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 Price premiums and discounts are currently paid for various classes of wheat in 

the US marketplace. These premiums and the known heterogeneity of grain protein 

across landscapes beg the question of whether grain could be separated on the farm to 

maximize revenues.  Theoretically, the concavity or convexity of a price function defines 

if an opportunity to segregate grain exists. Although this is true, prices in the market 

place are paid in stepped increments, which result in unique revenue maximizing 

solutions. This study was conducted to determine the economic feasibility of segregating 

wheat by protein content on the combine harvester during harvest. Both web-based and 

spreadsheet calculators were built to predict the best point in which to segregate a crop at, 

as well as define the protein level and quantity of each segregated volume of grain. The 

costs of segregation vary by operation, but fixed, variable, and opportunity costs are 

estimated to total $0.1739 bu
-1

 if segregation is used every year. Revenue gains varied 

with the price schedule, field mean protein value, and the standard deviation of protein. 

Revenue gains increased in proportion to the size of a price step in a price schedule. Soft 

white winter wheat showed the greatest potential for segregation; however, on average 

yearly expected premiums are less than $.05 bu
-1

, well below total variable costs. Price 

schedules occur which allow for profits of over $1.00 bu
-1

 from segregation, although 

these are not the norm. Historically, on-combine grain segregation would not be 

economically feasible for the average producer. However, under certain supply and 

demand conditions, premiums occur that would make on-combine grain segregation 

profitable. Individuals will have to evaluate the feasibility on a case-by-case basis.   



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

©Copyright by Charles T. Martin 

June 14, 2012 

All Rights Reserved 

  



 

 

 

 

 

Economic Feasibility of Segregating Grain by Protein Concentration While Harvesting 

 

 

by 

Charles T. Martin 

 

 

 

A THESIS 

 

submitted to 

 

 

Oregon State University 

 

 

 

in partial fulfillment of 

the requirements for the 

degree of 

 

 

 

Master of Agriculture 

 

 

 

Presented June 14, 2012 

Commencement June 2013 

  



 

 

 

 

 

Master of Agriculture thesis of Charles T. Martin presented on June 14, 2012. 

 

APPROVED: 

 

Major Professor, representing Agricultural and Resource Economics 

 

 

Head of the Department of Agricultural and Resource Economics 

 

 

Dean of the Graduate School 

 

 

 

I understand that my thesis will become part of the permanent collection of Oregon State 

University libraries. My signature below authorizes release of my thesis to any reader 

upon request.  

 

 

Charles T. Martin, Author 

  



 

 

 

 

 

 

ACKNOWLEDGEMENTS 

The author expresses sincere appreciation to Dan Long and the USDA Agricultural 

Research Service for financial support and for providing necessary datasets and guidance 

while completing this thesis. Thank you to the employees of the USDA-ARS Columbia 

Plateau Conservation Research Center for insight and guidance on this project. The 

support of producers across Oregon and Montana by providing access to their fields and 

datasets is greatly appreciated. John McCallum and David Koza, previously of DSquared 

Development, provided training on the theory and application of the ProSpectra grain 

protein analyzer. The faculty and staff of the College of Agricultural Sciences provided 

invaluable support and input throughout my studies. Thank you to my committee 

members Susan Capalbo, Starr McMullen, and Gregory Thompson. David Shelton of the 

Wheat Marketing Center, Steven Wirsching of U.S. Wheat Associates, Tana Simpson of 

the Oregon Wheat Commission, Jeff Kaser of Mid-Columbia Producers, Tom McCoy 

and Herb March, both wheat producers, made time to meet with me and provide 

additional information for my understanding of the wheat industry. To my wonderful 

wife, Brittany, thank you for your continued support and encouragement throughout my 

graduate studies.   

  



 

 

 

 

 

TABLE OF CONTENTS 

 

Introduction ......................................................................................................................... 1 

Literature Review................................................................................................................ 3 

Spatial Variability of Grain Protein ............................................................ 3 

Profitability of Grain Segregation by Protein ............................................. 5 

Accuracy of Sensing Grain Protein on the Combine .................................. 9 

Explanation of Grain Segregation ..................................................................................... 11 

Materials and Methods ...................................................................................................... 16 

Grain Protein and Yield Measurements .................................................... 16 

Grain Prices ............................................................................................... 20 

Data Analysis ............................................................................................ 23 

Marginal Revenue Sensitivity Analysis ................................................... 23 

Change in Revenue from On-Combine Segregation ............................... 24 

Partial Budget Analysis ........................................................................... 24 

Results and Discussion ..................................................................................................... 28 

Grain Protein and Yield Variability .......................................................... 28 

Wheat Price Variation ............................................................................... 30 

Grain Segregation Results......................................................................... 39 

Sensitivity of Mean Protein Relationship to Price Point ......................... 39 

Marginal Returns from Hard Red Spring Wheat Fields .......................... 41 

Marginal Returns from Soft White Winter Wheat Fields ....................... 42 

Available Premium Captured through Segregation ................................ 43 

Partial Budget Analysis............................................................................. 45 

Partial Budget Results for an Average Farm ........................................... 57 

Profitability ............................................................................................. 66 



 

 

 

 

 

TABLE OF CONTENTS (CONTINUED) 

Breakeven Premium Estimation ............................................................. 69 

Verification of Segregation Calculator Results ........................................ 71 

Field Normality ....................................................................................... 71 

Method for Pre-Harvest Protein Distribution Determination ................. 76 

Hard Red Spring Test Strip Segregation Prediction ............................... 78 

Implementation of On-Combine Grain Segregation ................................. 80 

Soft White Winter Premiums .................................................................. 80 

Average Producer Revenue Prediction ................................................... 82 

How Segregation Could Work ................................................................ 85 

Multi-field Optimal Segregation ............................................................. 86 

Two-Bin On-Combine Segregation System ........................................... 87 

Protein Prediction Inaccuracy ................................................................. 88 

Further Considerations............................................................................ 88 

Summary and Conclusions ............................................................................................... 90 

References ......................................................................................................................... 93 

Appendices ........................................................................................................................ 99 

 

 

  



 

 

 

 

 

LIST OF FIGURES 

Figure                                                                                                                             Page 

Figure 1: Examples of continuous and stepped price functions for hard red spring wheat.

..................................................................................................................................... 11 

 

Figure 2: Protein mean of 13.5% with protein range (from the min. to max.) of 1% ....... 13 

 

Figure 3: Protein Mean of just greater than 14%, with range of 1% ................................ 13 

 

Figure 4: Protein Mean of 13.75%, range of 1% .............................................................. 14 

 

Figure 5: Distribution with mean of 13.75 and greater range of protein values ............... 15 

 

Figure 6: Four simplified steps resulting in yield and protein values derived from a 

geographic information system ................................................................................... 19 

 

Figure 7: Field 19 final protein map. ................................................................................ 20 

 

Figure 8: HRS (A) and SWW (B) average price by calendar year and protein content. .. 31 

 

Figure 9: Average marketing year prices for HRS (A) and SWW (B) by protein content.

..................................................................................................................................... 32 

 

Figure 10: Marketing year premiums for HRS(A) and SWW (B). ................................... 32 

 

Figure 11: HRS monthly premiums June 03-Dec. 06 (A) and SWW premiums June 04-

June 07. ....................................................................................................................... 33 

 

Figure 12: Monthly average base price for HRS (A) and SWW (B) ................................ 34 

 

Figure 13:  Average premium for HRS from a base price of 14% protein content by 

month (A) and average premium for SWW from a base price of an unspecified 

protein content by month (B). ..................................................................................... 35 

 

Figure 14: Real corn and Wheat Prices ............................................................................. 37 

 

Figure 15: Average Premium Schedules for HRS and SWW........................................... 39 

 

Figure 16: HRS Premium as distance from price step. ..................................................... 40 

 

Figure 17: SWW premium as distance from price step .................................................... 41 

 

Figure 18: HRS Premiums and Regression Prediction ..................................................... 70 

 

Figure 19: Hard red spring protein histograms with normal distribution line. ................. 72 

file:///F:/Masters/Thesis%20Final/Draft%201.docx%23_Toc326516463
file:///F:/Masters/Thesis%20Final/Draft%201.docx%23_Toc326516464
file:///F:/Masters/Thesis%20Final/Draft%201.docx%23_Toc326516464
file:///F:/Masters/Thesis%20Final/Draft%201.docx%23_Toc326516465
file:///F:/Masters/Thesis%20Final/Draft%201.docx%23_Toc326516466
file:///F:/Masters/Thesis%20Final/Draft%201.docx%23_Toc326516466
file:///F:/Masters/Thesis%20Final/Draft%201.docx%23_Toc326516467
file:///F:/Masters/Thesis%20Final/Draft%201.docx%23_Toc326516468
file:///F:/Masters/Thesis%20Final/Draft%201.docx%23_Toc326516468
file:///F:/Masters/Thesis%20Final/Draft%201.docx%23_Toc326516468
file:///F:/Masters/Thesis%20Final/Draft%201.docx%23_Toc326516470


 

 

 

 

 

 

TABLE OF FIGURES (CONTINUED) 
 

Figure                                                                                                                             Page 

Figure 20: Soft white winter protein histograms with normal distribution line. .............. 75 

 

Figure 21: Average SWW premiums 2000-2010 ............................................................. 81 
  



 

 

 

 

 

LIST OF TABLES 

Table                                                                                                                             Page 

Table 1: Field number, site year, latitude, longitude, area, and site year in season 

precipitation and % of long-term precipitation for hard red spring fields. ....................... 16 

 

Table 2: Field number, site year, latitude, longitude, area, and site year in season 

precipitation and % of long-term precipitation for soft white winter fields (08=2008). .. 18 

 

Table 3: On-Combine Segregation Costs ......................................................................... 25 

 

Table 4: HRS Descriptive Data......................................................................................... 29 

 

Table 5: SWW Field Descriptive Data ............................................................................. 30 

 

Table 6: HRS Real Premiums 1994-June 31, 2010 .......................................................... 35 

 

Table 7: SWW Real Premiums 2000- Sept. 2010 ............................................................. 36 

 

Table 8: SWW Price Schedules ........................................................................................ 37 
 

Table 9: HRS Price Scenarios (* indicates corn equivalent base price) ........................... 38 
Table 10: HRS marginal revenue gains from segregation. * Note that blank cells had a 

value less than 0.0001. ...................................................................................................... 42 

 

Table 11: Soft white winter wheat marginal revenue from segregation. .......................... 43 

 

Table 12: Percent of available premium captured by segregating .................................... 45 

 

Table 13: HRS Fixed Costs .............................................................................................. 46 

 

Table 14: HRS field 2 partial budget analysis. ................................................................. 46 

 

Table 15: HRS field 4 partial budget analysis. ................................................................. 47 

 

Table 16: HRS field 5 partial budget analysis. ................................................................. 48 

 

Table 17: HRS field 10 partial budget analysis. ............................................................... 49 

 

Table 18: HRS field 11 partial budget analysis. ............................................................... 49 

 

Table 19: HRS field 14 partial budget analysis. ............................................................... 50 

 

Table 20: HRS field 15 partial budget analysis. ............................................................... 51 

 

 



 

 

 

 

 

LIST OF TABLES (CONTINUED) 
 

Table                                                                                                                               Page 

Table 21: HRS field 18 partial budget analysis. ............................................................... 51 

 

Table 22: HRS field 22 partial budget analysis. ............................................................... 52 

 

Table 23: HRS field 23 partial budget analysis. ............................................................... 53 

 

Table 24: HRS field 24 partial budget analysis. ............................................................... 54 

 

Table 25: SWW field 1 partial budget analysis. ............................................................... 55 

 

Table 26: SWW field 4 partial budget analysis. ............................................................... 55 

 

Table 27: SWW field 7 partial budget analysis. ............................................................... 56 

 

Table 28: SWW field 9 partial budget analysis. ............................................................... 56 

 

Table 29: SWW field 13 partial budget analysis. ............................................................. 57 

 

Table 30: Budgeted costs bu
-1

 for an 82,500 bu. farm ...................................................... 58 

 

Table 31: Total cost of segregation sensitivity to scale of production. ............................ 59 

 

Table 32: Segregation cost sensitivity to protein sensor cost. .......................................... 60 

 

Table 33: HRS revenue sensitivity with the 17 yr. average premium schedule. .............. 62 

 

Table 34: HRS revenue sensitivity with the 17 yr. average high premium schedule. ...... 63 

 

Table 35: SWW revenue sensitivity using 10 yr. average premium schedule. ................. 64 

 

Table 36: SWW revenue sensitivity using 10 yr. average high premium schedule. ........ 65 

 

Table 37: HRS Field Budget Analysis .............................................................................. 67 

 

Table 38: SWW Field Budget Analysis ............................................................................ 68 

 

Table 39: Test Segregation Agreement with Whole Field Results ................................... 78 

 

Table 40: Test Strip Revenue Results ............................................................................... 79 

 

Table 41: SWW Protein Occurrence................................................................................. 82 

 

 



 

 

 

 

 

LIST OF TABLES (CONTINUED) 
 

Table                                                                                                                               Page 

Table 42: HRS Protein Occurrence................................................................................... 83 

 

Table 43: SWW Average Producer Premiums by Segregating ........................................ 84 

 

Table 44: HRS Average Producer Premiums by Segregating .......................................... 84 

 

Table 45: Multi-Field optimal segregation results with a common cutoff value, with the 

added revenue over individual field optimization. ........................................................... 87 

 

  



 

 

 

 

 

LIST OF APPENDICES 

Appendices                                                                                                                     Page 

Appendix 1: Segregation Calculator Home Page ............................................................. 99 

Appendix 2: Grain Segregation Calculator User Guide ................................................. 100 

file:///G:/Masters/USDA.ARS/Charles%2011/Thesis%20Work/Rough%20draft11.docx%23_Toc301360374
file:///G:/Masters/USDA.ARS/Charles%2011/Thesis%20Work/Rough%20draft11.docx%23_Toc301360375


 

 

INTRODUCTION 

Protein concentration of grain is an important quality attribute that determines the 

dollar value of wheat in many marketing systems (Wilson et al. 2005). Spatial variability 

in grain protein within farm fields (Stafford 1999, Reyns et al. 2000) results from 

differences in slope and aspect (Fiez et al. 2004), soil nutrients (Delin 2004), plant 

available water (Stewart et al. 2002), and previous years’ cropping inputs (Fiez et 

al.1994, Long et al. 2008). Variability in growing conditions contributes to uncertainty 

about grain quality (Johnson 2005) and detracts from the ability of the US wheat industry 

to be a consistent, reliable supplier of high quality wheat to overseas grain buyers (Uri 

and Hyberg 1996).  

Current wheat harvesting systems ignore spatial variability in grain quality within 

farm fields. In so doing, the grain is treated as a homogenous commodity rather than a 

heterogeneous mixture of grain with varying protein concentration, test weight, and other 

quality attributes. Typically, the harvested grain is collected into one bin on a combine 

harvester. It is further commingled with grain from other harvest areas within a field 

during transport in hauling vehicles and transfer to storage bins. Further downstream in 

the supply chain the grain may be mixed with grain from other sources to conform to end 

user needs.  

Millers and bakers are increasingly specifying the protein content for their 

purchases (Wilson et al. 1989, 2005, 2008, 2009), which forms the basis for protein 

premiums (and discounts) within wheat markets. Grain segregation by protein 

concentration has been proposed as a way for grain producers to maximize revenues in 

markets that offer protein premiums (Thylén and Rosenqvist 2002, Meier 2004, Long et 

al. 2005, Meyer-Aurich et al. 2008). The development of optical grain quality sensors has 

created the opportunity to measure and map grain protein concentration on a combine 

during harvest (Meier 2004, Long et al. 1999 and 2005). This technology might be used 

to segregate grain as well and help producers better capture price premiums that 

otherwise cannot be captured with conventional grain harvesting.  Schlecht et al. (2004) 

identify the farm scale as being ideal to segregate grain as it is the earliest place in the 

wheat value supply chain.  
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Price schedules for hard red spring (HRS) and hard red winter (HRW) wheats 

specify price based on the protein content of the grain. This system of payment 

encourages growers to maximize the protein content of their grain. Payments are passed 

to the producer directly in the form of price premiums for hard red wheat. Premiums are 

also available for soft white winter (SWW) wheat for grain above or below a specified 

protein concentration. However, producers are seldom paid a premium directly when 

selling their grain.  Instead, they receive a dividend for patronage when marketing wheat 

through a specific grain cooperative.  

The objective of this study was to determine whether on-combine segregation of 

grain by protein concentration is economically profitable for wheat growers.  To answer 

this question daily price quotes for HRS (1994-2010) and SWW (2000-2010) where 

analyzed and applied to 24 HRS fields from Montana and Oregon, and 14 SWW fields in 

Oregon. A two-bin system is used in this study in accordance with Sivaraman et al. 

(2002) who found that 74% of segregation benefits occur with two bins. Software was 

developed to calculate the optimal cutoff point to segregate grain into two lots and 

compute marginal returns resulting from segregation.  Finally, a partial budget analysis 

was conducted to determine the economic feasibility of on-combine grain segregation for 

grain producers. In this study grain protein concentration is reported as percent protein in 

accordance with the international standards for which grain is traded. (Stewart et al. 

2002). Grain protein concentration will be reported in metric units (e.g., g kg
-1

) when 

appropriate such as when citing the scientific literature.  
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LITERATURE REVIEW 

Few reports have been found in the literature directly related to segregating grain 

through the use of optical near infrared (NIR) sensing. In Sweden, Thylén et al. (2004) 

used this technology to segregate winter wheat grain at a grain drying facility with 

multiple storage bins. Thylén and Rosenqvist (2002) stated that segregation would be 

most effective on the combine, but that segregation could also occur when the combine is 

unloaded into hauling vehicles, or when grain is unloaded for storage at points in the 

supply chain.  Other published studies focused on the ability of grain merchandizing 

companies to segregate grain in their storage facilities (Baker et al. 1997, Ingles et al. 

2003).  None of these studies describe a system in which segregation occurs on a 

combine harvester during actual harvest of the grain within a field.  

Spatial Variability of Grain Protein 

Farm fields possess significant spatial variability in grain protein (Norng et al. 

2005, Long et al. 1999) that is largely attributable to soil nitrogen (N) fertility (Long et al. 

1999), fertility management (Grant et al. 1998), soil moisture (Stewart et al. 2002 ), and 

climate (Selles et al. 1998).  Fietz et al. (1994) acknowledge that slope and aspect also 

contribute to the productivity of the crop. Reyns et al. (2000) showed that protein content 

varied from 11.5% to 16% across a field over two years while Whelan et al. (2009) 

reported variability from 8.3% to 17.1% in field mean protein values. These results are 

further supported by Delin (2004) where crude protein varied similarly over a specific 

field across various years.  

Grain protein concentration is primarily determined by plant available N and 

water (Selles et al. 1998). Approximately 17% of grain protein is composed of N causing 

grain protein to be an indicator of crop N uptake and N use efficiency (Grant et al. 1998). 

Plant available N is provided through fertilizer applications and mineralization of soil 

organic matter. Crop protein typically increases with N applications after the N demand 

for yield is satisfied in N limited environments (Grant et al. 1998). Variable rate N 

application has been proposed to accommodate within field variability in crop growth 
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determining factors that are known to influence grain protein concentration such as soil 

fertility and plant available soil water (Algerbo et al. 1999). 

Grain protein accumulation is secondary to yield gains in N limited growing 

environments, which causes grain protein to be negatively correlated to yield (Selles et al. 

1998). Increases in grain yield effectively dilute the protein in each kernel with additional 

carbohydrates. With increasing moisture availability, a greater amount of N is needed to 

increase protein in the grain (Grant et al. 1998). Water limited environments such as 

those in the inland Pacific Northwest and eastern Montana can experience lower yields 

and higher protein contents due to this inverse relationship between yield and protein 

(Selles et al. 1998). The timing of water stress also affects grain protein because 60-100% 

of plant N is accumulated by anthesis while only 10-60% of dry matter is accumulated by 

this time. Late season water stress primarily increases protein through decreased yield 

(Selles et al. 1998). Temperature is also found to affect grain protein as hot and dry 

conditions reduce plant available water, thereby decreasing yield and increasing protein 

(Selles et al. 1998).  

Soil and landscape differences cause variability in water and N availability to be 

as much within fields as between separate fields (Fiez et al. 1994). In eastern 

Washington, Fiez et al. (1994) found the grain protein content of SWW wheat to vary 

between 87 g kg
-1

(8.7%) and 113 g kg
-1

(11.3%) in the Palouse region on winter 

wheat/pea/lentil rotated cropland. Protein content was greatest at shoulder landscape 

positions and lowest on north backslope positions. It was hypothesized that the greater 

protein on shoulder positions resulted from high residual N left over from fertilization in 

the past and plants drawing upon the deeper reserves of N in the soil profile later in the 

growing season. The accumulation of residual N occurred as the result of lower average 

yields on shoulder positions.  

In Belgium, Reyns et al. (2000) also found that wheat grain protein varied 

significantly across a field over two consecutive years. Specifically, it ranged from 10% 

to 15% with an average of 13% in the first year and from 10.5% to 15.5% with an 

average of 13.5% in the second year. These within field variances are averages of within 
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plant variations. Bramble et al. (2002) calculated protein variance across 46 HRW fields 

and four varieties of wheat in Kansas at different scales of sampling. These scales 

included fields; plots within fields; rows within plots; plants within rows; heads within a 

plant; spikelets positioned on the top, middle, or base of a head; spikelets within head 

positions; and kernels within the spikelet. The cultivar found to exhibit the greatest 

variance was TAM107. Within individual heads protein averaged 142 g kg
-1

. The 

standard error for field was 157 g kg
-1

 protein, with differences among fields accounting 

for only 10% of observed variance. Protein differences within plots had a standard error 

of 194 g kg
-1

 and variance among plots with a field was 60% of total variance. Row and 

plant variance each total 3% of the total, while individual heads account for 5%. 

Variances within individual heads, by position, were 10% of total protein variance for the 

TAM107 cultivar. The second greatest variance was observed in the 2137 cultivar. 

Average within-head protein averaged 130 g kg
-1

. Differences among fields described 

31% of total variance, with a standard error of 141 g kg
-1

, while within-field differences 

among plots described 39% of variance with a standard error of 87 g kg
-1

. Variance by 

row within plot described only 2% of total variance while plants described 4%. Heads 

accounted for 9% of observed variance while position on the head described 5% of 

variance.  

Long et al. (2008) examined intra- and inter-field variation through the use of on-

combine near infrared (NIR) analysis and mapping, and noted differences in protein 

concentrations in wheat following several different cropping treatments. Whelan et al. 

(2009) use NIR sensors to correlate wheat protein and yield in Australia in wheat-fallow 

rotations. They found a large amount of protein variability across fields, with some fields 

having standard deviations of over 2.0% protein content.   

Profitability of Grain Segregation by Protein 

Many reports have been found in the literature in which grain is segregated by 

protein concentration upon delivery at the country elevator. This approach revolves 

around testing the protein content of each inbound load and segregating the loads from 
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others in the available bin capacity. Baker et al. (1997) found that during the harvest rush 

it seemed feasible to segregate wheat at the country elevator and that more qualified 

employees may be needed along with different receiving configurations to get more 

efficient segregation. Herrman et al. (2001) found that it is best to have multiple receiving 

pits and the average protein testing time was 2.5 minutes. Ingles et al. (2003) found that 

corn residue accounted for <1% of grain volume in the first minute of grain through the 

elevator further supporting the feasibility of segregating grains at the receiving elevator 

during harvest.  

Herrman et al. (1999) estimated the cost of segregating into two different bins at 

the grain elevator to be as high as $0.06 bu
-1

 and as low as $0.02 bu
-1

.Wilson and Dahl 

(2004) estimated the logistical costs for identity preserved wheat with cost of segregation 

by variety to be $0.04 bu
-1

. Schlecht et al. (2004) analyzed the cost of grain 

merchandizing by elevators having varied incoming and outgoing grain quality stock 

keeping units (SKU’s), which could be protein concentration. With only four inbound 

SKU’s the marginal cost of increasing from four to 12 outbound SKU’s was $0.18 bu
-1

. 

When incoming SKU’s increased to 19 the marginal cost of moving from four to 12 

outbound SKU’s fell to only $0.000007 bu
-1

. It was further found that costs fall as 

incoming SKU’s increase so that outbound SKU’s can target demand more efficiently.  

Through the use of optimization equations Sivaraman et al. (2002) found that 

most of the benefits of segregating into multiple bins are captured with only two bins. 

Gross returns for up to six bins were $0.03586 bu
-1

, but as much as $0.02659 bu
-1

 could 

be captured with two bins in the first segregation. Segregation of wheat not only 

contributes to the ability to match an end user’s needs, but also to blending wheat to 

produce wheat with uniform quality. The best profit maximizing solution occurred when 

marginal revenue equals marginal costs.  

In eastern Washington, on farm segregation of SWW grain was proposed as a way 

to capture protein premiums or higher prices in the future (Shi et al. 1996). The first 

benefit of on farm storage is the storage premium resulting from price increases over the 

storage period. The second benefit is capturing the price premium available for SWW 
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below 9.5% protein, as compared to the protein unspecified wheat price. Shi et al. (1996) 

evaluate the premiums available for low protein SWW wheat over a number of years and 

concluded that the decision to segregate on the farm, or store grain on the farm in 

anticipation of higher prices hinges on the size of operation, and anticipated price 

increases. Per bushel costs per storage bin decreased with bin size: e.g., $0.268 bu
-1

 for a 

5,000 bushel bin, $0.198 bu
-1

 for a 20,000 bushel bin, and so forth. These results were 

based on Portland, OR daily cash prices, because local elevator prices are Portland prices 

adjusted for transportation costs from the shipping origin. 

No reports were found in the literature in which grain segregation was performed 

on a combine harvester with the use of optical NIR sensing technology. Miao and 

Hennessy (2011) expand the economic knowledge of grain segregation to the case where 

grain is segregated on the combine by protein content. They used hard red winter (HRW) 

and spring wheat prices to model the willingness of a wheat producer to pay for a grain 

quality sensor. It was assumed that the sensor would be used on 100 acres annually for a 

period of ten years. Protein premiums were adjusted to the supply of protein after 

producers adopt protein segregation, and it is found that the willingness to pay for a grain 

quality sensor is $2,028 for HRW and $1,910 for HRS. These values are $0.056 bu
-1

 for 

HRW and $0.048 bu
-1

 for HRS. 

Thylén et al. (2004) used an online NIR sensor to sort grain at an on-farm grain 

dryer and storage elevator. As the grain moved out of the dryer the NIR sensor predicted 

the grain protein. This information was used to sort the grain into low protein (<11.5%), 

medium protein (11.5-13%) and high protein (>13%) bins. When sold the protein of each 

delivered truckload of grain was determined using whole grain NIR analysis of grain 

samples. The bin average protein determined at delivery was 12.2%, 12.4%, and 12.8% 

for the low, medium, and high bins.  They concluded that on-farm sorting was feasible 

and that greater differences between bins were possible through better timing between the 

responses of the protein sensor and segregation equipment.  

 Thylén and Rosenqvist (2002) estimated the cost of sorting grain on the farm 

using a NIR analyzer in units of SEK (Swedish currency, 1SEK=10 USD) for wheat and 
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barley. The variable cost of segregation was assumed to be 0.5 SEK dt
-1

 of grain ($0.0136 

bu
-1

). They assumed that the grain could be segregated either on the combine in the field, 

on hauling vehicles as they leave the field, or at the on-farm grain dryer. This information 

would allow the grain to be either delivered to a suitable purchaser or stored on the farm 

in anticipation of capturing premiums. The level of protein premium and degree of 

within-field protein variability had a large impact on the scale of production needed to 

pay for the needed equipment. By depreciating the sensor over five (option one) or 10 

(option two) years, and using a low protein variability (SD= 0.34%) and average 

variability (SD=0.68%) it is found that option one requires 177,000 dt yr
-1

 (48,228 bu yr
-

1
) under low variability and 85,000 dt yr

-1
(23,160 bu yr

-1
) to break even, with quantities 

greater than this resulting in profits for milling wheat. Option two results in a requirement 

of 106,000 dt yr
-1

 (88,882 bu yr
-1

) under low variability and 51,000 dt yr
-1

(13,896 bu yr
-1

) 

to break even. 

Meyer-Aurich et al. (2008) delineated the economically optimal ways to fertilize 

uniformly or by management area in the presence of grain quality payments. They 

suggest that one way to maximize revenue is to segregate grain on the combine through 

the use of a grain quality sensor. Although this method is not predicted to exceed the 

returns for optimal N application, grain segregation is expected to increase the revenue 

for fields that on average fall short of meeting the required grain protein level to receive 

the premium. As such, optimal grain segregation could be used as a risk management tool 

for producers targeting a specific economically optimal N fertility level. Tozer and 

Isbister (2007) suggest that harvesting fields by input management zone could capture 

spatially variable protein levels and increase total protein premiums. Although a field 

trial was not conducted, plot data for input, output, and soil conditions was used to 

estimate zone responses for a hypothetical field, receiving either low, medium, or high N 

fertilization treatments. The zones were delineated by the N level applied. Various zone 

layouts and harvesting configurations for the hypothetical field were used. It was found 

that no consistent return can be produced through site specific harvesting, with some 

layouts having negative values and others having positive values.  
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Accuracy of Sensing Grain Protein on the Combine 

Casada and O’Brien (2003) investigated the accuracy of four NIR laboratory 

instruments over two years. The instruments were a ground sample NIR instrument (Lab-

NIR), a combustion nitrogen analyzer (LECO), whole grain NIR instrument (Foss 

Infratec 1221) and a Foss Tecator-Infratec 1226 as used by the Federal Grain Inspection 

Service. In 1996 storage bins were sampled up to four times over a five month storage 

period, while in 1997 all bins were sampled twice before the grain was sold. Sampling 

was conducted by probing from the top of the grain bin at a depth of 1.5 m on the north 

and south edge of the bin, as well as in the center of the bin at depths of 0.5, 1.5, and 2.5 

m. The instruments’ measurements differed by ≤2% protein on the same samples. 

Differences over time on the same instrument were even greater, except for the Foss 

Tecator-Infratec 1226. In 1996, which was an average production year, the standard 

deviations for each instrument were 0.634% for the Lab NIR, 0.403% for LECO, 0.559% 

for the Foss Infratec 1221, and 0.161% protein for the Foss 1226.  

Various researchers have used NIR instruments for sensing wheat on combines 

during harvest (Engel et al. 1997, Long et al. 2005, 2008, Taylor et al. 2005, Thylén et al. 

2002, 2004, Thylén and Rosenqvist 2002 and Whelan et al. 2009). Rosenberg et al. 

(2000) evaluated an on-combine spectrophotometer and found protein to vary ± 2% 

across a field. Although accuracy for the sensor was not reported, it was stated that with a 

perfect sensor and a Gaussian distribution of grain protein the sensor should achieve 

readings within 0.1% protein 95% of the time.  Maertens et al. (2004) used an NIR 

reflectance sensor on a combine to analyze the agreement between on combine samples 

and a stationary bench sample and found the sensor to be accurate within 0.57% over 79 

samples representing various crop conditions across six fields. Thylén et al. (2004) used 

an online NIR transmittance sensor on winter wheat and found the standard error of 

prediction to be ±0.4% protein. Long et al. (2005) found an online NIR sensor designed 

to operate on the combine’s clean grain elevator to be accurate to the nearest 0.81% in 

HRS. Later, Long et al. (2008) determined the accuracy of an inline NIR reflectance 
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sensor to be within 0.31% with SWW. In Australia, Whelan et al. (2009) found an online 

NIR sensor calibrated for HRS to be accurate to the nearest 0.45%.   
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EXPLANATION OF GRAIN SEGREGATION 

The goal of segregating grain is to maximize the average value of each bushel 

produced. Sivaraman et al (2002) developed a grain blending and segregation model to 

investigate the effect of different premium/discount price schedules on the outcome of 

grain segregation at the elevator. Specifically, if grain prices are strictly convex over 

protein values then segregation should be pursued. When prices are strictly concave over 

protein values then grain segregation should be avoided. A linear price function is said to 

be treated the same as a concave case. When prices are discontinuous, or stepped in 

nature, the solution is found by calculating the result of every possible segregation and 

then identifying the point at which revenue is maximized.  

Hard red spring premium schedules are concave when graphed as a continuous 

function and linear above and below the inflection point (Figure 1) thus indicating that 

there is no profitable opportunity for segregation. However, market premiums are stepped 

resulting in unique segregation results being possible that maximize revenue. Due to the 

stepped nature of price functions grain segregation allows opportunity to maximize the 

average value of each bushel produced regardless of the concavity or convexity of the 

function.  

 

Figure 1: Examples of continuous and stepped price functions for hard red spring wheat. 
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 Grain segregation is potentially profitable because of the discrete stepped price 

schedules that are paid in the marketplace, which cause both the mean protein value of 

the unsegregated grain crop and the standard deviation of protein within the crop to 

dramatically influence possible returns to segregation. The concept of mean and standard 

deviation influencing marginal revenue will be expanded upon throughout this section. In 

this study, marginal revenue is the added revenue resulting from the quantity of protein 

produced within wheat. Maximizing marginal revenue will increase the total value of 

marketed grain, and subsequently improve the potential for increasing profitability. In 

accordance with Sivaraman et al. (2002), the grain will be segregated at a specific cutoff 

point such that grain at or above this point is in one bin and below this point it is in the 

other bin. 

 Figures 2-4 illustrate the effect of mean protein value on theoretical returns to 

segregation. Each graph contains a stepped price schedule where the marginal value is 

plotted against protein concentration. In addition, an example bell curve is shown 

representing the relative volume of grain at each protein level. In this example the price is 

specified to the nearest whole percent with 13% protein grain receiving no premium or 

discount, and 14% grain receiving a $0.20 premium per bushel. Protein is rounded down 

to the nearest whole percentage to determine which price the lot will receive.  Only the 

mean of the protein distribution will change with the standard deviation being held 

constant. 
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Figure 2: Protein mean of 13.5% with protein range (from the min. to max.) of 1% 

 Figure 2 shows an example distribution centered in the middle of a price step, 

which is also a region of constant marginal revenue. Without segregating grain, any 

shipment to the buyer with protein content from 13% to, but not including 14%, will 

receive a price premium of $0.00. Notice in figure 2 that the entire protein distribution 

occurs in a region of constant marginal revenue, since no volume is below 13% or above 

14% protein. In this case, no matter how the distribution is divided, it is impossible to get 

a portion of the grain above 14% protein and thus, it is impossible to maximize marginal 

revenues on any portion of the grain and there is no opportunity for segregating this 

distribution. 

 

Figure 3: Protein Mean of just greater than 14%, with range of 1% 
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 Figure 3 shows the same price function as in figure 2, but now with the grain 

volume centered at just over 14% protein. In this case, the entire unsegregated crop will 

receive the 14% price premium of $0.20 per unit. Notice that roughly half the distribution 

occurs below a protein concentration of 14%. Any segregation will result in one of the 

lots of grain having an average protein content below 14%, which would reduce the 

premium received from $0.20 per unit to $0.00 per unit which is clearly a loss of $0.20 

per unit. Also notice that there is absolutely no possibility of any amount of grain to have 

a protein concentration higher than 15%, which would potentially have higher marginal 

revenue. In this case, segregation of any portion of this crop can only reduce the marginal 

revenue of the grain. 

 

Figure 4: Protein Mean of 13.75%, range of 1% 

 Figure 4 again shows the same price function as before, but now with a protein 

distribution centered at 13.75%. In this case the unsegregated crop will receive a price 

premium of $0.00 per unit. However a portion of the grain is above 14%. Here, any of the 

grain above 14% could be segregated into a different lot than that below 14%. There is no 

risk of the low protein lot receiving a price discount, because no grain is distributed 

below 13% where the price step would occur. Thus, segregation at the right point can 

only maximize the marginal revenue the crop received while there is no risk of increasing 

discounts.  

 The above discussion shows that the mean protein value of a crop relative to 
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where the steps in price occur influences the suitability of the crop for segregation. In 

Figure 5 a distribution is shown, utilizing a cutoff value at 14% such that any grain at or 

above 14% would be in one lot, and any grain below this would be in another lot. The 

blue triangular shape represents the portion of the grain which would gain value in this 

case. Clearly, segregating at this point produces gains in marginal revenue while there is 

no risk of a price discount. The mean protein value for the high protein lot is greater than 

14% in this case. The segregation cutoff point could be shifted to the left, towards 13% 

resulting in an increase in the volume of grain above 14% thereby increasing total 

revenue. The optimal result is to have the highest volume of grain above 14% as possible. 

Later, a segregation calculator will be described that predicts the cutoff value that will 

maximize the total value of a grain crop.  

 

Figure 5: Distribution with mean of 13.75 and greater range of protein values  

In summary, there is no opportunity to segregate grain if a grain protein 

distribution is entirely within the range of a single price. As the mean of the protein 

distribution approaches the point where a step in price occurs there is more opportunity to 
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receive more money for the higher protein portion of the crop than there is risk of 

receiving a decreased price on the lower portion of the crop. If the crop’s protein average 

occurs directly on a defined price point, it is impossible to offset the loss on the low 

protein lot with the gains on the high protein lot. These results are for a portion of the 

price curve with constant premiums/discounts. If an inflection occurs in the price 

schedule, the results will change based on the shape of the inflection, whether concave or 

convex.  

MATERIALS AND METHODS 

Grain Protein and Yield Measurements 

Site-specific measurements of grain protein and yield were acquired from 24 HRS 

wheat fields in Montana and Oregon (Table 1), and 14 SWW wheat fields in Oregon 

(Table 2). The HRS data are primarily from fields (#1-23) in Hill, Liberty, and Phillips 

Counties in northern Montana with one field (#24) from Umatilla County in northeast 

Oregon. Soft WW data are all from Umatilla Co. in Oregon. Yield data were obtained 

using combines equipped with a mass flow yield monitor and GPS receiver. At the same 

time, several hundred measurements of grain protein concentration were obtained for 

each field by means of whole grain NIR analysis of grain samples taken manually from 

the combine’s exit auger during harvest.  

For most fields, grain protein (n<500) was under sampled with respect to grain 

yield (n<20,000).  In Oregon, grain protein was measured using a calibrated, on-combine 

optical sensor (ProSpectra Grain Analyzer) manufactured by Textron Systems (Boston, 

MA) with the instrument control software Delight (DSquared Development, La Grande, 

OR). The instrument’s high measurement rate (0.5 Hz) resulted in a larger volume of 

protein data points (n=7,500-19,000) in each field. Soft WW protein readings were 

considered erroneous if they were <6% or >16% and were removed from the dataset, 

while HRS protein readings did not require truncation. 

Table 1: Field number, site year, latitude, longitude, area, and site year in season 
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precipitation and % of long-term precipitation for hard red spring fields. 

Field # Site -Year Area 

(Ac.) 

Latitude Longitude 

1 Simpson 1994 96.6 48° 50' 2" -109° 54' 41" 

2 Chester 1995 226.7 48° 39' 46" -110° 59' 42" 

3 Chester 1996 231.3 48° 39' 46" -110° 59' 42" 

4 Gilford 1997 26.6 48° 28' 25" -110° 29' 56" 

5 Box Elder 1997 43.5 48° 19' 53" -110° 4' 58" 

6 Belt 1997 80.2 47° 27' 26" -111° 1' 1" 

7 Big Sandy 1998 52.1 48° 9' 4" -110° 17' 43" 

8 Havre 1998 87.3 48° 31' 43" -109° 55' 57" 

9 Malta 1998 67.9 48° 25' 51" -107° 35' 27" 

10 Malta 1999 97.4 48° 25' 32" -107° 35' 18" 

11 Belt 1999 77.9 47° 27' 26" -111° 1' 1" 

12 Vida 1999 67.0 47° 45' 52" -105° 26' 11" 

13 Havre 2000 39.1 48° 31' 42" -109° 55' 56" 

14 Malta 2000 80.5 48° 25' 51" -107° 35' 27" 

15 Malta 2000 65.4 48° 25' 55" -107° 34' 50" 

16 Havre 2001 58.7 48° 31' 46" -109° 56' 56" 

17 Shonkin 2001 72.9 47° 41' 41" -110° 29' 58" 

18 Lolo 2002 33.3 46° 41' 14" -114° 5' 42” 

19 Malta 2003 30.3 48° 24' 4" -107° 47' 18" 

20 Malta 2003 17.26 48° 25' 37" -107° 35' 38" 

21 Malta 2003 35.4 48° 23' 2" -107° 46' 17" 

22 Malta 2004 70.8 48° 21' 34" -107° 52' 27" 

23 Malta 2004 59.7 48° 25' 55" -107° 34' 50" 

24 Echo, OR 2009 36 45° 43' 27" -119° 3’ 18" 
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Table 2: Field number, site year, latitude, longitude, area, and site year in season 

precipitation and % of long-term precipitation for soft white winter fields (08=2008). 

Fiel

d # 

Site-Year Area 

(Ac.) 

Latitude Longitude 

1 Helix-2005 39.5 45° 50' 58" -118° 39' 24" 

2 Helix-2005 31.6 45° 50' 58" -118° 39' 24" 

3 Helix-2005 16.7 45° 50' 58" -118° 39' 24" 

4 Helix-2005 8.5 45° 50' 58" -118° 39' 24" 

5 Milton-Freewater-08 201.0 45° 55' 57" -118° 23' 15" 

6 Milton-Freewater-08 54.5 45° 55' 57" -118° 23' 15" 

7 Milton-Freewater-08 174.9 45° 55' 57" -118° 23' 15" 

8 Milton-Freewater-08 343.9 45° 55' 57" -118° 23' 15" 

9 Milton-Freewater-09 172.6 45° 55' 57" -118° 23' 15" 

10 Milton-Freewater-09 180.6 45° 55' 57" -118° 23' 15" 

11 Milton-Freewater-09 126.1 45° 55' 57" -118° 23' 15" 

12 Echo-2009 28.6 45° 44' 32" -119° 11' 44" 

13 Echo-2009 28.9 45° 44' 32" -119° 11' 44" 

14 Echo-2009 26.5 45° 44' 32" -119° 11' 44" 

For each field the georeferenced yield and protein data were imported into 

ArcGIS ver. 9.3 and 10 (ESRI, Redlands, CA) to create a point feature file (Fig. 6, Step 

1). Field #12 of the HRS did not have an associated yield file and the average yield of the 

farm was used. Next the resulting data points for yield and protein were separately 

interpolated to a common estimation grid (Fig. 6, Step 2) using the geostatistical 

procedure of kriging (Matheron 1996) thereby creating spatially continuous values 

facilitating the arithmetic combination. An explanation of kriging is beyond the scope of 

this thesis.  Interested readers may wish to read Kastens and Staggenborg 2002 for the 

mathematical theory of kriging.  

Kriged yield and protein values were then rounded to the nearest 0.1 bu in yield 

and 0.1% protein content. Next, the yield and protein surfaces were then converted into 

polygons defining unique values and a geospatial union was applied creating one feature 

defining the yield and associated protein content of the grain (Fig. 6, Step 3). An 8 m. 

buffer was applied to the initial yield points so that predicted values outside of this buffer 

would be excluded from the analysis (thus defining field size and perimeter, Fig. 6, Step 

4). The 8 m radius was chosen because it minimized the amount of space within fields 
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that is not predicted. Values from a yield and protein feature not within the buffer where 

excluded as well as areas with yield and protein values less than zero. This created the 

final map of grain protein (Fig. 7) and yield. The area of each unique yield and protein 

combination and the total bushels of production for this area were calculated last before 

exporting the data as a database file. 

 

Figure 6: Four simplified steps resulting in yield and protein values derived from a 

geographic information system 
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Figure 7: Field 19 final protein map. 

Grain Prices 

 Price quotes for HRS were obtained from the Montana Wheat and Barley 

Committee which compiles daily PNW cash price quotes from the Portland, Oregon 

market (available online at http://wbc.agr.mt.gov/Producers/pricing_current.html, verified 

September 13, 2011). Since the majority of wheat produced in Montana and Oregon, and 

59% of the overall HRS produced in the US (US Wheat Associates, 2009) is exported 

http://wbc.agr.mt.gov/Producers/pricing_current.html
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through Portland, prices quoted for this export location were used to approximate price 

premiums and discounts paid to producers. In this thesis, the word “premium” applies to 

both premiums and discounts. In effect, a discount is a negative premium, and 

referencing as a premium reduces redundancy.  

Portland prices are specified in $ bu
-1

 reported to the whole percentage of protein 

content.  From 1990-1993, HRS prices for the Dark Northern Spring (DNS) class of 

wheat were only available for 13%, 14%, and 15% protein concentration. Prices became 

available in 1994 for DNS at 12% protein and in 2009 at 16% protein. These prices were 

averaged by month at each quoted protein level for the period of 1 Jan. 1994 to 30 Jun. 

2010. This information was compiled into one dataset and used to determine the 

occurrence of protein premiums and discounts, and the size of these premiums over time. 

Trends in these data were identified based on the standard deviation from 14% base 

protein prices. Nominal prices (not adjusted for inflation) were converted into real prices 

with a base year of 2010 resulting in real prices in terms of 2010 dollar equivalents.  

For HRS wheat, prices are specified to the nearest whole percentage of protein, 

but country elevators pay premiums to the nearest 0.25% protein content with no 

premium paid above 16% and discounts applied to wheat below 14% until the wheat is 

valued greater as feed wheat (Northwest Grain Growers, personal communication, July 

2010). To account for this, premiums for each 0.25% protein above or below 14% were 

assigned a constant rate of change. For example, if 14% protein HRS is valued at $5.00 

bu
-1

 and 15% protein HRS is valued at $6.00 bu
-1

, the corresponding premium per 0.25% 

protein above 14% would be $0.25 Bu
1
 [($6.00-$5.00)×0.25]. Hard RS prices were 

specified for the relevant range of protein values from 8% to 16%. Changes in HRS 

prices have been constant from 12% to 14% protein since 1999. Therefore, the average 

rate of change in price per 0.25% change in protein content below 14% was calculated 

from the average of the 12% and 13% quoted prices. This average rate of price change 

was then applied to HRS below 14% protein.   

Wheat is used as a substitute for corn in livestock rations (Cromwell 2005, Lardy 

et al. 2000, Mueller 2010, Myer et al. 2009) and in ethanol (Zhao et al. 2009). Therefore, 
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a price floor for HRS was defined based on the price of corn. The metabolizable energy 

equivalent price of wheat per bushel is 1.03 times the price of corn per bushel. 

Discounting this further by an average of 7.5% (reflecting expected discounts due to 

management costs at a feedlot, Mueller 2010), it is estimated that the value of a bushel of 

wheat is roughly 95.275% the value of a bushel of corn. In instances when this equivalent 

price of corn is greater than the price of HRS at a given protein concentration, the corn 

equivalent price was substituted.  

Price schedules were used to reflect premiums above or below 14% HRS. The 

effect of price spreads on marginal returns was determined by computing the 17-yr 

(1994-2010) average price (average premium), 17-yr average plus one standard deviation 

(high premium), 17-yr average minus one standard deviation (low premium), and the 

crop year average August and September prices. Prices for 16% DNS are not reported 

prior to January 2009 and thus, they were not used in creating average price schedules. 

The rate of change from 14% to 15% protein was applied to the change from 15% to 

16%. 

For SWW wheat, weekly price data were obtained from US Wheat Associates in 

Portland, Oregon. Prices are reported for grain at both unspecified and specified protein 

levels. Unspecified protein quotes simply reflect that protein content was not a contract 

specification for the grain purchase. In contrast protein specified prices represent 

premiums to wheat from the protein unspecified price. The database specified price for 

maximum protein concentrations of 8.5%, 9.5% and 10.5% protein as well as a minimum 

of 10.5% and 9.5% protein. The prices specifying maximum protein contents represent 

when premiums exist for low protein grain, and prices with minimum protein contents 

represent when a premium exists for higher protein grain. Protein premiums were 

developed based on the protein specified price change from the unspecified SWW price. 

 After adjustment for inflation to 2010 dollar equivalents, these data were averaged 

by month and year so that variation within and among years could be compared. The 10 

year average price premium was used as the average price scenario. In addition, a 10 year 

high premium scenario was created by adding one standard deviation to the 10 year 
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average prices. The July average price for the year of harvest was applied to the datasets 

to simulate marketing the crop immediately at harvest. The December average price was 

used to simulate possible prices if storing and marketing the crop later in the year. The 

marketing of grain later in the year from harvest is a way to capture possible price 

increases after the harvest rush (Shi et al. 1996). 

Data Analysis 

Marginal Revenue Sensitivity Analysis 

A sensitivity analysis was conducted to evaluate how marginal revenue from 

grain segregation is influenced by different values of mean protein and standard deviation 

for a given price schedule. To automate this process, a calculator was written in Java with 

MS Visual Studio™ 2010 components to allow for web-based functionality.  Users are 

required to input the mean protein value, standard deviation of protein values, and a price 

schedule to apply to the protein and yield data.  Based on this information a cutoff value 

is calculated that optimizes the revenue from segregating the grain into two bins. The 

optimal cutoff value is defined as the revenue maximizing segregation. The field mean 

and standard deviation must be weighted by yield for accurate results.  This “Grain 

Segregation Profit Calculator” may be accessed using an Internet browser set to URL 

path name http://ag.montana.edu/grainsegregationprofitcalculator/ (verified 14 Aug. 

2011).  The calculator’s user manual is attached as Appendix 2 in this thesis. 

The calculator was used to conduct a sensitivity analysis to evaluate how a 

segregated crop’s revenue is influenced by different values of mean protein and standard 

deviation for the average and average plus one standard deviation price schedules 

developed for HRS and SWW.  Mean protein was varied from 8% to 16% protein for the 

HRS and from 8% to13.9% in the SWW while within field standard deviations of protein 

of 0.2% protein to 2.0% protein were used. Steps of 0.1% protein were specified for both 

the mean and standard deviation sensitivities. As covered in the calculator user manual, if 

no optimum result is found the default segregation value of 8 percent protein with an 
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expected premium of $0.00 is produced.  

Change in Revenue from On-Combine Segregation 

The final database of grain protein and yield created through kriging was 

imported into MS-Excel and ranked in order of increasing protein content. Grain yield 

was then subtotaled by protein concentration so the total bushels at each protein level 

were known. In addition, this information was used to calculate the yield adjusted mean 

and standard deviation of the protein. A spreadsheet was programmed in MS-Excel to 

calculate the outcome of each protein level within a dataset used as a possible cutoff for 

segregating grain into two lots. At each protein level, total yield above or below the 

cutoff as well as the mean protein of each of these two unique lots were calculated. The 

price scenarios created through the price analysis were then applied to the unique lots of 

grain.  

For each HRS and SWW field the marginal revenue attributable to on-combine 

segregation was computed by subtracting the gross value of an unsegregated bushel of 

wheat from the gross value of its segregated counterpart: 

Marginal Revenue= Value of Segregated Grain - Value of Unsegregated Grain  

This calculation occurred at each protein level, where the protein cutoff level with the 

greatest marginal revenue increase defined as the optimal segregation. To compare the 

relative efficacy of on-combine segregation to increase revenues the revenue gain was 

compared to the size of a single premium step that was available (0.25% below 14% step 

in HRS and 1% step between 8.5% and 9.5% in SWW). This metric was chosen because 

it normalizes the results so that mean protein of the unsegregated wheat is not a factor. As 

such, the efficiency of segregating a HRS field with 12.2% protein can be compared 

directly to one with 13.8% protein. 

Partial Budget Analysis 

 Economic changes attributable to on-combine grain segregation were determined 

using the partial budget method described by Lowenberg-DeBoer (2000). This method 
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focuses on cost and revenue items that change when a business enterprise is changed. 

Partial budget analysis subtracts changes in costs from changes in revenue to predict 

changes in profitability: 

 Profit Change = Revenue Change-Cost change. 

Costs of segregating wheat by protein content on the combine are comprised of fixed 

costs, variable costs, and opportunity costs (Table 3).  

  Fixed costs are those that do not change over the relevant range of production 

(output) including the cost of a grain quality sensor, segregation system on the combine, 

and any hardware or software needed to control the segregation system. Variable costs 

associated with grain segregation included fuel, labor, and equipment time, and are those 

costs which change with respect to the level of output, over the relevant range of 

production. Opportunity costs represent the next best alternative use of the funds applied 

to segregating grain.  

Table 3: On-Combine Segregation Costs 

Variable Costs $ Cost Unit 

 

Protein Determination 1.80 Acre 

 

Truck Lease 0.07 Bushel 

 

Lease Maintenance 0.01 Bushel 

 

Added Unloading Stops 1.00 Minute of added time 

 

Added time at each unloading 1.00 Minute of added time 

Fixed Costs 

  

 

Protein Sensor 15,000.00 Each 

 

Combine Segregator 12,000.00 Each 

 

Laptop Computer 1,200.00 Each 

    Opportunity Costs 

  

 

Interest 7.14% Per dollar 

One would expect that many producers would rather lease than purchase 

equipment due to uncertainty that grain segregation will be warranted from year to year. 

Therefore, the cost of the truck lease and maintenance were based on leasing a rigid truck 

with a 300 bu. capacity hopper for a period of one month. A laptop would be used during 

harvest on the combine equivalent to one month of the year and was depreciated over five 
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years, the IRS time for electronics. The straight line method of depreciation was used, 

with agricultural equipment being depreciated for seven years consistent with IRS rules. 

Producers were assumed to pay cash for an optical grain quality sensor, laptop computer, 

and combine modification (Table 30) because there is risk involved, and because some 

producers may not qualify for financing. Harvest labor was valued at $16 hr
-1

 as used in 

the Oregon State University 2010 wheat enterprise budgets (Oregon Agricultural 

Enterprise Budgets, 2011). The interest rate of 7.14% was used, corresponding to the 

average farm interest rate reported in Internal Revenue section 2032A Bulletins from 

1996-2009 (Wright, 2010). A cost of $60 acre
-1

 was applied for combine operation and 

include the cost of labor, in accordance with OSU 2010 wheat enterprise budgets (Oregon 

Agricultural Enterprise Budgets, 2011). 

A combine was assumed to harvest 82,500 bushels annually with a 300 bu. 

capacity without the segregation equipment installed and a 280 bushel capacity with this 

equipment installed. Wheat production of 82,500 bu is within the range of annual 

throughput of many combines (Tom McCoy, personal communication, Sept. 2010). 

Reduction in capacity was based on the assumption that both on-combine grain bins may 

not fill at the same rate, causing the need to be unloaded before full capacity is reached. 

For example, with a fixed divider in a combine bulk bin separating the high quality from 

low quality grain, when harvesting through an area above the segregation cutoff point the 

high quality bin will fill sooner than the other. Current combines have grain tank 

capacities ranging from 100 to 360 bu with the majority approaching 300 bu of clean 

grain capacity. Furthermore, time between unloading the first bin and the second bin was 

assumed to be 120 s on average with allowance for complete emptying of the unloading 

auger, switching to the second bin, and moving a different receiving vehicle/cart under 

the auger. 

Profitability of on-combine segregation was computed by subtracting the total 

costs determined per bushel for the average farm from individual field marginal revenue 

from segregation. Hard RS fields with mean protein values of 8%-16% and within 

0.125% of the next greater premium step will have partial budget analysis completed for 
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the individual field, with the truck lease costs and fixed costs averaged over an 82,500 bu 

farm. The same is done for SWW fields with mean protein between 8.5% and 10.5%, or 

greater than 10.5% with a standard deviation of protein greater than 1.75. These are 

ranges of values that would be expected to capture a greater portion of available added 

premiums. Costs bu
-1

 were comprised of the calculated variable costs bu
-1

 plus total fixed 

costs divided over the appropriate number of bushels. To evaluate the potential for 

profitability across a range of production scenarios producer total costs were calculated 

representing various possible yield and acreage combinations, as well as various grain 

quality sensor cost.  

In Montana, there is a lack of availability for leased harvest trucks. Due to this, 

fixed costs will be allocated differently for the HRS wheat field individual analysis. 

Specifically, fixed costs are adjusted to represent purchasing an additional harvest vehicle 

at a cost of $10,000. In addition, the portion of a farm dedicated to hard red wheat 

production is reduced to 44,100 bushels reflecting publicly available budgets produced 

for Montana wheat production (Griffith, D. 2008). When looking at the “average” returns 

to segregation, the same budget is used for HRS and SWW wheat. This was chosen due 

to similar cost bu
-1

 for trucking costs, and due to the diversity of crops which may benefit 

from site specific protein determination in the Montana wheat production budget 

(Griffith, D. 2008). 
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RESULTS AND DISCUSSION 

Grain Protein and Yield Variability 

Grain yield averaged 34.9 bu. acre
-1

 with a range from 10.3 to 67.8 bu. acre
-1

 in 

twenty four individual HRS wheat fields (Table 4). The average standard deviation of 

yield values was 6.4 bu. acre
-1

 with a range of 2.6 to 12.03 bu. acre
-1

.  The 24 HRS fields 

had an average protein concentration of 14.79% with a range from 10.94% to 17.59%.  

The average protein standard deviation was 0.67% with a range from 0.23% to 1.65%.  
 

This information is relevant when used to evaluate the appropriateness of predicting the 

optimal segregation point to maximize revenues. The lowest protein of 10.94% occurred 

in field two, which had 210% of long-term growing season rainfall and an average yield 

of 55.2 bu acre
-1

. Contrasting this, the same cropping area the following year had protein 

of 15.1%, yield of 13.7 bu acre
-1

, and received 76% of rainfall. The greatest protein 

contents were in fields 20 (17.54%) and 21 (17.59%) in a year receiving 74% of average 

rainfall during the growing season. Yield in field 21 was 19.3 bu acre
-1

 while yield in 

field 20 was higher at 35.4 bu acre
-1

.  

 Grain yield averaged 55.7 bu. acre
-1

 and ranged from 31.3 to 93.9 bu. acre
-1

 in the 

14 SWW fields (Table 5). The standard deviation of yield within fields averaged 13.0 bu. 

acre
-1

 with a range from 6.9 to 21.0 bu. acre
-1

. Protein within SWW fields varied from 8.5 

to 11.8% with mean of 10.45% while the average standard deviation was 1.06% ranging 

from 0.4% to 1.79%. As SWW field size increased the standard deviation of protein 

generally increases as well. This is expected as a larger area has potential for more 

variance in yield and protein. The lowest SWW protein of 8.48% in field 11 also had the 

second lowest yield, of 33.7 bu acre
-1

, possibly due to insufficient N availability which is 

unrelated to receiving 105% of long-term rainfall during the growing season. Tied for the 

greatest protein content are fields 7 and 8 which both received 70% of long-term rainfall. 

These fields’ yield averaged 33.1 (field 7) and 53.9 (field 8) bu acre
-1

. In this case both 

moisture and excess N could be limiting yield. Curiously, protein content and yield do 

not seem to be as correlated in the SWW fields as in the HRS.   
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Table 4: HRS Descriptive Data 

Field 

No. Field Site-Year 

Grain Yield 

(Bu Acre
-1

) 

Average Protein 

(%) 

Average Rainfall 

(In. (% of LT) 

1 Simpson 1994 35.8±5.7 14.1±1.1 5.70 (97%) 

2 Chester 1995 55.2±11.6 10.9±1.0 12.89(210%) 

3 Chester 1996 13.7±7.9 15.1±0.9 4.68 (76%) 

4 Gilford 1997 41.4±4.3 15.5±0.3 7.93 (125%) 

5 Box Elder 1997 38.5±4.1 15.2±0.6 7.11 (91%) 

6 Belt 1997 67.8±8.9 13.5±0.3 9.53 (125%) 

7 Big Sandy 1998 33.5±5.6 14.6±0.4 7.81 (100%) 

8 Havre 1998 31.3±6.6 13.5±0.9 7.17 (117%) 

9 Malta 1998 42.5±7.9 13.8±0.4 7.88 (105%) 

10 Malta 1999 55.7±5.2 14.7±0.6 8.97 (120%) 

11 Belt 1999 26.4±3.2 12.9±0.3 6.20 (81%) 

12 Vida 1999 37.7 14.5±0.2 9.72 (124%) 

13 Havre 2000 28.9±5.2 16.7±0.3 4.98 (81%) 

14 Malta 2000 35.1±5.4 16.0±0.5 5.82 (78%) 

15 Malta 2000 38.0±8.5 14.0±0.6 5.82 (78%) 

16 Havre 2001 15.7±4.2 17.1±0.6 5.65 (92%) 

17 Shonkin 2001 12.4±2.6 15.8±0.4 9.21 (70%) 

18 Lolo 2002 10.3±3.4 14.5±0.9 5.04 (107%) 

19 Malta 2003 30.3±8.8 14.1±1.7 5.52 (74%) 

20 Malta 2003 35.4±9.9 17.5±0.7 5.52 (74%) 

21 Malta 2003 19.3±4.4 17.6±0.6 5.52 (74%) 

22 Malta 2004 55.2±12.0 14.7±0.9 5.70 (76%) 

23 Malta 2004 40.2±6.9 15.2±0.5 5.70 (76%) 

24 Echo, OR 2009 38.4±6.2 13.6±1.4 2.17 (67%) 
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Table 5: SWW Field Descriptive Data 

Field 

No. 

Field Site-

Year 

Grain Yield 

(Bu Acre
-1

) 

Average 

Protein (%) 

Average Rainfall 

(In. (% of LT) 

1 Helix-2005 31.3±6.9 9.6±0.9 7.11 (85%) 

2 Helix-2005 76.1±15.8 10.2±0.4 7.11 (85%) 

3 Helix-2005 48.6±18.8 10.5±0.5 7.11 (85%) 

4 Helix-2005 93.9±10.1 9.7±0.4 7.11 (85%) 

5 Milton-2008 41.1±14.1 11.4±1.4 6.70 (70%) 

6 Milton-2008 55.8±15.8 10.6±0.8 6.70 (70%) 

7 Milton-2008 33.1±8.6 11.7±1.75 6.70 (70%) 

8 Milton 2008 53.9±17.3 11.7±1.13 6.70 (70%) 

9 Milton-2009 82.3±14.1 9.8±1.37 9.95(105%) 

10 Milton-2009 81.7±21.8 11.0±1.33 9.95(105%) 

11 Milton-2009 33.7±14.2 8.5±1.79 9.95(105%) 

12 Echo-2009 48.0±9.4 11.2±1.56 2.17 (67%) 

13 Echo-2009 49.2±7.2 9.6±0.77 2.17 (67%) 

14 Echo-2009 51.9±8.3 11.0±0.77 2.17 (67%) 

Wheat Price Variation 

The real price (inflation adjusted) of HRS at each quoted protein level fluctuated 

from year to year (Figure 8) and within a year (Figure 11) depending on supply and 

demand conditions. When grain with ≥14% protein content is in low supply the price 

spreads from 14% are more than they are in years when the supply of this grain is high. 

Specifically, in six out of ten marketing years (2000- 2009), when 14% protein wheat 

exported from Portland, OR accounted for more than 60% of export shipments, the 

marketing year average real price spread for 15% protein grain was $0.11 bu
-1

. In 

contrast, the average marketing year real spread for 15% grain was $0.48 bu
-1

 for the four 

years with 60% or less of the shipments averaging ≥14% protein. This not only shows 

that protein prices respond to the market supply of HRS protein, but also that expected 

price spreads are larger in years with below average protein. 

Soft WW prices are specified with both maximum and minimum protein levels. In 

later analysis, the price spread between ≥9.5% and ≥10.5% protein SWW wheat are not 

used because they are smaller in magnitude, and occurred much less frequently than those 
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for lower protein wheat, represented by quotes with a maximum protein level specified. 

From 2000 to 2010 the price spread for wheat ≤ 8.5% protein from unspecified protein 

prices averaged $0.60 bu
-1

 in the five years were 10% protein represented 60% of total 

export sales. In contrast, the three years with <60% of shipments 10% protein had price 

spreads from 8.5% average $0.28 bu
-1

.The spread between prices at quoted protein levels 

represent the premiums available in the marketplace. Premiums are calculated from the 

base price of 14% HRS wheat and from the unspecified protein price for SWW, 

representing how premiums are calculated in the marketplace. 

 Average annual prices varied across years (Figure 8 A and B). Price spreads 

between quoted protein concentrations change from year to year. The magnitude of the 

price difference between quoted protein concentrations defines the premium for each 

level. Price changes within the wheat marketing year (Jun. 1 to May 31) are more 

indicative of single crop year supply and demand conditions (Figure 9 A and B). The 

spread between quoted prices widened in some years, presumably from low supply of 

protein at the level the market demands, and narrowed in other years due to supply and 

demand factors.  

 Figure 8: HRS (A) and SWW (B) average price by calendar year and protein content. 

A B 



 

 

 

32 

 

 

 

 

Average premium levels for HRS and SWW vary across years just as prices vary 

across years (Figure 10 A and B). These premiums changed throughout the years in 

response to supply and demand pressure.  In addition, premium and price levels vary 

within years by month. Monthly average premiums for HRS marketing years from 2003 

through 2006 showed dramatic change in magnitude (Figure 11). Within the first months 

of the marketing year substantial change in premium size occurs while within year 

premiums fluctuate up or down over time.  Soft WW shows the same premium 

movement over the 2004 through 2006 marketing years. These within year premium 

fluctuations add additional risk and opportunities to storing segregated grain for 

marketing after harvest.  

 Figure 10: Marketing year premiums for HRS(A) and SWW (B). 

A B 

Figure 9: Average marketing year prices for HRS (A) and SWW (B) by protein content. 

A B 
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Monthly average HRS prices for 14% protein grain had minimums occurring in 

August and March while price tended to increase after these times (Figure 12A). Soft 

WW wheat unspecified protein prices experienced similar monthly changes in value with 

maximum prices that occurred in December and February (Figure 12B). These price 

movements create the economic incentive to store grain after harvest with marketing 

occurring when marginal expected storage costs exceed expected price gains for the 

following month. On average, HRS 14% protein prices increased by $.26 bu
-1

 in October, 

an additional $0.12 bu
-1

 in November, and only gained $0.03 bu
-1

 in December before 

losing $0.09 bu
-1

 in January (Figure 12A).   

Based on the Montana Wheat and Barley Committee database, the average real 

value of HRS was $6.46 between 1994 and 2010.  The average farm interest rate was 

7.14% over this period, according to IRS section 2032A bulletins.  Therefore, the 

opportunity cost of storing grain was $0.038 bu
-1

 per month ($0.038 = $6.46 × 

0.0714/12).  Clearly the average HRS gains in value resulting from storing grain into 

December are not enough to offset opportunity costs.  Therefore, one would expect that a 

HRS producer would market their grain in November. On average the price increased > 

$0.07 from July to December in SWW which creates an incentive to store grain until 

December if costs are under this level. Grain would be marketed earlier if the total cost of 

Figure 11: HRS monthly premiums June 03-Dec. 06 (A) and SWW premiums June 

04-June 07. 

A B 
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storage could not be recouped.  A producer may not have the ability or desire to store 

grain for sale at a later date.  In this case, the nearest price will be received likely in July 

for SWW or August or September for HRS.  

Hard RS wheat premiums from 14% do not exhibit strong trends on average by 

month over a marketing year (Figure 13A). One may expect that grain end users are able 

to determine HRS protein stocks early in the harvest year, with future premiums in the 

marketing year related to the available stocks. In general protein premiums for HRS are 

relatively stable across months. In contrast, protein premiums for SWW tend to increase 

from harvest in July before dropping in January (Fig. 13B). The reason that SWW 

premiums are less stable on average is unknown, but it does show that premiums are 

larger further in time away from harvest (July) for SWW.  

Figure 12: Monthly average base price for HRS (A) and SWW (B) 

B A 
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From January 1994 to June 31, 2010 discounts, on average, have occurred for 

HRS wheat below 14% protein and premiums have occurred above this level. Among 

nearly all days the prices for grain below 14% is ≤ the 14% price, and above 14% ≥ the 

14% price. In each case less than six days do not obey the above rule. These are 

considered anomalies in the data, and are not seen as significant overall. Premiums for 

SWW are also seen over time, although the occurrence of these premiums throughout 

history has not been as common as for HRS. The average premium, maximum premium, 

and minimum are reported at each protein level with an associated price.  The standard 

deviation for both HRS and SWW confirm that wide swings in premiums occurred over 

time.  

Table 6: HRS Real Premiums 1994-June 31, 2010 

Protein 

Concentration 

Average 

Premium  

Maximum 

Premium 

Minimum 

Premium 

Standard 

Dev. 

 $ Bu
-1

 $ Bu
-1 

$ Bu
-1

 $ Bu
-1 

12 -0.72 -3.09 0.00 0.55 

13 -0.42 -1.98 0.00 0.37 

14 0.00 0.00 0.00 0.00 

15 0.27 1.21 0.00 0.28 

 

Figure 13:  Average premium for HRS from a base price of 14% protein content by month 

(A) and average premium for SWW from a base price of an unspecified protein content by 

month (B).  

A 
B 
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Table 7: SWW Real Premiums 2000- Sept. 2010 

Protein 

Concentration 

Average Premium  Maximum 

Premium 

Minimum 

Premium 

Standard 

Dev. 

 $ Bu
-1

 $ Bu
-1 

$ Bu
-1

 $ Bu
-1 

SW 8.5 Max 0.4581 2.02 0.0216 0.3421 

SW 9.5 Max 0.1805 1.02 0 0.2403 

SW 10.5 Max 0.0293 0.102 0 0.0310 

 

To evaluate the effect of price spreads on marginal revenue, three HRS price 

scenarios were created for the years 1994 to 2010:  an average premium equal to the 

mathematical mean premiums over the 17 years, a low premium scenario equal to the 

average premiums minus one standard deviation, and high premium scenario equal to the 

average plus one standard deviation. The August of year harvested average price was 

used as well as the September of year harvested price as this encompasses the HRS 

harvesting time (US Wheat Associates) (Table 9). A price scenario reflecting storage of 

the grain and marketing later in the year was not used because premiums were not 

available later in the year for each year that they were available at harvest. Price 

schedules for SWW were developed using the average price from 2000 to 2010 

representing a normal premium year, as well as the average plus a standard deviation 

representing a high premium year. In addition, July of harvest year and December of 

harvest year premiums were developed to simulate selling SWW at harvest or storing for 

sale later in the year (Table 8). The magnitude of these premiums will affect segregation 

results.  

From 1994 to 2010 the trend in the average real value of wheat has moved with 

that of corn (Figure 14). The similar price trends in wheat and corn imply that the average 

corn price, which has been $3.61 bu
-1

 can be used over the same time period for wheat 

without lagging any of the data. The size of premiums offered in the HRS market will 

dictate the protein level at which HRS wheat is valued more at the alternative market 

price.  This occurs when the corn equivalent wheat price is greater than the price which 

would be received by HRS with a premium schedule applied to it. When HRS wheat is 
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priced below the corn equivalent value in these price scenarios a feed buyer would 

substitute wheat for corn as a livestock feed to maximize profits. 

 

Figure 14: Real corn and Wheat Prices 

Table 8: SWW Price Schedules 

Price Scenario Protein Premium ($ Bu
-1

) 

 8.50% 9.50% 10.50% 

Average Scenario 0.4581 0.1805 0.0293 

Average +SD 0.8002 0.4208 0.0604 

2005 July Price 0.3114 0.0963 0 

2005 Dec. Price 0.0918 0.0134 0 

2008 July Price 0.3535 0.1515 0 

2008 Dec. Price 1.313 0.606 0 

2009 July Price 0.3876 0.3876 0.051 

2009 Dec. Price 0.102 0.102 0.051 
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Table 9: HRS Price Scenarios (* indicates corn equivalent base price) 

 

Corn 

Price 

Below % 

Premium 

Each .25% 

Below 14% 

Premium 

Each .25% 

Above 14% 

Jan. 1 1994 to June 30 2010 Average  -0.1 0.07 

Jan. 1 1994 to June 30 2010 Avg. Low Prem.  -0.02 0.00 

Jan. 1 1994 to June 30 2010 Avg. High Prem. 9.75 -0.18 0.14 

August 94 Avg. Price 
 

-0.1205 0.0709 

September 94 Avg. Price 
 

-0.1192 0.0929 

August 95 Avg. Price 
 

-0.0935 0.062 

September 95 Avg. Price 
 

-0.0656 0.0561 

August 96 Avg. Price 
 

-0.0743 0.0431 

September 96 Avg. Price 
 

-0.0655 0.0417 

August 97 Avg. Price 
 

-0.0995 0.0474 

September 97 Avg. Price 
 

-0.0802 0.033 

August 98 Avg. Price 
 

-0.0859 0.0538 

September 98 Avg. Price 
 

-0.0850 0.0509 

August 99 Avg. Price* 9.25 -0.1354 0.0920 

September 99 Avg. Price* 9.75 -0.1552 0.0964 

August 00 Avg. Price* 9.75 -0.1425 0.1027 

September 00 Avg. Price* 9.25 -0.1316 0.0970 

August 01 Avg. Price 
 

-0.0665 0.0455 

September 01 Avg. Price 
 

-0.0539 0.0304 

August 02 Avg. Price 
 

-0.0267 0.0128 

September 02 Avg. Price 
 

-0.0234 0.0123 

August 03 Avg. Price 
 

-0.0304 0.0146 

September 03 Avg. Price 
 

-0.0228 0.0122 

August 04 Avg. Price 
 

-0.0658 0.0734 

September 04 Avg. Price* 10 -0.1733 0.1401 

August 05 Avg. Price* 8.25 -0.1222 0.0896 

September 05 Avg. Price 
 

-0.0896 0.0465 

August 06 Avg. Price 
 

-0.0320 0.0058 

September 06 Avg. Price 
 

-0.0276 0.0069 

August 07 Avg. Price 
 

-0.0207 0.0003 

September 07 Avg. Price 
 

-0.0059 0.0201 

August 08 Avg. Price 
 

-0.0511 0.0034 

September 08 Avg. Price* 8.5 -0.1703 0.1106 

August 09 Avg. Price* 10.5 -0.1545 0.1002 

September 09 Avg. Price* 12 -0.2595 0.2079 
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 The average premium schedules were graphed for HRS and SWW (Figure 15). 

The HRS premiums converge at 14% protein, which represents the value that premiums 

are calculated from. This point also represents the inflection point for the HRS schedules 

as the rate of change above and below this point is constant, until wheat is valued higher 

as feed wheat, or premiums are no longer offered. The low premium scenario is the least 

sloped line while the high premium scenario has the greatest slope. The HRS high 

premium scenario defines wheat below 9.75% at the corn equivalent price. Premiums for 

SWW are valued at $0.00 where not otherwise specified.  

 

Grain Segregation Results 

Sensitivity of Mean Protein Relationship to Price Point 

 In HRS wheat, distance below the price step is strongly correlated to the potential 

premium per bushel that can be captured by segregating grain (R
2
=0.92, Figure 16).  In 

other words, returns to HRS segregation increase as mean protein approaches a price step 

from a lower protein value. In SWW fields the results do not trend as well (Figure 17), 

with a regression of premium captured and distance of field mean from the next price 

step having an R
2
 value of only 0.1081 and a standard deviation of 0.05. Meanwhile the 

distance from the 8.5% protein price has a R
2 

of .50 (Fig. 17) when predicting the 

premium captured. When the crop protein standard deviation is added into this regression 

Figure 15: Average Premium Schedules for HRS and SWW 
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the R
2
 value increases to 0.85359 (SD on its own has an R

2
 of <.04). It is hypothesized 

that standard deviation of protein improves regression results in the amount of premium 

for SWW while it did not in HRS is due to the lack of discounts that face SWW for high 

protein wheat. In HRS the amount of premium that is able to be captured is expected to 

increase as the field mean approaches 8.5% protein from above, or as the standard 

deviation increases.  

 

 

Figure 16: HRS Premium as distance from price step. 
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Figure 17: SWW premium as distance from price step 

Marginal Returns from Hard Red Spring Wheat Fields 

Four of the 24 HRS fields (13, 16, 20, and 21) had no revenue increasing 

opportunity for segregation because the average field protein level exceeded 16% protein 

where premiums are not paid (Table 10). Marginal revenue was positive for the 

remaining 20 fields in each of the five price scenarios. The maximum revenue gain was 

$0.2595 bu
-1

 using the September average price for field number 24, resulting from 

strong premiums and discounts being discontinued below 11.75% due to the corn 

equivalent floor price while many of the fields had no revenue gains using the low 

premium scenario due to their mean protein being ≥14%. The 17 year average low 

premium scenario resulted in 17 fields with no possible premium and a maximum added 

premium of only $0.0152. The high premium scenario yielded the highest average 

additional premium per bushel of $0.0617, with the highest individual field additional 

premiums in field six at $0.1602 and fields 15 at $0.1517 bu
-1

. The 17 year average price 

scenario yielded an average additional premium of $0.0347 bu
-1

 and a high value of 

$0.0877 bu
-1

.  
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Table 10: HRS marginal revenue gains from segregation. * Note that blank cells had a 

value less than 0.0001. 

 

Marginal Revenue ($/Bu) from Price Schedule 

Field# August 

Avg. Price 
September 

Avg. Price 
17 Year 

average 
17 Year 

average –SD* 
17 Year 

average +SD 

1 0.0170 0.0230 0.0160  0.0330 

2 0.0600 0.0421 0.0626 0.0109 0.1296 

3 0.0138 0.0133 0.0216  0.0440 

4 0.0364 0.0253 0.0518  0.1055 

5 0.0336 0.0234 0.0479  0.0976 

6 0.0895 0.0721 0.0877 0.0152 0.1602 

7 0.0057 0.0054 0.0072  0.0146 

8 0.0078 0.0075 0.0096 0.0004 0.0189 

9 0.0068 0.0066 0.0082 0.0006 0.0160 

10 0.0859 0.0899 0.0631  0.1288 

11 0.0807 0.0925 0.0581 0.0101 0.1061 

12 0.0039 0.0041 0.0029  0.0059 

13      

14 0.0817 0.0772 0.0537  0.1094 

15 0.1214 0.1121 0.0831 0.0144 0.1517 

16      

17 0.0034 0.0023 0.0050  0.0102 

18 0.0077 0.0078 0.0479  0.1010 

19 0.0017 0.0014 0.0077  0.0156 

20      

21      

22 0.0476 0.0808 0.0359  0.0776 

23 0.0539 0.1029 0.0496  0.1010 

24 0.0742 0.2595 0.0276 0.0048 0.0541 

Marginal Returns from Soft White Winter Wheat Fields 

The maximum return of any field was field 1 with a value of $0.1472 bu
-1

 using 

the average price scenario (Table 11). The average price scenario resulted in average 

added premiums of $0.0653 over the fields analyzed. When applying the high premium 

scenario the maximum added return was $0.3513 bu
-1

. The July of harvest year prices 

show the actual premiums which each field would have obtained if marketed at harvest 

and these returns averaged $0.0905 bu
-1

. The December price premiums averaged $0.038 
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bu
-1

. 

Table 11: Soft white winter wheat marginal revenue from segregation. 

 

Marginal Revenue ($/Bu) from Price 

Schedule 

Field # 10 Year 

Average 
Average+ 

One SD 
July, 

Harvest 

Year 

Dec, 

Harvest 

Year 

1 0.1472 0.3513 0.0942 0.0164 

2 0.021 0.0501 0.0134 0.0019 

3 0.0281 0.0579 0.0071 0.001 

4 0.1086 0.2591 0.0692 0.0096 

5 0.0161 0.0333 0.0107 0.0428 

6 0.0276 0.0568 0.0117 0.0469 

7 0.0773 0.135 0.0597 0.2216 

8 0.0099 0.0203 0.0055 0.0219 

9 0.1456 0.3207 0.3 0.0414 

10 0.0516 0.1203 0.1108 0.0292 

11 0 0 0 0 

12 0.0416 0.0971 0.0895 0.0369 

13 0.1414 0.3378 0.3158 0.0455 

14 0.0162 0.0335 0.0283 0.0283 

The gross return per bushel in the soft white winter wheat was significantly 

greater than that of the HRS results. This was expected because there is a wider range 

between the protein levels that price is specified resulting in the ability for more bushels 

of grain to gain value.  In addition, the magnitude of premiums is larger than for HRS. 

Similar to the HRS wheat, the standard deviation and field mean will affect the 

magnitude of added premiums obtainable by segregation. The closer to a price point that 

the field mean protein occurs, the greater the return to segregation.  

Available Premium Captured through Segregation 

The individual field marginal returns showed the potential to increase revenues 

through grain segregation. They did not show the magnitude of this change relative to the 

premiums which were available. Table 12 shows the total additional premium that can be 

captured is variable across fields. The percent of the next premium step able to be 
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captured through on-combine segregation fluctuated dependent upon the premium 

schedule used. In HRS the average premium schedule resulted in 3% to 88% of the 

available premium being captured. When the high premium schedule was used the range 

widened with 4% to 125% of the premium being captured. A defined trend is not 

immediately evident. These results show that only a portion of a single premium step is 

likely to be captured, making the magnitude of premiums important for determining the 

feasibility of on-combine grain segregation.  
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Table 12: Percent of available premium captured by segregating 

HRS Results  SWW Results 

Field 

# 

Avg. 

Premium 

High 

Premium 

 Field 

# 

Avg. 

Premium 

High 

Premium 

1 16% 23% 

 
1 53% 93% 

2 63% 89% 

 
2 8% 13% 

3 22% 31% 

 
3 10% 15% 

4 52% 74% 

 
4 39% 68% 

5 48% 68% 

 
5 6% 9% 

6 88% 125% 

 
6 10% 15% 

7 7% 10% 

 
7 28% 36% 

8 10% 14% 

 
8 4% 5% 

9 8% 12% 

 
9 52% 85% 

10 63% 90% 

 
10 19% 32% 

11 58% 83% 

 
11 0% 0% 

12 3% 4% 

 
12 15% 26% 

13 0% 0% 

 
13 51% 89% 

14 54% 77% 

 
14 6% 9% 

15 83% 119%       

16 0% 0%   

  17 5% 7%   

  18 48% 68%   

  19 8% 11%   

  20 0% 0%   

  21 0% 0%   

  22 36% 51%   

  23 50% 71%   

  24 28% 39%   

  
Partial Budget Analysis 

Partial budget analysis results were generated for HRS fields that had the greatest 

opportunity to yield the largest marginal returns (i.e. mean <16% and within 0.125% 

from price step, approaching from below) including fields 2, 4, 5, 10, 11, 14, 15, 18, 22, 

23 and 24. Fixed costs for each of these fields are based on these costs being spread over 

44,100 bushel of yearly production. These fixed costs, shown in Table 13, average 
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$0.1563 bu
-1

. The single greatest fixed cost of $0.0601 is the interest expense on fixed 

assets, or the opportunity cost of this interest if the equipment is not financed.  

Table 13: HRS Fixed Costs 

Fixed Cost Quantity Cost/unit 

Useful 

Life Yearly Cost 

Bushel 

Cost 

Added Hauling Vehicle 1    10,000  7 $1,142.86   $ 0.0259  

Protein Sensor 1    15,000  7 $1,714.29   $ 0.0389  

Combine Segregator 1    12,000  7 $1,371.43   $ 0.0311  

Laptop Computer 1         100  5 $16.00   $ 0.0004  

Interest 0.0714    37,100    $1,934.94   $ 0.0601  

Total Fixed Costs 

  

$6,179.51   $ 0.1563  

 

Field 2, harvested in 1995 experienced 210% of average growing season 

precipitation. This is a rectangular field approximately 1614’ wide by 6124’ long. The 

greatest variable cost is pre-harvest protein determination adding $0.0785 bu
-1

. Added 

harvest time and combine unloading stops total $0.0091. Total variable costs are $0.0876 

bu
-1

. Only the high price scenario would have covered variable costs. After excluding 

sunk costs this field would be segregated, as a way to minimize financial losses. Using 

the average plus one standard deviation scenario the segregation cutoff of 9.7% would be 

used yielding 17% of the grain at 9.3% protein and 83% at 11.3% protein. This allowed 

the high protein portion to gain two price steps; while the low protein portion is 

discounted by a further four price steps. All the other price scenarios resulted in the 

optimal cutoff value of 10.9% yielding 48% of the field’s grain at 10.1% and 52% at 

11.8% protein. In this case, the low protein portion decreases in value by one step while 

the high protein portion increases by two steps.   

Table 14: HRS field 2 partial budget analysis. 

Item   Return for premium schedule used ($ bu
-1

) 

  

Avg. 

Price 

Avg.+ 

SD July Sept. 

Revenue Gained 

 

$0.0518  $0.1055  $0.0364  $0.0253  
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Hard RS field 4 was harvested in a year experiencing 125% of long-term average 

precipitation. The greatest single cost of $0.2080 bu
-1

 (Table 15) was accrued for the pre-

segregation test strip for protein determination. This field measured 216’ wide by 5112’ 

long which caused 15% of the field to be harvested during the protein determination 

process. This protein strip ran from the south-west to north-east corner only. Field four 

would have required an additional stop to unload the grain and additional time at the 

original combine unloading stops adding $0.0146 bu
-1

. Variable costs total to $0.2225 bu
-

1
 while the greatest increase in marginal revenue (average + one SD schedule) is $0.1055 

bu
-1

. Although no profitable segregation opportunities existed, it is expected that this field 

would have been segregated as a way to minimize financial losses, treating the protein 

determination cost as sunk costs. This segregation would have used the optimal cutoff 

value of 15.1% resulting in 12% of the grain volume having a mean protein of 15.0%, 

and 88% of the grain having 15.5% protein, which is the next highest premium available 

from the unsegregated field’s premium. 

Table 15: HRS field 4 partial budget analysis.  

Item   Return for premium schedule used ($ bu
-1

) 

  

Avg. 

Price 

Avg.+ 

SD Aug. Sept. 

Revenue Gained 

 

$0.0626  $0.1296  $0.0600  $0.0421  

      

 

Quantity Units Unit Cost 

Total 

Cost Cost bu
-1

 

Protein Determination 0.14 Acres 60 $229.26 $0.2080 

Added Unloading Stops 1 8 minutes 8 $8.00 $0.0073 

 

Quantity Units Unit Cost 

Total 

Cost Cost bu
-1

 

Protein Determination 0.07 Acres 60 $982.68 $0.0785 

Added Unloading Stops 3 8 minutes 8 $24.00 $0.0019 

Added Unloading Time 45 2 minutes 2 $90.00 $0.0072 

Total Variable Costs 

   

$1,096.68 $0.0876 

Profit bu
-1

 

 

($0.1814) ($0.1144) ($0.1840) ($0.2019) 
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Added Unloading Time 4 2 minutes 2 $8.00 $0.0073 

Total Variable Costs 

   

$245.26 $0.2225 

Profit bu
-1

 

 

($0.3270) ($0.2733) ($0.3424) ($0.3535) 

 

In 1997 field 5 experienced 91% of average growing season rainfall. This field is 

roughly a rectangle of 758’ wide by 2540’ long. Again, protein determination is the most 

significant variable cost amounting to $0.1389 bu
-1

 and representing 8.9% of the field’s 

surface. Added unloading time and one additional unloading of the combine bulk bins 

add $0.012 bu
-1

. Variable costs total $0.1508 bu
-1

 while the greatest revenue gain using 

the high premium schedule yielded $0.0976 bu
-1

. As with the other fields, segregating 

without the sunk costs of protein determination would minimize losses. Each premium 

schedule resulted in the optimal segregation cutoff of 14.6% protein. This results in 10% 

of grain decreasing by two price steps to a mean of 14.5%, while 90% of grain increases 

by one price step to a mean protein of 15.3%. 

Table 16: HRS field 5 partial budget analysis. 

Item   Return for premium schedule used ($ bu
-1

) 

  

Avg. 

Price 

Avg.+ 

SD 
July Sept.  

Revenue Gained 
 

$0.0479  $0.0976  $0.0336  $0.0234  

      

 

Quantity Units Unit Cost 

Total 

Cost Cost bu
-1

 

Protein Determination 0.09 Acres 60 $232.27 $0.1389 

Added Unloading Stops 1 8 minutes 8 $8.00 $0.0048 

Added Unloading Time 6 2 minutes 2 $12.00 $0.0072 

Total Variable Costs 

   

$252.27 $0.1508 

Profit bu
-1

 

 

($0.2592) ($0.2095) ($0.2735) ($0.2837) 

  

 This field (Table 17) had 120% of long term average growing season 

precipitation. With a shape of 608’ wide and 6457’ long the protein determination step 

costs $0.0759 bu
-1

.  Added costs of unloading the combine total $0.0104 bu
-1

. Variable 

costs sum to $0..0863 bu
-1

. All but the average premium scenario and July of harvest year 
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price scenario would cover variable costs. This field would allow for losses to be 

minimized by optimally segregating with a cutoff value of 13.8% resulting in 1% of grain 

averaging 13.8% protein while 99% of grain increases to 14.8% on average, capturing the 

next price step. This field is able to gain revenue with only a small portion of grain being 

segregated off because it is only 0.01% from the price step. 

Table 17: HRS field 10 partial budget analysis. 

Item   Return for premium schedule used ($ bu
-1

) 

  

Avg. 

Price 

Avg.+ 

SD 
July Sept.  

Revenue Gained 
 

$0.0631  $0.1288  $0.0859  $0.0899  

      

 

Quantity Units Unit Cost 

Total 

Cost Cost bu
-1

 

Protein Determination 0.07 Acres 60 $411.85 $0.0759 

Added Unloading Stops 2 8 minutes 8 $16.00 $0.0030 

Added Unloading Time 20 2 minutes 2 $40.00 $0.0074 

Total Variable Costs 

   

$467.85 $0.0863 

Profit bu
-1

 

 

($0.1795) ($0.1138) ($0.1567) ($0.1527) 

 

 Field 11 received 81% of long term growing season precipitation. This field can 

be characterized as a parallelogram approximately 947’ wide and 3600’ long. The protein 

determination step harvested 7.68% of this field, and cost an average of $0.1748 bu
-1

. 

Added time unloading the combine totaled $0.0117. Total variable costs are $0.1865 bu
-1

 

for field 11. After sunk costs segregating this field would minimize financial losses, as 

revenue gains are between $0.0581 to $0.1061 bu
-1

. None of the premium schedules 

would cover total fixed costs. This field’s unsegregated protein mean is 12.92% and the 

optimal segregation cutoff is 12.5% resulting in 87% of the grain averaging 13% and 

13% averaging 12.5% protein.  

Table 18: HRS field 11 partial budget analysis. 

Item   Return for premium schedule used ($ bu
-1

) 

  

Avg. Avg.+ Aug. Sept. 
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Price SD 

Revenue Gained 

 

$0.0581  $0.1061  $0.0807  $0.0925  

      

 

Quantity Units Unit Cost 

Total 

Cost Cost bu
-1

 

Protein Determination 0.08 Acres 60 $359.05 $0.1748 

Added Unloading Stops 1 8 minutes 8 $8.00 $0.0039 

Added Unloading Time 8 2 minutes 2 $16.00 $0.0078 

Total Variable Costs 

   

$383.05 $0.1865 

Profit bu
-1

 

 

($0.2847) ($0.2367) ($0.2621) ($0.2503) 

 

Field 14 received 78% of average precipitation during the growing season. This 

field is approximately 660’ wide and 5039’ in length. Pre-harvest protein prediction cost 

$0.1439 bu
-1

.  Added unloading stops and time add $.0106 bu
-1

 and variable costs total 

$.1546 bu
-1

. After sunk costs, segregation would have been undertaken to minimize 

losses as segregation would pay for the added variable costs. The optimal segregation 

cutoff value was 15.2 resulting in 5% of the grain averaging 15.1% protein and 95% 

averaging 16%.  

Table 19: HRS field 14 partial budget analysis. 

Item   Return for premium schedule used ($ bu
-1

) 

  

Avg. 

Price 

Avg.+ 

SD 
July Sept.  

Revenue Gained 
 

$0.0537  $0.1094  $0.0817  $0.0772  

      

 

Quantity Units Unit Cost 

Total 

Cost Cost bu
-1

 

Protein Determination 0.08 Acres 60 $406.81 $0.1439 

Added Unloading Stops 1 8 minutes 8 $8.00 $0.0028 

Added Unloading Time 11 2 minutes 2 $22.00 $0.0078 

Total Variable Costs 

   

$436.81 $0.1546 

Profit bu
-1

 

 

($0.2572) ($0.2015) ($0.2292) ($0.2337) 

 

This field (Table 20) also received 78% of long-term precipitation during the 

growing season. Field 15 is ~657’ wide by ~4300’ long. The protein determination 
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resulted in harvesting 9.3% of the total field and cost $0.1468 bu
-1

. Variable costs, after 

sunk costs, which include added time and stops to unload the harvester’s grain bins 

increase costs by $0.0104 bu
-1

. With each price scenario losses would be minimized 

through segregating the crop. Segregation would occur at the cutoff of 12.5% yielding 

2% of grain at 12.2% and 98% of grain at 14.0% protein. 

Table 20: HRS field 15 partial budget analysis. 

Item   Return for premium schedule used ($ bu
-1

) 

  

Avg. 

Price 

Avg.+ 

SD 
July Sept.  

Revenue Gained 
 

$0.0831  $0.1517  $0.1214  $0.1121  

      

 

Quantity Units Unit Cost 

Total 

Cost Cost bu
-1

 

Protein Determination 0.09 Acres 60 $365.09 $0.1468 

Added Unloading Stops 1 8 minutes 8 $8.00 $0.0032 

Added Unloading Time 9 2 minutes 2 $18.00 $0.0072 

Total Variable Costs 

   

$391.09 $0.1573 

Profit bu
-1

 

 

($0.2305) ($0.1619) ($0.1922) ($0.2015) 

 

Hard RS field 18 was harvested in a year in which rainfall was 125% of long-

term. The greatest cost is protein determination accruing to $0.4018 bu
-1

. After sunk 

costs, total variable costs amount to $0.0349 bu
-1

. This field would have minimized losses 

by segregating using all of the crop year premium schedules. This segregation would 

have occurred with the cutoff value of 12.2% creating 2% of the grain at 12.1% and the 

remainder at 14.5%. In this case, the high protein grain increases value by one price step 

while the low protein grain decreases value by eight steps on the premium schedule.  

  

Table 21: HRS field 18 partial budget analysis. 

Item   Return for premium schedule used ($ bu
-1

) 

  

Avg. 

Price 

Avg.+ 

SD July Sept.  
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Revenue Gained 

 

$0.0479  $0.1010  $0.0077  $0.0078  

      

 

Quantity Units Unit Cost 

Total 

Cost Cost bu
-1

 

Protein Determination 0.07 Acres 60 $137.99 $0.4018 

Added Unloading Stops 1 8 minutes 8 $8.00 $0.0233 

Added Unloading Time 2 2 minutes 2 $4.00 $0.0116 

Total Variable Costs 
   

$149.99 $0.4367 

Profit bu
-1

 
 

($0.5451) ($0.4920) ($0.5853) ($0.5852) 

 

Field 22 received 76% of long-term growing season rainfall. This field was 1220’ 

wide by 2495’ long. A total of 6.61% of the crop was harvested in the protein 

determination strip resulting in a cost of $0.0719 bu
-1

. Variable costs after sunk costs 

amounted to 0.0092 bu
-1

. As such, segregating the field would minimize losses. Field 22 

would have been segregated with the protein cutoff value of 13.3% yielding 5% of grain 

at 13.1% and the remainder at 15.3% protein. 

Table 22: HRS field 22 partial budget analysis. 

Item   Return for premium schedule used ($ bu
-1

) 

  

Avg. 

Price 

Avg.+ 

SD 
July Sept.  

Revenue Gained 
 

$0.0359  $0.0776  $0.0476  $0.0808  

      

 

Quantity Units Unit Cost 

Total 

Cost Cost bu
-1

 

Protein Determination 0.07 Acres 60 $280.99 $0.0719 

Added Unloading Stops 1 8 minutes 8 $8.00 $0.0020 

Added Unloading Time 14 2 minutes 2 $28.00 $0.0072 

Total Variable Costs 

   

$316.99 $0.0811 

Profit bu
-1

 

 

($0.2015) ($0.1598) ($0.1898) ($0.1566) 

 

Field 23 received 76% of long-term rainfall during the growing season. This field 

was 612’ wide by 4045’ long. Protein determination costs total $0.1345 bu
-1

. As with the 

other HRS fields, protein determination was treated as a sunk cost, and segregating the 
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field would reduce economic losses as the remainder of variable costs amount to only 

$0.0108 bu
-1

. Segregation would have used the cutoff value of 14.3% resulting in 5% of 

grain averaging 14.2% while the rest averaged 15.3%.   

Table 23: HRS field 23 partial budget analysis. 

Item   Return for premium schedule used ($ bu
-1

) 

  

Avg 

Price Avg+SD Aug. Sept. 

Revenue Gained 

 

$0.0496  $0.1010  $0.0539  $0.1029  

      

 

Quantity Units Unit Cost 

Total 

Cost Cost bu
-1

 

Protein Determination 0.09 Acres 60 $322.77 $0.1345 

Added Unloading Stops 1 8 minutes 8 $8.00 $0.0033 

Added Unloading Time 9 2 minutes 2 $18.00 $0.0075 

Total Variable Costs 

   

$348.77 $0.1453 

Profit bu
-1

 

 

($0.2520) ($0.2006) ($0.2477) ($0.1987) 

 

Field 24 received 67% of long-term rainfall, as well as non-uniformly distributed 

supplemental irrigation from a center pivot that stalled during the irrigation season. This 

field is roughly a circle with a radius of 680-ft. A total of 7.33% of the field was 

harvested during the protein determination step resulting in a cost of $0.1146 bu
-1

. Total 

added harvester unloading time added a cost of $0.013 bu
-1

. This field would have been 

segregated as a way to reduce economic losses in each of the premium scenarios. The 

average, high premium and August of harvest year price scenarios share the common 

segregation cutoff value of 10% resulting in 4% of grain at 9.5% protein and 96% at 

13.8% protein. The September of harvest year schedule results in this field nearly being 

profitable (-$0.0245) to segregate when all costs are included. This uses the cutoff value 

of 11.8% protein causing 12% of the crop to average 10.6% while 88% of the crop 

averages 14% protein.   
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Table 24: HRS field 24 partial budget analysis. 

Item   Return for premium schedule used ($ bu
-1

) 

  

Avg. 

Price 

Avg.+ 

SD July Sept.  

Revenue Gained 

 

$0.0276  $0.0541  $0.0742  $0.2595  

      

 

Quantity Units Unit Cost 

Total 

Cost Cost bu
-1

 

Protein Determination 0.07 Acres 60 $158.32 $0.1146 

Added Unloading Stops 1 8 minutes 8 $8.00 $0.0058 

Added Unloading Time 5 2 minutes 2 $10.00 $0.0072 

Total Variable Costs 

   

$176.32 $0.1277 

Profit bu
-1

 

 

($0.2564) ($0.2299) ($0.2098) ($0.0245) 

 

Individual SWW fields numbered 1, 4, 7, 9, and 13 had partial budget analyses 

conducted on them due to the potential for greater marginal revenue gains than the other 

fields. Fixed costs (Table 30, $0.0611 bu
-1

) as well as the truck lease and maintenance 

($0.0722 bu
-1

) were based on a pro-rated charge for the number of bushels in the field. 

These costs were assumed to be spread over an 82,500 bushel yearly harvest. The greatest 

cost included in the fixed costs is the interest charge ($0.0235 bu
-1

) representing 

opportunity costs for the equipment investment. In addition, protein determination is 

assumed to harvest 3% of the field. Due to this assumption the geometry of the SWW 

fields should not have an effect on segregation results.  

 Field 1 was harvested after receiving 85% of long term rainfall. Table 25 shows 

that segregation in field one would have proven profitable under the high premium 

scenario. To capture this premium the crop would have been segregated with a cutoff 

value of 11.5%. This would result in 98% of grain having 9.5% protein with the 

remainder having 12.3% protein. Gross revenue under this premium schedule was 

$0.3513 bu
-1

 while total costs were $0.2051 bu
-1

.  
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Table 25: SWW field 1 partial budget analysis. 

Item 

 

Return for premium schedule used ($ bu
-1

) 

  

Avg. Price Avg.+ SD July Dec.  

Revenue Gained 

 

$0.1472 $0.3513 $0.0942 $0.0164 

      

 

Quantity Units Unit Cost Total Cost Cost bu
-1

 

Protein Determination 0.03 Acres 60 $71.12 $0.0574 

Truck Lease 0.0150 Month 5500 $82.56 $0.0667 

Lease Maintenance 0.0150 Before Return 450 $6.76 $0.0055 

Added Unloading Stops 1 8 minutes 8 $8.00 $0.0065 

Added Unloading Time 5 2 minutes 2 $10.00 $0.0081 

Total Variable Costs 

   

$178.44 $0.1441 

Profit bu
-1

 

 

-$0.0579 $0.1462 -$0.1109 -$0.1887 

 

 Field 4 was located close to field 1 and received the same level of rainfall (85%). 

Again, only the high premium scenario resulted in a profitable segregation opportunity. 

This field would have been segregated at 9.8% protein resulting in 72% of the grain 

averaging 9.5% while the remainder averaged 10.1%. Gross revenue under the high 

premium schedule was $0.2591 bu
-1

 while total costs were $0.1698 bu
-1

. 

Table 26: SWW field 4 partial budget analysis. 

Item 

 

Return for premium schedule used ($ bu
-1

) 

  

Avg. Price Avg.+ SD July Dec.  

Revenue Gained 

 

$0.1086 $0.2591 $0.0692 $0.0096 

      

 

Quantity Units Unit Cost Total Cost Cost bu
-1

 

Protein Determination 0.03 Acres 60 $15.35 $0.0192 

Truck Lease 0.0097 Month 5500 $53.38 $0.0667 

Lease Maintenance 0.0097 Before Return 450 $4.37 $0.0055 

Added Unloading Stops 1 8 minutes 8 $8.00 $0.0100 

Added Unloading Time 3 2 minutes 2 $6.00 $0.0075 

Total Variable Costs 

   

$87.10 $0.1088 

Profit bu
-1

 

 

-$0.0612 $0.0893 -$0.1006 -$0.1602 

  

Field 7 received 70% of annual growing season rainfall. This field had the 

potential for profit ($0.0239 bu
-1

) if the segregated grain was marketed in December of 
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the harvest year, although segregation using the other price scenarios would have 

minimized economic losses. Regardless of premium schedule applied the field would be 

segregated with the cutoff value of 10.5% protein. This resulted in 17% of the grain at 

8.4% protein and the remainder at 10.6%.  

Table 27: SWW field 7 partial budget analysis. 

Item 

 

Return for premium schedule used ($ bu
-1

) 

  

Avg. Price Avg.+ SD July Dec.  

Revenue Gained 

 

$0.0773 $0.1350 $0.0597 $0.2216 

      

 

Quantity Units Unit Cost Total Cost Cost bu
-1

 

Protein Determination 0.03 Acres 60 $314.77 $0.0545 

Truck Lease 0.0701 Month 5500 $385.32 $0.0667 

Lease Maintenance 0.0701 Before Return 450 $31.53 $0.0055 

Added Unloading Stops 2 8 minutes 8 $16.00 $0.0028 

Added Unloading Time 21 2 minutes 2 $42.00 $0.0073 

Total Variable Costs 

   

$789.61 $0.1366 

Profit bu
-1

 

 

-$0.1204 -$0.0627 -$0.1380 $0.0239 

  

Field 9 received 105% of long-term rainfall in 2009. This field could have been 

profitably segregated using the July premium schedule, and high premium schedule. 

Additionally, using the average premium schedule segregation was nearly profitable (-

$0.0189 bu
-1

). Segregation would have occurred at 11.7% protein producing 91% of the 

grain at 9.5% protein and the residual grain at 12.5%. Using the July of harvest year 

premium schedule profits of $0.1355 would have been realizable.  

Table 28: SWW field 9 partial budget analysis. 

Item 

 

Return for premium schedule used ($ bu
-1

) 

  

Avg. Price Avg.+ SD July Dec.  

Revenue Gained 

 

$0.1456 $0.3207 $0.3000 $0.0414 

      

 

Quantity Units Unit Cost Total Cost Cost bu
-1

 

Protein Determination 0.03 Acres 60 $310.70 $0.0219 

Truck Lease 0.1722 Month 5500 $947.12 $0.0667 

Lease Maintenance 0.1722 Before Return 450 $77.49 $0.0055 

Added Unloading Stops 4 8 minutes 8 $32.00 $0.0023 
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Added Unloading Time 51 2 minutes 2 $102.00 $0.0072 

Total Variable Costs 

   

$1469.31 $0.1034 

Profit bu
-1

 

 

-$0.0189 $0.1562 $0.1355 -$0.1231 

  

Field 13 was an irrigated wheel line with unknown and varied irrigation rates. The 

site received 67% of long-term rainfall during the growing season. This field also could 

have been profitably segregated in July of the harvest year, as well as with the high 

premium scenario. Profits were $0.1540 using the July schedule and $0.1320 using the 

high premium scenario. This would be achieved by segregating at 11.1% protein resulting 

in 95% of the grain averaging 9.5% protein and 5% averaging 11.9% protein.  

Table 29: SWW field 13 partial budget analysis. 

Item 

 

Return for premium schedule used ($ bu
-1

) 

  

Avg. Price Avg.+ SD July Dec.  

Revenue Gained 

 

$0.1414 $0.3378 $0.3158 $0.0455 

      

 

Quantity Units Unit Cost Total Cost Cost bu
-1

 

Protein Determination 0.03 Acres 60 $51.80 $0.0366 

Truck Lease 0.0172 Month 5500 $94.48 $0.0667 

Lease Maintenance 0.0172 Before Return 450 $7.73 $0.0055 

Added Unloading Stops 1 8 minutes 8 $8.00 $0.0056 

Added Unloading Time 6 2 minutes 2 $12.00 $0.0085 

Total Variable Costs 

   

$174.02 $0.1228 

Profit bu
-1

 

 

-$0.0424 $0.1540 $0.1320 -$0.1383 

 

Partial Budget Results for an Average Farm 

 The partial budget analyses done above were limited to individual fields. The 

question arose about how on-combine grain segregation could affect whole farm 

revenues. Here, the total costs for the average farm, as well as factors affecting both cost 

and revenue sensitivity will be developed. Total variable costs (TVC) to segregate grain 

on the combine amount to $0.1129 bu
-1

 (Table 30). The largest single cost is the monthly 

rental of an additional hauling vehicle at $0.0667 bu
-1

. The second largest cost is 

determining the field values for mean protein and its standard deviation across the harvest 
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area which is accomplished by harvesting 3% of the crop area. This pre-segregation area 

will likely be driven over twice thereby adding $0.0327 bu
-1

 to the combine harvest costs. 

Lesser costs include routine oil and filter service on the rental truck before return 

($0.0055 bu
-1

), additional time unloading the combine ($0.0069 bu
-1

) and unloading the 

combine harvester more often accounting for $0.0012 bu
-1

. Once the field’s protein 

concentration has been determined, the cost of this procedure is a sunk cost. Variable 

costs after this point total $0.0801bu
-1

.  

Table 30: Budgeted costs bu
-1

 for an 82,500 bu. farm 

 

The grain protein sensor costs $0.0208 bu
-1

 yearly while the equipment to 

segregate on the combine costs $0.01668 bu
-1

. A laptop computer costs a total of $0.0002 

bu
-1

 yearly. Interest is charged on the total purchase price of the above segregation 

equipment at 7.14% per year, accounting for a yearly charge of $0.0235 bu
-1

. The total 
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cost of fixed equipment (TFC) comes to $0.0611 bu
-1

 yearly. Total yearly fixed, variable, 

and opportunity costs (TC) of segregation are $0.1739 bu
-1

.  

Table 31 shows how total costs of segregating a bushel of wheat vary depending 

on the number of bushels harvested per combine, if segregation is undertaken every year. 

If expected returns per bushel are above total costs the producer would experience 

economic profits. A producer would be expected to segregate their crop as long as the 

return per bushel is above $0.0801, representing TVC, less the sunk cost of determining 

the field protein concentration. This result is expected as it covers all additional variable 

costs and a portion of fixed costs. Table 32 shows the sensitivity of total costs for 

segregation occurring every year as the cost of the sensor and bu. harvested yearly is 

varied.  

Table 31: Total cost of segregation sensitivity to scale of production. 

 Acres 

Yield (Bu/Acre) 25 50 100 200 250 400 800 1200 1500 

25 $8.17  $4.14  $2.13  $1.12  $0.92  $0.62  $0.36  $0.28  $0.25  

30 $6.83  $3.47  $1.79  $0.95  $0.78  $0.53  $0.32  $0.25  $0.22  

35 $5.87  $2.99  $1.55  $0.83  $0.69  $0.47  $0.29  $0.23  $0.21  

40 $5.15  $2.63  $1.37  $0.74  $0.62  $0.43  $0.27  $0.22  $0.20  

45 $4.59  $2.35  $1.23  $0.67  $0.56  $0.39  $0.25  $0.21  $0.19  

50 $4.14  $2.13  $1.12  $0.62  $0.52  $0.36  $0.24  $0.20  $0.18  

55 $3.78  $1.94  $1.03  $0.57  $0.48  $0.34  $0.23  $0.19  $0.17  

60 $3.47  $1.79  $0.95  $0.53  $0.45  $0.32  $0.22  $0.18  $0.17  

65 $3.21  $1.66  $0.89  $0.50  $0.42  $0.31  $0.21  $0.18  $0.16  

70 $2.99  $1.55  $0.83  $0.47  $0.40  $0.29  $0.20  $0.17  $0.16  

75 $2.80  $1.46  $0.78  $0.45  $0.38  $0.28  $0.20  $0.17  $0.16  

80 $2.63  $1.37  $0.74  $0.43  $0.36  $0.27  $0.19  $0.17  $0.15  

85 $2.48  $1.30  $0.71  $0.41  $0.35  $0.26  $0.19  $0.16  $0.15  

90 $2.35  $1.23  $0.67  $0.39  $0.34  $0.25  $0.18  $0.16  $0.15  

95 $2.23  $1.17  $0.64  $0.38  $0.32  $0.25  $0.18  $0.16  $0.15  

100 $2.13  $1.12  $0.62  $0.36  $0.31  $0.24  $0.18  $0.15  $0.15  

105 $2.03  $1.07  $0.59  $0.35  $0.30  $0.23  $0.17  $0.15  $0.14  

110 $1.94  $1.03  $0.57  $0.34  $0.30  $0.23  $0.17  $0.15  $0.14  

115 $1.86  $0.99  $0.55  $0.33  $0.29  $0.22  $0.17  $0.15  $0.14  

120 $1.79  $0.95  $0.53  $0.32  $0.28  $0.22  $0.17  $0.15  $0.14  
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Table 32: Segregation cost sensitivity to protein sensor cost. 

Sensor 
Cost ($) 

Bushels Segregated Yearly 

5,000 10,000 20,000 25,000 50,000 80,000 100,000 

5,000 $0.75  $0.43  $0.27  $0.24  $0.18  $0.15  $0.14  

10,000 $0.93  $0.52  $0.32  $0.28  $0.20  $0.16  $0.15  

15,000 $1.12  $0.62  $0.36  $0.31  $0.21  $0.18  $0.16  

20,000 $1.31  $0.71  $0.41  $0.35  $0.23  $0.19  $0.17  

25,000 $1.49  $0.80  $0.46  $0.39  $0.25  $0.20  $0.18  

30,000 $1.68  $0.90  $0.50  $0.43  $0.27  $0.21  $0.19  

35,000 $1.86  $0.99  $0.55  $0.46  $0.29  $0.22  $0.20  

40,000 $2.05  $1.08  $0.60  $0.50  $0.31  $0.23  $0.21  

45,000 $2.23  $1.17  $0.64  $0.54  $0.33  $0.25  $0.22  

50,000 $2.42  $1.27  $0.69  $0.57  $0.34  $0.26  $0.23  

55,000 $2.61  $1.36  $0.74  $0.61  $0.36  $0.27  $0.24  

60,000 $2.79  $1.45  $0.78  $0.65  $0.38  $0.28  $0.25  

65,000 $2.98  $1.54  $0.83  $0.69  $0.40  $0.29  $0.26  

70,000 $3.16  $1.64  $0.88  $0.72  $0.42  $0.30  $0.27  

75,000 $3.35  $1.73  $0.92  $0.76  $0.44  $0.32  $0.27  

80,000 $3.53  $1.82  $0.97  $0.80  $0.45  $0.33  $0.28  

85,000 $3.72  $1.92  $1.01  $0.83  $0.47  $0.34  $0.29  

90,000 $3.91  $2.01  $1.06  $0.87  $0.49  $0.35  $0.30  

95,000 $4.09  $2.10  $1.11  $0.91  $0.51  $0.36  $0.31  

100,000 $4.28  $2.19  $1.15  $0.95  $0.53  $0.37  $0.32  

 In reality, a producer may only segregate their grain once every five years due 

either to premium schedules being small/non-existent or farm fields that present with 

protein distributions not suited to segregation.  This will cause the cost of segregating 

grain to increase. For every year that grain is not segregated all of the fixed costs are still 

applicable. In addition, in years when there may be an opportunity to segregate the 

protein determination cost will still be incurred to determine if suitable returns to 

125 $1.72  $0.92  $0.52  $0.31  $0.27  $0.21  $0.16  $0.15  $0.14  

130 $1.66  $0.89  $0.50  $0.31  $0.27  $0.21  $0.16  $0.15  $0.14  

135 $1.61  $0.86  $0.49  $0.30  $0.26  $0.21  $0.16  $0.14  $0.14  

140 $1.55  $0.83  $0.47  $0.29  $0.26  $0.20  $0.16  $0.14  $0.14  
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segregation can be achieved to warrant segregating the crop. If the opportunity to 

segregate exists every year, so that protein determination is undertaken, the cost of 

segregation is $0.2677 every two years, $0.3615 every three years, $0.4553 every four 

years, and $0.5490 every five years (Table 30). 

The web-based segregation calculator is also a potentially useful tool for quickly 

and easily summarizing the potential for segregation across a range of field means and 

standard deviations for various pricing scenarios. This information can be used to predict 

if any profitable opportunity to segregate grain exists in a given year with given price 

expectations. Tables 33-36 give the expected gross return per bushel to segregated grain 

as generated by the web-based segregation calculator. This calculator also returned the 

volume and protein content of the two unique segregations, and the optimal segregation 

cutoff value, although these are not reported here.  

The protein distributions that would be most feasible for grain segregation are 

those with the greatest marginal returns. Various cost scenarios are used to highlight the 

segregations that cover varied levels of total, fixed, and variable costs. Values between 

$0.0801 and $0.1129 bu
-1

 with cells filled red and highlighted in red represent when 

segregation would pay for TVC after sunk costs, up to TVC. Producers are expected to 

segregate in this range of values to minimize losses. Returns greater than $0.1129 up to 

$0.1739 bu
-1

 are sufficient to cover TVC and a portion of TFC, represented by an orange 

filled cell with dark orange text, and segregation would be expected in this range, in the 

short run. A light blue filled cell, with black text represents when TC are covered if 

segregation is undergone every year, up to segregating once in two years and encompass 

values from $0.1739 up to $0.2677 bu
-1

. These values indicate when economic profits are 

available. Values in green represent the use of segregation from one in two to one in three 

years, or returns of $0.2677 to $0.3615 bu
-1

. Values in red text are >$0.3615 bu
-1

 

representing profitable segregation if segregation is undertaken at least once every three 

years.  
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Table 33: HRS revenue sensitivity with the 17 yr. average premium schedule. 

 

Color coding Scheme 

  0.10 Values of .0801 to .1129, from TVC-sunk costs to TVC 

0.12 Values of .1129 to .1739, from TVC to TC 

0.18 Values of .1739 to .2677, from TC to TC if only used 1 in 2 years 

0.27 Values of .2677 to .3615, from use 1:2 to 1:3 years 

0.43 Values > .3615, from use ≤1:3 years 
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Table 34: HRS revenue sensitivity with the 17 yr. average high premium schedule. 

 

Color coding Scheme 

  0.10 Values of .0801 to .1129, from TVC-sunk costs to TVC 

0.12 Values of .1129 to .1739, from TVC to TC 

0.18 Values of .1739 to .2677, from TC to TC if only used 1 in 2 years 

0.27 Values of .2677 to .3615, from use 1:2 to 1:3 years 

0.43 Values > .3615, from use ≤1:3 years 
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Table 35: SWW revenue sensitivity using 10 yr. average premium schedule. 

 

Color coding Scheme 

  0.10 Values of .0801 to .1129, from TVC-sunk costs to TVC 

0.12 Values of .1129 to .1739, from TVC to TC 

0.18 Values of .1739 to .2677, from TC to TC if only used 1 in 2 years 

0.27 Values of .2677 to .3615, from use 1:2 to 1:3 years 

0.43 Values > .3615, from use ≤1:3 years 
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Table 36: SWW revenue sensitivity using 10 yr. average high premium schedule. 

 

 

Color coding Scheme 

  0.10 Values of .0801 to .1129, from TVC-sunk costs to TVC 

0.12 Values of .1129 to .1739, from TVC to TC 

0.18 Values of .1739 to .2677, from TC to TC if only used 1 in 2 years 

0.27 Values of .2677 to .3615, from use 1:2 to 1:3 years 

0.43 Values > .3615, from use ≤1:3 years 
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Profitability 

The average producer cost level values encompassing from TVC less sunk costs 

to TC if segregation is used once every three years are used to highlight when in the 

datasets these costs are covered. The results are found in Table 37  and Table 38 below 

and differ from the previous graphs which reported ranges of returns for hypothetical 

fields, by highlighting the expected returns in each of the 24 HRS and 14 SWW fields. It 

should be noted that the results vary based on the price scenario used. In the HRS wheat 

only Field 24 covered all costs of segregation based on the September harvest year price. 

All of the other HRS fields would not have covered total costs regardless of price 

scenario. The highlighted cells indicate when some levels of costs are being recovered, 

using the same scale as earlier.   

In SWW wheat the results are more encouraging, although none of the fields 

would cover total costs using the 10 year average price scenario. Using the July of 

harvest year price scenario, however, returns covered total costs in only three of the 15 

fields, while total costs were covered in only one of the fields if marketed in December of 

the harvest year. The average high premium schedule yielded the greatest return over 

these fields. Fields 1, 4, 9, and 13 would have covered the costs for segregating. 
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Table 37: HRS Field Budget Analysis 

  HRS Projected Added Revenue (Whole Field) 

Field # August 

Avg. 

Price 

September 

Avg. Price 

17 Year 

average 

17 Year 

average 

-SD 

17 Year 

average+ 

SD 

1 0.017 0.023 0.016 0 0.033 

2 0.06 0.0421 0.0626 0.0109 0.1296 

3 0.0138 0.0133 0.0216 0 0.044 

4 0.0364 0.0253 0.0518 0 0.1055 

5 0.0336 0.0234 0.0479 0 0.0976 

6 0.0895 0.0721 0.0877 0.0152 0.1602 

7 0.0057 0.0054 0.0072 0 0.0146 

8 0.0078 0.0075 0.0096 0.0004 0.0189 

9 0.0068 0.0066 0.0082 0.0006 0.016 

10 0.0859 0.0899 0.0631 0 0.1288 

11 0.0807 0.0925 0.0581 0.0101 0.1061 

12 0.0039 0.0041 0.0029 0 0.0059 

13 0 0 0 0 0 

14 0.0817 0.0772 0.0537 0 0.1094 

15 0.1214 0.1121 0.0831 0.0144 0.1517 

16 0 0 0 0 0 

17 0.0034 0.0023 0.005 0 0.0102 

18 0.0077 0.0078 0.0479 0 0.101 

19 0.0017 0.0014 0.0077 0 0.0156 

20 0 0 0 0 0 

21 0 0 0 0 0 

22 0.0476 0.0808 0.0359 0 0.0776 

23 0.0539 0.1029 0.0496 0 0.101 

24 0.0742 0.2595 0.0276 0.0048 0.0541 

      Color coding Scheme 

   0.10 Values of .0801 to .1129, from TVC-sunk costs to TVC 

0.12 Values of .1129 to .1739, from TVC to TVC+TFC 

0.18 

Values of .1739 to .2677, from TC to TC if only used 1 in 2 

years 

0.27 Values of .2677 to .3615, from use 1:2 to 1:3 years 

0.43 Values > .3615, from use >1:3 years 
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Table 38: SWW Field Budget Analysis 

  Projected Added Revenue (Whole Field) 

Field # 

10 Year 

Average Average+ SD 

July, 

Harvest 

Year 

Dec, 

Harvest 

Year 

1 0.1472 0.3513 0.0942 0.0164 

2 0.021 0.0501 0.0134 0.0019 

3 0.0281 0.0579 0.0071 0.001 

4 0.1086 0.2591 0.0692 0.0096 

5 0.0161 0.0333 0.0107 0.0428 

6 0.0276 0.0568 0.0117 0.0469 

7 0.0773 0.135 0.0597 0.2216 

8 0.0099 0.0203 0.0055 0.0219 

9 0.1456 0.3207 0.3 0.0414 

10 0.0516 0.1203 0.1108 0.0292 

11 0 0 0 0 

12 0.0416 0.0971 0.0895 0.0369 

13 0.1414 0.3378 0.3158 0.0455 

14 0.0162 0.0335 0.0283 0.0283 

     Color coding Scheme 

  0.10 Values of .0801 to .1129, from TVC-sunk costs to TVC 

0.12 Values of .1129 to .1739, from TVC to TVC+TFC 

0.18 

Values of .1739 to .2677, from TC to TC if only used 1 in 2 

years 

0.27 Values of .2677 to .3615, from use 1:2 to 1:3 years 

0.43 Values > .3615, from use >1:3 years 

Some producers may be able to attribute some or all of the cost of owning the 

protein sensor and laptop to another part of the enterprise. For example, grain protein and 

grain yield maps can be used to compute N removed in grain and identify management 

zones for variable rate application of N fertilizer (Long et al. 2005). If the sensor costs 

were paid by another portion of the enterprise then fixed costs would be expected to fall 

dramatically. Without the sensor and computer fixed costs charged to grain segregation, 

fixed costs would amount to $0.0270 bu
-1

 year
-1 

compared to $0.611 bu
-1

 year
-1

 

otherwise. When 100% of the protein sensor cost and laptop costs are charged to the 

variable rate fertilizer application the total costs per bushel drop to $0.1399 if segregating 
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every year, $0.1669 segregating one in two, $0.1939 one in three, $0.2209 one in four, 

and $0.2479 one in five years, assuming protein determination is completed each year. 

These costs can be expected to be the same regardless of variety of wheat. 

Applying the correct amount of N for yield based on information from grain 

protein sensing may help capture grain value and improve profitability of dryland wheat 

production (Long et al., 2002). In Montana dollar return per hectare was increased by $34 

in upper slope positions and by $15 in lower slope positions. However, due to the cost of 

soil samples and relatively small area in these management units, the net return was 

reduced to $2.30 ha
-1

 across the field. There is also a variable-rate decision support tool 

(Havlin et al. 2009) that can further calculate expected gains by using variable N 

application. By reducing the need for soil sampling, maps of crop nitrogen removal that 

are derived from protein sensing provide an opportunity to reduce costs. 

Breakeven Premium Estimation 

The question remains as to what would make segregation profitable given that 

HRS segregation was found to be unprofitable in most years. Cost reductions have 

already been discussed, so now revenue increases are presumed. The only possible way 

to increase revenues from segregation are to manipulate protein distributions in the field 

or capture a larger premium from the marketplace. The breakeven premium needed for 

the average HRS grower was investigated.  

On average, the discount below 14% protein is $0.03 greater than the premium 

above 14% (Table 9). With this information, premium schedules were constructed such 

that the discount ranged from $0.10 to $0.60 per 0.25% step in increments of $0.05. The 

premium was specified for the range of protein values from 8% to 16% so that it could be 

used to calculate revenue sensitivities in the online segregation calculator. Sensitivity 

tables were then created using each of the hypothetical premium scenarios across the 

mean protein range of 12% to 16% in 0.1% steps and a range of standard deviations from 

0.8 to 2.0 in 0.2% steps.  
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The average revenue gains for each sensitivity table were then calculated. There 

was a clear linear trend to the data (Figure 18), and linear regression was used such that Y 

was the average premium for the given schedule and the absolute value of the discount 

each step below 14% was the X variable. The result had an R
2
 value of 0.9995. The 

equation for the line was thus Y = -.0142+ .43579x. Solving this for the breakeven 

revenue of $0.1739 it is expected that a premium of +$0.4016 for each 0.25% above 14% 

and -$0.4316 each 0.25% below 14% would cause the average producer to break even 

employing this technology, with profits taken with larger premium schedules.  

 

Figure 18: HRS Premiums and Regression Prediction 

The irregular sized price steps through time between 8.5%, 9.5%, 10.5%, and 

unspecified protein SWW wheat increase the difficulty of constructing realistic 

hypothetical premiums. The breakeven premium is not different than that for HRS even 

though premiums for SWW are specified in whole percentage increments. In fact, the 

breakeven value for SWW is similar to that of HRS because SWW premiums are linear 

when graphed as a line graph, except for the very small premium for 10.5% protein 

(Figure 15). By using a premium of $0.4316, corresponding to the breakeven premium 

discount for HRS at 9.5% and $0.8632 (double the 9.5% premium) for 8.5% SWW it is 
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found that these are the breakeven levels of premiums. These levels occur throughout 

time and could be captured if paid to the producer.  

Verification of Segregation Calculator Results 

Field Normality 

The web-based calculator used for the revenue sensitivity analysis was also 

designed to calculate the cutoff value to use for segregating wheat into two lots such that 

the prices received for average protein levels in the two lots maximize profit. The 

calculator uses Algorithm 111 (Beasley and Springer, 1977) to automatically generate the 

normal distribution of grain protein concentration for the user specified mean and 

standard deviation.  Therefore, the program relies upon grain protein values that follow a 

normal distribution function.  Although studies have been found which give the mean and 

standard deviation of protein in wheat fields (Delin, 2004) it is unknown whether protein 

follows a true normal distribution across cropping areas. Delin notes that protein and 

yield within fields are correlated which could have an effect on grain protein normality. 

Data from each field were tested for normality using the Shapiro-Wilks test statistic 

(Shapiro and Wilk, 1965).  In addition, a histogram of grain protein in each field was 

used to visually assess for near normality of data. Differences from calculated field 

segregation results and the spreadsheet based results on the field data may be explained 

by deviations from normality.   

Only one HRS (Field 12) and one SWW field (11) had a P-value greater than .01 

allowing the rejection of the null hypothesis and concluding that protein within the field 

was distributed normally. However, upon visual inspection many more fields appear to 

follow a normal distribution (Figures 19 and 20). HRS fields that appear normally 

distributed include those numbered 6, 8, 9, 11, 12, 13, 14, 15, 17, 22, and 23 which 

account for over 45% of the fields analyzed. In the SWW fields numbered 1, 2, 3, 4, 8, 

and 11 appeared to follow the normal distribution upon visual inspection. These fields 

account for over 42% of the SWW fields. The online calculator is expected to predict the 
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optimal segregation more accurately in the above fields than in those not listed. 

 

Figure 19: Hard red spring protein histograms with normal distribution line. 
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Figure 20: Soft white winter protein histograms with normal distribution line. 
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Method for Pre-Harvest Protein Distribution Determination 

 A limitation of on-combine segregation is the need to know the average 

protein value and standard deviation of protein within a field prior to harvest. To provide 

this information before harvest a portion from each HRS field was selected from the GIS 

field final dataset to represent a pre-harvest test strip. Data were collected within 8 meter 
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wide strips oriented from the southwest to northeast corner, and the northwest to 

southeast corners of a field. Data from these test strips were then processed the same as 

an individual field.  

To evaluate this possibility of using test strips to predict field protein 

distributions, the test strips were compared to the whole field mean and standard 

deviations. These test strips comprised varying acreage portions of fields depending on a 

field’s geometric orientation and size. The largest portion of a field harvested in the 

testing method was 15.9% of the crop area. The least amount was 4.4%. Accuracy did not 

improve as the portion of the field harvested increased. Therefore, it is possible that less 

than 4.4% of the field might be harvested to predict these values.  

 Except for field 8, the test strips of all fields had means and standard deviations 

that agreed to within 0.2% of global values (Table 39). At the same time eleven fields had 

no difference when predicting the field mean. Similar results are seen in predicting the 

standard deviation of fields. Ten of the samples perfectly predict standard deviation and 

all of the others are within 0.2 units. These results are not expected to be significantly 

different for SWW, thus to expedite data analysis test strips for SWW were not analyzed. 

The test strip accuracy supports the use of this or a similar method to predict harvest 

protein values. There are other methods which could be used to predict pre-harvest field 

means and standard deviations such as a bundle harvest, but the test strip method seems 

reasonable to use. 
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Table 39: Test Segregation Agreement with Whole Field Results 

Field # Average 

Protein 
Standard 

Deviation 
% of 

Bushels 

Harvested 

Difference 

from 

mean 

Difference 

from S.D.  

1 14 1.06 10.6% 0.1 0.0 

2 10.7 0.87 7.2% 0.2 0.1 

3 15.1 0.82 4.4% 0.0 0.1 

4 15.4 0.28 14.4% 0.1 0.0 

5 15.2 0.64 8.9% 0.0 0.0 

6 13.4 0.31 7.0% 0.1 0.0 

7 14.6 0.36 8.3% 0.0 0.1 

8 13.1 0.81 7.6% 0.4 0.2 

9 13.8 0.38 10.6% 0.0 0.0 

10 14.71 0.6 7.0% 0.0 0.0 

11 13 0.33 7.7% -0.1 0.0 

12 14.55 0.25 4.4% 0.0 0.0 

13 16.79 0.29 8.5% -0.1 0.0 

14 15.94 0.44 8.4% 0.0 0.0 

15 13.92 0.7 9.3% 0.1 -0.1 

16 17.02 0.6 6.3% 0.1 0.0 

17 15.88 0.51 6.4% -0.1 -0.1 

18 14.27 1.03 6.9% 0.2 -0.1 

19 14.23 1.81 13.9% -0.2 -0.2 

20 17.55 0.8 15.9% 0.0 -0.1 

21 17.6 0.54 9.8% 0.0 0.0 

22 14.82 0.97 6.6% -0.2 -0.1 

23 15.17 0.46 9.0% 0.0 0.1 

24 13.63 1.32 7.3% 0.0 0.1 

Hard Red Spring Test Strip Segregation Prediction 

The segregation results of the test strips were also compared to the whole field 

results to verify that a pre-harvest strip would provide the correct segregation cutoff 

values and revenue prediction. Table 40 shows segregation results in HRS are very 

sensitive to small deviations from the true vales of a field’s mean and standard deviation. 

By harvesting a test strip, predicted mean and standard deviations where created. When 

the optimal segregation point from the test strip was compared to the whole field data, 
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discrepancies are evident. Specifically, the test strip predicted cutoff often was not the 

optimal segregation point for the field, and may even lead to negative returns. Only four 

of the test strip segregation cutoffs out of 19 fields with the potential to segregate agreed 

with the whole field analysis optimal cutoff point.  

Table 40: Test Strip Revenue Results 

Field 

# 
August Test  

cutoff from 

spreadsheet  

August 

Post 

Harvest 

Actual 

Cutoff 

August 

Actual 

Prem. at 

Test 

Cutoff 

September 

Test 

Segregation 

cutoff 

September 

Post Harvest 

Actual 

Cutoff 

September 

Actual 

Premium at 

Test Cutoff 

 % % $ bu
-1 % % $ bu

-1 

1 12.0 16.1 -0.0048 12 16.1 -0.0041 

2 11.8 10.9 0.0306 11.8 10.9 0.0215 

3 16.2 15.1 0.0108 16.2 15.1 0.0105 

4 15.1 15.1 0.0364 15.1 15.1 0.0254 

5 14.6 14.6 0.0336 14.6 14.6 0.0234 

6 13.6 12.9 0.0463 13.6 12.9 0.0462 

7 15.0 14.3 -0.0361 15.0 14.3 -0.0341 

8 14.9 15.9 -0.0211 14.9 15.9 -0.0224 

9 14.8 14.4 0 14.8 14.4 0 

10 13.9 13.8 0.0737 13.9 13.8 0.0766 

11 12.4 12.5 -0.0183 12.4 12.5 -0.021 

12 14.8 14.9 -0.0777 14.8 14.9 -0.0814 

13 0.0 0 0 0.0 0 0 

14 15.3 15.2 0.067 15.3 15.2 0.0633 

15 12.9 12.5 0.0917 12.9 12.5 0.0847 

16 0.0 0 0 0.0 0 0 

17 15.3 16.4 -0.0202 15.3 16.4 -0.0135 

18 12.2 12.2 0.0077 12.2 12.2 -0.0078 

19 10.8 17.6 -0.0015 10.8 17.6 -0.0011 

20 0.0 0 0 0.0 0 0 

21 0.0 0 0 0.0 0 0 

22 13.9 13.3 0.005 17.5 13.3 0.0079 

23 14.5 14.3 0.0388 14.5 14.3 0.074 

24 10.0 10 0.0742 11.8 11.8 0.2595 
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Implementation of On-Combine Grain Segregation 

Soft White Winter Premiums 

Although protein premiums for SWW exist at times (Figure 8 B) these premiums 

are not directly passed from the grain exporter to the grain producer. Premiums passed to 

producers would likely be a patronage payment from co-op membership, which may or 

may not be correlated with the protein content of the grain the producer delivered. In 

contrast the quality payment system for HRS makes protein premiums available to the 

seller at the time of sale.  Are grain merchandizing companies unjustly profiting at the 

expense of producers supplying low protein SWW wheat? 

 Typically, price premiums for SWW wheat are not paid directly to the producer, 

possibly because the ability of a grain merchandiser (elevator/ marketing co-op) to 

provide the desired volume needed to capture the premium is uncertain. For example, if 

an exporter in Portland is offering a premium it may only be valid if a unit train or barge 

load is available. As the seller of grain with only half a train load, the critical volume 

needed to supply the buyer is not present, and thus may not be used to capture the 

premium. However, a grain marketer could use low protein grain that is in storage to fill 

the train as long as the corresponding bushels of grain of any protein content were 

purchased to offset those bushels removed from storage (Tom McCoy, personal 

communication, Sept. 26, 2010).  



 

 

 

81 

 

 

 

 

Figure 21: Average SWW premiums 2000-2010 

In Figure 21, the marginal revenue (or value increase relative to another price) of 

protein is decreasing, at a decreasing rate, and is convex to the origin.  Alternately, the 

MR can be seen as a $0.0029 increase for maximum 10.5% protein over the price of 

protein unspecified white wheat. A further increase of $0.151 occurs for maximum 9.5% 

protein grain compared to maximum 10.5% protein grain, and similarly an increase of 

$0.278 for maximum 8.5% protein. Therefore a grain buyer, faced with uncertainty of 

capturing premiums available in the market would likely not want to pay a premium 

when purchasing grain, if it will be stored for an amount of time. If a premium is paid for 

maximum 8.5% protein wheat and the market changes such that there is no longer a 

demand for this grain, the next best alternative would be to sell at the next lowest price, 

which on average would be $0.278 less (marginal revenue of 8.5% protein versus 9.5% 

protein). 

Nevertheless, the marketplace does not pay SWW protein premiums directly to 

producers when they sell their grain. In this study premiums are assumed to be passed to 

the seller of grain exactly as they are quoted. Any added steps, or additional protein 

contents with specified premiums (such as below 8.5%) will change the expected value of 

revenue changes.  
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Average Producer Revenue Prediction 

 To analyze the economic feasibility of all producers segregating HRS and SWW 

the costs of segregation were compared to the returns available to an average producer. 

The average producer was assumed to produce concentrations of protein equal to the 

average protein sold in the marketplace. US Wheat Associates tracks the protein content 

of exported wheat shipments every year (Table 41 and 41). These data are used here to 

proxy the production of the average US farmer. The derived average premium schedule 

will be applied. Through the use of the Grain Segregation Profit Calculator sensitivity 

analysis and the distribution of protein the weighted average value of segregated grain in 

an average year is known. The costs of segregation were subtracted from this weighted 

average to generate expected profits for the average producer in any given year.   

Table 41: SWW Protein Occurrence 

% of crop exported at each protein level, by year 

Year <8% 8% 9% 10% 11% 12% 13+% 

2000 2 18 30 22 12 9 8 

2001 0 6 19 23 22 16 14 

2002 3 10 21 20 20 13 13 

2003 6 15 22 22 16 8 11 

2004 2 13 23 29 18 10 5 

2005 13 18 25 20 12 7 6 

2006 4 12 22 22 21 10 9 

2007 8 16 21 20 19 10 6 

2008 1 9 14 21 19 20 16 

2009 4 12 25 27 18 10 4 

2010 12 19 27 20 14 6 2 

Average 5 13 23 22 17 11 9 
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Table 42: HRS Protein Occurrence 

% of crop exported at each protein level, by year 

Year <12% 12% 13% 14% 15% 16% 

2000 4 11 25 21 23 16 

2001 6 7 18 30 26 13 

2002 2 4 14 34 17 29 

2003 5 7 13 24 22 29 

2004 8 8 24 30 18 12 

2005 10 8 23 28 16 16 

2006 0 3 10 15 32 39 

2007 3 7 8 20 29 33 

2008 4 5 14 23 27 27 

2009 5 16 31 31 14 3 

2010 9 16 23 33 18 2 

Average 5 8 18 26 22 20 

The returns from the sensitivity analysis were for fields with average protein 

specified between 8% and 13% in SWW with standard deviations between 0.4 and 1.8%. 

In HRS, protein between 8% and 16% specified to the nearest 0.1% and standard 

deviations between 0.2 and 1.9 were used. These protein ranges correspond to the 

available export data and range of field protein values the calculator can predict. The 

standard deviations used encompass the range of standard deviations encountered in the 

individual field datasets. 

On average, gross returns to segregation will be $0.0474 bu
-1

 for SWW 

production (Table 43) with the 10 yr. average premium schedule. HRS producers would 

receive a lesser gross return of $0.0229 bu
-1

 (Table 44) with the 17 yr. average premium 

schedule. Using the available data, these are the gross premiums that the average 

producer in an average year might expect to receive by segregating their grain crop.  For 

on combine grain segregation to be economically profitable the total cost of segregation 

for the average farmer would need to be less than these values.  
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Table 43: SWW Average Producer Premiums by Segregating 

Crop 

Protein 

% of 

Crop 

Average 

Premium 

Contribution 

to Average 

Producer 

8% 0.13 0.0749 0.0097 

9% 0.23 0.0953 0.0219 

10% 0.22 0.0515 0.0113 

11% 0.17 0.0217 0.0037 

12% 0.11 0.0059 0.0006 

13%+ 0.09 0.0012 0.0001 

Average Price Gain 0.0474 

 

Table 44: HRS Average Producer Premiums by Segregating 

Crop 

Protein 
% of 

Crop 
Average 

Premium 

Contribution 

to Average 

Producer 

8 to 12% 0.05 0.0630 0.0032 

12% 0.08 0.0444 0.0035 

13% 0.18 0.0354 0.0064 

14% 0.26 0.0243 0.0063 

15% 0.22 0.0159 0.0035 

Average Price Gain 0.0229 

 

The methodology for predicting average producer gains by segregation are unique 

to this study. There is opportunity for these results to be flawed in several areas. First, 

field standard deviations are assumed to be distributed uniformly such that the same 

percentage of the crop within a given mean protein concentration will have a low 

standard deviation as a high standard deviation. If more fields or farms have larger 

standard deviations, the predicted return to the average producer would be larger. 

Inversely, if more fields have a lower standard deviation the predicted return to the 

average producer would be smaller.  

 The results for the individual field analysis are presented as an aggregate average 

value for the fields. These averages may or may not represent the average that would 

occur in the marketplace, but do represent the possible benefits seen in the field datasets. 
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Further research should address the extent of protein variability across diverse wheat 

growing regions. Grain purchasers that sample grain protein on delivery could have such 

information applicable to their area. The standard deviation of protein for truckloads of 

wheat may be a uniform percentage of the standard deviation of protein within harvested 

fields.  

 The high premium price scenario used in this analysis does not capture extreme 

premium levels that occur in the market. Table 6 and 8 show the average premiums over 

the study period, with the maximums being much greater. An example of a large price 

premium can be seen in the Pendleton Grain Growers July 11, 2011 market report where 

HRS is discounted $0.50 bu
-1

 each 0.25% below 14% protein while being paid a premium 

of $0.45 bu
-1

 above 0.25%. In addition there is a relatively high corn price such that 

discounts end below 12.25% protein. This causes the average producer revenue to climb 

to $0.1785 bu
-1

 with a maximum benefit in the table of $1.43 bu
-1

. If the same level of 

premiums occurs during harvest any producer with fields averaging between 12 and 15% 

protein could profitably segregate, on average.   

How Segregation Could Work 

 The theory of segregating wheat as outlined by Sivaraman et al. (2002) and the 

real world incentives to segregate wheat do not produce matched results. Specifically 

with continuous price functions the ability to segregate grain is largely based on the shape 

of the price function. In theory, concave price functions indicate no opportunity for 

segregation whereas convex price functions indicate the opposite. In reality, HRS wheat 

experiences incentives to segregate grain because of the stepped price functions that 

occur in the marketplace. In addition, SWW wheat which has convex prices with respect 

to protein when graphed continuously does not currently have premiums paid in the 

marketplace to incentivize on-combine segregation.  

The projected returns found here indicate that, on average, segregation of HRS 

wheat will not cover all economic costs. Even in SWW wheat the returns are not 

adequate to cover the total fixed and variable costs every year. Innovations are needed for 
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cost effectively determining the optimal segregation point for individual fields. Further 

efficiencies are needed that can lower costs such as if the combine with a segregation 

system is able to harvest more acres, if an extra hauling vehicle is already available, or if 

fixed costs can be shared with other enterprise operations such as variable rate fertilizer 

application.  

 The results for HRS wheat are believed to accurately represent the “real world” 

conditions that occur currently. The historical price dataset was formatted to represent 

premium and discount schedules currently paid to producers. The results for SWW are 

more theoretical at this point. Although premiums occur in the marketplace, premiums 

are not currently paid to wheat producers. The premium schedules that are developed 

represent only the premiums that are available at the exporter level in the supply chain. 

Profit maximizing grain buyers could develop premium schedules to create further 

incentive for grain producers to segregate grain below 8.5% protein.  

 Current price schedules for HRS wheat do not create the incentive for producers 

to target any given price level with their segregation decisions. In a world with a lack of 

segregation, profit maximizing producers would theoretically apply crop inputs up to the 

point that MR=MC (Meyer-Aurich et al 2008). HRS premiums are paid with 14% protein 

the optimal level to blend wheat to, suggesting this may be the level that the market 

demands most often. With the addition of on-combine segregation price schedules that 

incentivize the delivery of 14% grain (or whatever % the market demands) may need to 

be developed. This could be accomplished from having wider (across more protein 

levels) steps paid into the marketplace. 

Multi-field Optimal Segregation 

Segregating grain across multiple fields, or the whole farm, using a single cutoff 

point may maximize revenues. To test this, gross premiums for individually segregated 

fields, and combined fields, from the same farm were looked at. There is little added 

benefit from multiple field segregation versus single field segregation (Table 44). The 

year 2003 for HRS is the only combination which produced substantive revenue changes, 
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of up to $0.4498 bu
-1

. This revenue gain is due to two of the fields having very high 

protein allowing the third to get the maximum premium; however, it would have received 

this premium without segregation if mixed with the grain from the other two fields. In 

addition, multi-field optimization would require undertaking the protein determination 

cost for each field prior to fully harvesting each field, which would raise costs for time 

and moving equipment from one field to another.  

Table 45: Multi-Field optimal segregation results with a common cutoff value, with the 

added revenue over individual field optimization. 

Year  Combined 

Fields 

Avg. Prem. 

Schedule 

Avg.+ One SD 

Premium 

Aug. Harvest 

Year 

Sept. 

Harvest 

Year 

2000 HRS 14, 15 $0.0007 -$0.0001 -$0.0001 -$0.0004 

2003 HRS 19, 20, 21 $0.2208 $0.4498 $0.0477 $0.0399 

2004 HRS 22, 23 $0.0000 -$0.0026 -$0.0020 -$0.0039 

2005 SWW 1, 2, 3, 4 $0.0046 $0.0111 $0.0076 $0.0002 

2008 SWW 5, 6, 7, 8 -$0.0265 $0.0133 $0.0050 $0.0227 

2009 SWW 9, 10, 11 $0.0208 -$0.0011 $0.0438 $0.0106 

2009 SWW 12, 13, 14 $0.0026 -$0.0050 -$0.0038 -$0.0043 

Two-Bin On-Combine Segregation System 

Wheat harvested from a farm field is assumed to fall into one of two grain quality 

categories: low protein and high protein.  This segregation scheme has been realized with 

the construction of a two bin, mechanical-optical grain segregation system for a Case IH 

1470 combine harvester at the USDA Columbia Plateau Conservation Research Center in 

Pendleton, Oregon.  The bin filling auger moves the grain past the head of an optical, 

NIR in-line sensor, which has been found to be accurate to within a grain protein 

concentration of 0.5% (Long et al., 2008).  The sensor senses the protein concentration, 

and controls a mechanism that powers a valve that diverts grain into a bin for grain of 

ordinary quality or to a bin for high quality grain based on a revenue maximizing protein 

cutoff value.  The valve for diverting the grain to either bin is powered by a double acting 

hydraulic cylinder.  The cylinder is controlled by a binary input-output switch that in turn 

is controlled by the software of the ProSpectra sensor.  On the combine, the optical 
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sensor is used with the segregator to sort grain during actual harvesting, along with 

providing spatially referenced protein data across the field.   

Protein Prediction Inaccuracy 

The accuracy and bias of protein sensors can have a large impact on expected 

changes in total revenue. Specifically, local minima occur near local maxima when 

possible segregation cutoffs for a single mean and standard deviation are graphed 

(Appendix 2, pg. 4). This leads to the ability for a predicted segregation cutoff point to be 

a revenue minimizing segregation point, if the grain protein sensor is not 100% accurate. 

Current sensors are accurate to within 0.3-0.5% protein content in wheat which would not 

be accurate enough to segregate HRS with price specified to the nearest 0.25% protein 

content.  

Further Considerations 

Wheat marketing may change if producers adopt segregation as a way to 

maximize revenues. For instance on a given date Northwest Grain Growers quotes a 

premium/discount structure of +$0.25/-$0.35 bu
-1

 for each 0.25% protein above/below 

14% for DNS (Northwest Grain Growers, 2010). On the same date the premium/discount 

schedule at Pendleton Grain Growers was +$0.25/-$0.30 bu
-1

 above/below 14% protein. 

This case could create incentives to supply higher protein grain to the nearest buyer, 

while hauling lower protein grain to where it is discounted the least. Although on an 

economic basis there may be merit to selling grain to various buyers, it is unknown to 

what extent customer loyalty may play in these decisions.  

 The purchase of a protein sensor in the absence of segregating may also make 

sense in some situations. For example, the knowledge of production potential across an 

area may be capitalized into the value of the land, if this has not already been done. 

Applying the common equation for determining the value of perpetuity, where the yearly 

payment is divided by an interest rate to determine the value of the perpetuity the gain in 

land value from protein knowledge can be calculated. For example, an acre of land that 
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averages above average protein commanding an average premium of $0.25 per bushel 

yearly, with an average yield of 40 bushels per acre, and an interest rate of 5% yields the 

result of $200.00 ((.25*40)/.05). This method would let an informed buyer know that 

those acres are worth up to $200 more per acre than a similar acre experiencing no 

premiums on average. A similar result would be found if protein information showed that 

a cropping area produced a very uniform crop, if expected management costs such as 

variable rate fertilizer application expenses could be reduced by $0.25 bu
-1

 yearly. 

However, due to the complexity of grain protein interactions with crop inputs and 

weather the above methods may not be applicable.  

This analysis is not in a macroeconomic context, meaning that overall changes in 

the national economy are not evaluated. In addition, only producer surplus for those who 

adapt this technology are evaluated. Changes in economic performance for others 

throughout the supply chain are not evaluated. Specifically, if country elevators or 

exporters are paying more on average for a bushel of wheat but extracting the same value 

from the next purchaser their economic surplus may decrease. 
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SUMMARY AND CONCLUSIONS 

This study investigated the economic viability of on-combine grain segregation 

using grain quality sensors and a two bin system. A database of 24 HRS and 14 SWW 

fields containing spatially referenced yield and protein data was analyzed for segregation 

feasibility. Historic price data was gathered for both HRS and SWW, and used to create 

protein premium schedules that approximate what would be available in the marketplace. 

Spreadsheet and web-based calculators were developed and used to understand the 

revenue potential for various price schedules. A cost budget was developed and 

combined with the field data and revenue calculations facilitating partial budget analysis.  

To predict when segregation may be feasible the web-based segregation calculator 

was constructed. This tool creates sensitivity tables for given price schemes across user 

defined ranges of field means and standard deviations. The sensitivity tables report the 

results for the optimal segregation cutoff point to use, the expected dollar per bushel gain, 

the volume of grain above and below the cutoff point, and the average protein content of 

the low and high protein portions of the crop. This information allows a producer to 

decide if any opportunity to segregate exists. Next a producer can predict the protein for a 

given field if the sensitivity analysis shows the possibility for profitable segregation. 

Results in this thesis used the web-based calculator for sensitivity analyses and a similar 

spreadsheet based calculator for individual field calculations.  

The costs to segregate grain include the fixed costs of equipment, variable costs of 

added time, labor, fuel and hauling capacity, and opportunity costs. These costs range 

from a low of $0.1739 bu
-1

 if a crop is segregated in every year to a high of $0.549 bu
-1

 if 

protein is predicted every year but segregation only occurs one in five years. Total 

variable costs are $0.1129 bu
-1

 or nearly twice fixed costs of $0.0611 bu
-1

.  

It is known that the shape of the price function will define if grain segregation is 

theoretically plausible. However, the interaction of stepped price schedules respective to 

protein allow for unique profit maximizing segregation results for unique fields and 

farms. Information is needed before harvest to know if segregation of a crop with the 
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given price schedule is warranted. Average yearly gross revenues per bushel added from 

segregation are less than $0.03 for HRS and $0.05 for SWW.  

When individual field budgets were calculated, all HRS fields returned negative 

returns due to the high cost of pre-segregation protein determination and the added costs 

of having a secondary grain hauling vehicle available. Profitability of SWW was greater 

than that for HRS, however, premiums are not currently directly passed to producers; 

thus, there is currently no incentive for a SWW producer to segregate their grain. With 

the costs developed here, for the average producer to experience profits premiums would 

need to be $0.4316 for each step below and $0.4016 each step above 14% protein in 

HRS.  Soft WW would require steps of $0.4316 for the average producer to profitably 

segregate their crop. 

Despite negative returns for the average producer there are times and protein 

distributions when segregating wheat by protein content does provide the potential for 

profit. This potential along with uncertainty in the methodology for predicting average 

revenue leads to the conclusion that individuals will have to evaluate their own situation 

with regard to the potential for segregation to be profitably incorporated into their 

operation. Returns for segregation of some fields/ farms could very well pay for all 

variable costs as well as all or a great portion of total investment in segregation sensors 

and equipment. A situation such as this occurred in July, 2011 when HRS premiums were 

-$0.50 and +$0.45 per 0.25% protein. With a floor price based on corn many of the 

possible segregations allow for premiums over $0.50 bu
-1

. In addition, the price scenarios 

used in this thesis do not represent the maximums seen during the time frames analyzed. 

 To implement grain segregation, the following are required: 

1. Access to a market that will accept and pay for segregated grain 

2. Sufficiently accurate technology 

3.  Sufficient acreage to spread fixed costs over 

4. Ownership or lease of a combine set up for segregation  

5. Ownership or lease of a hauling vehicle for segregated grain 
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6. Knowledge of the optimal segregation cutoff 

The conclusions of this study are mainly applicable to dryland wheat production 

systems. Efficiently irrigated wheat production systems are expected to reduce variability 

and thus limit the use of on-combine segregation. In field variations for rain-fed, non-

water limited wheat growing regions will define if segregation opportunities exist. 

Although not included in this study, other crops such as HRW wheat and barley could be 

good candidates for on-combine segregation by protein content. The web-based Grain 

Segregation Profit Calculator is a useful tool for determining where opportunity for 

segregation exists. Further research is needed to improve the accuracy of on-combine 

protein sensors, as well as predict protein across landscapes before harvest. Protein was 

found to be distributed normally within wheat fields less than 50% of the time, 

suggesting that prior studies which assume protein is distributed normally may need to be 

reevaluated.  
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