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Field pea (Pisum sativum L.) is an important pulse crop grown worldwide for its protein-rich seeds and economic value. Pea breeding programs have used traditional methods to improve yield and yield stability. However, the rate of genetic gain is not enough to meet the increasing demand for protein, especially with the changing climate and increasing population, necessitating the deployment of modern tools and technologies in breeding programs. Genomic selection (GS) is an innovative approach that uses whole genome markers to predict the breeding values of individuals early in the breeding cycle to reduce the generation interval and increase the genetic gain per unit of time. In this study, we developed and implemented GS for the Australian National Field Pea breeding program. The training population comprised 2,889 advanced breeding lines and was evaluated in multi-environment trials over 2013-2023 for 15 traits, including grain yield, phenological traits, biotic resistance, abiotic stress tolerance, and seed quality. The narrow sense heritabilities ranged from 0.26 - 0.67, confirming the polygenic inheritance. We used 39,659 high-quality SNPs and phenotypic data to train GBLUP model for genomic prediction. Three prediction accuracy validation  scenarios, leave-one-out, forward, and five-fold cross-validations, were used: leave-one-out, forward, and five-fold cross-validations. The prediction accuracies for all traits ranged from 0.12 to 0.78. The GS was utilized in two phases within the field pea breeding program, namely, F1 and F4:5. These stages aimed to enhance the selection process for parental lines in the subsequent breeding cycle and selecting lines for field trials. Our results showed that GS could improve prediction accuracy and intensity and help in early parental selection. Implementing GS would enable an increased rate of genetic gain and the development of better-adapted pea varieties. 
 



