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Stewart’s wilt.  Two phases of Stewart’s bacterial wilt, caused by Erwinia stewartii, occur on corn. Yield is reduced substantially when plants are infected systemically during the seedling blight phase. The leaf blight phase, which occurs after pollination, has little effect on sweet corn yield.  The importance of Stewart’s wilt in sweet corn depends on the amount of inocula of E. stewartii, the resistance or susceptibility of the hybrid being grown, and the growth stage at which plants are infected.  


Stewart’s wilt inoculum.  Corn flea beetles are the overwintering host and vector of E. stewartii.  Stewart’s wilt occurs only if flea beetles are present. The occurrence of Stewart’s wilt on early-planted corn corresponds with the ability of flea beetles to overwinter. Winter survival of flea beetles can be forecast from average daily temperatures in December, January, and February.  Flea beetles do not survive well when the average temperature is below 27 F.  If the average temperature is above 33 F, flea beetles probably will be present at early plantings in the spring. The occurrence of Stewart’s wilt on subsequent plantings depends on the abundance of flea beetles later in the season.  Flea beetle populations tend to decrease soon after the overwintering generation emerges.  A second generation appears to peak in June especially when weather is dry.  Transmission of E. stewartii in sweet corn hybrid seed is highly improbable because the bacterium does not occur in Idaho where most seed is produced and rates of seed transmission are extremely low even if seed parent inbreds are highly susceptible. 


 Resistance and susceptibility.   Stewart’s wilt resistance restricts the movement of E. stewartii in vascular tissues of plants. Infection is constrained within a few inches of flea beetle feeding wounds in resistant plants. The bacterium moves systemically throughout the vascular system of susceptible plants.  An entire range of reactions from resistant to highly susceptible occurs among the 500 to 600 sweet corn hybrids that are sold commercially.  Reactions of hybrids can be classified as resistant (R), moderately resistant (MR), moderately susceptible (MS), and susceptible (S) based on results from multiple trials.
 


Yield reductions due to Stewart’s wilt.  Levels of host resistance and the growth stage at which plants are infected influence the effect of Stewart’s wilt on yield.  Yield is rarely affected when resistant or moderately resistant hybrids are infected after the 3- to 5-leaf or 5- to 7-leaf stages, respectively, because infection is not systemic.  When plants are infected systemically, yield is reduced about 1% for each 1% increase in incidence of systemically infected plants.  In other words, systemically infected plants rarely produced ears that are marketable. 


Controlling Stewart’s wilt.  Preventing plants from becoming infected systemically is the only effective strategy to control Stewart’s wilt.  Curative treatments are not available.  Seed treatment insecticides and host resistance can prevent systemic infection.  Obviously, both are pre-plant decisions.  


Seed treatment insecticides (imidacloprid, thiamethoxam, chlothianidin] reduce the incidence of systemic infection about 70%. In other words, if 50% of the plants in a field are infected systemically when non-treated seed are planted, systemic infection would be about 15% if insecticide-treated seed of the same hybrid was planted.  The approximate economic value of seed treatment insecticides can be calculated by multiplying the estimated value of the crop ($/A) by the incidence (%) of systemic infection without seed treatment insecticides times 0.7.  For example, seed treatment insecticides have an estimated value of $28/A if the crop is worth $800/A and incidence of systemic Stewart’s wilt is 5% without seed treatments, i.e.,   $800/A x 0.05 systemic infection x 0.7 = $28/A.


Sweet corn hybrids with moderate to susceptible reactions to Stewart’s wilt should not be grown without seed treatments when flea beetles are abundant and Stewart’s wilt is likely to occur.  Moderately resistant and resistant hybrids may be damaged to some extent when flea beetles are plentiful and infection occurs at early growth stages, but this damage will be substantially less than what would occur on hybrids that are more susceptible. 


Data from trials such as the University of Illinois sweet corn hybrid disease nursery (reported annually in the Midwestern Vegetable Variety Trial Report) and information from reliable seed catalogs can be helpful in selecting hybrids that have acceptable reactions to Stewart’s wilt. Resistance is available in several mid-, main-, and full-season hybrids Very few early-maturing hybrids are resistant to Stewart’s wilt although early-maturing, resistant inbreds are being developed.

Common rust. Common rust, caused by Puccinia sorghi, reduces sweet corn yield about 6% for each 10% rust severity (leaf area infected) at harvest.  Severity of rust is affected by the growth stage at which plants are first infected, weather, and host resistance.  Host resistance or fungicides can prevent severe infection and corresponding yield reductions.


Two types of rust spores occur on corn.  During most of the season, rust-colored urediniospores are produced in uredinia (rust pustules). Urediniospores re-infect corn causing rust to become more severe as a greater portion of the leaf area becomes infected.  Dark-colored teliospores replace urediniospores in rust pustules as corn matures.  Teliospores do not infect corn.  Thus, urediniospores are the only important inocula on corn in the Midwest.


Urediniospores do not overwinter in most cornfields because teliospores replace urediniospores in rust pustules near the end of the growing season. Urediniospores spread northward to the Corn Belt from the south where P. sorghi survives the winter, presumably in Mexico. During most of the 20th century, urediniospores arrived in the Midwest near the beginning of July; however, for the past 15 years, a few rust pustules have been observed on sweet corn in the Midwest in late-May or early-June.  Presumably, earlier plantings and more acreage of field corn in the southern US has hastened the arrival of urediniospores causing rust to be prevalent in the Midwest earlier in the season.  Nevertheless, earliest-planted sweet corn usually escapes damage from rust because the amount of inocula present is not sufficient to cause severe infection. 


When urediniospores are present, infection usually occurs in leaf whorls where moisture accumulates. The first four or five leaves on a corn plant (juvenile leaves) are more susceptible to rust infection than subsequent leaves (adult leaves). Although infection of lower leaves has little direct effect on yield, these infections are the main source of secondary inocula responsible for problematic levels of rust.  Secondary urediniospores are produced abundantly if temperatures are below 92 F and moisture (e.g., rain, dew, overhead irrigation) is present.  In the Corn Belt, rust generally develops most abundantly in the later part of the season when urediniospores are plentiful, air is humid, and temperatures drop overnight resulting in the formation of dew.  Heavy rain tends to wash urediniospores from leaves.


Rust resistance and reactions of sweet corn hybrids. There are two distinct types of resistance to common rust: general resistance and Rp-resistance.  Hybrids with general rust resistance (sometimes called partial resistance) are infected less severely than susceptible hybrids, but there is no distinct, qualitative difference in the type of rust symptoms on hybrids with partial resistance. Chlorotic or necrotic flecks occur on Rp-resistant hybrids because pustules do not sporulate when resistance is conditioned by single, dominant Rp genes (Rp = resistance to Puccinia).


Rust reactions of sweet corn hybrids that are not Rp-resistant vary continuously from partially resistant to susceptible.  These hybrids can be classified as resistant (R), moderately resistant (MR), moderate (M), moderately susceptible (MS), and susceptible (S) based on data from multiple trials.  This type of classification gives a reasonable estimate of how the hybrid will respond in a rust-conducive environment.


Nearly 150 commercially available sweet corn hybrids have Rp-resistance.  Most, but not all, Rp-resistance in sweet corn is conveyed by the Rp1-D gene.  A few sweet corn hybrids have Rp-resistance based on other Rp genes such as Rp-G, Rp1-E and Rp1-I .  Prior to 1999, the Rp1-D gene was effective throughout North America.  Since 1999, populations of P. sorghi that are virulent against the Rp1-D gene have occurred sporadically in North America.  Rp-resistance based on the Rp1-D gene is not effective when virulent races are prevalent.  Reactions of Rp-resistant hybrids to these new races vary from susceptible to partially resistant.


Controlling rust.  Severe rust can be prevented by host resistance or fungicides.  The effectiveness of resistance depends on the type of resistance, the population of the pathogen, and weather.  The effectiveness of fungicides is affected by reaction of the hybrid, time of application, and weather.


General resistance is effective against all populations of P. sorghi, but control is not complete.  The level of control depends on the reaction of the hybrid and weather. Rust severity usually does not exceed 20% on hybrids classified as resistant, whereas severity may be 20 to 30% with corresponding yield reductions of about 12 to 18%  when hybrids classified as moderately resistant or moderate are grown in rust-conducive environments.  When weather is cool and wet and urediniospores are abundant, one or two applications of fungicides may be economical on MR and M hybrids.  For hybrids with MS or S reactions, rust severity frequently is above 30%, and fungicide control probably is economical when weather is cool and wet.


Rp resistance provides nearly complete control of rust, but it is not effective against all populations of P. sorghi.  For the next few years, it will be very difficult to predict the performance of Rp-resistant hybrids because virulence in populations of P. sorghi may vary. Hybrids with Rp-resistance will be completely effective if virulence is absent.  They will provide moderate levels of control if virulent isolates comprise only a small portion of the rust population.  They will be ineffective if virulent isolates are abundant. 


In the near future, as various Rp-genes are used in sweet corn hybrids, it is not unlikely that one Rp-resistant hybrid will be completely resistant while another Rp-resistant hybrid will be severely infected because the hybrids have different Rp-resistance genes.  Similarly, it is possible now for an Rp-resistant hybrid to be completely resistant at one location but severely infected in another area because virulence differs among rust populations in different locations.  Similarly, an Rp-resistant hybrid may be completely resistant at earlier platnings but susceptible later because virulence is introduced to an area during the growing season.  

When resistance is not adequate to control rust, fungicides are applied to prevent severe rust infection.  Although fungicides are of little benefit after infection is severe, thresholds that determine when to apply fungicides are higher for a new group of fungicides with curative action (i.e., strobilurins) than for EBDC fungicides (e.g., Dithane) or sterol-inhibiting fungicides (e.g. Tilt). 


In our trials in 2001, strobilurins controlled rust more effectively than similar applications of Tilt.  Based on rust severity and yield, it appears that there is a strong potential for controlling rust if strobilurins are applied to a susceptible hybrid when severity is between 5% and 15%.  A 6-pustule-per-leaf action threshold (about 1% severity) has been recommended in New York whenTilt or EBDC fungicides are applied to susceptible hybrids. 


Fungicide applications are more crucial when plants are young than after tassels emerge.  Juvenile tissue is more susceptible than adult-plant tissues, and moisture accumulates in leaf whorls of seedlings creating excellent conditions for urediniospores to germinate and infect.  Application of fungicides to younger plants also prevents the production of large amounts secondary inocula.  One or two well-timed applications of fungicides before rust becomes severe will provide better control than multiple applications after rust is severe.  If rust severity reaches 20 to 30% on lower leaves, urediniospores are so abundant that subsequent applications of fungicides may only retard rust development rather than effectively controlling rust.  Fungicide applications after pollination are of minimal value since the latent period for P. sorghi is seven days, and sweet corn harvest usually is only 2 or 3 weeks away. 


Scouting fields for rust can provide useful information that can be used to decide whether or not to apply fungicides.  Early-planted sweet corn can be an indicator of increasing rust populations that present a risk to later-planted crops.  While it may be too late to protect early-planted crops, significant amounts of rust near harvest of early-planted crops are a good warning to protect later-planted crops especially if weather is favorable for rust and susceptible hybrids are planted.  Also, later-planted fields can be scouted directly using different thresholds from 1% to 15% depending on the fungicide to be applied, the level of general resistance in the hybrid, and the growth stage of the crop.

Important information.  In order to control rust and Stewart’s wilt, be informed.  Control decisions for Stewart’s wilt occur before planting.  Know whether flea beetles are likely to occur in your area based on temperatures in December, January and February.  If the average temperature is above freezing, plant resistant or moderately resistant hybrids for your early crops.  If moderately susceptible or susceptible hybrids must be grown, buy insecticide-treated seed.  If rainfall in May and June is normal or low, the second generation of flea beetles probably will be more abundant than the overwintering generation.  In this case, follow the same control recommendations and plant resistant hybrids or buy insecticide-treated seed for later-planted crops. 


For rust, know the reactions of the hybrids you are growing.  If hybrids have Rp-resistance, know which Rp gene is used.  Also, know the background reaction (R, MR, M, MS, S) of the Rp-resistant hybrid in case the population of P. sorghi is virulent against the Rp gene being used.  For non-Rp hybrids, know whether the reaction to rust is R, MR, M, MS or S.



Monitor early-planted crops for levels of rust and for virulence against Rp-resistance.  When rust is present in earlier-plantings, be prepared to protect later-planted crops with fungicides.  Fungicides are needed primarily when the crop is at an early seedling growth stage, the hybrid reaction to rust is moderate to susceptible, and rust-favorable weather conditions are expected. These factors and the type of fungicide will determine whether the action threshold is between 1% and 15% severity.  One or two well-timed applications of fungicides will protect at-risk crops from sustaining substantial yield reductions by preventing rust from becoming severe.
















