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Aerobiology, Regional Epidemiology, and Population Genetic Structure of the Ear and Stalk Rot Pathogen, Gibberella zeae.  Gary C. Bergstrom, Department of Plant Pathology, Cornell University, Ithaca, NY 14853, and David G. Schmale III, Department of Plant Pathology, Physiology, and Weed Science, Virginia Polytechnical and State University, Blacksburg, VA 24061.

The fungus Gibberella zeae, also known by its asexual form Fusarium graminearum, is the principal causal agent in the northeastern U.S. of stalk rot and ear rot of corn and of Fusarium head blight of wheat. Research in New York over the past decade on the aerobiology, epidemiology, and population biology of G. zeae was summarized in terms of its implications for the regional management of Gibberella ear rot of corn.  The fungus survives between crop seasons as a saprophyte in infected crop debris, especially in corn stalks on which it sporulates profusely during warm, moist conditions. Viable spores of G. zeae rely on atmospheric motion systems for transport to the silks of corn where they initiate Gibberella ear rot via silk channel infection.  We characterized the processes of spore liberation, horizontal transport, and deposition.  We measured the distance that ascospores were discharged in still air, and determined that spore liberation into turbulent air currents is favored by spore release during daylight hours when peak discharge from perithecia on corn residues also occurs.  Ascospore survival in the atmosphere is on the order of hours to days.  Using remote-piloted aircraft, we documented the abundance of viable spores of G. zeae in the planetary boundary layer of the atmosphere, 60 m above the surface of the earth, at all times of the day and night under a broad range of meteorological conditions.  Viable spores were deposited in corn fields by gravitational settling mainly at random and predominantly at night.  The temporal uncoupling of peak spore release and deposition suggests that inoculum in corn fields may originate from distant sources.  Genotypic diversity was extremely high in atmospheric populations of G. zeae collected in central New York over a four-year period.  The predominant trichothecene mycotoxin genotype of G. zeae found in New York is one that produces deoxynivalenol (DON) plus smaller amounts of 15-acetyl-DON.  Low frequencies were found of the genotype that produces DON and 3-acetyl-DON.  Our findings suggest that atmospheric populations of G. zeae are an abundant, well-mixed, and diverse source of inoculum for regional epidemics of Gibberella ear rot. Management of inoculum sources on a local scale, unless practiced over extensive corn production areas, will not be completely effective for management of Gibberella ear rot.
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QTLs Conditioning Resistance to Northern Leaf Blight in the IBM Population.  Junyun Yang, Margaret E. Smith, Rebecca J. Nelson. Department of Plant Breeding and Genetics, Cornell University

Northern leaf blight (NLB) caused by the fungus Setosphaeria turcica (anamorphic stage Exserohilum turcicum = Helminthosporium turcicum = Bipolaris turcica) is an important foliar disease of maize (Zea mays L). The IBM population, which was derived from the cross B73 × Mo17 by intermating the F2 for four generations before selfing to produce recombinant inbred lines (RILs), was used to fine map QTLs for resistance to NLB. A total of 248 RILs were evaluated at Aurora NY in summer 2006. Traits assessed were the female and male flowering dates, the anthesis-silking interval (ASI), the incubation period, the diseased leaf area on two dates prior to flowering, the percentage disease severity on four dates post-flowering, and the area under the disease progress curve (AUDPC). QTLs were detected for each trait by composite interval mapping with R2 ranging from 3% to 13%. Disease resistance QTLs in bins 2.02, 3.05, 6.05, 9.02, and 9.04 were found overlapped for most traits in the primary infection (incubation period and pre-flowering diseased leaf area), and disease QTLs detected in bins 1.02, 1.06, 2.02, 3.05, 3.09, 4.06, 4.08, 5.00, 8.01, 8.05, and 9.07 were overlapped for most traits in the secondary infection (disease severity ratings and AUDPC), suggesting they were important for these stages, respectively. Disease QTLs identified were contributed from both the more resistant parent Mo17 and the more susceptible parent B73. Comparisons were made between previous NLB QTL studies and this study. Evidence from previous studies supported disease QTLs found in bins 1.06, 3.05, 4.06, 5.04 (which was identified for DLA1 in this study), 6.05, and 8.05, which coincided with bins identified in the present study, suggesting these regions might be generally important for NLB resistance. There was no significant evidence for correlation between plant maturity and disease resistance in this study; however, correlations between ASI and disease traits were detected. QTLs for ASI in bins 1.02, 2.02, and 9.02 were also found to overlap with disease resistance QTLs. This suggests that tolerance to environmental stresses and resistance to diseases may be correlated, due to pleiotropy or linkage.

Quantitative Disease Resistance in Maize.  J.M. Kolkman, C.L. Chung, J. Poland, R. Wisser, P. Balint-Kurti and R. Nelson, Cornell University, Ithaca NY 14853.

Quantitative resistance, conditioned by multiple loci with minor effects, is typically more stable than qualitative resistance conditioned by single major genes.  We hypothesize that there is a component of quantitative resistance that is effective against multiple pathogens and that exploitation of this type of multiple-disease resistance can benefit breeding programs.  In our lab, we are working to identify and dissect regions of the genome associated with quantitative resistance to multiple diseases of maize.  A panel of resistance sources, including entries reputed to possess multiple disease resistance, has been assembled and is being trialed at multiple locations.  A maize diversity panel has been screened for resistance to NLB, GLS and SLB in New York and North Carolina, revealing a significant genetic correlation for resistance to multiple diseases.  A recurrent selection population that has been improved for resistance northern leaf blight (NLB) has been used to identify genomic regions that have responded to selection for resistance.  We are using a range of strategies to develop near-isogenic lines carrying QTL for resistance to NLB and other diseases.  This range of approaches is revealing a diversity of disease QTL with a range of effects on macroscopic and microscopic disease parameters.  Some chromosomal segments are associated with reductions in multiple diseases (“win-win QTL”), while others are associated with antagonistic effects (“win-lose QTL”). 
Impact of Transgenic Hybrids and Insecticides on Corn Silage Yield and Quality.  Greg W. Roth, R. Taylor, R. Kratochvil, and W. Thomason.  The Pennsylvania University, University of Delaware, University of Maryland, and Virginia Polytechnic Institute.

Corn rootworm, European corn borer and other corn secondary pests can cause severe damage to corn on dairy farms in the mid-Atlantic region, due to corn following corn in dairy crop rotations and delayed planting dates, which often increase the severity of corn borer injury. Corn silage is an important forage crop for dairy production in the region and understanding management tactics that improve both the yield and forage quality is a top priority.

Transgenic hybrids containing the Yieldgard corn borer or the Yieldgard Rootworm genes could provide cost effective control of corn borers and western corn rootworm larva in situations where these pests are anticipated.  Other alternative seed treatments, like Poncho 1250 or granular insecticide treatments, such as Force 3G are also available.

The objective of of this study was to continue to evaluate the impact of transgenic hybrids for corn borer and corn rootworm management on the yield and quality of corn grown for silage and to compare the transgenic approaches to other management tactics for controlling these insects.  This study is the second of a two year program.  Results from the 2005 study were presented at the NECIC meetings in 2006.

Methods

In this trial, five treatments were evaluated for their effects on corn produced for silage.  These treatments included 1) a base treatment of Poncho 250, 2) a Yieldgard corn borer hybrid treated with Poncho 250, 3) a Yieldgard corn borer hybrid treated with Poncho 1250, 4) a Yieldgard corn borer hybrid treated with Poncho 250 and  Force 3G and 5) a YieldGard Plus hybrid (Yieldgard corn borer plus Yieldgard rootworm) treated with Poncho 250.  All hybrids were Roundup Ready.   Three different sets of base genetics were used in this study: these were provided by Corn States and represent adapted commercial hybrids used in the region.

 
Corn was planted in mid May at each location following corn at locations near Rock Springs, PA, Newark, DE, Keedysville, MD and Harrisonburg, VA.  Each treatment was replicated four times and the individual plot size was 4 rows (10 feet) and 25 feet long. Problems at the Harrisonburg site with silage quality evaluation caused us to discard the data from this location.


Root ratings were made from 5 root samples dug from two replications in each treatment.  These ratings were made using the Iowa State 0-3 scale.  From each check plot (Treatment #1) root ratings were obtained after tasseling.  Height was measured to the collar of the last leaf at the Pennsylvania location.  


For both trials at harvest, yield data was collected by harvesting a single row from the interior of each plot with a two row silage plot chopper at the Pennsylvania location and by hand at the other two location.  Forage obtained was weighed in the field and a subsample was collected from the harvested material.  Where the plots were harvested by hand the sample consisted of five random plants, which were chopped on site and subsampled.  These subsamples were sent to Dairy One, Inc., Ithaca, NY for forage quality and dry matter analysis. The weight and moisture were then used to calculate the yields.  Milk per acre and milk/ton were calculated using the Milk 2000 program

Data were analyzed using SAS 8.0 in a factorial analysis averaging effects over hybrids and treatments at individual sites.  Least significant differences were calculated for those measurements where significant differences occurred.

Results

Yields at each location were good, despite the sporadic rainfall and heat at all locations.  European corn borer pressure was significant at each of the three locations but much less than in 2005, when infestations averaged 2.7 tunnels per plant.  European corn borer tunnels/stalk in the non-Bt check plots averaged 1.1, 0.8 and 0.8 for the Delaware, Maryland and Pennsylvania locations respectively.   Corn rootworm ratings (0-3 rating system) were generally similar to 2005 and averaged   0.3, 0.1 and 0.1.0 at the Delaware, Maryland and Pennsylvania locations respectively.  

Responses to the insecticide treatments were significant only at the Pennsylvania location, although similar response trends existed at the two locations. In general, hybridxtrait interactions were not significant for yield and most forage quality traits.  


The yield response relative to the check (treatment 5) from the addition of the YGCB trait (treatment 4), averaged 1.4 tons/acre and was likely due to the consistent corn borer pressure at each site.  This yield response was less than 2.7 tons/acre measured in 2005 and is consistent with some of our previous studies that have shown good response to corn borer control when planting date is delayed.  Previous studies have shown that yield increases of approximately 2.5%/tunnel can be anticipated.  In this study, we averaged 0.9 tunnels per plant across all three locations which would result in a 6.2% silage yield increase per tunnel.  This was consistent with the 4.2% increase shown in 2005 and both years the yield response was higher than the 2.5%/tunnel response reported in previous grain studies.  No significant differences were noted in the forage quality due to the addition of the YGCB gene.   

Differences among the rootworm control tactics, which all contained the YGCB gene, and the rootworm check (treatment 4) were less pronounced in 2006 compared to 2005.  Averaged over all locations the yield of the Force treatment was similar to that of the YGPL treatment.  We did not observe the lower yields associated with Force compared to the Yieldgard Plus treatment that we observed in 2005.  The Yieldgard Plus and Force treatments averaged 26.5 tons/acre, while the Poncho 1250 treatment averaged 25.7 tons/acre and the check treatment without any rootworm or corn borer control averaged 24.8 tons/acre.


No trends in forage quality differences were noted among the rootworm control treatments, probably due to the lack of rootworm stress on the corn.  This data also confirms for the second year that the addition of the YGRW gene has no negative impact on the forage quality of the corn when used for silage.


In 2006, we also measured levels of five mycotoxins (aflatoxin, vomitoxin, zearalanone, T2 and fumonisin) in all of the Yieldgard Plus treatments and the check RR treatments.  Our analysis showed relatively low levels of mycotoxins, and only two instances of significant effects due to the insect control genes.  One was at the Pennsylvania site, where vomitoxin levels averaged about 0.8 ppm and were significantly lower with the RR hybrid.  There were significant differences among hybrids at this site also and for one hybrid, hybrid C, which was much higher than the other two hybrids.  For this hybrid, the control averaged 2.3 ppm vomitoxin and the YieldGard Plus event averaged 0.6 pm.  For the other two hybrids, differences were negligible. At Delaware, one hybrid showed a difference in aflatoxin for one hybrid between the Yieldgard Plus and the control.  In this case the YieldGard Plus hybrid had aflatoxin levels of 3.3 ppb compared to 1.0 for the control.


In summary, our results confirmed most of what we found in 2005.  The transgenic corn borer and rootworm traits can provide some benefits in yield in some environments.  Forage quality effects from these traits were small.  Effects on mycotoxins were relatively inconsistent and hybrid specific.



An Optimum Planting Population Theory for Corn Based on Several Observations. Xiaoyang Zhu and Lana Ried. Eastern Cereal and Oilseed Research Centre, Agriculture and Agri-Food Canada, Central Experimental Farm, Bldg. #99, Ottawa, Ontario, K1A 0C6, Canada

Optimum planting population for corn was one of the most closely studied crop management practices over the last century. It remains a high research priority today; however, there is no single theory that can be used to predict the optimum population. Each new hybrid requires several multiple location/year trials to determine the optimum planting population. 
Based on several observations, we have built a theory to predict the optimum planting population by using day length (DL, h), minimum non-shading hours (MNSH, h), ear-leaf + its sheath length (ELSL, cm), ear-leaf width (ELW, cm), ear-leaf angle (ELA, °), leaf-leaf angle (LLA, °), plant height (PH, cm), ear height (EH, cm), second-ear internode height (IH, cm).

This theory includes 6 hypotheses:
1) For achieving a normal ear, the corn plant must receive a minimum number of non-shading hours of sunshine above the ear-leaf.  According to our observation, MNSH is 5.53 h in Ottawa, Ontario.
2) When planting population reaches to a certain level, the shadow of a corn row is similar to that of a wall. Combining with hypothesis 1, the shadow length to ear height of the next row is determined by the height difference (HD, cm) between plant height and ear height. HD is the main factor to determine the row spacing (RS, cm).
3) The shape of most part of ear leaf + its sheath likes an arc of a circle, only the tip is bent sharply. We can therefore calculate the ear-leaf height (ELH, cm) with a geometry formula.  When the shading passes the height of HD-0.5*ELH, all above ear leaves and at least half of the ear-leaf receives sunshine. This is the critical height to determine minimum RS. For plants with more than one ear, the second-ear internode height should be considered to calculate the maximum RS.
4) When viewed from above during the early tassel stage, the distribution of leaves on a corn plant has an X shape. Leaf-leaf angle is the angle between the mid-veins of the two most outside leaves on one side of the X shape. X-edge is the edge that no ground can be seen inside the X shape. Leaf-leaf width (LLW, cm) is the shortest width between the edges of the two most outside leaves passes the X-edge at one side of X shape. LLW is the determining distance for plant spacing (PS, cm).
5) The limitations of PS depend on the root distribution of a corn plant. The arial root distribution diameter (ARDD, cm) is the minimum limitation and the root distribution diameter (RDD, cm) is the maximum limitation. Therefore, the maximum (MXP) and minimum population (MNP) can be calculated. The optimum population (OP) is the mean of MXP and MNP.
6) Corn plants have some ability to adjust their structure to different planting RS and PS. Because the limitation of planters and the habit of farmer planting, the actual planting optimum population (POP) should also be adjusted properly. 

This theory has been used to predict the OP of 2 cereal corn, 150 crosses, 60 inbred lines, and 6 commercial hybrids. The predicted OPs were in proper range and match the recommended population by seed companies or prior studies. 
Bed-Planting and Wheat Straw Mulching System on Soil Water and Corn Growth in Arid-Regions of Northern China.  Tongchao Wang*, and Bao-Luo Ma. Agriculture and Agri-Food Canada, Sustainable Production Systems – Crop Production, ECORC, Ottawa, ON; * permanent address: Henan Agricultural University, Zhengzhou, Henan Provience, People’s Republic of China

Shortage of water and lower water use efficiency (WUE) in grain cereal crop production are major limiting factors for sustainable agriculture development in China. Although the total water resource is about 2800 billion m3 across the country, there is < 500 m3 per capita in northern China, especially in rain-fed agricultural regions of Henan Province, much lower than the level of alarming baseline for field crop production across the world. On the other hand, WUE is very low. For example, in Israel, 1 m3 water can produce 2.32 kg of grain, but it is less than 1 kg of grain on average in China, and even less efficient in northern China. Over the years, innovative farmers has tested bed-planting practice to save water, and it showed great potential to solve the severe water limitation and WUE in rain-fed agricultural regions. However, there is lack experimental data to demontrate the physilogical and agronomic mechanisms of bed planting in comparison with other practices. 

A field experiment was conducted in a winter wheat (Triticum aestivum L.) – summer corn (Zea mays L.) double cropping system on the farm of Henan Agricultural University with the following objectives: (1) to quantify the effect of bed-planting on soil water content and water use efficiency; and (2) to determine the physiological responses of corn growth and yield to various tillage and mulch reatments. The experiment was arranged in a randomized complete block design with three replications. The treatments were: 1) control, conventional flat planting (F); 2) Bed-planting (B), 3) Flat planting + straw mulch (FS), and 4) Bed-planting + straw mulch (BS). The bed was made using a ridge-planter driven by 4-wheel tractor with 15-20 horse-power engine before sowing winter wheat in early October. The bed was 70 cm wide with 30 cm in height of the ridge. Three rows of winter wheat were grown on the ridge from early October to end of May, then one single row of corn was planted in the bottom between two ridges. During the corn growing season, soil moisture content, corn phenological progression, leaf area and leaf fluorescence were measured. At harvest, grain yield and yield components were determined. Soil water consumption and water use efficiency was calculated for each treatment.
Our results showed that treatments had singificant effects on conserving soil water, especially at the 0-40 cm soil layer. At the V6 growth stage, treatments of BS and FS had the greatest soil water content. The canopy evapotranspiration was much lower for BS or FS mulch treatments than for F control treatment, especially from the stem elongation to physiology maturity, while the effect of bed-planting alone was not significant. From V10 to physiological maturity, the bed-planting plus straw mulch treatment produced the greatest LAI values than any of the other treatments. The most outstanding feature of this treatment was evidenced as the extended grain filling period, which is critical factor to determine the corn yield under drought-prone conditions. Leaf fluorescence was measured shortly after flowering. The efficiency of energy harvesting was higher for BS treatment than others.  Aerial dry matter accumulation in BS was higher than that in other treatments, and  the difference was clearly enlarged with growing seaon progressed. At the physiological maturity, plant dry matter for BS increased  by 44% compared with F planting system. Compared with the control, BS treatment increased grain yield by 22%, which was primarily associated with increased ear length, grain number, and mean grain weight. Accordingly, the barren tip in this treatment was much shorter. Consequently, BS treatment resulted in the highest WUE, 24% than that of flat planting. However, the total water consumption was not significantly different among the four treatments, which indicates in comparison with other treatments, BS treatment had larger capability of transferring per unit of water to produce dry matter or grain yield. Our study suggests that the combination of  bed-planting and straw mulch can be used as a feasible approach in arid and semiarid regions for improving WUE and increasing crop yield in rainfed production systems. Further study is underway across multi rain-fed regions in northern China to verify the results and the applicability. 
On-Farm Assessment of the Timing and the Rate of Fertilizer N Application to Corn, Bao-Luo Ma, Doug Balchin, and Lynne Evenson, Agriculture and Agri-Food Canada, Sustainable Production Systems – Crop Production, Eastern Cereal and Oilseed Research Centre, Ottawa, Ontario, Canada. E-mail: mab@agr.gc.ca
Effective management of N fertilizer is a major challenge for improving corn (Zea mays L.) productivity and environmental sustainability. Producers have to balance crop N needs to maximize NUE and yield, while at the same time, minimize gaseous N losses to the atmosphere and NO3- leaching to groundwater. Excess N in the soil from planting to V6 growth stage is subjected to leaching, run-off or emission losses as during this period of time (about 1/3 of corn life cycle), plant N uptake accounts for only 10-15% of its total N. In a humid environment such as eastern Canada, corn yield response to N amendments is poorly correlated with soil mineral N content before planting because of great spatial and temporal variability. Many plot experiments have showed better economic returns with sidedress than preplant N application. However, application of N fertilizer at prior to planting is still practiced by the majority of Canadian producers. 

An on-farm trial was conducted on a sandy loam soil in Ottawa, ON (45o19’N, 73o44’) to evaluate optical sensor technology as a tool for guiding N sidedress in corn. The overall objective was to minimize environmental impacts and maximize production efficiencies and economic returns associated with N application to corn. The sandy loam field with soybean as the preceding crop was divided into four sections which further divided into long strips (100-300 m) to host various N rates and application methods. At preplant, seven levels of N (0, 30, 60, 90, 120, 150 and 180 kg N ha-1) as urea were broadcasted. For sidedress treatments, a uniform base fertilizer (30 kg N ha-1) as urea was applied to all the plots at planting and different sidedress rates (i.e. 0, +30, +60, +90, and  +120 kg N ha-1) applied as banded UAN. Mapping NDVI of the whole field with GreenSeekerTM RT-200 system was done at several growth stages (from V5 to V9). Soil nitrate levels at pre-plant, side-dress (V6-V8) and post harvest stages were determined. Systemic harvest of grain yield, harvest index and grain moisture was done in several segments of each plot. 

As shown in the following figures, corn grain yield increased significantly (P<0.01) with the increase in fertilizer N rates applied both at preplant and at sidedress; response of grain yield to fertilizer N rates followed a quadratic function. In all cases, the sidedressed treatments (30+30, 30+60, 30+90, 30+120) produced higher grain yield than the plots that received the same amount of N added at planting.  For example, in 2005, for each kg N applied, 77 kg of yield was produced for sidedress compared to 66 kg of yield for preplant N application; when the same amount of fertilizer (120 kg N ha-1) was applied, significantly greater yield (10.6%) was produced with sidedress than preplant N application.  In 2006 growing season, the first year of test for RT-200 guided variable rate N application, the plots that received N variably had higher yields than the plots that received 0, 30 and 60 kg N ha-1 at planting.  However, when compared to the plots that received 90 kg N ha-1 at sidedressing (30+93), the variable rate plots on average had yields that were 9% lower than the plots received the same amount uniform-applied N (30+90). At this time we are unsure if the right amount of N was delivered at the right location for the variable application system. It is therefore, too early to affirm that variable rate N application is inferior to uniform application at sidedress as much work needs to be done for the controller delivery system. However, our data clearly demonstrated the yield and economic benefit of sidedress N to corn in comparison with preplant application.
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Fig. 1. Grain yield as affected by fertilizer N rates and application methods in a, b, 2005, c. d, 2006. Fig. a.c highlights the timing effect of N; Fig. c. d. shows the response curve.

Short Season Bt Hybrids Reduce Yield Losses in Late Planting Environments in Ohio. P.R. Thomison, A.B. Geyer, and R. Minyo. The Ohio State University, Columbus, OH 43210; B. Miller and J. Taylor, Monsanto Company, 91 E Street, Ashville, OH 43103, and 8516 Graw Road, Arcanum, OH 45304. 


Introduction
In one out of five years, a significant number of corn acres are planted late in Ohio, usually as the result of excessive rainfall. Corn replanted due to flooding, hail, frost injury, or other early season stand establishment problems also contributes to this late planted corn acreage. Not only does late planting reduce grain yields by shortening the growing season, but it also subjects corn to greater pest pressure, especially damage from European corn borer (Ostrinia nubilalis Hubner). European corn borer (ECB) damage may result in poor ear development, broken stalks and lodging, dropped ears, and secondary invasion by stalk rots in susceptible hybrids. Transgenic hybrids containing the ECB Bt event (“Bt hybrids”) provide effective control and reduced yield losses when these hybrids are subjected to economic ECB infestations.  

Objective
To evaluate effects of delayed harvests on the yield, stalk lodging, and grain quality of late planted short season Bt ECB corn hybrids and conventional (non-Bt) counterparts 

Materials and Methods

Field experiments were established at four Ohio sites in 2004 and 2005.  Bt corn hybrids and their conventional isolines (conventional hybrid counterparts) representing a range of maturities from 96 to 108 days relative mature were evaluated. Plots were planted in early June and harvested on two fall dates. Data was collected for grain yield, harvest moisture, and  stalk lodging. At maturity, corn plants (approx. 10 per plot) were inspected for stalk, shank, and ear damage caused by ECB. The experiment at each location was replicated four times in a randomized complete block arranged in split split plot layout. Harvest dates were assigned to main plots, hybrids to subplots, and isolines of the hybrids (one with and one without the Bt gene insertion event) to subplots, four 0.76 m rows, 7.6 m in length. Plots were planted at a seeding rate of approx. 74,000 seeds ha-1. The center two rows of the 4-row plot were harvested. The outside two rows of the plot served as sampling areas for other data collection, including stalk splitting to assess ECB injury. 
Climatic Conditions 

Climatic conditions varied considerably during the course of the study. Favorable growing conditions in 2004 generally promoted high yields at all test sites. However, persistent wet weather, saturated soils, or snow cover delayed the second harvest at Apple Creek (which was not harvested until March 2005). In 2005, temperatures were above normal during grainfill at each test site. Rainfall was below normal at S. Charleston during grainfill, near normal at Hoytville and Conover, and considerably above normal at Wooster. 
Results & Discussion

Grain Yield

With harvest delays, yields, averaged across locations and hybrids, decreased by 15% (24 bu/A) in 2004 and by 5% (7 bu/A) in 2005. Although ECB damage was either moderate or low at each test site, Bt hybrids consistently out yielded the non-Bt isolines across locations on the first harvest date - by 8% (11 bu/A) in 2004 and by 6% (10 bu/A). With harvest delays, Bt hybrids continued to exhibit significant yield advantages over the non Bt isolines. On the second harvest date, Bt hybrid yields, averaged across locations, were 6% (9 bu/A) and 13% higher (18 bu/A) higher than non-Bt isolines in 2004 and 2005, respectively.

Stalk Lodging 

Stalk lodging varied considerably across locations, especially on the second harvest date in both years. Stalk lodging increased sharply on the second harvest date. Averaged across locations and hybrids, lodging increased from 7% to 51% in 2004 and 5% to 17% in 2005.  In 2004, lodging was generally comparable for the Bt hybrids and isolines on both harvest dates. Small but significant differences in lodging between the Bt and non-Bt hybrid were present at two locations in 2005 with the non-Bt hybrids showing slightly more stalk lodging.

Grain Moisture 

Grain moisture content, averaged across location and hybrids, dropped from 23.9% on the first harvest date to 20.2% on the second date in 2004, and from 25.0% on the first harvest date to 18.0% on the second date in 2005. Grain moisture averaged higher in the Bt hybrids than non-Bt hybrids. On the first harvest date, grain moisture content averaged 1.9 and 1.8 percentage points higher in 2004 and 2005, respectively. Grain moisture remained consistently higher for the Bt hybrids with harvest delays. On the second harvest date, grain moisture averaged 1.2 and 1.1 percentage points higher in 2004 and 2005, respectively.
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How Do Seed-applied Insecticides Affect Corn Growth and Yield in the Absence of Soil Insects?  William J. Cox, Jerry Cherney, and Elson Shields.  Dept. of Crop and Soil Science, Cornell University, Ithaca, NY 14853.

          Cool soil conditions after planting frequently delay corn (Zea mays L.) emergence in the northeastern USA, which is conducive to seed corn maggot [Hylemyia platura (Delia platura)] damage.  Two corn hybrids with three seed-applied insecticide treatments, which included a control, 0.25 mg a.i. seed-1 clothianidin [(E) 1-(2-chloro-1,3-thiazol-5-ymethyl)-3-methyl-2-nitroguanidine], and 1.25 mg a.i. seed-1 clothianidin were evaluated in 2004 and 2005 in 
New York to determine how clothianidin affects leaf area index (LAI), mean crop growth rate (CGR), grain yield, and harvest index (HI).  Both clothianidin treatments had greater LAI (~2.60) at the 10th-11th leaf stage (V10-11) compared with the control (2.45) but differences did not exist at the silking (R1) stage (4.30-4.45). Both clothianidin treatments compared with the control had similar CGR from the V10-11 to R1 stage (~34 g m-2d-1) and from the R1 stage to silage harvest (~25 g m-2d-1).  Both clothianidin treatments also had similar grain yield (9.7 - 10.3 Mg ha-1) and HI values (~0.52) compared with the control (10.2 and 0.54, respectively).  Grain yield had significant negative correlations in 2005 with plant densities (-0.82), LAI at the V11 and R1 stages (-0.87), and CGR from V11 to the R1 stage (-0.78) probably because of hot and dry growing conditions, especially during the 10-20 d period after silking.  Based on the results of this study, we do not recommend clothianidin seed treatments on grain corn when following soybeans in the northeastern USA.
Association Mapping by Using TASSEL Software to Incorporate Background QTL Effect. Zhiwu Zhang1,  Peter J  Bradbury1,2,  Dallas E Kroon1, Terry M Casstevens1 and Edward S Buckler1,3* 1Cornell University, 175 Biotechnology Bldg, Ithaca, NY 14853  2USDA-ARS Cornell University, 741 Rhodes Hall, Ithaca, NY 14853 3USDA-ARS Cornell University, 159 Biotechnology Bldg, Ithaca, NY 14853 *Corresponding author (esb33@cornell.edu)
The number of rapidly growing genetic markers available for QTL studies provides great opportunity for association studies. Meanwhile, it also introduces challenges, such as controlling large number of false positives. One type of false positives is induced by the non-random distribution of background QTLs over the tested markers which arise from population and family structure. One widely used approach, structured association, was first implemented in TASSEL software package to reduce the risk of false positives arising from population structure.  More recently, a unified mixed model method was developed which improves on the previous method by integrating population structure and family relatedness within populations. TASSEL reflects these improvements and offers a user friendly interface. The structured association analysis was implemented in TASSEL as a general linear model (GLM) function.  Population membership estimates serve as covariates in the model. The mixed linear model (MLM) retains the capability of GLM to fit population structure as covariate in addition to fitting polygene background effect as random effect. Variance components are estimated by residual maximum likelihood under mixed linear model, including additive genetic variance and residual variance. The breeding values (prediction of additive genetic effects) are also provided for evaluation of individuals or inbred lines in breeding programs. 
Other features of TASSEL, such as data transformations, missing data imputation and principal component analysis, provide tools to enhance the association analyses and the integration of multiple traits. An LD analysis tool shows the LD structure among tested markers, which may help in understanding association results. Linkage disequilibrium is estimated by the standardized disequilibrium coefficient, D´, as well as r2 and P-values.  Diversity analysis can be performed by giving diversity estimates including average pair-wise divergence (π), segregating sites and θ (4Nμ). Most analysis results and input data can be visualized graphically to aid interpretation, such as phylogenic trees in normal or circular layout. The major feature of the next release is to have functional units which can be executed interactively or assembled as a pipeline to benefit a long running analysis with multiple steps. 

TASSEL was written in Java and can be run in multiple operating systems. The software package including help document and tutorial can be downloaded at www.maizegenetics.net/tassel. The open source code is available at http://sourceforge.net/projects/tassel. 
Joint Linkage Association Analysis of Aluminum Tolerance in Maize. Owen Hoekenga1, Ed 

Buckler1, Allison Krill2, Sangbom Michael Lyi3, and Leon Kochian1. 1US Plant, Soil and 
Nutrition Laboratory, USDA-ARS, Ithaca NY 14853, 2Institute for Genomic Diversity, Cornell 
University, Ithaca NY 14853, and 3Department of Plant Biology, Cornell University, Ithaca NY 
14853.
Aluminum (Al) toxicity is a profound limitation to crop production worldwide, reducing yields on up to 50% of potentially arable lands. Breeding for Al tolerance and agronomic practices aimed at ameliorating soil acidity have historically been productive avenues for improved crop production. However, it is widely recognized that additional improvements in crop Al tolerance will depend on biotechnology. We undertook a genetic approach to identify the genes and underlying molecular mechanisms important for Al tolerance, using both QTL mapping and association analysis. We identified 6 Al tolerance QTL in the Intermated B73 x Mo17 (IBM) recombinant inbred population, which together explain nearly 65% of the variance observed. Al exclusion from the root tip correlates highly with Al tolerance as estimated by root growth. Near isogenic lines have been derived for each of the QTL containing regions and will be examined using microarray hybridization, proteomic and physiological profiling in the coming year. We have used association analysis to examine multiple members of gene families known to be important for Al tolerance in other plants, e.g. maize genes similar to Al activated organic acid transporters found in wheat (ALMT1-like) and sorghum (AltSB-like). Single members of each Al-activated organic acid transporter family have been identified as containing polymorphisms significantly associated with Al tolerance differences in the Buckler Association Panel of inbred lines. We have validated the association result for the ZmASL (AltSB-like) gene using linkage analysis of an F2 population and are in the process of gaining similar information for the ZmALMT. Joint linkage association analysis is a powerful tool to dissect complex traits and provide valuable information for crop improvement. This work is supported by NSF Plant Genome Award DBI #0419435, a CGIAR Generation Challenge grant, a McKnight Foundation Collaborative Crop Research Program and USDA-ARS base funds.
YieldGard VecTran™ Technology and Monsanto Pipeline Update.  Jim Haldeman.
Corn States Hybrid Service, Monsanto Co.  jim.haldeman@monsanto.com  

VecTran™ technology has been introduced to the marketplace and is replacing first generation YieldGard® and Roundup Ready® Corn 2 trait products.  The stacked trait product YieldGard Rootworm with Roundup Ready Corn 2 will be replaced by YieldGard VT™ Rootworm/RR2.   The triple stacked product YieldGard Plus with Roundup Ready Corn 2 will be replaced by YieldGard VT™ Triple.  

VecTran™ differs from the original YieldGard and Roundup Ready technology by the method of transformation process and offers certain advantages for seed producers and farmers.  The original YieldGard and Roundup Ready traits were inserted into the corn genome with the gene gun method.  VecTran™ technology is the result of transformation by an Agrobacterium-meditated insertion process.  Agrobacterium is the vector for the genes of interest.   This method will be used for most new trait development by Monsanto.    

 
Some of the benefits of YieldGard VT™ Rootworm/RR2 are improved consistency, better insect protection, better root protection and higher yield potential.  Both traits, for rootworm protection and the Roundup Ready trait, are inserted at the same time into the genome rather than separately as with older technology.   New inbred lines and hybrids will come to market more quickly because fewer steps are needed to produce stacked trait products. Pipeline products such YieldGard VT PRO™, the next generation trait for European Corn Borer protection will replace YieldGard Corn Borer. Two insecticidal proteins will be expressed for corn borer control.
Comparison of Conventional and Double Haploid Breeding Methods for Inbred Line Development and Evaluation of GEM Breeding Crosses.  Jumbo, M.B., A. Kleintop, T. Weldekidan and J.A. Hawk. Department of Plant and Soil Sciences, University of Delaware

Newark, DE 19716-2170
Plant genetic diversity plays a significant role in plant breeding for enhancing genetic gain and crop adaptation. The Germplasm Enhancement of Maize (GEM) project, a USDA, University and private sector collaboration, utilizes accessions with diverse genetic sources identified through the Latin American Maize Project (LAMP) for improvement of Corn Belt maize. Rapid progress in inbred line development and identification of potential GEM breeding crosses for future improvement can be achieved through the use of more efficient breeding methods. The primary goal of this project is to compare the effectiveness of conventional, conventional mass, modified single seed descent (MSSD), and double haploid (DH) breeding methods for development of inbred lines and identification of potential GEM breeding crosses for future line development. Conventional breeding strategies emphasize between and within family selection and early testing during the inbreeding phase. Although DH approaches provide fewer opportunities for recombination and selection, inbred line development is rapid, and hybrid evaluations are based on inbred rather than segregating lines. This study utilizes three GEM breeding crosses; ANTIG01:N16DE4, AR16035:S0209, and DKXL212:S0943b, to develop inbred lines using the four breeding methods. Sixty S2 lines have been selected for the conventional, conventional mass, and MSSD methods and seventy inbreds for the DH method from each of the three GEM breeding crosses used in the study. The lines were placed in winter isolation blocks to produce testcrosses. Hybrids will be evaluated for yield and agronomic performance in 2007 and 2008. Seed quality traits such as protein, oil, and starch content will be analyzed for each inbred. Molecular characterization will be performed on parental accessions and selected lines from DH and conventional methods to determine whether the methods have any effects on retention of genetic diversity.
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Partitioning Genetic Variation for Quantitative Traits Using Information from Molecular 

Markers. Gael Pressoir, Jianming Yu, Sherry Flint-Garcia, Zhiwu Zhang, James B. Holland, 

Edward S. Buckler, and Stephen Kresovich, Cornell University

Identity by descent between pairs of individuals or Θij can be inferred from known pedigree relationships. Cattle geneticists have long used mixed models to estimate genetic variance components (Henderson’s mixed model); assuming that all individuals belong to a same population, a coancestry matrix can then be used in order to correctly estimate the additive genetic variance component. Unfortunately, in many species or populations, accurate estimates are often hard if not impossible to obtain. Furthermore, founding effects (founding of a population, establishment of a heterotic group, a pool) using a limited number of individual are generally unaccounted for when estimating Θij. In crops, there is an additional problem arising when dealing with inbreds, selection favoring one of the parental genomes will not be accounted for. In addition to these concerns regarding the estimation of Θij from pedigrees, in populations, common designs for estimating variance components generally assume that all individuals or families are equally (un)related; however, in many cases this assumption is incorrect. Recent progress in population genetics now allows estimating relatedness and population structure using molecular markers. We show that current estimates of IBD and population structure already allow for an accurate partitioning of the genetic variation. In this talk we pull together an (1) animal genetics inspired mixed model approach along with (2) recent developments in population genetics; used jointly, these methods allow to predict key genetic parameters such as narrow sense heritability, genetic correlations and breeding values (it will prove very useful for managing a breeding program or evaluating a germplasm collection).

 62nd Corn Improvement Conference
15-16 February 2007

Cornell University, Ithaca, NY
Business Meeting Minutes
President Margaret Smith called the meeting to order at 10:30 am.

Jim Breining was nominated to record the meeting minutes in the absence of Bob Kratochvil.

Favorable comments were received on the recently completed two day meeting. Attendance was off somewhat due to heavy snowfall across the north east on February 14. More participation is sought from seed industry representatives.

State and Provincial Reports were received from the following persons: (See attachments.)

1. Mark Guttendorf, FS Growmark 

2. Lana Reid, University of Guelph

3. Tecle Weldekidan, The University of Delaware

4. Jim Breining, T.A. Seeds

5. Margaret Smith, Cornell University

 Election of Officers

The usual progression is for the current secretary to ascend to President for next year’s conference. The recent heavy snowfall prevented this year’s secretary, Robert Kratochvil, from attending this conference. All present decided to follow past protocol and retain Bob as the President of the 2008 conference.

The position of Secretary for the 2008 conference resulted in several names being brought forward for consideration. After much discussion, it was decided to contact first Jim Haldeman from Monsanto as our first choice. Jim Breining volunteered to contact him. (Jim Haldeman accepted this position for the 2008 conference later this afternoon). 

Other business
Jim Hawk offered to contact the members of the North Central group to see if they would be willing to travel east next year for an Inter-Regional meeting. Dr. Hawk will contact Bob Kratochvil with regards to a meeting site. 

Topics for the 2008 conference:
Several ideas were brought forward for consideration for the 2008 conference. 

Disease tolerance, especially Northern Corn Leaf Blight

Ethanol

Use of strobins for disease pressure such as Quadris and Headline

Session on NCLB. 

The meeting was adjourned at 11:15 am.

Respectfully submitted by:

James Breining

State and Provincial reports

Mark Guttendorf, Representative from FS / Growmark Seeds. 

Plenty of heat units were available in all geographies in 2006. My data was very good overall; the extra heat units really helped up north. The PA results were more variable due to heat and drought stress in southern areas. Several sites in Southern PA and the Delmarva were blown flat due to Tropical Storm Ernesto early in September.

More Stewarts Bacterial Wilt and Northern Leaf Blight than normal were observed this year. Grey Leaf Spot was not too bad in areas we are normally concerned about. Lower levels of infestation were present in the traditional geographic areas. 

A higher than normal incidence of ear mold was noted in northern areas due to excessive rainfall late in the fall. 

Feedback from the field indicated mixed results from seed applied insecticides such as Poncho 250 and Poncho 1250 used for secondary insect pests. 

There appears to be more use of Tran genetic traits in the marketplace. Multiple stacked traits are being used more so than single trait products. Monsanto is releasing its new Vec-Trans (VT) technology into the marketplace. VT promises multiple traits in each inbred with better control and more consistent results. 

Jim Breining, Representative from T.A. Seeds. 

My testing result in 2006 mirrored Mark’s in many ways. Overall, 2006 had high yields in most location and late season rain in the north made harvest a challenge. Disease pressure came mostly with Northern Corn Leaf Blight being the biggest problem. This is the second consecutive year this has been a problem. Anthracnose stalk rots came in some areas and increased stalk lodging. Many corn hybrids were challenged in southern areas with the tropical storm in September; however those locations had very high yields due to consistent rainfall through the summer months. Above average heat units helped the northern areas reach maturity even with full season hybrids this year. 


The use of seed applied insecticides has increased again this year. The cost and the fact the grower doesn’t have to handle any material is a big selling point. Results from the field have been inconsistent. Cold weather seems to be the biggest problem for effectiveness of these products. Much more lower rate Poncho 250 is sold than the higher rate Poncho 1250. The use of multiple trait trans-genetic hybrids continues to increase. Triple stacked products from Monsanto continue to perform well and are good sellers. Herculex traits from Dow Agri-Science are becoming more available, as well as Syngenta traits released through Green Leaf Genetics. 

Tecle Weldekidan, The University of Delaware.


The 2006 growing season was characterized by favorable conditions throughout the growing season. The yield for the state was estimated at to average 145 bu/ A compared to last year’s 135 bu/A average. The dryland location in our commercial hybrid tests yielded an average of 185, 198, and 188 bu/A for the early, early-medium, and medium/ medium late maturity groups, respectively. Yields from the top irrigated location averaged 203, 213, and 210 bu/A for the early, early-medium, and medium/ medium late maturity groups, respectively. We observed more summer root lodging and green snap due to heavy wind and rain late in June at Kent County locations. We also had heavy stalk and root lodging following Hurricane Ernesto. We observed less incidence of European Corn Borer but higher levels of gray leaf spot and anthracnose stalk rot that may have contributed to increased stalk lodging. Stewart’s bacterial wilt incidence was higher than previous years.

Margaret Smith, Cornell University

The 2006 growing season in New York started off with close to normal temperature and precipitation in May.  Planting went along quite rapidly, although a few locations had dry spells and soil crusting problems.  June was the second wettest on record, with unusually heavy rainfall from June 22nd through 30th in much of the state.  Western New York missed some of this wet June weather.  July temperatures were above average throughout the state, and rainfall was higher than normal in most areas as well.  Average to above-average temperatures and rainfall continued into August in most areas. Preliminary data indicates this summer (June, July, and August) was the wettest on record (0.6” more rainfall than the previous record, which was set in 1903).  The warm conditions during June through August and plentiful rainfall contributed to excellent plant development and little stress during pollination.  September and October tended to be cooler than normal throughout the state.  Excess precipitation during October in much of the state complicated harvest operations, and this was especially problematic in western New York where a major snow fall from an early lake effect storm on October 12th and 13th caught a lot of corn still in the field.  The humid conditions during the growing season resulted in a fair amount of leaf disease.  Northern leaf blight, Stewart’s wilt, anthracnose leaf blight, carbonum leaf spot, eyespot, and gray leaf spot were observed at a number of locations.  Gray leaf spot was found in the central part of the state, where it had been relatively rare in past years.  Despite the leaf diseases and wet harvest conditions, state average yields set a new record at 129 bu/A for grain and 18 tons/A for silage.

Lana Reid, Ontario and Quebec
2006 corn yield was the almost the same as 2005.  2006 was a warm and moist corn season from May to October. The corn germinated fast and grew normally. A warm season was detrimental for smut disease development as we observed (less head smut and common smut were found in 2006). Conditions in 2006 were however favorable for leaf disease development. Northern leaf blight continues to increase and sporadic NLB outbreaks were observed in Ontario.  The damages from anthracnose leaf blight and eyespot have increased in Quebec. Gray leaf spot was one of the most common leaf diseases in Southern Ontario and is now established (spread) in Eastern Ontario. Stewart’s wilt was found more in Southern Ontario and Eastern Ontario, but was related with specific hybrids therefore it may have been seed borne.  Common rust was not as prevalent as in other years. 

Excess rain from mid-September slowed grain dry-down creating a Gibberella ear rot outbreak in Southern Ontario.  For example, in Ottawa, there was 16 days rain up to 113.9 mm (average 76.2 mm) in September and 19 days rain up to 130.3 mm (average 60.5 mm) in October. There were substantial differences in severity of Gibberella amongst commercial corn hybrids.  

Stalk rot, European corn borer, corn rootworm, mites, and grasshopper were less problematic in 2006 in both Ontario and Quebec.
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