progeny
tubers and identified based on spore color, spore chain morphol-
ogy, growth patterns, and pigment production.

Analysis of variance was performed using the statistical pro-
gram STATISTIX (Analytical Software, St. Paul, MN). Duncan’s mul-
tiple range test was used to compare treatment means of average
lesion numbers of types 3 to 5 per tuber within each year.

TABLE 1. Biocontrol of potato scab by suppressive strains of Streptomyces
in field-pot tests at Becker, MN, 1989 to 1992

Lesion number*

Treatment 1989 1990 1991 1992
Nonamended control 7.83a 28.16a 1031 a 8.78a
1% control 8.14a 24,94 ab 8.74 ab 8.30a
1% PonR 475b 12.11d 5.69 be 222b
19 PonSSII 4.80b 11.04 de 281c 1.71b
5% control 6.41 ab 19.81 be 10.77 a 7.99a
5% PonR 1.81 de 11.99d 488 ¢ 2.06b
5% PonSSII 279 cd 7.60 d-f 298¢ 1.26 b
10% control 4.45bc 13.84 cd 992a 8.12a
10% PonR 1.32de 7.24d-f 4.52¢ 2.53b
10% PonSSII 1.39 de 422ef 246¢ 1.16 b
Between pots 0.03e 0.51f 225¢ 1.40b

¥ 1, 5, and 10% represent the ratio of vermiculite-oatmeal broth inoculum;
scab-conducive soil (vol/vol). PonR is a strain of S. scabies; PonSSIl is a
strain of S. diastatochromogenes.

* Average number of type 3, 4, and 5 scab lesions per tuber from 18 rep-
licates (plants). Lesion numbers of treatments followed by the same letters
are not significantly different (P = 0.05) according to Duncan’s multiple
range test.
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RESULTS

In 1989, all treatments with the two suppressive strains sig-
nificantly (P = 0.05) reduced the number of scab lesions per tuber
compared to the nonamended conducive-soil control and the cor-
responding 1, 5, and 10% controls (Table 1). However, there were
differences in the amount of disease control among the sup-
pressive-strain treatments. Both the 5 and 10% PonR and PonSSII
treatments resulted in significantly greater reductions in the num-
ber of scab lesions per tuber compared to the 1% inoculum treat-
ment (P = 0.05). Differences in the number of scab lesions per
tuber between the 1 and 10% control treatments also were sig-
nificant. The number of scab lesions in the 1 and 5% control treat-
ments and in the nonamended conducive soil did not differ sig-
nificantly (P = 0.05). Tubers from plants grown between the pots
in soil in which potatoes had never been grown had the smallest
number of scab lesions of any treatment.

In 1990, all PonSSII treatments plus the 1 and 5% PonR treat-
ments significantly (P = 0.05) reduced the number of scab lesions
compared to the nonamended conducive-soil control and the cor-
responding controls (Table 1). There was no significant difference
in the number of scab lesions per tuber among the levels of either
suppressive-strain treatment (P = 0.05). Strain PonSSII was not
different from PonR at all three inoculum concentrations (P =
0.05). The effect of incorporation of sterile vermiculite-oatmeal
broth material in reducing the number of scab lesions in the 5 and
10% control treatments compared to the nonamended control was
significant (P = 0.05). Again, tubers from plants grown between
the pots had the smallest number of scab lesions.

Results from the 1991 study indicated that all suppressive strain
treatments (except the 1% PonR treatment) produced significant
(P = 0.05) reductions in the number of scab lesions per tuber
compared to the nonamended conducive soil and the corre-
sponding controls (Table 1; Fig. 1). As in 1990, there were no sig-
nificant differences in the number of scab lesions among the three
inoculum doses of either suppressive strain. However, 1991 was
the first year of the test in which all four control treatments did
not show significant differences in scab incidence (P = 0.05).
Again, PonSSII did not provide statistically better scab control
than strain PonR (P = 0.05). The result of growing potatoes be-
tween the pots for three consecutive years was 2.25 lesions per

Fig. 1. Biological control of potato scab using Streptomyces diastato-
chromogenes suppressive strain PonSSII in a field-pot experiment at Becker,
MN, in 1991. Tubers (left) were harvested from a pot treated with sup-
pressive strain PonSSII at the 1% level of inoculation; tubers (right) were
harvested from a pot containing nonamended control (check).



tuber, which was significantly lower than the four control treat-
ments but not significantly different than any of the suppressive-
strain treatments (P = 0.05).

Results from the 1992 tests indicated that all suppressive-strain
treatments significantly (P = 0.05) reduced the number of scab
lesions per tuber compared to the four control treatments (Table
1). As in 1991, none of the three inoculum concentration levels
differed significantly (P = 0.05) based on the number of scab
lesions per tuber for either suppressive strain. Also, as in the pre-
vious year, all four control treatments did not differ significantly
from one another in scab incidence (P = 0.05). At every inoculum
dose, strain PonSSII had fewer lesions than strain PonR; however,
the differences were not statistically significant (P = 0.05). The
number of scab lesions on progeny tubers of plants grown between
the pots was significantly lower than the four control treatments
but not significantly different than in the suppressive-strain treat-
ments.

The average disease reduction over all inoculum doses for the
4-year test was 73% for strain PonSSII and 64% for strain PonR.
Higher inoculum levels of the two suppressive strains resulted in
greater scab reduction than did lower levels for the first year
(Figs. 2 and 3). The 1% PonSSII treatment reduced scab lesions
per tuber by 39, 61, 73, and 80% over the 4 years of the test. It
provided scab control similar to the 5 and 10% inoculum levels
for the last 3 years (Fig. 2) with significant interaction between
years and levels (P = 0.02). A similar phenomenon was observed
for 1% PonR (Fig. 3). However, the 5 and 10% inoculum levels
did not show any clear trend in disease reduction over time, since
the interaction between years and levels was not significant (P =
0.49).

Disease reduction in the amended control pots compared to the
nonamended controls was observed during the first 2 years of the
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Fig. 2. Effect of Streptomyces diastatochromogenes strain PonSSII on scab
reduction over a 4-yr period. Scab reduction = (1 - lesion number of a treat-
ment/lesion number of nonamended control) x 100. Columns with the same
letters are not significantly different (P = 0.05) according to Duncan’s mul-
tiple range test.

study. This reduction was most notable at the 5 and 10% levels.
The difference between the amended (10% level) and the non-
amended controls was statistically significant for the first 2 years
of the test (Fig. 4). Interaction of years and levels of amended
controls was significant (P = 0.04).

Tuber yield for each treatment was determined at harvest. In
1989, yields from plants grown in pots in the nonamended con-
ducive soil and from plants grown between the pots did not differ
significantly (P = 0.05) from any of the treatments with the sup-
pressive strains (data not shown). The relationship between the
average number of scab lesions per tuber and tuber yield was not
significant, (r = 0.24, P > 0.05).

In 1990, the 10% PonR treatment significantly enhanced yields
compared to the nonamended control and the 1% PonSSII treat-
ment (P < 0.05). During the last 2 years of the experiment, no
significant yield differences were noted among treatments (data
not shown).

The suppressive strains were reisolated from potato tubers
grown in pots inoculated with the three levels of inoculum in each
of the 4 years of the test. The reisolated strains had similar mor-
phological, physiological, and pairing reactions as the parent strains,
S. diastatochromogenes strain PonSSII and S. scabies strain
PonR, respectively.

DISCUSSION

Two nonpathogenic strains of Streptomyces were selected and
tested for their ability to biologically control potato scab in field-
pot tests over a 4-year period. The strains, identified as S. diastato-
chromogenes strain PonSSII and S. scabies strain PonR, were
selected based on their differential in vitro production of anti-
biotic(s) against pathogenic strains of S. scabies. Both strains pro-
vided significant disease control over all 4 years of the experi-
ment. Strain PonSSII had numerically fewer scab lesions than
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Fig. 3. Effect of Streptomyces scabies strain PonR on scab reduction over a
4-yr period. Scab reduction = (I - lesion number of a treatment/lesion num-
ber of nonamended control) x 100. Columns with the same letters are not sig-
nificantly different (P = 0.05) according to Duncan’s multiple range test.
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strain PonR every year, except 1989, though the differences were
not statistically significant. This is correlated with the more vig-
orous growth and larger inhibition zones of PonSSII against patho-
genic strains than PonR in in vitro tests (17).

Two attributes of a successful biological control agent are its
ability to survive and increase in soil over time. Both suppressive
strains survived and provided significant disease control over the
4 years of this experiment. Although both suppressive strains
were reisolated from lenticels of tubers during each year of the
test, we do not have quantitative data to indicate they increased in
number. The total number of actinomycetes isolated per g of soil
in inoculated pots was sometimes greater than in the noninoc-
ulated control pots, providing circumstantial evidence for an in-
crease in the suppressive strains over time (data not shown). In
large-scale field trials the pathogen populations were reduced in
soil inoculated with the suppressive strains (2). Thus, even in
cases in which total numbers of Streptomyces in inoculated pots
were not significantly different from those in noninoculated pots,
disease control may reflect increasing populations of the sup-
pressive strains coupled with decreasing pathogen populations over
time.

The carrier and nutrient base of a suppressive strain are im-
portant to its success as a biocontrol agent. The dilution and/or
nutrient effects during the first 2 years of the trial suggest that the
vermiculite-oatmeal broth acted either to dilute pathogen inoc-
ulum or as a nutrient source for pathogen antagonists in the soil.
Soybean as a cover crop and green manure in a potato rotation
were reported to prevent an increase in pathogen population by
stimulating an increase in populations of Bacillus subtilis and
saprophytic Streptomyces spp. that produced antibiotics against S.
scabies (28). Thus, the oatmeal broth could have aided the estab-
lishment and increase in populations of other microorganisms that
helped control scab disease. The dilution and/or nutrient effects
were not observed in the last 2 years of the experiment when the
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Fig. 4. Effect of vermiculite-oatmeal amendment on scab reduction over a 4-yr
period. Scab reduction = (1 - lesion number of a treatment/lesion number of
nonamended control) x 100. Columns with the same letters are not sig-
nificantly different (P = 0.05) according to Duncan’s multiple range test.
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amount of scab disease in the 1, 5, and 10% control treatments
did not differ significantly from the nonamended conducive soil
control (Table 1; Fig. 4). This indicates that the suppressive strains
played a more important role in scab control over time than dil-
ution and/or nutrient effects due to application of vermiculite-
oatmeal broth.

Neither suppressive strain at the 1% level showed significant
differences in scab control from the treatments at the 5 and 10%
levels after the first year. This implies that there was an increase
over time of the suppressive strains in the pots inoculated at the
1% level to levels similar to the 5 and 10% inoculations. In potato
production fields, the 1% inoculation level is more practical than
the 5 and 10% levels. At the end of the 4-year test, inoculation at
the 1% level led to disease suppression of 80%. Use of sup-
pressive strains in combination with other control methods, such
as crop rotation and resistant cultivars, may improve disease con-
trol even further.

The 16-liter plastic pots set into the ground, although different
in some respects from a production system, permitted precise quan-
tification of the amount of suppressive strain inoculum that was
added to scab-conducive soil. Yield data indicated that the pots
did not significantly inhibit tuber yield over the 4-year test. Also,
in these tests as in commercial or field tests, common scab did not
decrease yield (10). None of the suppressive-soil treatments sig-
nificantly reduced yield compared to the nonamended conducive-
soil control, although increased yields were noted in some cases.
This phenomenon is under investigation.

Additional work on the biological control of potato scab is being
done to develop the technology needed to deliver the suppressive
strains in commercial applications. Studies also are being carried
out to select more efficient strains and combinations of strains that
are compatible with respect to both antibiotics and rhizosphere
colonization. Ideally, a final product will be composed of several
complementary suppressive strains to reduce the chances of the de-
velopment of resistance in the pathogen (26) and to enhance the
range of environmental conditions in which biocontrol is successful.
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