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MotivationChapter I

An increasing number of private 
initiatives and USDA programs offer 
$$$ for adoption of practices or 
some type of carbon offset

Research Background & MotivationI



• Practices that are not profitable are 
not sustainable

• Conflicting information on the costs 
and benefits of conservation 
practices

Research Background & MotivationI
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The impacts of conservation practices on 
profitability are challenging to measure and 
quantify 

• Data availability 
• Combinations of practices
• Correlation vs causation?

• Are more (or less) profitable farms more 
likely to adopt conservation practices, or 
do these practices have direct impacts 
that impact profitability 

Research Background & MotivationI
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Research QuestionsII

The BIG question 

Do conservation  practices pay?

• Are KFMA farms that adopt conservation practices more profitable than farms who do not?

• Yields

• Expense measures

• Does the combination of practices make a difference?

In partnership with KFMA (Kansas Farm Management Association)

Research QuestionsII

Previous findings

•

•
•

•
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Summary of Part 1III

• Kansas Farm Management Association

• Comprehensive Kansas farm-level 

information

• Detailed data on farm 

characteristics, crop and livestock 

production, income, expenses, and 

financial metrics

• Used widely in agricultural 

economics research

• Survey

• Supplementary data on the adoption 

of conservation practices

Data



Summary of Part 1III

Survey Details

Summary of Part 1IV

62% 63% 32%

44% 29% 26%

36% 9% 22%

63% 46% 11%

30% 23% 14%

50% 33% 25%

Survey Details
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Survey Details

76% 53% 31%

59% 44% 23%

27% 26% 22%

Summary of Part 1III

Survey Details

Farm size based on Gross Revenue according to the USDA:
• Small: Gross Revenue < $350,000
• Midsize: Gross Revenue between $350,000 and < $1,000,000
• Large: Gross Revenue  >= $1,000,000
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Takeaways from part 1

• Conservation practice adoption rates tend to be higher than the 
national averages, especially for cover crops, but with substantial 
variation.

• The survey was effective at finding key differences in conservation 
practices. 

• Younger producers have higher levels of conservation practice 
adoption, and farm size adoption rates are similar

Part 2: What’s New?Chapter IV



Part 2: What’s New?III

Total farms for Analysis: 438
Additional data: Weather data to predict yield

Going from Practices to Soil Health Investment: 
• Quantify soil health investment based on reported practices
• Explore how soil health investment relates to farm financial performance
• Explore mechanisms: expense ratio, yield

Questions to be answered:
• How can soil health investments be quantified for Kansas commercial crop 

farming? 

• What is the connection between these soil health investments and farm 
financial performance?

Part 2: What’s New?III

Quantifying Soil Health Investment (3 approaches)
1. Agronomic Scoring​

Principles: 

o Minimize soil disturbance

o Keep the soil covered

o Maintain living roots in the soil

o Maximize plant diversity

o Integrate livestock into the system

Practices and Score: 

o Tillage practices: 0 – 3 points

o Crop rotation: 0 – 4 points

o Cover crop: 0 – 2 points

o Grazing Practices: 0 – 3 points

o Soil Testing: 0 – 3 points
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Each practice is scored based on intensity and 
regional adaptation​

•

•

•

Source: 

Part 2: What’s New?III
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2. Cluster-Based Classification: K-means Clustering​

Farms coded with binary values (1= yes, 0= no)
Farms with similar combinations of practices are grouped.

Quantifying Soil Health Investment (3 approaches)
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2. Cluster-Based Classification: K-means clustering​

Groups are labeled High, Medium, or Low based on weighted average adoption levels across practices.

Quantifying Soil Health Investment (3 approaches)
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​ 3. Threshold-Based Categorization

Soil health investment levels are based on how many criteria a farm meets:

• High: Meets 5 criteria, or 4 including continuous no-till

• Medium: Meets 3 criteria, or 4 including reduced tillage

• Low: All other cases

Quantifying Soil Health Investment (3 approaches)

Part 2: What’s New?III

OER: Operating Expense Ratio

Shows the proportion of farm income that is used to pay operating expenses, excluding depreciation and 

interest expense

NFIR: Net Farm Income Ratio

Compare profit to gross revenue. It shows how much is left after all farm expense, except unpaid labor and 

management, are apaid.

Financial Metric Used

According to Farm Financial Standards Council (FFSC): available at https://www.ffsc.org/guidelines.php 
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Results & DiscussionsIV

Results of Soil Health Measures

Different ways of measuring soil health investment don’t always agree. A farm classified as 

“High” by one method might be “Medium” or “Low” in another.
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Results of Soil Health Measures

Pairwise comparison:

Agronomic vs Threshold: 11% high, 16% 

medium, 32% low

Agronomic vs Cluster: 11% high, 12% 

medium, 26% low

Threshold vs Cluster: 8% high, 8% medium, 

23% low.

Takeaway: 10% of farms were consistently 

classified as high, 4% as medium, and 17% 

as low across all three methods. 

Overlap Between Soil Health Investment Measures

Results & DiscussionsIV

Raw NFIR Results are Misleading, Why?

Why does this happen?

Younger farmers — who tend to adopt more soil health 

practices — are still building capital, land base, and

efficiency. This can mask the true relationship in simple 

correlations.

Regression fixes this:

Regression controls for confounders: operator age, land 

ownership, irrigation, and weather (yield/income)
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High-Scoring Farms Performed Better Financially

Under Agronomic Score Classification

• High-score farms earned 5.6 percentage points more in Net Farm Income Ratio (NFIR)

• Magnitude is substantial: On a $500,000 gross income farm → ~$28,000 more in net income

• Positive Association under the  Cluster classification, but not statistically significant

• High group shows 1.4 percentage points more in NFIR

• Negative association under the Threshold also not statistically significant

• High group show 0.6 percentage points less in NFIR

Raw patterns can mislead. Regression shows that when controlling for key farm characteristics, high soil 

health investment is positively associated with profitability under the agronomic scoring classification.​

Results & DiscussionsIV

Raw OER Results are Also Misleading, Why?

Why does this happen?

Same reason as mentioned for NFIR

Regression fixes this:

Regression controls for confounders: operator age, land 

ownership, irrigation, and weather (yield/income)
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High-Scoring Farms Performed Better Cost Wise

• High-score farms spent 4.7 percentage points less on Operating Expense Ratio (OER) 

• Magnitude is substantial: On a $500,000 gross revenue → that is ~$23,500 less in operating cost

Raw patterns can mislead. Regression shows that when controlling for key farm characteristics, high soil 

health investment is positively associated with improving cost efficiency.​

Results & DiscussionsIV

Is This Just Correlation?

• We controlled for farm size, weather, and operator age.

• The score reflects agronomic principles.

• We don’t see this pattern with raw practice counts or clusters→ which strengthens the case

This supports what many in the field already know: the effectiveness of conservation practices depends 

heavily on how they’re applied, not merely whether they’re used. 
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What We Still Need to Understand

• Longer-term impacts (only one year of data)

• Self-reported practices vs. actual implementation

• Biophysical indicators (e.g. SOC, microbial activity)

• Why the measurement method matters so much

Results & DiscussionsIV

Takeaways for Producer

•  Farms with high soil health scores tend to be more profitable

  Practices alone are not related to higher profits -- doing what is most effective for your area matters

•  It’s not just about using practices — it’s about using what works best for your farm and region

 – Local context and tailoring matter

•  Observed benefit came from cost efficiency, not necessarily more yield

There may be yield benefits, most likely in the long term

•  Adopting new practices is within a farmer’s control, but it can be demanding
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Takeaways for Producer

Resources

Many resources available: 

K-State has county agents for soil health purposes 

Results & DiscussionsIV

Takeaways for Producer

Resources

Many resources available: 

K-State has county agents for soil health purposes 
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OER Corn Sorghum Soybeans

Moderate_AS -0.004 1.473 -6.097 2.886*

(0.016) (5.146) (7.803) (1.545)

High_AS -0.047* 10.874 4.875 2.511

(0.025) (8.477) (10.017) (2.418)

R-squared 0.130 0.743 0.381 0.717

Observations 438 354 128 395

OER Corn Wheat Sorghum Soybeans

Medium-PT 0.040** 8.623 -1.805 12.655* 1.597

(0.018) (6.925) (2.638) (6.344) (1.552)

High-PT 0.022 5.588 -8.614*** 10.456 0.638

(0.018) (7.509) (3.073) (10.189) (1.933)

R-squared 0.134 0.744 0.384 0.389 0.715
Farms 438 354 339 128 395

OER Corn Wheat Sorghum Soybeans

Medium-C 0.018 -7.698 -4.624 -6.040 -1.245

(0.017) (7.834) (3.536) (8.843) (1.974)

High-C -0.000 -0.627 -9.255*** 6.704 -1.638

(0.018) (7.651) (3.198) (7.486) (1.750)

R-squared 0.125 0.744 0.386 0.385 0.715
Farms 438 354 339 128 395

OER C Wh t S h S b

Soil Health Investment and Operational Mechanisms
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Soil Health Investment and 2023 Farm Financial Performance 
(Ordered Logit and OLS Models)

Agronomic Score (AS) Practice Threshold (PT) Cluster (C)

Financial Rank NFIR Financial Rank NFIR Financial Rank NFIR

Moderate_AS -0.041 0.009

(0.207) (0.016)

High_AS 0.675** 0.056**

(0.326) (0.026)

Medium-PT 0.060 -0.029

(0.272) (0.021)

High-PT 0.037 -0.006

(0.240) (0.018)

Medium-C -0.145 -0.004

(0.258) (0.021)

High-C 0.085 0.014

(0.284) (0.019)

R-squared 0.115 0.111 0.107
Farms 438 438 438 438 438 438

Results & DiscussionsIV

Descriptive Statistics


