
 
 

Give to AgEcon Search 

 
 

 

The World’s Largest Open Access Agricultural & Applied Economics Digital Library 
 

 
 

This document is discoverable and free to researchers across the 
globe due to the work of AgEcon Search. 

 
 
 

Help ensure our sustainability. 
 

 
 
 
 
 
 
 

AgEcon Search 
http://ageconsearch.umn.edu 

aesearch@umn.edu 
 
 
 

 
 
 
 
 
 
Papers downloaded from AgEcon Search may be used for non-commercial purposes and personal study only. 
No other use, including posting to another Internet site, is permitted without permission from the copyright 
owner (not AgEcon Search), or as allowed under the provisions of Fair Use, U.S. Copyright Act, Title 17 U.S.C. 

https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
http://ageconsearch.umn.edu/
mailto:aesearch@umn.edu


378 . 783 
E36B 
95-1 

ECONOMICS DEPARTMENT 
South Dakota State University 

Brookings, South Dakota 



Profitability and Nitrate Leaching 
Effects of Possible Farming Practice and 

system Changes over South Dakota's 
Big Sioux Aquifer: 

case Farm No. 1 Summary 

by 

Lon D. Henning, Burton W. Pflueger, 
John H. Bischoff, and Thomas L. Dobbs 1 

Econ Pamphlet 95-1 

September 1995 

Economics Department 
Agricultural Experiment Station 

South Dakota State University 
Brookings, SD 57007-0895 

7V?ite Lit>rarv 
• - - LJ.:r : l:S - u of M 
l l , : ... '.t Cle.Off 

... 1-· ..J I.,.. 

St t'aul 1.1.N bv.1.uu-GU4U USA 

37r7~3 

E.. 3G g' 

~5- J 

Support for research on which this paper is based came from 
South Dakota State University's Agricultural Experiment Station and 
Water Resources Institute and from Project LWF 62-016-03120 of the 
U.S.D.A. 's Sustainable Agriculture Research and Education (SARE) 
program. We appreciate the valuable assistance in data analysis 
and presentation provided by Charles Prouty and Kevin Brandt. 
Finally, we gratefully acknowledge the cooperation of the 
individual whose farm provided the basis for this case study; we 
are respecting his anonymity by not publishing his name. 

1Henning is Research Assistant, Pflueger is Professor and 
Extension Economist, and Dobbs is Professor of Agricultural 
Economics, all in the Economics Department; Bischoff is Assistant 
Professor of Agricultural Engineering in the Water Resources 
Institute at South Dakota State University. 



"Twenty-five copies of this document were printed by the Economics Department at a 
cost of $1. 05 per document." 



CASE FARM NO. 1 SUMMARY 

Introduction 

The overall goal of the SARE/Water Quality project was to determine 
whether economic incentives offered by recent environmental provisions of the 
Federal farm program are sufficient to induce Western Corn Belt/Northern Great 
Plains farmers in environmentally sensitive areas to adopt sustainable farming 
practices and systems. To attain this goal, four case farms were chosen to be 
involved in this study based on their size, soil types, cropping systems, 
topography, and management in the Big Sioux Aquifer study area. 

Description of the Case Farm 

Baseline System: Before 

Case Farm No. 1 is located in Brookings County and followed a corn
soybean-alfalfa rotation prior to enrollment in the Integrated Crop Management 
(ICM) program. It is a dryland operation that uses reduced tillage, 
consisting of mulch tillage of corn and minimum tillage on the soybeans. 
Alfalfa was clear-seeded with a Brillion drill. There was no harvest for the 
establishment year. On some acres, the alfalfa was rotated with corn and 
soybeans. After the establishment year, the alfalfa was harvested for 4 years 
before being broken up. The total operation consists of 1,283 acres, with 266 
acres (in two tracts of land) under the ICM program being focused on in the 
study. The majority of the soils on the ICM land are a combination of coarse 
(Fordville), medium (Brandt), and fine-textured (Marysland) soils. All of 
these soils cover a shallow drinking water aquifer. 

All machinery operations, inputs, etc. used in the baseline system were 
entered into a program called CARE (Cost and Return Estimator) to generate 
crop budgets. The figures from these crop budgets were compiled into an 
economics swrunary spreadsheet to show economic performance before ICM 
enrollment (Table 1). The first row shows the number of acres for each crop 
based on the rotation followed. The next line shows the yield for each crop. 
Net returns are calculated by subtracting operating costs, such as fertilizer, 
pesticide, fuel, labor, machinery, and other costs, from total receipts. The 
operating costs include such costs as depreciation, interest on machinery, and 
family labor (i.e., certain "fixed" costs). Case Farm No. 1 did not 
participate in the farm program and, therefore, it did not receive any 
deficiency payments. 

Baseline System: After 

The ICM program incorporates pest and nutrient management, crop 
selection and rotation, and conservation measures into a more comprehensive 
management program than is usually associated with Agricultural Conservation 
Program1 cost share. Practices may include soil and tissue testing, field 

1 The ICM is one of many different practices that are administered 
through the USDA's Agricultural Conservation Program (ACP). 



scouting, cover crops, green manures, improved rotations, composting, and 
other techniques for reducing the use of agrichemicals. 

Enrollment in the ICM program began in 1993 for Case Farm No. 1. Crop 
rotation and practices did not change after enrolling in the ICM program. 
However, there were some planned changes underway at the time that Case Farm 
No. 1 enrolled in the ICM program and those were included in both the baseline 
"before" and the baseline "after" scenarios. These changes included switching 
to no-till drilled beans. Case Farm No. 1 received cost-share to help pay for 
crop consulting. The total projected to be received each year in the program 
was $781, or $2,343 for the 3-year contract. Each year, this case farm is 
receiving $7/acre on a 111.6-acre tract of land enrolled in the ICM program. 
The farmer is receiving cost share for pesticide management and nutrient 
management practices. The cost-share from both of these practices can be used 
to pay for crop consulting. The cost-share and the crop consulting fees 
offset one another and neither is included on the economics summary 
spreadsheet. Practices that are being followed but not cost-shared are 
conservation cropping sequence, conservation tillage, and crop residue. If 
one divides the $781 annual payment by the total of 266 acres (in two tracts 
of land) under ICM, the cost reimbursement comes to approximately $3/acre. 
Since there was no change between "before" program participation and "after" 
program participation, the figures for the baseline "after" are the same as in 
Table 1. 

Major Simulated Changes 

Description of Practice Changes 

In this study, we also performed profitability analyses for possible 
additional practice changes. These are "what if" scenarios that are not 
actually being used at this time, but that are likely management alternatives 
for this case farm. The key in Table 2 shows a complete list of the different 
alternatives analyzed for Case Farm No. 1. 

The practice change for Case Farm No. 1 involved splitting the nitrogen 
application on corn into two operations (Alternative #4), with the first 
(lighter) application at planting and the second (heavier) application in the 
middle of June. Use of a nitrogen inhibitor, N-Serve, was also analyzed 
(Alternative #5), but is discussed more in a later section of this report. 

Description of System Changes 

Additional systems with slightly more diverse crop rotations were 
analyzed to compare economic and environmental results with the results from 
the baseline "before" and "after" scenarios. The diverse rotations include 
oats (as a nurse crop for alfalfa), alfalfa (harvested for 2 years after 
seeding), soybeans, and corn. In one rotation, soybeans are grown 2 years out 
of 6 and corn is only grown 1 year (Alternative #9); in the other, soybeans 
are grown 1 year and corn is grown 2 years (Alternative #10). Table 3 shows 
the yield estimates for the baseline and the alternative practices and systems 
under different climate scenarios. 

2 



Input Expenditure Summary Comparison 

Input expenditure comparisons were made between the baseline systems and 
the alternatives with practice or system changes. These comparisons were 
categorized into fertilizer, pesticide, fuel, labor, machinery, and other 
(seed cost, trucking, etc.) expenses and were put into individual bar charts 
(Figures 1-6). The comparisons between the different alternatives are based 
on the "typical" year only. As expected, practice changes involved little 
change in the input expenditures, while changing to more diverse rotations 
caused a more dramatic change. 

Some unexpected results did occur, however. Alternative #10 had the 
highest fertilizer cost of all the alternatives. Two things contributed to 
this unexpected result: 1) potassium and phosphorus were used to fertilize 
alfalfa, and 2) this rotation has two years of corn and one year of soybeans 
as opposed to one year of corn and two years of soybeans in Alternative #9. 
The inclusion of alfalfa to a greater degree in the diverse rotations (132 
acres of alfalfa in Alternatives #9 and #10, counting the nurse crop year) led 
to higher machinery and labor cost for these systems, but it also dropped 
pesticide costs for these systems compared to the baseline system (80 acres of 
alfalfa). 

Nitrate Leaching Comparisons 

The nitrate leaching estimates were made using the computer model NLEAP 
(Nitrogen Leaching and Economic Analysis Package). This is a general model 
designed for use by land owners/operators/managers to help in deciding which 
farm management practices may impact groundwater quality (nitrates) under 
various rotations and cropping systems over several years of simulation . 

Case Farm No. 1 had three soils each analyzed with different management 
alternatives (Table 2) pertinent to a given parcel of land. The "whole-farm" 
nitrate leaching is dependent upon how many acres of each soil were used in 
the analysis. As an example, if there were 10#/Ac of nitrate leached on 40 
acres of a coarse-textured soil out of a 100 acre parcel, and 20#/Ac of 
nitrate leached on 60 acres of a fine-textured soil, the whole-farm nitrate 
leaching would be 16#/Ac ((10*40/100) + (20*60/100) = 16). The nitrogen 
leaching amounts given in pounds/Ac (Figures 7-9) are whole-farm leaching 
annual averages. The nitrogen leaching values should not be compared to those 
for the other case farms, since soils, crop practices and systems may be quite 
different . The nitrate leaching values can be used as indicators of what the 
magnitudes and variability of nitrate leaching might be on typical farms in 
the Big Sioux Aquifer area. 

Profitability/N Leaching Results 

Three different precipitation situations (typical, wet, and dry) were 
examined to see how the different alternatives would be affected economically 
and environmentally under different moisture conditions. The annual 
precipitation for the wet and dry years was what would be expected 10% of the 
time. These different conditions had varying effects on the economic and 

3 



environmental results for the different alternatives. The three simulated 
climatic patterns were 6 average years, 6 wet years, and 6 dry years . The 
results were put into charts, with increased economic returns extending 
vertically up the left side of the chart and increased nitrogen leaching 
extending horizontally to the right along the bottom of the chart. Points 
were plotted for each alternative based on their economic and environmental 
results (stated in annual amounts), illustrating tradeoffs and complements for 
each precipitation situation (Figures 7-9). 

In the "typical" year (Figure 7), profitability was slightly greater for 
splitting nitrogen application ($92.51/ac) when compared to the baseline 
scenario ($91.80/ac). The alternative systems had significantly greater 
economic returns ($109.26/ac for Alternative #9 and $106.15/ac for Alternative 
#10) than the baseline system and the alternative practice. Environmental 
results for splitting nitrogen application showed a slight decrease in the 
amount of nitrogen leached, dropping to 9 lbs/ac from 12 lbs/ac for the 
baseline system. However, the alternative systems showed an unexpected 
increase (15 lbs/ac for Alternative #9 and 14 lbs/ac for Alternative #10) in 
the amount of nitrogen leached . This may be attributed to the high amount of 
nitrogen leached for the oats/alfalfa component of the alternative rotations. 
Even though there is alfalfa in the baseline system, it is on fewer acres, so 
the contribution to the whole-farm nitrogen leaching figures is not as great 
as in the alternative systems. 

In the "wet" year (Figure 8), the profitability rankings remained the 
same as in the "typical" year, except that the two alternative systems 
reversed rank ($154.11/ac for Alternative #9 and $157.31/ac for Alternative 
#10). The corn crop was more profitable than soybeans in the wet year, so the 
alternative system with 2 years of corn and 1 year of soybean was the most 
profitable. Environmental results showed that the baseline systems had the 
lowest level of nitrogen leaching (11 lbs/ac). Again, the high contribution 
of nitrogen leached associated with the alfalfa crop in the alternative 
systems is the explanation for this occurrence. 

In the "dry" year (Figure 9), the profitability rankings were the same 
as the "typical" year. However, nitrogen leaching rankings changed, with the 
baseline systems having the highest level of nitrogen leaching (7 lbs/ac). 
This is probably due to the amount of nitrogen leaching for the alfalfa crop 
dropping significantly for the "dry" year, while the amount of nitrogen 
leaching for the corn in the baseline system increased. 

The profitability figures for the "wet" and "dry" scenarios were 
affected by yield estimations based on how "wet" or "dry" conditions were 
assumed to affect different crops for each alternative on the different soils 
that were being dealt with on this case farm. Nitrogen leaching figures were 
determined by running the nitrogen leaching model with appropriate 
precipitation levels for the "wet" and "dry" scenarios. 

4 



Sensitivity Analyses 

In addition to the simulated practice and system changes, some 
sensitivity analyses were done with alfalfa prices and yields. For these 
analyses, whole farm net returns were recorded for the baseline system and for 
the alternative systems which included alfalfa as alfalfa prices or alfalfa 
yields were decreased. The purpose of these analyses was to determine how 
sensitive the rankings of the different alternatives were to assumed alfalfa 
prices and yields. 

Figure 10 shows how profitability for different systems changes as the 
alfalfa price decreases from $55.00/ton (price used in all systems) to 
$35/ton. Similarly, Figure 11 shows how profitability for the different 
systems changes as alfalfa yield decreases by 1/2 ton intervals. Prior to the 
sensitivity analyses, Alternative #9 had the highest profitability, followed 
by Alternative #10, Alternative #4, baseline, and Alternative #5 . In order 
to change the profitability rankings for Case Farm No . 1, a decrease in price 
or yield greater than 35% would be required . This indicates that the 
profitability rankings are not very sensitive to alfalfa prices or yields. 
This may be attributed to the fact that the baseline system also used alfalfa 
as part of the rotation. 

Selected Other "Practice" and/or "System" Changes 

There was another alternative practice analyzed for this case farm, but 
it was not included in the results with the other changes because we were not 
sure how effectively it accomplishes what it is intended to do. This 
alternative, N-Serve (Alternative #5), involved a nitrogen inhibitor to slow 
the degradation of nitrogen. For all climate scenarios, the baseline had a 
slightly higher level of profitability than this alternative . This 
alternative had lower levels of nitrogen leaching than the baseline system, 
however , except for the "wet" year (11 lbs of nitrogen leached/acre for the 
baseline system vs. 12 lbs. of nitrogen leached/acre for Alternative #5). 

Another analysis was performed for a system change. This analysis 
consisted of using a low-intensity crop, in this case sudan grass, on all 
acres to determine the amount of stewardship payment needed to make the low
intensity system equally profitable to the baseline. The result of switching 
all of the ICM acres on Case Farm No . 1 to sudan grass was a $115/acre drop 
in whole-farm profitability--from $91 . 80 to $-23 . 52 . Consequently, this 
alternative system appears to have little chance of viability for voluntary, 
cost-shared adoption . 

Methodological Notes 

In some situations, we were unable to model both economic and 
environmental implications of an alternative . For Case Farm No. 1, there was 
not enough information to enable us to model the impact on nitrogen leaching 
of switching to a low-intensity crop (sudan grass). The analysis of that 
alternative is based solely on economic returns. 

5 



Table 1. CARE Budget Spreadsheet: Case Farm #1 - Before=After Program 

Units 

Acres 

Yield/ac 

Oefc. Pmts,/ac 

Total Receipts 
($/acre) 

Operating Costs 
($/acre) 

Net Returns 
($/acre) 

Corn 

Bushels 

93 

110 

$0.00 

$220.00 

$133.09 

$86.91 

Soybeans Alf est. 

Bushels Tons 

93 16 

35 0 

$0.00 $0.00 

$192.50 $0.00 

$79.74 $68.31 

$112.76 ($68.31) 

Alfalfa 

Tons 

48 

4 

$0.00 

$220.00 

$109.77 

$110.23 

Last alf 

Tons 

16 

4 

$0.00 

$220.00 

$116.78 

$103.22 

WHOLE 
FARM 

266 

********* ********* ********* ********* ********* ********* ********* ********* 

Total Crop Returns 
($/crop) $8,082.63 $10,486.68 ($1 ,092.96) $5,291 .04 $1,651.52 $24,418.91 

$/ac = $91 .80 



Table 2. Baseline systems and Other Possible Practice and systems Changes, Case 
farm No. l 

Key# Alternative Description 
1 Baseline (Before=After) 

4 Splitting N app. 

5 Using N-Serve 

9 0/ A,A,A,S, C,S rotation* 

10 0/A,A,A,C,S,C rotation** 

*-Oats/ Alfalfa,Alfalfa,Alfalfa,Soybeans, Corn,Soybeans rota ti on 
•*-Oats/ Alfalfa,Alfalfa,Alfalfa, Corn,Soybeans, Com rotation 



Table 3. Yi.id estimat., for VariOUJ Manag<111ent Practic"" with Dfferent CJimat., for Cue Fann ... 1. 

System, field rotation and 

soill 

--------------------
•Befor .. (baseline) -

•After• 

Parcel A 

Brandt 1-0il.C,S rotation 

Parc<i B 

FordWle 1-0il-A,C.S rotation 

Ma sland soil-A,C,S rotation 

Parcel A 

Brandt 1-0il.C.S rotation 

Parcel B 

FordWle 1-0il-A,C.S rotation 

Ma sland soiJ.A ,C.S rotation 

One A 'n N wfN-inhibiror 

Parcel A 

Brandt soil-C.S rotation 

Parcel B 

FordWle soil-A,C.S ro tation 

Ma sland 1-0il-A,C.S ro tation 

OIA.A .s.c rotation 

Parc<iA 

Brandt 1-0il-OIA.A.A.S.C.S 

Pared B 

FordWle soil.-0/A.A.A.S,C.S 

Ma sland l-Oil.-0/A.A.A.S.C.S 

OIA c C rotation 

Parc<iA 

Brandt soil-0/A.A.A.C,S,C 

Puca B 

FordWle l-Oil-OIA.A.A,C,S,C 

Marysland 1-0il.-OIA.A.A.C.S,C 

: : : (jo(i X-iiid.i ~u:bui"aC::: 
Avera&• Dty Wet Average Dry Wet 

-··- - · - ------ ------- ---·-----· 

110 1S 14S 3S 31 38 

110 60 140 3S 27 37 

110 90 100 3S 33 32 

112 n 147 3S 31 38 

112 62 142 3S 27 37 

112 92 102 3S 33 32 

112 n 147 3S 31 38 

112 62 142 3S 27 37 

112 92 102 3S 33 32 

120 ~ !SS 3S 31 38 

120 70 ISO 3S 27 37 

120 100 110 3S 33 32 

117 ll2 IS2 3S 31 38 

117 61 147 3S 27 37 

117 97 107 3S 33 32 

Alfalfa Yields, Tvns 11c :~r~t ~Yid.: T~nti•;,;: 14i~r:::: : ::: :: (h1\ii0!'1i:ittb.ii~: ::::::::::::::: .. . ...... .. .... . ... . ... 
Avenge Dry Wet Avenge Dty Wet Avera&• Dty Wet 

-------- ---- - - ----- - --·- - - - -----

0 0 0 u 

0 2.S 

0 u 

0 2.S 

0 0 l.S 

0 0 2.S 

4.S 2.S 7S 60 SS 

4.S 6.S 1S SS 60 

4.S 1S 6S 4S 

4.S 2.S 1S 60 SS 

4.S 6.S 1S SS 60 

4.S 7S 6S 4S 



Figure 1. 
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Figure 2. 

Pesticide cost comparison: 
Case Farm #1 
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Figure 3. 
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Figure 4. 
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Figure 5. 

Machinery cost comparison: 
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Figure 6. 

Other cost comparison: 
Case Farm #1 
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Figure 7. 

Profitability/N Leaching Relationships: 
Case Farm #1 (typical year) 
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Figure 8. 

Profitability/N Leaching Relationships: 
Case Farm #1 (wet year) 
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Figure 9. 

Profitability/N Leaching Relationships: 
Case Farm #1 {dry year) 
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Figure 10. 

Alfalfa Price Sensitivity Analysis: 
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Figure 11. 

Alfalfa Yield Reduction Analysis: 
Case Farm #1 
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