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ABSTRACT

Economically optimum winter wheat (Triticum aestivum L.) production relies on effective N application rate and timing. Previous research in Wisconsin indicates a need to better understand winter wheat response to N rate and application timing for growing conditions specific to the state. This study evaluated the effect of N application timing on yield, economic optimum N rate (EONR), agronomic N use efficiency (NUE), and profitability. A three-year study was conducted at three locations where winter wheat was planted following corn (Zea mays. L.) silage. Sites included soils formed from varying parent materials, had varying drainage classes, slightly acidic to neutral soil pH, 2.1 to 3.4% soil organic matter, and represented the range of winter hardiness zones where winter wheat is commonly grown in Wisconsin. Nitrogen was applied at rates of 0, 30, 60, 90, and 120 lb N/a at a combination of different timings that included fall pre-plant, spring green up (GU), Zadoks growth stage 30 (GS30), GS40, 30 or 60 lb N/a preplant plus the remainder at GS30 or GS40. Fertilization of P and K occurred when instances of soil-test levels were below optimum. Grain yield data was collected and used to determine return to N and NUE values. Reponses models were fit to determine the EONR for each site-year and N timing strategy using an N:grain ($ lb/ N to $/bu grain) price ratio of 0.05 and N price of $0.35/lb N. While N rate and timing affected mean N uptake and yield for the entire study, analysis was partitioned into two groups that were differentiated by sites where EONR for preplant applied N was greater than EONR at GU applied N (n=3), and sites were EONR for preplant and GU applied N was similar (n=5).  Where EONR for preplant application (120 lb N/a) was greater than GU application (69 lb N/a), the yield response to N was linear (r2 = 0.99), suggesting N loss occurred in fall and/or overwinter. At these sites, application of N at GU, GS30, or 30 lb N/a at GU plus the remainder at GS30 had the greatest yield and NUE; however profitability was greatest for single applications at GU or GS30. Delaying some or all N application to GS40, compared to earlier application, resulted in a yield penalty (which averaged about 20 bu/a) and less profitable N management. A quadratic plateau model (r2 = 0.98) best described the sites where yield response to N was similar between preplant (72 lb N/a) and any spring application timing (74 lb N/a). At 60 and 90 lb N/a (N rate surrounding EONR), GU application was most profitable, but was not significantly greater than preplant or preplant plus GS30 application. At these sites, waiting to apply N until GS30 or GS40 resulted in yield loss and significantly lower profitability. Some of the N fertilizer applied in the fall was lost at 3 of 8 sites in this study and fall N never resulted in significantly greater yield, profitability, or NUE. Application of N at GU always resulted in superior yield and profitability, and at GS40 always resulted in inferior yield and profitability. Thus, growers should target N application to coincide with GU. If soil or weather conditions prevent this, then applications should be made no later than at GS30. Regardless of whether or not fall N loss occurred, there was no clear economic advantage, nor was NUE significantly improved, by split N applications. 
