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Initiated and funded by our state conservation agency, BWSR, and the WRC.
Mission is to 
expand outreach to local government, private consultants, and private organizations.
Coordinate research
Expand networking to support the diverse and dispersed practitioners.




Decomposition food web = soil C
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So what is measured when we measure soil organic matter? Well, by putting soil in an oven at a high temperature, everything non-mineral is burned, and so we assume that lost, burned material is organic matter. That organic matter is really this: a whole underground food web. Of course I haven’t represented every organism here, but I’d like to emphasize that it follows the same patter belowground as aboveground. Plants produce the carbon, and it enters the soil as roots or aboveground residue. After or before tissue death, herbivores or shredders, the equivalent of aboveground grazers, break the plant residue into smaller pieces. Freeze/thaw and wet/dry cycles also help to break down the structure of the plant. Fungi might send hyphae in to harvest nutrients. Bacteria are more dependent on the other creatures to break things down into monomers. Predators of bacteria and arthropods feed on this first trophic level. This big arrow at the top is meant to represent the fact that this process is not linear. A plant fragment may be pierced by fungi, digested by an arthropod, excreted in a new form, and ingested by bacteria again or arthropods again. When you combust soil for organic matter, the plant residue is the vast majority of the mass. But it is constantly being transformed. The %C or %OM represents a flattening of a living food web, reducing everything down to just its mass, and soil health tries to take that a step further: not only what mass of OM do we have, but what is its function?

Organic matter can be broken down into various components to try to understand this. I’ll talk about a couple different measurements during this talk, but broadly I think persistent and active C are good categories to think about. Active C really has to do with this food web. When we measure C mineralization, we’re measuring the respiration of all these organisms- especially microbes—and that’s a shorthand for how fast they are working on breaking down plant residue. You want some residue to be broken down quickly, so that nutrients are made available to this year’s crop.



Soil texture determines habitat

3Nrcs.usda.gov
civilblog.org
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The other kind of C we want in our soil is persistent C. This is what we’re talking about when we mention sequestering C, or using soil as a sink for atmospheric CO2. Here I think it’s important to do a little soil 101, because the physical structure of soil creates habitat for these organisms and also nooks and crannies where C sticks around for hundreds and thousands of years. You have probably all seen a breakdown of soil into %sand, silt and clay. Those particles behave differently in terms of protecting C. Sand is the largest and is rather smooth. Silt is middle-sized, and also round. Clay is where it gets interesting. Clay particles are individually 1/1000 of the size of sand. They arrange themselves into sheets. 



Clay surface area holds carbon

4Claysandminerals.com

Presenter
Presentation Notes
If you can imagine dropping a paperback into a tub of water, and then fishing it out to dry: that’s how clay naturally arranges itself. So there is tons of surface area there, on a very small scale. That’s good, because microbes are on a very small scale. In addition, that surface area has an electrostatic charge- negative, so positively charged portions of organic matter stick to it. We have found that the oldest C in the soil tends to be attached to clay particles, and to be microbially derived. That means that a molecule of plant C has been through any number of transformations via herbivores or larger organisms, eventually was ingested by a bacteria and converted to some component of their biomass. 
We think that because of the charged surfaces and nooks and crannies on clay sheets, organic C and water get caught there, and bacteria populations flourish due to this abundant food source. 
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Microaggregate

Organic films

Carbon-coated clay builds aggregates
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But this is actually where soil organic matter gets truly multifunctional, because organic matter coatings on clay are sticky and lead to soil aggregation. Plant roots and fungal hyphae also hold soil aggregates together. This is all on a tiny scale- usually aggregates we measure in the lab are less than 1/4 mm- less than the width of a piece of pencil lead. This is different than the structure you can see and feel in your hand, although the nice-looking macro-structure of soil builds on the tiny aggregates I’m talking about. Anyway these aggregates create unique environments. Carbon inside them may be protected from microbial decomposition because they’re simply locked out. Aggregates are made of clay coated with OM
Large OM gets protected inside



Soil aggregation increases available soil water
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Presentation Notes
Small pores protect water, large channels let water infiltrate
So soil with lots of organic matter helps form aggregates and then hold more water, as well as let water infiltrate more easily. This is something I’ve heard a lot of farmers talk about as a prime benefit of soil health.
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The carbon in Midwestern soil has a long history, going back to prairie grasses thousands of years ago. In these soils, some of the C, even at the surface is 3000 years old. The average age of C at the surface is 500 years old. Obviously some of it was photosynthesized yesterday. To build soil C in agricultural soils is a deep kind of land stewardship, one that acknowledges the legacy of the prairies and prepares us to meet future food demand. But if C is going to stick around for a long time, evidence suggests that it’s been eaten by a microbe, at least once, and it’s attached to clay particles. 





Yield increases with clay-associated C
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Perhaps, you might not be concerned whether your clay particles are holding C for thousands of years. YIELD 
Get rid of axes
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So to put it all together: microbes process carbon. Clay holds the carbon in the soil. Clay coated with microbes and organic matter forms aggregates. Aggregation helps improve infiltration and water holding capacity. Over time, this builds productive soil, and we see high crop yields. 

How many of you have done a soil health test?



Decomposition food web releases nutrients
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To zoom back out to this food web in relation to today’s topic, nitrogen, keep in mind that N is released by these organisms essentially as extra from their bodily processes. 



Decomposition food web releases nutrients
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Then there’s the process of plant uptake, plant growth and development, and finally harvest. What we really want to know is how much of these nutrients will be available to our crops due to decomposition. But all the steps in between: decomposition of plant residue, predation  and death of microbes and soil organisms, transport of nutrients through soil, as well as weather factors influencing crop nutrient uptake and development: make this exceedingly hard to predict. 
What I’d like to present today is some of the newer research on what can we measure in this food web or soil chemistry and how it relates to crop success, i.e. yield. I’ll go into a few of the common metrics of soil health, look at correlations with crop yield or N use, and explain why we may or may not be seeing a relationship. 




Soil nitrogen pools: “plant-available”
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So nitrogen is supplied to plants by microbes breaking down various organic compounds into the inorganic form, which is the one plants use most easily. Here you can see in cartoon how nutrients are released from clay by microbes. On the left, there’s a breakdown of that process. Large soil organic matter is broken into small organic matter. Plants may access that small organic matter directly, or they may help themselves to the inorganic N that microbes supply. 
In order to understand how much N plants have available, you can look at a number of points here. First, the inorganic N itself, in the form of nitrate and ammonia. This is pretty commonly done for pre-plant nitrate and pre-sidedress nitrate testing. Second, you can look at the organic N in large or small organic matter. Sometimes this is done as a protein extraction. Last, you can look at rates of processing in the lab. This is similar to measuring CO2 production to understand the pool of active C. Basically, you observe the microbes under lab conditions, measure by-products of N processing, and use that as a measurement of how much N the microbes may supply to the plant. 
I’m going to focus on the second two because there’s a lot of work in traditional soil fertility establishing a relationship between nitrate and crop success- it’s recommended to do these tests to determine fertilizer application rate.



Yield increases with large organic N

Cates et al., unpublished
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Here, we’re looking at N from that large organic matter again. Similar to the other findings I shared, when there’s more N in the large organic matter, that represents a future food source for microbes, and we can see that it’s positively correlated with plant success. 



Yield increases with plant-available N

Franzleubbers 2018

N
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This is a little more complicated, but interesting. This study looked at the relationship between no-sidedress fertilizer N corn yield and plant available N. In this case plant-available N included both inorganic nitrate and potentially mineralizable- so they measured that rate of production in the lab to understand what would likely be available to microbes in the field. The yield is no-sidedress corn yield relative to corn with maximum yield and sufficient N. So these bubbles at the top here represent plots with no sidedress N, which had exactly the same yield as the maximum. You can see that corn was more likely to have high yield with no sidedress N application when there was more plant-available N. This makes perfect sense- when plants can access plenty of soil N, they yield the same as they would with plenty of fertilizer N. 



Fertilizer needs decreases with active C

Franzleubbers 2018

CO2
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Another researcher tested this assumption that active carbon for microbes means more N available for plants. He by looked at the relationship between the economic optimum N rate, which is how much N you should apply for best profits, and active C.  You can see that where active C was higher, less N was needed. 



Soil nitrogen pools: “plant-available”
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Presentation Notes
So nitrogen is supplied to plants by microbes breaking down various organic compounds into the inorganic form, which is the one plants use most easily. Here you can see in cartoon how nutrients are released from clay by microbes. On the left, there’s a breakdown of that process. Large soil organic matter is broken into small organic matter. Plants may access that small organic matter directly, or they may help themselves to the inorganic N that microbes supply. 
In order to understand how much N plants have available, you can look at a number of points here. First, the inorganic N itself, in the form of nitrate and ammonia. This is pretty commonly done for pre-plant nitrate and pre-sidedress nitrate testing. Second, you can look at the organic N in large or small organic matter. Sometimes this is done as a protein extraction. Last, you can look at rates of processing in the lab. This is similar to measuring CO2 production to understand the pool of active C. Basically, you observe the microbes under lab conditions, measure by-products of N processing, and use that as a measurement of how much N the microbes may supply to the plant. 
I’m going to focus on the second two because there’s a lot of work in traditional soil fertility establishing a relationship between nitrate and crop success- it’s recommended to do these tests to determine fertilizer application rate.



Soil Health Principles



Soil Health Principles

• Keep the ground covered



Soil Health Principles

• Minimize disturbance



No-till increases aggregates and microbes
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Presentation Notes
No-till- obviously more of a physical choice, so it affects structure. Remember that microbes depend on structure to protect OM for long-term access. 
When you till less, total aggregates and their stability increase. When aggregates are stable, more microbes are found inside.
Note on this figure that diff size aggs all have microbes increase w/ no-till. Also conventional tillage here was just an extra cultivator + harrow pass prior to seeding- no moldboard plow! Even a small amount of cultivation has a big impact on the soil structure and therefor the microbes, because that’s where they live.
You are feeding the food web. 



No-till may reduce N supply (at first!)
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The bad news is that microbes take a little longer time to kick out nitrogen than fertilizer. This figure on the left shows the relationship between nitrogen supply and yield, which, not surprisingly, is pretty tight. If you zero in on the bubbles here, which like in the last slide show NT in black, you might pick out lower N supply w/ no-till. However, that N is not necessarily gone from the system. It’s just tied up in all those microbial bodies. In the long term, that’s good for your soil. You just need to make up the difference in the short term with fertilizer.
The figure on the right shows that time lag: here the axis is the time since no-till adoption. The bubble represents the effect on yield. So the 0 line means that no-till and conventional tillage yield the same, negative side means no-till yields less, positive side means no-til yields more. You can see that over time, the yield difference disappears. If you can get through those first years not only should you have comparable yields but you should have reduced runoff and better infiltration, so hopefully getting into the field more easily during wet periods too. 



Soil Health Principles

• Keep living roots in 
the ground

Ann Bikle and David Montgomery



Soil Health Principles

• Diversify aboveground

“Save the Soil”, a 1935 Special Circular from 
UW-Extension by O.R. Zeasman and J.W. Clark 
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Diversity in space or time. Good for microbes.



Cover crops provide more living roots

IA Soybean Association



Legume cover crops can slowly release N

Crews and Peoples 2005



Cover crops mineralize N at different rates

O’Connell et al. 2015



Cover crops reduce nitrate leaching

Mike Castellano, ISU
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Cover crops can use nitrate when corn 
and beans are not growing, thus 
reducing the asynchrony between soil 
nitrate production and crop nitrate 
uptake. 

Cover crop 
nitrate use

Cover crop 
nitrate use

In the shaded areas, the soil produces nitrate, but there is no crop to use it.                  
As a result, some nitrate is lost to waterways.
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Soil Health Principles

• Integrate livestock



Grazing increases fungi

Stark et al. 2014
Two soil types
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Soil health principles work together

• Keep the soil covered
• Minimize disturbance
• Increase crop diversity
• Keep living roots in the ground
• Integrate livestock

30
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So. While the principles are all sound in terms of how they will theoretically build soil carbon, you are less likely to see results applying one or two at a time. This is going to vary based on your management interests and your business. 
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