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Herbicide-resistant weeds threaten sustainable peanut (Arachis hypogaea) production, necessitating integrated weed management (IWM) strategies. Winter cover crops may suppress early-season weeds and reduce reliance on herbicides, but their impact on the critical period for weed control (CPWC) in peanut, a prostrate-growing legume, needs further investigation in strip-tilled systems. We conducted a split-plot field experiment across three Alabama site-years (2023–2025). We randomly assigned main plots to one of six regimes: cereal rye (Secale cereale), wheat (Triticum aestivum), lupin (Lupinus spp.), daikon radish (Raphanus sativus), a four-species mixture, and a winter fallow control. Subplots tested six durations of weed interference and weed-free periods spanning 0 to 10 weeks after planting. We estimated the CPWC at a 5% acceptable yield loss using nonlinear curve-fitting models. Winter fallow systems required immediate intervention after planting; predictive models estimated an intervention start time of zero weeks and a CPWC extending up to ten weeks. Conversely, high-residue cereal rye (>4,600 kg ha⁻¹) fundamentally shifted these emergence timelines, delaying the onset of required control and narrowing the total CPWC to between 3.2 and 5.8 weeks. The wheat and multi-species mixture provided intermediate suppression, driven by longer persistence and higher ground biomass rather than by species diversity, whereas planting lupin and radish resulted in the longest CPWC among all cover crop treatments. Consequently, integrating high-biomass cereals substantially reduces the required weed-free duration, affording growers much greater operational flexibility for early-season management.
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