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ABSTRACT
Increasing net returns from variable-rate fertilizer application requires efficient use of reliable knowledge about fertilizer response variation within a field. Based on PRSTM probe technology developed at the University of Saskatchewan, Western Ag Lab provides growers with a simulation modeling tool, the PRSTM Nutrient Forecaster, that allow growers to assess the cost-benefit of a particular fertilizer and/or cropping decision on a field-by-field basis. The potential to increase net returns by varying fertilizer application within a field was evaluated in two fields in Saskatchewan in 2004. Fertilizer prescriptions were developed at a grid spacing of 12 m using PRSTM measurements and estimated moisture at selected topographic positions within a field. An algorithm was developed to deliver four nutrients with two machine-compatible blends: nutrients were applied within 5% of the optimum rate. Evaluation based on backcast yield estimates indicated that this approach increased net returns by $25 to $125 per hectare.
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INTRODUCTION

     Synthetic ion exchange resins have been used to measure soil nutrient bioavailability in research applications since 1951 (Qian and Schoenau 2002). In the early 1990s, researchers at the University of Saskatchewan developed the PRSTM probe, a resin membrane in a plastic support that is easily inserted in soil for the measurement of ion fluxes to a defined surface area. This technology, in combination with a computer simulation model (PRSTM Nutrient Forecaster), has been used commercially in western Canada since 1997 to support fertilizer and cropping decisions by farmers on a field-by-field basis (Western Ag Labs 2012).  The approach has resulted in significant production gains, often as a result of optimizing the balance of fertilizer nutrients. These improvements in field-by-field outcomes have prompted growers to question if further improvements were possible by optimization within fields.
     The PRSTM Nutrient Forecaster can optimize individual nutrient applications across many sites within a field, but delivering each nutrient as a separate fertilizer product is often impractical. For example, analysis of the results from one field in 2001 indicated that optimized redistribution of fertilizer dollars within the field increased net returns by $50 ha-1, but an additional 16 hours was needed to individually apply each fertilizer product at an estimated cost of $125 ha-1.  Thus the benefit of optimizing was more than lost in the cost of logistics.
     We report here on the methodology and outcomes from optimization of fertilizer application for two fields in Saskatchewan.
Materials and Methods
     The study was conducted at two locations in 2004.  The St. Denis was located 40 km east of Saskatoon on a hummocky field with numerous temporary or permanent sloughs.  The field had been cropped to wheat in 2003 and was cropped to canola in the study year. The Dinsmore field was located 100 km southwest of Saskatoon on a broadly undulating field that was mostly well drained, but contained saline areas.  The field was fallow in 2003 and cropped to wheat in 2004.

     Topography was logged using a GPS receiver with WAAS correction. Digital elevation maps were generated at a grid spacing of 12 m and used to calculate topographical and hydrological attributes (Pennock et al. 1987; Barling et al. 1994).

     Sampling points (100 at St. Denis, 40 at Dinsmore) were selected to obtain balanced coverage of all major landscape elements over the whole field.  Soil samples for standardized nutrient supply measurement (Western Ag Labs 2012) were obtained in early spring at each sampling point.

     Available moisture is the most important factor controlling crop yields and fertilizer response in the prairie region of western Canada, and is a required input for the PRSTM Nutrient Forecaster model. To initialize the model, available spring soil moisture at each grid point was estimated based on an observed relationship at selected sampling points to the wetness index (Barling et al. 1994). Growing season precipitation was set to 15 cm at St. Denis and 13 cm at Dinsmore based on long-term weather records. Redistribution of available moisture during the growing season was calculated using a simple water budget with gradient and wetness index as parameters. Available moisture estimates ranged from 17 to 67 cm at St. Denis and from 16 to 45 cm at Dinsmore. Fewer than 15% of values exceeded 30 cm at either location.

     The PRSTM Nutrient Forecaster model was then used to maximize return of a set fertilizer budget based on measured nutrient supply rates and estimated available moisture at each sampling point. The calculated fertilizer rates were interpolated to each grid point based on relationships with available grid point data (e.g., available moisture).

      To simplify logistics, an optimization procedure was conducted to determine two blends that, when re-blended within the machine constraints, maximized net profit on a whole field basis. A meta-heuristic method was employed because the search space contained numerous local optima, thus limiting the ability of conventional hill-climbing algorithms to efficiently determine the global optimum. 

     Specialized large scale field equipment was fitted with the control units necessary to implement the prescription. Control strips with “average fertilizer rates” (solid color) were placed north to south in each of the test fields (Figure 1).
     Calibrated yield monitor data was obtained to evaluate the effectiveness of within-field optimization.

Results and Discussion
     The optimization procedure used to simplify logistics of applying four nutrients as two machine-compatible blends was effective. Compared to application of the optimum rate of all nutrients at each grid point, nutrient application rates were, on average, within 0.5 kg ha-1 at St. Denis and within 2 kg ha-1 at Dinsmore.  The reduction in profit on a whole field basis was less than 5%.

     Growing season precipitation was approximately 5 cm greater than the long-term average, while air temperatures were approximately 3° C cooler than average.  An early frost (August 20) occurred at the St. Denis field, which primarily damaged crops growing in the low areas of the field.  The Dinsmore field was not damaged by frost, but yield potential was reduced by a stem sawfly infestation late in the growing season.
     Despite the unanticipated impact of frost damage in low areas at St. Denis, the Forecaster yield predictions were significantly related to the observed yields (R2 = 0.13, P<0.001).  However, frost damage considerably reduced yields in the areas that had the most available moisture and where more fertilizer had been applied under the optimized scenario. Thus, within-field optimization did not increase returns compared to average rate application at this location. Based on the Forecaster model, within-field optimization would have increased net returns by $135 ha-1 if no frost had occurred at this site.  The use of the Forecaster model and backcasting was valuable for evaluating unanticipated impacts and improving optimization in future years.
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Figure 1.  Application rates of blend 1 (31-12.5-0-10) and blend 2 (12.4-5-37.5-3.5) at St. Denis.
     Within-field optimization at Dinsmore increased net returns by only $24 ha-1.  This was due to less within-field variability, a less valuable crop being grown (wheat), and more dollars of fertilizer available to optimize.

     With any in-field fertilizer optimization, the higher rates of improvement will occur when subregions diverge more strongly and predictably in fertilizer response and resources are constrained.  In other words, being efficient pays best when you cannot afford to waste.  This apparent juxtaposition bodes well for the implementation of this technology in commodity crop settings.
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