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Managing Potato Common Scab By Enhancing Soil Health 
 

Jianjun Hao (517-432-3360; jjhao@msu.edu) 
Qingxiao Meng, Noah Rosenzweig, Xiaohong Lu, and Huawei Liu 

Department of Plant Pathology, Michigan State University, East Lansing, MI48824 

 

Potato common scab,primarily caused by Streptomyces scabies, isone of the most important 

soilborne diseases in potato production (Wanner, 2009). Because disease symptoms are formed 

superficially on the tuber, potato yield is not significantly affected. However,poor quality and bad 

cosmetic appearance areresponsible for significant economic looses. Currently,pentachloronitrobenzene 

(PCNB) is the only chemical that is effective for control of the disease, although efficacy is not 

satisfactory. To better manage common scab, we have examined the soil microbial community in disease 

suppressive soil, pathogen diversity in the state of Michigan, and non-chemical alternatives as potential 

integrated management strategies forpotato common scab control.  

 
1. Diversity of Streptomyces species in Michigan soil 

Methods. Potato tubers with common scab symptoms were collected from various locations in 

Michigan potato production regions. A total of 150 samples were collected from 2008 to 2010. 

Streptomyces was isolated using semi-selective medium STR (Conn, 1998). Cultures of Streptomyces 

isolates were examined morphologically, for thaxtomin production, and proof of 

pathogenicity/virulencein greenhousetests. Genomic DNA was extracted from each isolate using a DNA 

extraction kit (Mo Bio Laboratories, Inc. Carlsbad, CA), and polymerase chain reaction (PCR) was 

conducted for identification. Universal primers were used tosequence the16S rRNA gene, which was 

compared against the GenBank database for genus and species identification. A phylogenetic tree was 

generated based on the 16S DNA sequence, and taxonomic positions were determined based on the 

genetic distance among isolates. Primers specific to Streptomyces species were used for detecting 

corresponding pathogenic streptomycetes. Primers specific tomarker genes encoding thaxtomin 

production (txtAB), and the nec1 genewere used to detect the genetic markers in our isolates. Both txtAB 

and nec1 are pathogenicity factors.  

 
Table 1. Genetic analysis on Streptomyces isolates from potato tubers with scabby symptoms. 
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Streptomyces spp. +
 y
 + + + + + + + + + + + + + + + + + + + + + + 

S. scabies - - - - - - - - - + + + + + + + + + + + + + + 

S. stelliscabiei - - + + + + + + + - - - + + + - - - - - - - - 

Nec1 - - - - - - - - - + + + + + + + + + + + + + + 

TxtAB - - + + + + + + + - - - - - - + + + + + + + + 

x
 PCR: polymerase chain reaction. Primers used in PCR were designed based on 16S rRNA gene, and 

specific to corresponding genus (Streptomyces spp.), species (S. scabies, and S. stelliscabiei), or target 

genes (Nec1 and txtAB). 
y
symbol ‘+’ indicates positive PCR reaction, and ‘-‘ indicates a negative reaction. 
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Figure 1. Effect of suppressive soil on scab severity on radish and plant size in the greenhouse. 
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colonies were enumerated after 2 days (total bacteria, Bacillus, fluorescent pseudomonads), 3 days (fungi), 

and 14 days (Streptomyces). 

 

(3) Microbial community characterization using terminal restriction fragment length polymorph 

(T-RFLP) analysis.Soil was collected as described above. Total soil genomic DNA was extracted using 

the FastDNA Spin Kit for soil (MP Biomedicals, LLC). PCR was conducted using the extracted DNA as 

a template with deoxynucleoside triphosphate labeled primers: FAM-63F (5’-CAG GCC TAA CAC ATG 

CAA GTC-3’), and 1387 R (5’-GGG CGG WGT GTA CAA GGC-3’). The PCR products were digested 

with either Rsa І or Msp І enzymes following the manufacturer’s instructions. The products were re-

suspended in 10 µl water, and run on a capillary electrophoresis system. Each sample (2 µl) was mixed 

with 0.3 µl of an MM1000 internal size standard and 12 µl of formamide (all reagents were from Applied 

Biosystems, Inc., or ABI, UK). Fragment size analysis was carried out on an ABI PRISM® 3130xl 

Genetic Analyzer (ABI). T-RFLP profiles were produced using GeneMapper software (ver. 3.7, Applied 

Biosystems Inc., UK). Fragment data obtained from T-RFLP was analyzed uing T-Align software 

(http://inismor.ucd.ie/~talign/index.html). The binary data were analyzed using cluster analysis with Perl-

5.8.8 and Rstatistical software package (http://www.ibest.uidaho.edu/tools/trflp_stats/instructions.php). 

 

Table 2.Severity of potato common scab and microbial populationin suppressive and conducive soils. 

 Disease severity 
index 

Antagonistic microorganisms against Streptomyces 

scabies (%) in soil sampled in 2008 

Soil 2007 2008 Bacillus spp. Streptomyces spp. Bacteria 

Suppressive 1.4 b 1.6 b 22.0 12.2 17.2 a 

Conducive 2.6 a 2.6 a 19.1 11.4 9.7 b 

 

 
Results. There was a negative correlation between the percentage of suppressive soil and scab 

severity, with a correlation coefficient 0.91; higher suppressive soil content had better inhibition of S. 

scabies infection (Fig. 1, left panel). The percentage of suppressive soil was positively coreated with 

radish size (Fig. 1, right panel). Disease suppressiveness waseliminated by high temperature (data not 

shown). This suggests that the disease suppressiveness was due to biological factors, or microorganisms 

in the soil. Potato common scab severity was higher in CS than in SS (Table 2). SS had a higher overall 

bacterial population (Table 2). SS had higher populations ofBacillus spp., but not statistically significant 

Figure 3. Bacillus sp. strain 

BAC03(three grey white colonies) 

inhibiting Streptomyces scabies 
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(Table 2). T-RFLP results showed that there were two distinctive clusters, with one for SS and one for CS. 

This indicates that the two soils had different microbial communities (Fig. 2). This data needs further 

investigated.Several Bacillus spp. have been isolated and showed a strong antagonistic effect against S. 

scabies. Some Bacillus spp.were further examined as potential candidates for biological control. For 

example, strain BAC03 was highly inhibitory to Streptomyces scabies on potato dextrose agar plates (Fig. 

3).Based on 16S rRNA gene sequence, BAC03  had 99% similarity to Bucillus subtilis andB. 

amyloliquefaciens.  

 

3. Greenhouse assays of non-chemical strategies to manageStreptomycesscabies 

Methods. (1) Effect of beneficial bacteria on Streptomyces scabiescontrol on radish.BAC03 was 

selected the candidate biocontrol agents, as described above. Inocula of BAC03 were prepared as a cell 

suspension, and poured into potting soil that was infested with S. scabies. The final concentration of 

BAC03 was 10
6
 CFU/g soil.Radish and potato were grown in the pots. At harvest, disease severity and 

tuber or root sizes were evaluated. 

 

(2) Effect of chestnut pellicles and shells 

on potato common scab.In a growth chamber, 

potato tuber seeds were sown in potting soil with 

various proportions of chestnut shell/pellicle 

mixture in soil (by volume): 0, 12.5, 25, 50,and 

100%. One week post seedling emergence, spore 

suspensions of Streptomyces scabies strain 

ATCC49173 was inoculated into the soil at a final 

concentration of 10
6
 CFU/g soil. Potato tubers 

were weighed, and disease was evaluated at 

harvest.  

Results. Bacterium BAC03 significantly 

reduced scab symptoms, and increased the 

biomass of radishby 40% compared to the non-

treated pots, both of which were infested with S. 

scabies. Chestnut shell/pellicle amended in soil 

reduced scab severity in potato. The disease 

severity was negatively correlated with the ratio of 

chestnut shell/pellicle mixture. The higher concentration of the mixture, the better the disease control (Fig. 

4). These two methods can be further studied for scab control in the field. 
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The Colorado potato beetle is the most widespread and destructive insect pest of potato crops in 

the eastern United States and Canada.  Its ability to develop resistance to insecticides makes it very 

important to continue monitoring the progression of insecticide resistance development in the field, and 

testing the efficacy of both new insecticide chemistries and existing compounds.  Such tests provide data 

on comparative effectiveness of products and data to help support future registrations and use 

recommendations. 

 
Field evaluations of registered insecticides for managing Colorado potato beetle on potatoes 
METHODS. Fourteen insecticide treatments and an untreated check (Table 1) were tested at the MSU 

Montcalm Research Farm, Entrican, MI for control of Colorado potato beetle.  ‘Atlantic’ potato seed 

pieces were planted 12 in. apart, with 34 in. row spacing on 13 May 2010.  Treatments were replicated 

four times in a randomized complete block design.  Plots were 40 ft. long and three rows wide with 

untreated guard rows bordering each plot.  

Admire Pro, Platinum 75SG, and Regent 4SC treatments were applied as in-furrow sprays at 

planting, using a single-nozzle hand-held boom (30 gallons/acre, 30 psi).  Seed treatments (Admire Pro 

and Cruiser Max) were applied by mixing seed pieces for each row with the corresponding amount of 

product in a small plastic bag and shaking until seed pieces were thoroughly coated.  Foliar treatments 

were first applied at greater than 50% Colorado potato beetle egg hatch on 17 June.  Based on the 

economic threshold of more than one large larvae per plant, only the Agri-Flex 1.55SC treatment required 

an additional first generation spray, applied on 7 July. Post-spray counts of Colorado potato beetle adults, 

small larvae (1
st
 and 2

nd
 instars), and large larvae (3

rd
 and 4

th
 instars) on four randomly selected plants 

form the middle row of each plot were made 5 or 6 days after each foliar application.  The numbers of 

small larvae, large larvae and adults were transformed (log + 0.1) prior to analysis. Multivariate analysis 

of variance was used for data analysis, with block and date as random factors and insecticide treatment as 

fixed factor. Ad-hoc Tukey means comparison was used to compare treatment means when the overall 

model was significant (P < 0.01). 

Plots were visually rated for defoliation weekly by estimating total defoliation per plot. Percent 

defoliation values were arcsine transformed prior to analysis, and an analysis of variance was done with 

block and date as random factors and insecticide treatment as fixed factor in the model. Ad-hoc Tukey 

means comparison was used to compare treatment means when the overall model was significant (P < 

0.05). On 14 September, the middle row of each plot was harvested mechanically and the tubers were 

weighed.  Data were analyzed using analysis of variance with treatment as fixed and block as random 

factor in the model and significant differences were determined with Tukey post-hoc means separation test 

(P < 0.05). 

 

RESULTS. All treatments significantly reduced the numbers of small larvae, large larvae, and adults on 

plants compared to the untreated plots (Table 1).  Beetle pressure was higher in 2010 than in 2009, but 

comparing to previous years, insect pressure was low overall.  Nevertheless, the untreated plots had 



significantly greater defoliation compared to all other treatments (F = 11.46; df = 27, 446; P < 0.01).  The 

seasonal defoliation average was 13% in untreated plots, compared to less than 2% for all other 

treatments (there were no statistically significant differences between insecticide treatments).  Growing 

conditions were favorable this season, with dry, hot weather leading to rapid plant growth, likely 

outpacing the impacts of Colorado potato beetle feeding damage.  Overall average yield was 332 cwt/A, 

with no significant differences between any of the treatments (F = 0.72; df = 27, 110; P = 0.8285). 

While neonicotinoid insecticides are still providing sufficient Colorado potato beetle control for 

Michigan farmers, it is reassuring to see other chemical classes also providing adequate control (i.e.: 

Coragen, Regent, Agri-Mek, and Rimon).  Regent is currently registered for use in potato for wire-worm 

control. Rimon is only effective when applied to larvae that still need to grow and molt since this product 

contains a hormone that inhibits development to the next growing stage.  

With the slow increase in neonicotinoid resistance seen in Michigan (see the section below for 

more details on this), it remains important to have effective non-neonicotinoid compounds available for 

second generation control and/or for future use if neonicotinoid resistance becomes a significant problem. 

Table 1. Mean number of different Colorado potato beetle life stages per plant in an insecticide field-

trial conducted in summer 2010 by the MSU vegetable entomology laboratory. 

Treatment Insecticide class 
Application 

mode  Rate Adult1 
Small 
Larva1 

Large 
Larva1 

Untreated     0.7  a 1.4  a 4.8  a 

Admire Pro neonicotinoid 
seed 

treatment 

9.36 g 

ai/100 kg 
0.0  b 0.0  b 0.1  b 

Cruiser Max neonicotinoid 
seed 

treatment 

4.68 g 

ai/100 kg 
0.0  b 0.0  b 0.0  b 

Coragen 1.67 SC 
ryanodine receptor 

modulator 
foliar 7 fl oz/A 0.0  b 0.0  b 0.1  b 

Voliam Flexi 40 

WG 

neonicotinoid + 

ryanodine receptor 

modulator 

foliar 4 oz/A 0.1  b 0.1  b 0.0  b 

Agri-Flex 1.55 SC 

neonicotinoid + 

chloride channel 

activator 

foliar 0.79 fl oz/A 0.01 b 0.3  b 0.1  b 

Voliam Xpress 

1.25 ZC  

pyrethroid + 

ryanodine receptor 

modulator 

foliar 7 fl oz/A 0.1  b 0.4  b 0.7  b 

Endigo 2.06 ZC 
pyrethroid + 

neonicotinoid 
foliar 4 fl oz/A 0.0  b 0.1  b 0.1  b 

Leverage 360 
pyrethroid + 

neonicotinoid 
foliar 2.8 fl oz/A 0.1  b 0.4  b 0.4  b 

Leverage 2.7 
pyrethroid + 

neonicotinoid 
foliar 3.8 fl oz/A 0.0  b 0.1  b 0.4  b 

Admire Pro neonicotinoid infurrow 8.7 fl oz/A 0.1  b 0.0  b 0.0  b 

Platinum 75 SG neonicotinoid infurrow 2.67 oz/A 0.1  b 0.0  b 0.0  b 

Regent 4 SC 
chloride channel 

modulator 
infurrow 3.2 fl oz/A 0.0  b 0.5  b 0.1  b 

Agri-Mek 0.15 EC 
chloride channel 

activator 
foliar 16 fl oz/A 0.0  b 0.0  b 0.1  b 

Rimon 0.83EC growth inhibitor foliar 12 fl oz/A 0.1  b 0.1  b 0.1  b 
1 
Different letters within a column denote statistically significant differences among treatments. 



 

Insecticide resistance monitoring of Colorado potato beetles in Michigan potato fields 
Imidacloprid (Admire Pro) and thiamethoxam (Platinum, Actara) continue to be the most 

common means of Colorado potato beetle control.  Today, greater than 75% of the acres in the 

northeastern and midwestern United States are protected by these compounds (NASS 2006).  Such 

consistent and heavy dependency on any compound sets the stage for resistance development.  Further 

complicating the issue is the availability of generic imidacloprid formulations; these formulations drive 

down product cost, which will likely lead to even greater field exposure to these compounds.  All of these 

reasons strongly support the need to continue monitoring resistance development and to encourage 

growers to adopt resistance management strategies. 

Our objective was to continue gathering data on susceptibility to imidacloprid and thiamethoxam 

in Colorado potato beetle populations collected from commercial potato fields in Michigan. To 

accomplish this objective, nine Michigan Colorado potato beetle populations were bioassayed with 

imidacloprid and/or thiamethoxam. 

METHODS.  Adult Colorado potato beetles were treated with 1 µl of acetone/insecticide solution of 

known concentration applied to the ventral surface of the abdomen using a 50 µl Hamilton® 

microsyringe.  A range of five to nine concentrations was selected for each population, depending on the 

number of available beetles and known resistance history for each population.  In each bioassay, 20-30 

adults were treated with each concentration (nine to 10 beetles per dish and two to three dishes per 

concentration).  Following treatment, beetles were placed in 100 mm diam. petri dishes lined with 

Whatman
®
 No. 1 filter paper and provided with fresh potato foliage.  They were kept at 25±1°C and the 

foliage and filter paper were checked daily and changed as needed. 

Beetle response was assessed 7 days post treatment.  A beetle was classified as dead if its 

abdomen was shrunken, it did not move when its legs or tarsi were pinched, and its elytra were darkened.  

A beetle was classified as walking and healthy if it was able to grasp a pencil and walk forward normally.  

A beetle was classified as poisoned if its legs were extended and shaking, it was unable to right itself or 

grasp a pencil, and it was unable to walk forward normally at least one body length.  Beetles that had died 

due to Beauvaria spp. infection were excluded from analysis; these beetles were easily recognized by 

their pale appearance and/or presence of white filamentous fungi.  Dead and poisoned beetle numbers 

were pooled for analysis.  Data were analyzed using standard log-probit analysis (SAS Institute, 2009). 

RESULTS.  The imidacloprid LD50 value (dose lethal to 50% of the beetles) for the susceptible laboratory 

strain was 0.065 µg/beetle. Field 8 had 100% mortality at the lowest dose tested (0.3 µg/beetle); since all 

tested doses caused 100% mortality, the analysis was unable to calculate an LD50 value, but clearly this is 

a susceptible population.  On the other hand, Field 9 showed almost no response to all tested doses, 

resulting in a projected LD50 value of 12.738 µg/beetle, a very high value for the Midwest.  The 

remaining tested populations ranged from 1.909 to 4.394 µg/beetle, all significantly higher values than the 

susceptible strain (Table 2). 

The thiamethoxam LD50 value for the susceptible laboratory strain was 0.038 µg/beetle. LD50 

values for thiamethoxam in Michigan ranged from 0.152 to 3.248 µg/beetle, all of which were statistically 

higher than the susceptible strain.  Unlike the past two years, where no Michigan populations showed 

greater than 10-fold resistance to thiamethoxam, all but one population tested was more than 10-fold 

resistant to thiamethoxam.  The 3.248 µg/beetle value from Field 1 is particularly high, representing the 

highest field thiamethoxam value we’ve recorded. 

Resistance to imidacloprid continues to become more common in Michigan, with levels of 

resistance to imidacloprid being higher than in previous years. Resistance to thiamethoxam is also 

increasing, with all but one population being classified as resistant (LD50 value 10 times higher than the 

susceptible LD50). The appearance of thiamethoxam resistance has probably been delayed by the more 

prevalent use of imidacloprid in the field.  Now that elevated resistance values are being reported for both 

compounds, it becomes even more important to avoid multiple applications of neonicotinoids in a single 

growing season and to consider alternation with other chemical classes for Colorado potato beetle control. 

 



Table 2. LD50 values (µg/beetle) and 95% confidence intervals for Michigan field-collected Colorado 

potato beetle populations in 2010 for imidacloprid and thiamethoxam. 

 

IMIDACLOPRID LD50 (µg/beetle) 95% Confidence Intervals 

Field 1 1.909 1.530 – 2.789 

Field 2 4.394 2.966 – 10.234 

Field 3 2.495  * 

Field 4 2.998 1.810 – 468.790 

Field 5 3.137 2.459 – 4.549 

Field 6 3.141 1.625 – 12.937 

Field 7 1.573 1.324 – 1.898 

Field 8 N/A  [lowest dose (0.3) had 100% mortality] 

Field 9 12.738            * 

THIAMETHOXAM 

Field 1 3.248 1.552 – 411.562 

Field 2 0.872 0.753 – 1.014 

Field 3 0.671 0.321 – 262.123 

Field 4 0.960 0.670 – 4.686 

Field 5 0.859 0.498 – 2.478 

Field 6 0.691 0.608 – 0.780 

Field 7 0.773 0.687 – 0.871 

Field 8 0.152 0.122 – 0.180 

Field 9 1.304 1.038 – 1.956 

 * no confidence limits calculated due to insufficient fit to the model 

 

 
 

 


