
Soil Health by Management Class

Recent research at Ohio State and elsewhere has focused on the soil health 
implications of individual management practices such as no-till or reduced 
tillage and cover crop use, but has documented greater benefits from the use 
of manure and especially from perennial crops as part of a crop rotation.1
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STUDY OVERVIEW

Figure 2: Soil Biological Health by Field Class. These boxplots show trends in several soil biological health measurements. Most 
showed improvement with manure and use of perennials. Letters above the boxplots indicate significance. If two boxes have the same 
letter, their difference is not statistically significant.

This project saw similar results. Almost all biological soil health indicators in the study showed improvement with the use of perennial 
crops. Manure tended to increase soil health values too, but the difference was not statistically significant. (In other words, it could 
have happened by chance.) Below is a summary of the soil analyses used and the distribution of values for the different field classes.  

• Organic Matter is the percentage of the soil that is carbon–based. 
• POXC or Permanganate Oxidizable Carbon is the portion of Organic Matter readily available and not tied up in complex units. 
• Mineralizable N and C measures nitrogen and carbon that is readily available to plant and microbial life. It’s a sign of how 

biologically active a soil and how readily soil biota breaks down and cycles nutrients.  
• Enzyme Activity: Arylsulfatase is an enzyme responsible for cycling sulfate, while ß-Glucosidase is associated with carbon cycling. 

Both enzymes are measured in µmol PNP/g/hr. Higher numbers indicate decomposition of organic matter and soil mineralization are 
functioning well. 

Over the last 50 years, both crop and livestock production systems in the 
U.S. have become increasingly specialized and separated. However, there are 
growing discussions of how livestock might be reintegrated into cash grain 
systems, particularly in states like Ohio that still have strong crop and 
livestock farm sectors.

For two years, a team of researchers at Ohio State worked with 31 Ohio 
farms to explore how different approaches to livestock-crop integration 
impact their farm’s profitability, soil health, and other outcomes. The 86 fields 
chosen for the study were classified into four management categories (see 
Figure 1) based on their approaches to crop-livestock production for the last 
five years. NOTE: The study focused solely on cattle manure to limit the 
number of factors.  

Figure 1: Field Classification Based on Five-Year 
Field History. Study fields were divided into four 
management categories based on their historical 
use of cattle manure and perennial crops. 



However, farms are complex systems. Within the study’s simple Field Class categories, the farms varied greatly in the management 
decisions they made. Could other factors be causing the changes in soil health? For example, some of the row crop farms in the 
study used cover crops or reduced tillage, while others did not. Manure use also varied greatly between farms in manure composition, 
storage, and application rates. To clarify the impact of individual factors, the research team used a statistical tool called multivariate 
analysis. This tool allowed them to use the farm management data collected from both on-farm sampling and farm management 
history (manure rates and analysis, tillage activity, crop history) to investigate how well each of these factors explained the variations 
observed in soil health.  

Figure 3. What Made a Difference on Soil Health?  The number of +’s above indicates the strength of positive association between 
the management practice and higher soil health scores. The number of -’s indicates a negative association. A blank square indicates 
no statistically significant impact of the given management practice on that particular soil health measurement. The Adjusted R2 score 
at the bottom is a measure from 0 - 1 of how well the variations in soil health characteristics at the top of the chart are explained by 
the management practices or soil characteristic listed at the left. For a complex subject like soil health, a score of 0.5 shows good 
explanatory power. 

This study found the use of perennials and manure were the most influential factors improving soil biological health measures 
even when controlling for differences in the other factors such as soil texture, cover crops use, and tillage. Reduced tillage and soil 
building cover crops alone were less reliable tools for building soil health compared to perennials, manure, or leguminous cover crops. 
Tillage intensity had few significant impacts on soil quality in this study. However the effect of tillage is often masked when 
perenniality is included in the model, since perennial cropping inherently includes less tillage between crops.  
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Obstacles to Adding Manure and Perennials

While it may be helpful for soil health, adding perennials or manure to a row crop operation may or may not make economic sense, 
depending on where and how you farm. Farmers in this study shared strategies they use to incorporate livestock elements into their 
farm, such as including lower maintenance livestock enterprises, and forming partnerships with neighboring farms to exchange money, 
temporary field use, manure, bedding material, or labor and equipment. Farmers without livestock might also grow perennials for feed 
pellet companies or to sell as seed. All of these ideas are dependent on resources, markets, and infrastructure available in a farmers’ 
area. Based on this study, manure and perennials deserve more attention and conversation as key tools for building soil health. 
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