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Common rust (Puccinia sorghi), northern leaf blight - NLB (Exserohilum turcicum), Stewart's bacterial wilt (Erwinia stewartii), maize dwarf mosaic   - MDM (maize dwarf mosaic and sugarcane mosaic viruses), and southern leaf blight - SLB (Bipolaris maydis) are endemic diseases of sweet corn grown in North America.  Southern rust (Puccinia polysora), anthracnose leaf blight - ALB (Colletotrichum graminicola), and gray leaf spot - GLS (Cercospora zeae-maydis) occur infrequently but can be severe in some situations. Reactions to these diseases vary among commercial sweet corn hybrids.   

Since 1984, nearly 3,400 sweet corn hybrids have been evaluated for disease reactions in nurseries at the University of Illinois.  In each trial, hybrids were rated for severity of infection and classified as resistant (R), moderately resistant (MR), moderate (M), moderately susceptible (MS), and susceptible (S) based on standard deviations from trial means (z-scores), separations based on multiple comparison tests,  and reactions of standard hybrids. This type of classification produces statistically “overlapping” groups without distinct differences between classes (e.g., the hybrids with the least severe symptoms in the MR class do not differ significantly from the hybrids with the most severe symptoms in the R class).  Nevertheless, a consistent response of a hybrid over several trials gives a reasonable estimate of the disease reaction of that hybrid relative to other sweet corn hybrids.  These reactions can then be used to assess the potential for diseases to become severe on a specific hybrid.  Results of annual nurseries are reported in the Midwestern Vegetable Variety Trial Report and are on-line at the sweet corn hybrid disease nursery website www.sweetcorn.illinois.edu.

This article summarizes disease reactions of 800 commercially-available and pre-commercial hybrids based on 27 years of nurseries since 1984.  The summary includes reactions of 547 shrunken-2 hybrids (317 yellow, 152 bi-color, and 78 white), 117 sugary hybrids (103 yellow, 9 bi-color and 5 white), 130 sugary enhancer hybrids (25 yellow, 73 bi-color, 30 white, and 2 red), and 6 brittle hybrids (5 yellow and 1 white).  Responses to three post-emergence herbicides also are reported.  
General information 

 
To insure uniform disease pressure, plants were inoculated repeatedly with races of P. sorghi (avirulent, D-virulent or G-virulent), E. turcicum races 0 and 1, P. stewartii, maize dwarf mosaic and sugarcane mosaic viruses, B. maydis, P. polysora,  C. graminicola, and C. zeae-maydis.  Herbicides were applied post-emergence when plants had three to six visible leaf collars.  Materials and methods varied slightly between years and are presented in more detail in each annual report.    All diseases were not evaluated each year, thus, all hybrids were not evaluated for all diseases.   


In this summary, hybrids are grouped by endosperm phenotype (sugary, sugary enhancer, or shrunken-2) and listed alphabetically by hybrid name.  Hybrids with multiple endosperm mutations (e.g., sweet breeds, triples sweets, enhanced sh2) are placed under the most appropriate category of endosperm phenotypes.  The table listing disease reactions of hybrids also includes: seed source (seed company which entered the hybrid in the nursery), endosperm type (ET), kernel color (KC), and relative maturity (RM) from 1 to 5 as reported by each seed company (where 1 = first early, 2 = second early, 3 = mid-season, 4 = main season, and 5 = full season).   


Disease and herbicide reactions are averaged over all trials in which a hybrid was evaluated.  Reactions are presented on a 0 to 9 scale, where: 0 = no disease,  1 = resistant, 3 = moderately resistant, 5 = moderate, 7 = moderately susceptible, and 9 = susceptible. Hybrids with Rp-reactions to rust are designated as ‘Rp’.  Reactions to avirulent (avir), D-virulent (D-vir) and G-virulent (G-vir) races of P. sorghi are listed separately.  Hybrids with an Ht-gene response to NLB are noted as ‘Ht”.  
 The number of trials in which a hybrid was evaluated for each disease is noted with a superscript.  For example, the reaction of the yellow sugary hybrid Bonanza to common rust is listed as 85.  This indicates that the rust reaction of Bonanza relative to all sweet corn hybrids is between moderately susceptible and susceptible (i.e., 8=MS-S because 7=MS and 9=S), and this average is based on five trials in which Bonanza was evaluated.   
Interpretation of disease reactions


Resistance and susceptibility are the two extremes of a continuum of host reactions to diseases.  Resistance measures the ability of the host to reduce the growth, reproduction, or disease-producing abilities of the pathogen, thus resulting in less severe symptoms. Major genes for resistance, such as Rp, Ht, or Mdm1, can prevent or substantially limit disease development if specific virulence is not present in pathogen populations.  Hybrids with major gene resistance usually have clearly distinguishable phenotypes.  Major gene resistance may be ineffective when specific virulence occurs.  For example, rust resistance based on the Rp1-D gene is not effective when D-virulent isolates are prevalent.  If hybrids do not have major gene resistance, disease reactions may range from partially resistant to susceptible.

Because nurseries at the University of Illinois have included most sweet corn hybrids available commercially in the past quarter century, reactions from UI nurseries reflect the disease response of a hybrid relative to currently-grown sweet corn.   Hybrids with reactions classified as 1 or 2 (R or R-MR) were among the best in our trials in the past 27 years. Hybrids classified as 8 or 9 were susceptible (S) and were among the worst.  Usually, hybrids with moderately resistant reactions (3) were better than average, and hybrids with moderately susceptible (7) reactions were worse than average.  Levels of disease usually were near average on hybrids with moderate reactions (5) except when a majority of hybrids in a trial were very severely infected or infected very little.  In those cases, reactions of hybrids with average levels of disease (mean and/or median) were classified above (≥6) or below (≤4) moderate.  Classification of reactions of specific hybrids varied among years (e.g., some hybrids were classified M in one trial and MR or MS in another trial due to random variation or other factors).  Thus, mean reactions of hybrids based on at least three or more trials are more accurate than reactions based on one or two trials.



Symptoms may occur on hybrids with R reactions, but the disease is less severe on these hybrids than on hybrids classified as MR, M, MS, or S.  Effects of diseases on yield typically correspond to this scale of hybrid reactions. 

Common rust. Rust reactions have become more complicated in the last decade because of the widespread occurrence of races of P. sorghi with virulence against specific Rp-resistance genes.  Hybrids with the Rp1-D gene are infected by the D-virulent race of rust.  Hybrids with the Rp-G, Rp1-E, Rp1-I, or Rp1-K, genes are infected by the G-virulent race.   None of the Rp genes currently used in sweet corn are overcome by the avirulent race (i.e., the “old race”).  Hybrids with certain combinations of Rp genes (e.g., Rp1-D+Rp-G, Rp1-D+Rp1-I, RpDGJ, or RpJFC) are resistant to all three races used in the UI nurseries.  In commercial production, hybrids with Rp genes may be infected by some populations of rust but not by others.


If a hybrid does not have Rp-resistance, the rust reaction listed in the first column of Table 2 is based on the response to all races.  Theoretically, hybrids that do not have Rp resistance should have the same reaction to each race of rust, but in practice, reactions vary slightly among races.   For example, the overall reaction of the yellow sugary hybrid Bonanza to common rust is MS-S based on 5 trials (i.e., 85), but Bonanza was classified as S (94) in four trials with the avirulent race of rust and MS (71) in a single trial with the D-virulent race.  This difference probably is due to random variation among trials.

Rp-resistance is noted by ‘Rp’ in the first column.  Reactions of hybrids with Rp-resistance are listed separately for avirulent, D-virulent, and G-virulent races of rust.  For example, the yellow sugary hybrid Bonus had an Rp-reaction in 12 trials with the avirulent race of rust (012).  In ten trials with the D-virulent race of rust, Bonus had an MR-M reaction (410).  Bonus was Rp-resistant in six trials with G-virulent rust (06).  The response of Bonus is typical of hybrids with the Rp1-D gene: Rp-resistant to the avirulent and G-virulent races, whereas reactions to the D-virulent race are determined by background levels of polygenic resistance.  Likewise, hybrids with an RpG, Rp1-I, Rp1-E, or Rp1-K gene are resistant to the avirulent and D-virulent races but reactions to the G-virulent race depend on background levels of rust resistance or susceptibility.       



Rp-resistance to the avirulent race of rust occurred in about 52% of the hybrids trialed.  Ninety-two hybrids were Rp-resistant against all three races and probably carry the Rp1-D gene plus another Rp gene.  Two-hundred-and-thirty hybrids were resistant against the avirulent and G-virulent races, and probably carry the Rp1-D gene only.  Ninety-two hybrids were Rp-resistant against the avirulent and D-virulent races, and probably carry an RpG, Rp1-I, Rp1-E, or Rp1-K gene.  Among the 377 hybrids that did not have Rp-resistance, only 38 (5%) had R to MR reactions and 129 hybrids (16%) had MS to S reactions.  Rust severity was frequently above 40% on  hybrids classified from MS to S.   Sweet corn yield is reduced about 5% for each 10% of the leaf area infected with common rust. 

Northern leaf blight.  Of the 152 hybrids with R to MR reactions to NLB, 112 had an Ht gene reaction in addition to having good levels of polygenic resistance.  Similarly, of 220 hybrids with MS to S reactions to NLB, only 12 had Ht-gene reactions.  Over 120 of the NLB resistant hybrids were shrunken-2 endosperm types.  Only 12 sugary enhanced and 10 sugary hybrids had R to MR reactions to NLB.  Nearly half (47 of 104) of the yellow, sugary hybrids had MS to S reactions to NLB.  Yield of hybrids with R to MR reactions is affected very little by NLB unless environmental conditions are extremely favorable for disease development.  Yield of sweet corn usually is not affected by NLB until more than 15% or 20% of the leaf area is symptomatic.   Yield of 428 hybrids with MR to MS reactions (4 to 6) reactions is likely to be reduced substantially by NLB if weather is favorable for disease development.  Severity of NLB on these hybrids often was above 50% in UI disease nurseries.
Stewart’s wilt. Infection by E. stewartii should be very limited on 175 hybrids with reactions from R to MR although some systemic infection and yield reduction may occur if flea beetles feed on these hybrids as seedlings emerge.  This usually occurs under extremely dry conditions when populations of flea beetles are very large.  Stewart’s wilt has the potential to be severe on 119 hybrids classified from MS to S.  Infection is likely to be systemic if these hybrids are infected as seedlings.  Seed treatment insecticides that provide control of corn flea beetles should be advantageous on MS to S hybrids when the average winter temperature (Dec., Jan., Feb.) is above 27°F and flea beetles were present the previous summer.  Seed treatment insecticides may have utility for risk adverse growers as an insurance against more severe infection of MS to S hybrids when the average winter temperature is between 24°F and 27°F or on hybrids classified from MR to MS when the average winter temperature is above 27°F.
Maize dwarf mosaic. About 75% of the sweet corn hybrids evaluated are susceptible (8 or 9) to MDM.  However, about 190 hybrids have some level of MDM resistance (1 to 7).  Most hybrids classified from R to MS probably carry the Mdm1 resistance gene.  Hybrids with the R to MR reactions to MDM usually had less than 10% symptomatic plants when inoculated at 2- to 4-leaf stages, and nearly no symptomatic plants when infected at later growth stages.  These hybrids may have genes that modify the Mdm1 gene and enhance levels of resistance.  Incidence of MDM-infected plants is higher for MDM-resistant hybrids with moderate reactions (4 to 7).  These hybrids may lack some of the MDM-modifier genes.  Susceptible hybrids (8 or 9) are nearly 100% infected when inoculated. 

Southern leaf blight.  About 34% of the hybrids evaluated for SLB had R to MR reactions and nearly 50% had MR to MS reactions.  Hybrids with MS to S reactions are most likely to sustain damage from SLB when hot, humid environmental conditions favor this disease.
Southern rust, gray leaf spot, and anthracnose leaf blight.  Fewer hybrids have been evaluated for reactions to southern rust, GLS, and ALB than for other diseases.  Generally, these leaf blights are not widespread on sweet corn although they may be severe in specific situations.  With the exception of one hybrid (Sure Gold) that has Rpp-resistance to southern rust, few hybrids are highly resistant to southern rust or GLS.  In fact, the reactions of >90% of the hybrids evaluated range from M to S for these two diseases.  Of the hybrids evaluated for ALB, about a quarter have reactions from MS to S.
 

Accent, Callisto, Laudis and Impact herbicides.  Injury to hybrids from various, P450-metabolized, postemergence herbicides have been evaluated in UI nurseries since 2002.  Only responses to Accent, Callisto, and Laudis are reported.   Most hybrids have tolerant (1) responses to these herbicides. About 2% of the hybrids evaluated have sensitive responses.  Sensitive hybrids probably are homozygous for mutant alleles at a cytochrome P-450 locus (CYP) on the short arm of chromosome 5.  Homozygous mutants have increased levels of sensitivity to several  P450-metabolized herbicides, including: Accent, Aim, Basagran, Callisto, Distinct, Laudis, Option, and Permit.  These hybrids appear to lack the P450 enzyme that metabolizes these herbicides.  About 25% of the hybrids evaluated have intermediate responses (2 to 6).  Many of these hybrids are heterozygous for a functional and a mutant CYP allele.  Heterozygous hybrids likely metabolize these herbicides at rates intermediate to tolerant and sensitive hybrids, and therefore have varied responses to these herbicides that are affected by a number of factors such as environmental conditions, rates of applications, and herbicide formulations.  Response to Laudis is appears to be affected by a safener (isoxadifen ethyl) that enhances cytochrome P450 activity.  Heterozygous hybrids usually are not injured by Laudis probably because of enhanced P450 activity; however, homozygous mutant hybrids are sensitive and may be severely injured by Laudis.
[image: image1.wmf]Table 1.  Disease and herbicide reactions of commerical and pre-commercial sweet corn hybrids in UI nurseries, 1984-2010 

Number of hybrids in each reaction category

     Resistant

         Moderately resistant 

          Moderate 

      Moderately susceptible

Susceptible

    % of hybrids 

Disease

n

Rp

1

2

3

4

5

6

7

8

9

R*

R-MR

MR-MS

MS-S

Common rust

avirulent

791

414

7

9

22

40

80

90

69

38

22

52

5

27

16

D-virulent

771

184

10

2

22

57

174

173

112

39

4

24

4

52

20

G-virulent

677

304

7

13

30

55

105

68

61

29

11

45

7

34

15

NLB

Ht hybrids

260

18

46

48

55

54

27

9

3

0

33

43

52

5

ht hybrids

540

5

13

22

41

141

110

112

57

39

7

54

39

MDM

772

23

42

42

33

17

15

27

134

439

24

14

10

76

Stewart's wilt

797

12

44

119

166

199

138

65

34

20

22

63

15

SLB

794

37

89

147

125

165

102

74

39

16

34

49

16

Herbicides

Callisto

527

204

180

86

29

12

6

3

5

2

73

25

2

Laudis

333

313

8

4

0

1

0

1

5

1

96

1

2

Accent

612

436

95

61

6

3

0

3

2

6

71

27

2

Southern rust

259

1

1

7

5

23

44

55

58

33

32

5

47

47

GLS

144

0

1

3

20

42

36

23

14

5

3

68

29

ALB

87

8

5

13

7

24

10

15

2

3

30

47

23

n = number of hybrids evaluated from 1984-2010 that are curently available commercially or are in pre-commercial development.

Disease reaction classification: 1 - resistant, 3- moderately resistant, 5 - moderate, 7- moderately susceptible, 9 - susceptible.

Herbicide response:  tolerant (1), intermediate (2-6), sensitive (7-9).

R* = percentage of hybrids with Rp resistance to commom rust, Ht-resistance to NLB, or Mdm1-resistance to MDM.

 

In the past 27 years, many people have participated in annual evaluations of hybrids in the University of Illinois sweet corn nurseries, including (chronologically): John Headrick, Suparyono,  John Gantz, Payam Fallah, Annette Meyer, Claude Nankam, Mike Kerns, Lindsey du Toit, Phil Michener, Noah Freeman,  Molly Pate, Mirian Gonzalez,  Andrea Campaña, Mohammad Babadoost, Loyd Wax, Christy Sprague, Tatjana Ledençan, Jon Nordby, Mark Bogner, Clint Mapel, Ryan Hasty, John Frihauf, Valdimir Casteñada, Alicia Chávez, Mike Meyer, Bryan Warsaw, and Jim Moody.
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