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	1. Executive Summary
Off-target dicamba exposure remains one of the primary production challenges for non-dicamba-tolerant soybean production across the Mid-South. The objective of this project was to identify natural sources of dicamba tolerance, characterize the genetic basis of the trait, and incorporate this knowledge into soybean breeding programs to develop conventional and Enlist-E3 germplasm with improved tolerance to off-target dicamba exposure. Over six years of funding, this project progressed from quantifying yield losses associated with dicamba injury to developing high-throughput phenotyping methods, identifying genomic regions controlling tolerance, validating these regions through QTL mapping, and incorporating tolerant germplasm into breeding populations. The project resulted in five peer-reviewed publications, one invention disclosure submitted to the University of Arkansas Technology Commercialization Office, and multiple breeding populations currently being advanced toward cultivar development.
2. Accomplishments During the Final Funding Period
The primary focus during the final funding period was validation of genomic regions associated with dicamba tolerance and incorporation of tolerant germplasm into breeding populations using Enlist-E3 materials.
A recombinant inbred line (RIL) population was developed from the cross between PI 603497, a tolerant accession previously identified through genome-wide association studies, and S16-9666, a susceptible elite breeding line identified during earlier breeding evaluations. The population was evaluated across four environments under natural off-target dicamba exposure. QTL mapping identified six genomic regions located on chromosomes 6, 9, 10, 13, 19, and 20. Together, these loci explained approximately 45% of the observed phenotypic variation, and soybean lines carrying more favorable alleles consistently exhibited improved tolerance across environments. Candidate genes within these regions included several known herbicide detoxification genes, including cytochrome P450s, glutathione S-transferases, and UDP-glycosyltransferases.
This work was accepted for publication in BMC Plant Biology and resulted in an invention disclosure submitted to the University of Arkansas Technology Commercialization Office, titled "An additive genetic marker combination for enhanced tolerance to off-target dicamba in soybean". The disclosure covers the identification and application of an additive combination of six genomic regions and associated SNP markers that can be incorporated into marker-assisted breeding programs to accelerate the development of soybean cultivars with improved tolerance to off-target dicamba. Mid-South Soybean Board funding directly supported the conception, population development, phenotyping, and genetic analyses that led to this invention disclosure.
Breeding efforts also continued during the final funding period. Seven Enlist-E3 × dicamba-tolerant populations were advanced through multiple generations in off-season nurseries. Individuals homozygous for the Enlist-E3 trait were identified through molecular marker screening, and the selected lines are currently being evaluated as progeny rows in Arkansas. These populations combine elite agronomic backgrounds with natural dicamba tolerance and represent an important step toward developing Enlist-E3 soybean cultivars with improved tolerance to off-target dicamba exposure. In parallel, conventional breeding populations carrying natural dicamba tolerance continue to be advanced within the breeding program.
3. Overall Project Accomplishments (Six-Year Summary)
i. Quantifying Yield Loss from Off-Target Dicamba Exposure. Differential responses of soybean genotypes to off-target dicamba damage (Crop Science, 2022)
The project began by evaluating soybean responses to natural off-target exposure to dicamba across multiple environments. These studies demonstrated that dicamba injury results in measurable yield losses rather than cosmetic injury alone, and identified substantial genetic variation in tolerance among soybean breeding lines. These findings established the need to breed soybean cultivars with improved natural tolerance to off-target dicamba and laid the foundation for subsequent genetic studies.
ii. Development of High-Throughput Phenotyping Methods. Differentiate Soybean Response to Off-Target Dicamba Damage Based on UAV Imagery and Machine Learning (Remote Sensing, 2022)
To improve breeding efficiency, UAV-based phenotyping methods were developed using RGB imagery and machine learning. These approaches provided objective and repeatable measurements of dicamba injury while reducing reliance on visual ratings. The resulting phenotyping platform provides an efficient method for screening large breeding populations for dicamba tolerance.
iii. Identification of Genomic Regions Associated with Dicamba Tolerance. Identification of genomic regions associated with soybean responses to off-target dicamba exposure (Frontiers in Plant Science, 2022); Genetic architecture of soybean tolerance to off-target dicamba (Frontiers in Plant Science, 2023); Quantitative trait loci analysis identifying novel genomic regions for off-target dicamba tolerance in soybean (BMC Plant Biology, 2026).
Using a diverse soybean panel representing global germplasm, this study identified the first genomic regions associated with natural dicamba tolerance and highlighted candidate genes involved in herbicide detoxification pathways. Building upon these discoveries, a second genome-wide association study conducted in 551 elite breeding lines validated genomic regions in breeding germplasm and demonstrated that tolerant breeding lines could be accurately classified using a relatively small set of informative SNP markers. These studies established the genetic basis of natural dicamba tolerance and developed practical genomic tools for soybean breeding.
The final phase of the project focused on validating genomic regions through biparental QTL mapping. A recombinant inbred population developed from PI 603497 (tolerant) and S16-9666 (susceptible) identified six QTL associated with dicamba tolerance and demonstrated that stacking favorable alleles consistently improved tolerance across environments. The study also identified candidate genes within major QTLs and led to an invention disclosure submitted to the University of Arkansas Technology Commercialization Office describing an additive SNP marker combination to improve dicamba tolerance in soybean. Knowledge generated throughout this project has been incorporated directly into the University of Arkansas soybean breeding program by developing conventional and Enlist-E3 breeding populations that carry natural dicamba tolerance.







