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Understand your context 
 
Protect the Soil Habitat 
 
Provide Diverse Food (carbon) 
 

Keys to the kingdom of improving soil 
health  

Manage more by Disturbing Soil Less 
Keep the Soil Covered as Much as Possible 

Diversify with Crop Diversity 
Grow Living Roots Throughout the year 
 
 

Presenter
Presentation Notes
Protect the Habitat Provide FoodThese are the ‘keys to the kingdom’ of improving soil quality and sustainable agriculture because they focus on soil biology and soil ecology; what really runs the soil and all that it does.



Understanding Soil Health:  
The Brown Revolution! 



The greatest roadblock in 
solving a problem is the human 
mind! 















SOIL QUALITY/HEALTH is 

  The continued capacity of the soil 
to function as a vital living 
ecosystem that sustains plants, 
animals, and humans. 

Presenter
Presentation Notes
Instructors: Soil Health and Soil Quality are used interchangeably especially if you’re a farmer or a conservation practitioner. The science community prefers soil quality and the producers preferring soil health. Some prefer the term soil health because it portrays soil as a living, dynamic organism that functions holistically rather than as an inanimate mixture of sand, silt and clay. Others prefer the term soil quality and descriptors of its innate quantifiable physical, chemical and biological characteristics.  
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5/2007 

Gabe Brown ND 

Ray McCormick IN 

Dave Brandt 
OH 

Ray Styer NC 

Rocky 
Brandon CO 

Presenter
Presentation Notes
What do these farmers and ranchers have in common? These farmers and ranchers farm and ranch in natures image! What does this mean? Natural systems are always covered with diverse living plants, soils are never tilled (low physical disturbance), A living root is growing in the soil as long as possible. They have a different view of the soil. They understand that the soil is a living soil ecosystem…..a habitat for soil organisms. What does this mean? Natural systems are always covered with diverse living plants, soils are never tilled (low physical disturbance), A living root is growing in the soil as long as possible. Gabe Brown (Bismarck, ND) grows corn at a $1.51 a bushel. He has eliminated chemical fertilizer (nitrogen and phosphorous) on his 2000 acres of crop land and he ranches 4000 acres. He has reduced his herbicide usage by 75 percent and has reduced his fuel usage by 66 percent. Ray Styer (Reidsville, NC) Farms 155 acres. He has not  chemical fertilizer (nitrogen and phosphorous) in 16 years. 



Cover Crop Challenges  

 

Steve Berger 

Washington Co. 

there are benefits, but will it pay? 

 

 





Ecology: 
 the study of 

relationships between 
people, animals, and 

plants, and their 
environment. 

Interconnectedness  

Soil Surface 

Presenter
Presentation Notes
Ecology: the study of relationships between people, animals, and plants, and their environment.�Interconnectedness 



Focus On Nature’s 
Similarities then 
Dissimilarities 

Africa 

Virginia  



NPK & C 

Ray Archuleta 

Farm 
or 

Ranch 

Presenter
Presentation Notes
The soil is the integrator between this different ecosystems.  I have said before in my talks. Your farm was not hewn out from Mars or the Moon…it is still part of the biomes or ecosystem. In addition to producing valuable plants and animals,biodiversity performs many ecological services.In natural ecosystems, the vegetative cover of a forestor grassland prevents soil erosion, replenishes groundwater and controls flooding by enhancing infiltrationand reducing water runoff (Perry, 1994).In agricultural systems, biodiversity performs ecosystem servicesbeyond production of food, fiber, fuel, and income.Examples include recycling of nutrients, control oflocal microclimate, regulation of local hydrologicalprocesses, regulation of the abundance of undesirableorganisms, and detoxification of noxious chemicals.These renewal processes and ecosystem servicesare largely biological, therefore their persistencedepends upon maintenance of biological diversity(Altieri, 1994).The net result of biodiversity simplification for agriculturalpurposes is an artificial ecosystem that requiresconstant human intervention, whereas in naturalecosystems the internal regulation of function isa product of plant biodiversity through flows of energyand nutrients,and this form of control is progressivelylost under agricultural intensification (Swift andAnderson, 1993). Thus commercial seed-bed preparationand mechanized planting replace natural methodsof seed dispersal; chemical pesticides replace naturalcontrols on populations of weeds, insects, andpathogens; and genetic manipulation replaces naturalprocesses of plant evolution and selection. Even decompositionis altered because plant growth is harvestedand soil fertility maintained, not through nutrientrecycling, but with fertilizers (Cox and Atkins, 1979)



Natural Succession of Plants & Soil 

Presenter
Presentation Notes
As natural succession occurs in a plant community, so it does in the soil.  A soil that is dominated by bacteria has high pH and nitrogen available as nitrate… the perfect environment for low successional plants (weeds).  As the soil is disturbed less and plant diversity increases the soil food web becomes balanced and diverse, making nutrients available in an environment better suited to higher plants and keeping disease causing organisms in check.



Disrupted Soil Ecosystem 

This soil is naked, hungry, thirsty and running a fever! 

Ray Archuleta 2007 

Presenter
Presentation Notes
Use this slide to for the following teaching points:Bare soil harms the natural system in many ways.  Rainfall washes away precious organic matter. Organic mater holds many crop nutrients, and OM is the lightest fraction of the soil and the first to be carried off site. Bare ground harms the macro and micro organisms…because of lack of carbon (food) in the soil ecosystem. In a bare ground environment, the soil is in starvation mode with no live root to pump carbon (sugars carbohydrates- plant exudates) into the soil system   No food means little microbial activity. Important to note: Carbon is the energy (food) source in the system. Bare ground also increases soil temperature, making the soil less hospitable to soil organisms. Temperatures on bare soil can raise above 115 degrees, some microbes start shut down at these temperatures.



 

 
North towards New Jersey: 2008 
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Battle Starts Here 

Presenter
Presentation Notes
Content help: Changing the way we look at the landscape by changing our paradigms: Time to have fun! Use this slide to stress that the soil is on the upland is bare but should instead be covered at all times.  Ask the students.” What is wrong with this picture”? This slide has been shown in many parts of the country. It is interesting to note: course participants in the past focused on the stream channel and the buffer strip….rarely did they focus on the bare ground located on the upland.  The whole point of this picture is to elucidate the participants about bare ground and our paradigms about the landscape.  Illustrate to the group that unless the ground is covered at all times you cannot expect single practices like buffers strips to prevent non-point pollution. The main focus: accentuate that the ground should be covered at all times. The next slides will show how the landscape looks from a birds eye view.



Forest  
SOM = 4.3 % 

CT 17 yr- Soybean monoculture SOM = 
1.6 % 

20
 c

m
 

la
ye

r 
Same Soils: Dynamic Soil Properties Changed!  

62.8%  loss of 
SOM after 17 
yr intensive 

tillage 

Presenter
Presentation Notes
Disturbance changed this soils.



Study: Use-dependent Soil Properties 

Dr. Cathy Seybold, NASS-NRCS 

Infiltration rate  Soil Nitrate loss 

 5o in./hr 1.8 lbs. N/ac. 

Infiltration rate  Soil Nitrate loss 

 .5o in./hr 15 lbs. N/ac. 

Conventional Tillage- Corn-Soybean: 
Bulk Density- 1.40 g/cm3 

Wooded Soil: Bulk Density- 1.01 g/cm3 

Presenter
Presentation Notes
Soil function was diminished in this conventional tilled soil. This soil data collected  by Dr. Cathy Seybold (NRCS) from Michigan or Minnesota soils indicate how the soil changed because of years of tillage, nutrient extraction, poor rotations, and low crop diversity have changed the dynamic (organic matter, porosity) properties of the soils.



Reicosky et al., 1995 

Presenter
Presentation Notes
Sample of results after conservation tillage tools and moldboard plow.Note high initial flux and the rapid decline to a higher value that NT or conservation tillage tool for Moldboard plow.  No-till is very low near the zero line.  Conservation tillage tool has high initial flux that approaches the NT treatment.



Subsoil tillage Mold bold tillage Chisel tillage 

Different tillage = Different rates of SOM loss 

CO2 
 

SOM loss 

Mold bold plow Chisel plow 

3X 2X 1X 

Reicosky,2000 



Tillage stimulates: R-Strategist (Opportunists bacteria) 
Copitrophic  

Page 503 14th Edition Nature and Properties of Soils 






  All parameters are important ; typically we focus on 
physical and chemical- but Biology is King! 

 
            

Evaluate How Your Soil System is Functioning 

OM 

Presenter
Presentation Notes
Typical Agriculture as we know it emphasizes the Physical/Chemical side of the Soil – we ignore the Biological side of the soil. We are taught to treat the soil system as a machine instead of recognizing it as a living biological system. WE ARE TAUGHT IN CONVENTIONAL AGRICULTURE REDUCTIONIST SCIENCE – HOW MANY OF YOU WERE TAUGHT THIS WAY IN SCHOOL – You have a weed –kill it –you have a bug Kill it. We need to step back and use a Holistic view of these systems – tie the dots together and help farmers farm – Learn how to make our soils function!  It’s called ECOLOGY! DID WE CREATE THE PROBLEM/SYMPTOM? DO WE NEED TO CHANGE SOMETHING IN OUR MANAGEMENT TO TRULY CORRECT THESE PROBLEMS?We need to Farm in nature’s image – We are not here to talk about individual tools (Conservation Practices) that address the symptoms or results of our actions – We start with understanding of how the soil system works. Talk about understanding, then we talk about tools to help us change the soil dynamic properties, those that give us a soil that functions. (this is Conservation Planning (SHMS) – What can be done to improve the soil?  Remember this quote - Nature Acts, Man Argues! (Voltaire) – The Agroecosystem will react to whatever you throw at it.  Typically the chemical and physical have been the major focus for nutrient management, especially in conventional agriculture. We will discuss the Soil Fertility and Crop Nutrient Management in relation to Soil Ecology. 3 Forms of Nitrogen – Ammonium (NH4+), Nitrite (NO2-) and Nitrate (NO3-) and Ammonium –these forms arise either from the normal aerobic decomposition of soil orgnanic matter or from ther additions to the soil of various commercial fertilizers.  These 3 forms represent about 2-5% of the total soil nitrogen.   Initially N is in the Ammonium form (NH4), this is converted to Nitrite (by Nitrosomonas) then to Nitrate (by Nitrobacter). This is a Biological Process – not a Chemical Process! As we go from Conventionally tilled Farming to No-Till/Strip-Till Farming – you will go from much available Nitrate in the soil to one that has more Ammonium (NH4).  Caused by increase/stability of microbes.  Want to solve your incidence of Nitrates getting into the water – work at getting biology back into the soil with Organic Matter and you will increase infiltration – also will increase the Cation Exhange Capacity – which means you will hold more nutrients – this is how to increase fertility of the soil (add carbon which has been depleted) …  NH4 is positively charged - Nitrites must be converted to nitrates because accumulated nitrites are toxic to plant life.  Rhizobium Bacteria have symbiotic relationships with Legume plants.  Rhizobium fix Nitrogen – what form of nitrogen comes from Rhizobia? Produce ammonia in exchange for carbohydrates.  Fixes N2 into form the plant can use.  Nitrogen is fixed by binding it to hydrogen and making it into ammonia which the legume plant can use. Rhizobia benefit as the plant provides carbohydrates to the rhizobia which are required as a source of energy.  The carbohydrate produced by the legume plant are transported to the nodules where they are used by the rhizobia as a source of hydrogen in the conversion of nitrogen to ammonia (NH3).  



Soil Health 

 “Every chemical-based pesticide, fumigant, 
herbicide and fertilizer tested, harms or outright 
kills some part of the beneficial life that exists in 
the soil, (or on the leaf surfaces) even when 
applied at rates recommended by their 
manufacturers... Less than half of the existing 
active ingredients used as pesticides have been 
tested for their effects on soil organisms.” 

  Dr. E. Ingham, 2002, Soil Food Web, Oregon State University 

Presenter
Presentation Notes
Here is a quote from Dr. Elaine Ingham.  No she is not a crazy person.She is one of the worlds top Soil Microbiologists.  She now has a private company that has labs all around the world.   She wrote virtually all of the USDA NRCS’s Soil Quality information on Soil Microorganisms.Does that make NRCS smart?  Not really, it just means that we didn’t have anybody they new anything about one of the primary ingredients of healthy soil.
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Ecologically 
Based 

• 40 to 60 % N and P Loss 
Cassmen 2002 

• Bare fallows 4-8 months 
• Decoupled C,N,P cycle 

 
• Dr.Drinkwater, Dr. Swift  

•  Organic-mineral pools 
• Microbially plant mediated 

process 
• Strategic use of variable 

nutrients sources 

Presenter
Presentation Notes
Soil the black box: There are many things that interact with soil solution.Plants absorb nutrients from soil solution.Soils exchange cations with soil solution.Minerals release nutrients into soil solution.OM releases nutrients to soil solution through mineralization.Roots both living and dead exchange CO2 & O2 with soil solution.Nutrients can be added to soil solution by artificial fertilizer and rain water. The soil is not a chemistry set or the black box.

http://aggie-horticulture.tamu.edu/galveston/images/DSCN0844, 15-5-10 lawn fertilizer, resized.GIF


The Soil Livestock is a complex and 
diverse mix of species and represents 
the greatest concentration of biomass 

of anywhere on the planet. 



Shovel: A Tool to determine soil health 



Rhizosphere 

Drilosphere 

Aggregtusphere 

Detritusphere 

Porosphere 

Decomposition active zone 

Aggregation active zone 

M.H. Beare, D.C. Coleman, D.A. Crossley Jr., P.F. Hendrix and E.P. Odum (1995) 

A hierarchical approach to evaluating the significance of soil 
biodiversity to biogeochemical cycling 

 

http://images.google.com/imgres?imgurl=http://upload.wikimedia.org/wikipedia/commons/7/77/Close_up_of_earthworm.jpg&imgrefurl=http://commons.wikimedia.org/wiki/File:Close_up_of_earthworm.jpg&usg=__VlRUihvFeBH-Gnful6bxIcDbeD8=&h=1600&w=1067&sz=540&hl=en&start=30&itbs=1&tbnid=cZVB52aXlKzDSM:&tbnh=150&tbnw=100&prev=/images?q=earthworm&start=21&hl=en&sa=N&gbv=2&ndsp=21&tbs=isch:1


NPK & C 

Ray Archuleta 

Presenter
Presentation Notes
The soil is the integrator between this different ecosystems.  I have said before in my talks. Your farm was not hewn out from Mars or the Moon…it is still part of the biomes or ecosystem. In addition to producing valuable plants and animals,biodiversity performs many ecological services.In natural ecosystems, the vegetative cover of a forestor grassland prevents soil erosion, replenishes groundwater and controls flooding by enhancing infiltrationand reducing water runoff (Perry, 1994).In agricultural systems, biodiversity performs ecosystem servicesbeyond production of food, fiber, fuel, and income.Examples include recycling of nutrients, control oflocal microclimate, regulation of local hydrologicalprocesses, regulation of the abundance of undesirableorganisms, and detoxification of noxious chemicals.These renewal processes and ecosystem servicesare largely biological, therefore their persistencedepends upon maintenance of biological diversity(Altieri, 1994).The net result of biodiversity simplification for agriculturalpurposes is an artificial ecosystem that requiresconstant human intervention, whereas in naturalecosystems the internal regulation of function isa product of plant biodiversity through flows of energyand nutrients,and this form of control is progressivelylost under agricultural intensification (Swift andAnderson, 1993). Thus commercial seed-bed preparationand mechanized planting replace natural methodsof seed dispersal; chemical pesticides replace naturalcontrols on populations of weeds, insects, andpathogens; and genetic manipulation replaces naturalprocesses of plant evolution and selection. Even decompositionis altered because plant growth is harvestedand soil fertility maintained, not through nutrientrecycling, but with fertilizers (Cox and Atkins, 1979)



All Major Factors Playing a Role on Formation 
and Stabilization of Aggregates 

Aggregation 
J. Six a,b,∗, H. Bossuyt c, S. Degryze d, K. Denef b 2004 



 

Cottage Cheese 



Aggregation best under least disturbance.   

Tillage can only destroy soil aggregates… it 
cannot build them…  

Tillage results in poor habitat for the soil 
foodweb. 

Soil Structure 

Presenter
Presentation Notes
Emphasize that tillage can only destroy aggregates, not form them.  Only plants and soil organisms can create soil aggregates.  



 These Processes have profound effects on 
SOM dynamics and nutrient cycling. 

1. Physically protect 
soil organic matter 
 (e.g. Tisdall and Oades, 1982 ) 
2. Influence microbial community 
structure (e.g. 
Hattori, 1988 ), 
3. Limit oxygen diffusion (e.g. Sexston et 
al., 1985 ), 
4. Regulate water flow (e.g. Prove et al., 
1990 ), 
5. Determine nutrient adsorption and 
desorption 
(e.g. Linquist et al., 1997) 
5) Reduce run-off and erosion (e.g. 
Barthes and Roose, 2002) 
 
 



NM Desert Soil 
 



Presenter
Presentation Notes
Silt loam soil. This soil had problem with drought and salinity.



Soil in the left has been tilled (garden): poor aggregate stability 
 
Soil in the middle has been ripped (alfalfa field): somewhat good  
aggregate stability 
 
Soil in the right (alfalfa field): high aggregate stability 
 
NOTE: the same soil in the same field; different management. 
 
This phenomenon repeated itself throughout NM on 
Various cropping systems. 







Aggregatusphere : Occluded Habitat of Micropores 

They are linked mainly by fungi hyphae, roots fibers,  
polysaccharides, Glomalin,rhizodeposition, and aromatic 
humic materials              Beare, D.C. Coleman, D.A. Crossley Jr., P.F. Hendrix and E.P. Odum (1995) 

.Protects organic 
matter from decay 
•Storage site for 
organic matter 
• Habitat of 
Oligotrophic and 
Copiotrophic 
bacteria 
•Protects and 
maintains the 
integrity of the 
porosphere 
 
 
 



GLOMALIN ALONG A ROOT HAIR 

Fungal Hyphae  

Glomalin is naturally brown.  A 
laboratory  procedure reveals 
glomalin on hypae and soil 
aggregates as the bright green 
material shown here. 

Dr. Kris Nichols – Microbiologist - USDA  ARS  

Mycorrhizal Fungi 

Presenter
Presentation Notes
A microscopic view of an arbuscular mycorrhizal fungus growing on a corn root. The round bodies are spores, and the threadlike filaments are hyphae. The substance coating them is glomalin, revealed by a green dye tagged to an antibody against glomalin. Emphasize of the hyphae in comparison to root hairs.  Hyphae can grow several centimeters (1 to 2 inches) beyond roots (Fig. 1) and access more soil to acquire nutrients more efficiently. This is similar to a tree, where the branches (i.e. hyphae) grow out of the trunk (i.e. root). A tree forms branches to reach more of the sun’s rays. Without enough sunlight, the tree would die. Belowground the plant forms a beneficial relationship with AMF or produces many fine roots to get the nutrients that it needs. Hyphae are not covered with bark like tree branches. Instead AMF produce glomalin to coat hyphae to keep water and nutrients from getting lost on the way to and from the plant. 



Presenter
Presentation Notes
How does Glomalin work? Glomalin is extremely “tough”. It is resistant to microbial decay (lasting at least 10 to 50 years) and does not dissolve easily in water. Glomalin is soluble at high temperatures (121 oC or 250 oF). These properties make glomalin a good protector of hyphae and soil aggregates. The unusual extraction conditions remove high quantities of the rich organic material (i.e. glomalin) leaving soil a mineral grey color (Fig. 2). Glomalin accounts for a large amount (about 15 to 20%) of the organic carbon in undisturbed soils. Glomalin and Soil Aggregation Soil aggregation is a complex process that glues together of soil particles (minerals, organic matter, etc.) together into pellets. These pellets are rich in nutrients and resist erosion. Hyphae act as a frame upon which soil particles may collect while glomalin glues them together and protects them (Figs. 1 and 3). This is similar to walls in a house, where boards (i.e. hyphae) are used to frame-up the wall, insulation (i.e. soil particles) fills in spaces between boards, wall board (i.e. microbial glues, like glomalin and fungal and bacterial polysaccharides) help keep everything in place, and finally it is all coated with a protective layer of paint (i.e. glomalin). Sticking soil particles together (i.e. aggregate formation) is just one part of the process and one role for glomalin and other microbial polysaccharides. Glomalin is an important molecule in aggregate stabilization. When aggregates are not stabilized, they break apart with rainfall. Organic matter and nutrients within disrupted aggregates may be lost to rain and wind erosion. The chemistry of glomalin makes it an ideal stabilizing coat. 



The so-called phyllosphere “the largest biological 
surface inhabited by microorganisms” 

Julia Vorholt, a professor at the Institute of Microbiology 

Presenter
Presentation Notes
 one billion square kilometers, the entire plant surface is estimated to be four times bigger than that of the earth, thus making the so-called phyllosphere “the largest biological surface inhabited by microorganisms”, as Julia Vorholt, a professor at the Institute of Microbiology



Fungi hold on to Calicum 



Bacteria Minerals to Create Grid: Transport 
Electrons 



Actinobacteria 



(HS) Humic Substances  



Electron Image: Clay Particle 



Arthrobacter 



Presenter
Presentation Notes
We build Carbon in the soil in cropland situations – through HUMIFICATION – we need to have a mycorrhizal fungi relationship. 



The root is a Leverage Point:  
Engineering 

See Video Clip 

Presenter
Presentation Notes
10 percent of C taken and up to 44 percent of the C taken under plant stress up by plants by photosynthesis is excreted into the soil . Enzymes catalyze all biochemical reactions and are an integral part of nutrient cycling in the soil. Soil enzymes are believed to be primarily of microbial origin (Ladd, 1978) but also originate from plants and animals (Tabatabai, 1994). They are usually associatedwith viable proliferating cells, but enzymes can be excreted from a living cell or be released into soil sol-ution from dead cells (Tabatabai, 1994). The free enzymes complex with humic colloids and may be stabilized on clay surfaces and organic matter (Boydand Mortland, 1990).In addition to accumulating biologically active chemicals, plant roots continuously produce and secrete compounds into the rhizosphere(13, 60). Root exudation includes the secretion of ions, free oxygen and water, enzymes, mucilage, and a diverse array of carbon-containing primary and secondary metabolites (17, 172). Root exudation can be broadly divided into two active processes. The first, root excretion, involves gradient dependent output of waste materials with unknown functions, whereas the second, secretion, involves exudation of compounds with known functions, such as lubrication and defense (8, 172). Roots release compounds via at least two potential mechanisms. Root exudates are transported across the cellular membrane and secreted into the surrounding rhizosphere.Plant products are also released from root border cells and root border-like cells, which separate from roots as they grow (71, 175). Root exudates are often divided into two classes of compounds. Low-molecular weight compounds such as amino acids, organic acids, sugars, phenolics, and other secondary metabolites account for much of the diversity of root exudates, whereas high molecular weight exudates, such as mucilage (polysaccharides) and proteins, are less diverse but often compose a larger proportion of the root exudates by mass. Root exudation clearly represents a significant carbon cost to the plant (117), and the magnitude of photosynthates secreted as root exudates varies with the type of soil, age, and physiological state of the plant, and nutrient availability (21)Bacteria feeders ingest 5000 cells/min. which equates to 716 lbs. of bacteria/ac./yr. = N turned over is around 17-116 lbs. N/ac./yr.



Amino Acids 

Organic Acids 

Sugars 

Vitamins 

Purines/Nucleosides 

Enzymes 

Inorganic ions and Gaseous 
Molecules  

West 1939, Fries and Forseman (1951), Gagnon and Ibrhaim (1998) 

Root Exudates: 

Presenter
Presentation Notes
Root Exudates



Scum Test 

Switchgrass Switchgrass – Immediately  
After Placing in Water 

Switchgrass – After  
Submerging and Disruption 

Switchgrass Big Bluestem Alfalfa 



Spring 2008 Weed Suppression (ND) 



Fungi- Service they provide 

•Decompose Organic Matter 
•Glomalin secretion develops 
soil structure 

•Extract nutrients 
•Hold nutrients 



Diversity conduit for energy and nutrients. 

Soil Surface 

Presenter
Presentation Notes
Diversity conduit for energy and nutrients.Ecological processes to optimize in agroecosystems:• Strengthen the immune system (proper functioning of natural pest control)• Decrease toxicity through elimination of agrochemicals• Optimize metabolic function (organic matter decomposition and nutrient cycling)• Balance regulatory systems (nutrient cycles, water balance, energy flow, population regulation, etc.)• Enhance conservation and regeneration of soil-water resources and biodiversity• Increase and sustain long-term productivityMechanisms to improve agroecosystem immunity:• Increase of plant species and genetic diversity in time and space.• Enhancement of functional biodiversity (natural enemies, antagonists etc.)• Enhancement of soil organic matter and biological activity• Increase of soil cover and crop competitive ability• Elimination of toxic inputs and residues



Managing for Soil Health 

C C C 
C 

C C 

C C C 
C C SOIL BANK 

C 
C C C 

C C 

Wheat-Fallow Continuous Wheat 
Diverse Crop Rotation Diverse Crops with Cover Crops 

Presenter
Presentation Notes
Increasing bio-diversity increases microbial bio-diversity. The more diverse your rotation the more diverse your microbial population.



Mimic Nature 



A. H. Heggenstaller, University of Alberta 

Presenter
Presentation Notes
A. H. Heggenstaller, University of AlbertaWindows for cover crops?



A. H. Heggenstaller, University of Alberta 

Presenter
Presentation Notes
H. Heggenstaller, University of AlbertaSacrificing a whole crop system may be worth consideration in some cases to maximize benefits to the soil ecosystem.



Farmers  
Talking To  
Farmers 

About Soil 
Health 

 
Gabe Brown 

Glenn Bauer 

Troy Vollmer 

Marlyn Richter 

Linn Berg 



The Answer is to Imitate 
 Native Rangeland 



Utilize energy efficiently- understand the power of 
diversity:  Collaboration is more apparent than 
Competition: ND case study: 2006 Production On Burleigh 
District Plot with 1.8 in. of rain 
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Presenter
Presentation Notes
In the ecosystem-collaboration is more apparent than competition. This graph shows the data from a ND case study done by the Burleigh Conservation District. The district rented a field near Bismarck, ND. They planted the field and split the field into various plots. In one of  plots they planted oilseed radish, purple top turnip in another plot, pasja turnip in another plot…and etc….. Each of these of these species were planted separately in their own plot. The cocktail mix was a mixture of cowpea, soybean, millet, radish, turnip and sunflower together. This mixture was called the cocktail mixture. This mixture was done in full rate which was placed in its own plot and the ½ rate cocktail mixture of the same kind of plantings was placed in its own plot. These are the results. It is important to note that all the plots received the same amount of moisture. All the plots received 1.8 inches of moisture during the growing season. There was severe drought that year in Bismarck ND. The normal rainfall for the area is 15 to 17 inches of moisture. Notice the dry weight values. Why did the cocktail mixtures produce more biomass versus the those plants that were grown separately in their own plots? What happened to competition? If competition is more apparent, than why did the cocktail mixtures out produce plots that were grown separately ? If competition is more apparent, the plots with the single species should have out produced the cocktail mixtures. In the natural ecosystem there is more collaboration than competition. The plants in the cocktail mixture are sharing resources below the surface with each other, in a way that all the plants are benefiting each other. Each plants builds a different mychorizal relationship. Together they become more efficient than growing separately.  Together the conserve moisture, they prevent evaporation, they share nutrients more efficiently.



Turnip July 31 



Oilseed Radish July 31 



Cocktail July 31 



Sept. 13 (60 days) 



Sept. 13 (60 days) 
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Burleigh District





September 4, 2009 
No Commercial Fertilizer 

• Sunflower 1 lb 

• Soybean 15 lbs 

• Cowpea 10 lbs 

• Turnip 1 lb 

• Radish 2 lbs 

• Proso Millet 4 lbs 

• Pearl Millet 4 lbs 

• Sweet Clover 1 lb 

Presenter
Presentation Notes
8 way mix



Planting Corn Into Last Year’s Cover Crop Residue 
May 20, 2010 

Presenter
Presentation Notes
Root Exudates



West Side 
No Commercial Fertilizer 
No Compost 
No Compost Tea 
122.3 Bushels per Acre 

East Side 
No Commercial Fertilizer 
1-2 Ton of Compost 
2 Compost Tea Applications 
128.8 Bushels per Acre 

The Menoken Farm 
Power of Crop Diversity 

Both Sides were Planted into Last Year’s Cover Crop Residue 
 

2006 – 2010 Burleigh County FSA Committee Reasonable 
Yield Established by Year = 100 Bushels per Acre 

Presenter
Presentation Notes
The Menoken FarmPower of Crop DiversityBoth Sides were Planted into Last Year’s Cover Crop Residue





Darrell Oswald Ranch: Cover crop Mix 

Presenter
Presentation Notes
Darrell Oswald Cover crop mix



12 species 

Presenter
Presentation Notes
Steve Groff Cover  12 species Crop Mix



R E S E A R C H  S P O N S O R E D  B Y  

Study 3 
All Plots Harvested October 18, 2011 

190  bu/ac corn grown with zero N input at 
planting 



Nature’s residue managers 

See Video Clip 

(Odette Manard) 

Presenter
Presentation Notes
10 percent of C taken and up to 44 percent of the C taken under plant stress up by plants by photosynthesis is excreted into the soil . Enzymes catalyze all biochemical reactions and are an integral part of nutrient cycling in the soil. Soil enzymes are believed to be primarily of microbial origin (Ladd, 1978) but also originate from plants and animals (Tabatabai, 1994). They are usually associatedwith viable proliferating cells, but enzymes can be excreted from a living cell or be released into soil sol-ution from dead cells (Tabatabai, 1994). The free enzymes complex with humic colloids and may be stabilized on clay surfaces and organic matter (Boydand Mortland, 1990).In addition to accumulating biologically active chemicals, plant roots continuously produce and secrete compounds into the rhizosphere(13, 60). Root exudation includes the secretion of ions, free oxygen and water, enzymes, mucilage, and a diverse array of carbon-containing primary and secondary metabolites (17, 172). Root exudation can be broadly divided into two active processes. The first, root excretion, involves gradient dependent output of waste materials with unknown functions, whereas the second, secretion, involves exudation of compounds with known functions, such as lubrication and defense (8, 172). Roots release compounds via at least two potential mechanisms. Root exudates are transported across the cellular membrane and secreted into the surrounding rhizosphere.Plant products are also released from root border cells and root border-like cells, which separate from roots as they grow (71, 175). Root exudates are often divided into two classes of compounds. Low-molecular weight compounds such as amino acids, organic acids, sugars, phenolics, and other secondary metabolites account for much of the diversity of root exudates, whereas high molecular weight exudates, such as mucilage (polysaccharides) and proteins, are less diverse but often compose a larger proportion of the root exudates by mass. Root exudation clearly represents a significant carbon cost to the plant (117), and the magnitude of photosynthates secreted as root exudates varies with the type of soil, age, and physiological state of the plant, and nutrient availability (21)Bacteria feeders ingest 5000 cells/min. which equates to 716 lbs. of bacteria/ac./yr. = N turned over is around 17-116 lbs. N/ac./yr.



Megascolides australis can get up to 11 feet !! 

Giant Australian earthworm 



Soil Engineers: Earthworms 
Subsoil macropores - Model of earthworm burrow 

systems   

- 75 ind/m2  
 - 30% endogeic (∅ 2-3 mm) 

 - 70% anecic (∅ 6 mm) 
- ∅ core 212 cm 

Bastardie, Capowiez et al. Biol Fertil Soils (2002) 36:161–169 

1 m 1 m 



 June 16, 2009 
 Corn planted into last years cover 
crop residue 

Brown’s Ranch 
Same Field 

 

 July 1, 2009 
Rapid residue decomposition 



Decomposition active zone 

Aggregation active zone 

Zone of aggregation in layers 

This enrichment of the surface layer with SOM maintains soil quality by 
enhancing aggregation and facilitating aeration (Doran and Parking, 1994; 
Franzluebbers, 2007). 



Soil Temperatures 

Presenter
Presentation Notes
Notice the temperature difference between bare soil and soil with cover crops.



When soil temperature reaches... 
140 F  Soil bacteria die 

130 F 100% moisture is lost through 
  evaporation and transpiration 
113 F 
                       Some bacteria species  start dying 
 
100 F 15% of moisture is used for growth 
  85% moisture lost through evaporation 
  and transpiration 
95 F 
 
 70 F  100% moisture is used for growth 

J.J. McEntire, WUC, USDA SCS, Kernville TX, 3-58 4-R-12198. 1956 

Presenter
Presentation Notes
Soil temperatures is a way of determining the health of you pastures.  By placing a temperature gauge on the surface can show you what kind of micro climate you have created on your pasture.Start with if you maintain 70F soil temps 100% of the moisture is used for growth, none is loss.@ 100 degrees you loose 85% of your moisture through evaporation-transpiration.  Plants natural reaction to hot temperatures is to evaporate soil moisture through there system to cool itself.  Protein cooks at 120 degrees F.  Thus the plant will avoid being cooked by using all the moisture you have caught in the soil for “Air Conditioning.  So it is important to manage for cool soil conditions.  This is the biggest looser of soil moisture.  Hot ground means you have created a drought even during moist years.



Plants Regulate Soil Temp and 
Moisture 

http://www.ecoseeds.com/juicy.gossip.fourteen.html 



Soil temperature with 9.2 ton ha-1 (Brachiaria 
Decumbens) and without crop residues on the 

soil surface (NT - 10 years – GO, 16 ° SL) 

62.9 ºC 

No Crop Residues 9.2 ton ha-1 

32.6 ºC 

(Two years average: 14/01/2003 and 13/01/2004 at 2pm) 

30.3 °C = 86.5 °F 
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Presentation Notes
Mulch on tomatoes



What the heck did 
Archuleta get me into.. 
Last time I am go to 
North Dakota with him… 
What am I going to do  
with all this material? 

Presenter
Presentation Notes
North Carolina Case Study: Curtis Furr Looking at Rye



Presenter
Presentation Notes
Rolling Rye at John and Curtis





John Pickler Planting Corn into cover crop Mix 

Presenter
Presentation Notes
John Pickler no-till drill planting into cover



No-drill Plants into Residue 

Presenter
Presentation Notes
Cover planted 1- 3 days after roll down of cover crop mix- 8 way mix.



Presenter
Presentation Notes
Picture of rolled cover crop



Curtis Furr Cotton planted into 8 Way Rye 
Cover Crop Mix 





 Brandon Rocky: Colorado 



Cover Crop Mix: 



Cover Crop Mix 



Winter Pea intercropped into Potato 





Presenter
Presentation Notes
Cover crop planter in standing corn



112 

 



20 years of similar tillage intensity and C inputs 
but contrasting types of organic inputs  

Crop residues 
Cover Crops 

Animal manure 
Crop residues 

 



Conventional Tillage     (10 
years) 

No-tillage          
(10 years) 

Sandy soil (92 % of sand) – Saint Pierre des Corps – France (47⁰ 23’ North Latitude)  

Why do we still have a thicker layer of snow on the plot 
under CT than in NT?  

Soil temperature 
- 4°C = 24 °F 

Air Temperature at noon 
8°C at noon 

Soil temperature 
+ 4°C = 39 °F 

Air temperature 
8°C at noon 



Conventional Tillage     (10 
years) 

No-tillage          
(10 years) 

Sandy soil (92 % of sand) – Saint Pierre des Corps – France (47⁰ 23’ North Latitude)  

In sandy soils the silica is an excellent heat conductor and the freezing of water is higher, 
while the residues on the soil surface causing an insulating effect and the freezing is lower. 

No-till has higher content of labile C and higher microbial population compared to 
conventional tillage. In this case, biological activity will be higher due to rising temperatures 
and therefore higher energy as heat is released. 

Cellulose 
45% 

Sugars and 
gomes  

5 % 

Lignin  
20 % 

Hemicellulose   
20 % 

Wax and Fat 
2 % 

Protein  
8 % + O2  CO2  + H2O + energy 

Enzimatic 

oxidation 

CO2 

Heat 



C 

Soil carbon is the 
“Keystone” for all soil 
physical, chemical and 
biological processes and 
properties. 

N P 
K Ca 

Mg S 
Zn Mn 

Cl Bo 

Management platform 

Carbon is a “keystone” in nutrient cycling! 

Dr. D.C. Reicosky, ARS, Morris, MN.   

Presenter
Presentation Notes
Read slide contents.Carbon is “key” to nutrient cycling in soil systems.All forms of carbon are important, even humic acids, and all provide numerous functions important to agriculture and the environment.



Ohio 2012 Drought: 

Vertical Tillage No-till With Covers 



Building Soil 

     How did nature make all that 
soil in the first place? 

Presenter
Presentation Notes
The bison roamed around eating the grass.  Primarily it was warm season grass and forbs but there was a tremendous amount of diversity.  There is still discussion about exactly how the bison grazed.  There were a lot of factors that came in to play.  Time of year, growing or dormant grasses, available water, what areas burned, what didn’t burn, lots of things. Some writings and accounts say they were in small groups grazing only in the burned areas for the entire year.  These burned areas would have been grazed pretty hard while unburned areas were almost ungrazed and then the next year they moved to another burned area. There are also accounts of large herds numbering in the hundreds of thousands. As you can imagine when a large herd like this moved through an area everything probably got grazed and/or trampled pretty hard.   In either of these scenarios the grasslands were severely grazed and then rested for a long period of time, severely grazed and then rested.  It was this type of management that developed some of the most fertile soils in the world.  I think we can use different forms of this type of management to repair our eroded and worn out soils.



•Reduce 
individuality, it 
stimulates 
aggressive, less 
selective grazing 
habits. 
Aggressive 
grazing is primal 
instinct that 
herbivores must 
relearn 

 

Mimic Nature grazing template: Mob tall 
grazing (250k-500k lbs./ac.) 



•High numbers 
stomp, chip and 
shred unused 
grass onto the 
soil surface to 
increase  
biogeochemical 
nutrient cycling 

 

Mimic Nature grazing template: 



High Density Grazing 

Presenter
Presentation Notes
Here is a set of cows at almost 150,000 stock density.  Actually the photo appears to be a little higher than that because the 250 pair have access to 3 acres but they are standing on only about 2 acres of the field.  Again, we are taking  a look at how closely they are spaced.   When I talk to people about putting that many cattle on 2-3 acres they always ask “can they even fit on that small of an area”?  Do they look smashed together to you?  To they look stressed to you?



Mob grazing 



Ultra High Density Grazing 



 

Tundra? 



Layers enjoying the cover crop 



Next Move 



Presenter
Presentation Notes
Here is a close up of the area 24 hours later.  What do you think of the utilzation?   Do you think this is appropriate?  What was the utilization on this area?  Actually they were taking a little more than I like to but the forage quality was really good they were just eating it.  What else do you notice?  Are there any areas of refusal?  It has been over 4 months since anything has been on this field.  Previous manure piles are gone, urine smell had went away.  I read that it can take as much as 90 days for just the urine smell to go away.  If we were on a 30-45 rotation do you think we would have had areas they avoided because of manure and urine?  You bet we would have.  



 

Noxious weeds: 20 years of no animal 
impact (Symptom) 





May 5, 2008-  Started Moving cows 2 
times per day 





Weed and Brush Control 

            Smooth Sumac in St. Clair 
County 

Presenter
Presentation Notes
This has been a big problem for folks with native prairies.  Here is a patch of Sumac on a farm in St. Clair County.  Most folks cows won’t eat it will they.



Weed and 
Brush 

Control 

Presenter
Presentation Notes
Mark Brownlee had been rotating twice daily at about 100,000 stock density.  The cattle learned to eat sumac.  Now he wasn’t starving them.  They didn’t eat it last.  They ate it right along with everything else.  If was in the front of the strip they it first if it was in the back of the strip they ate later on.  They learned to JUST EAT whatever was there.  Grass, legumes, sumac, weeds, whatever was available.



2011 Drought  Mark Brownlee’s Pastures Neighbor’s Pastures 



February 2010 
 

Strip Grazed 
Hayfield – Fall 

Re-Growth 



Tom 
Matoushek 



Tom 
Matoushek 



Gabe Brown Ranch: North Dakota Soil Health Flagship 

Gabe Brown 6000 acres: 



A 4 Week Supply Based on 3% of Body Weight 



May 2009 



Bale Grazing Results               Tame 
Pastures 

8573 lbs/ac 
11.95% Crude Protein 
59.43% TDN 

2559 lbs/ac 
7.96% Crude Protein 
60.70% TDN 

Pasture With Bale Grazing  Pasture Without Bale Grazing 





Why Should We Care? Future World 
Challenge! 





geology.com 

Arid Lands 



Soil Temps All Over the World 





1961 Photo: Sahara Deseret 



Re-vegetation brings the 
Rain 



Answer: Ecological Restoration  



Restoration 



James Kinter, director of the Center for Ocean-
Land-Atmosphere Studies at the Institute of 
Global Environment and Society, 



James Kinter, director of the Center for Ocean-
Land-Atmosphere Studies at the Institute of 
Global Environment and Society, 



In The African Sahel: 
Trees Stop Sahara Desert 

Bruce Wight NRCS National Forester ( E&E News July 2012)  



Country/Region Estimated 
Percent Increase 

United States 6.3% 
China 71.4% 
India 58.8% 
Middle East 42.0% 
Africa 33.6% 
Central and South 
America 

29.4% 

Total World 25.2% 

Energy Information Administration (EIA) (2008) 
Report : Estimated world oil consumption for 

the next 21 years (2009 to 2030) 

China and India 
combined will 
increase there 
oil consumption 
by 65.1% in 
next 21 years 



Healthy Soils Save Oil and Toil! 

Presenter
Presentation Notes
High cost of chemical inputs are impacting farms throughout the country. In the next 21 years according to the EIA (Energy Information Administration) China and India combined will increase their oil consumption by 65.1 percent. Our farms in the US become more efficient in using petroleum based products (fertilizer and pesticides) . Healthy soils reduce our usage for oil.



http://www.journeytoforever.org/biodiesel_link.html 

http://images.google.com/imgres?imgurl=http://www.archithings.com/wp-content/uploads/2009/03/john-deere-7530-premium-series-tractor-2-588x402.jpg&imgrefurl=http://www.archithings.com/the-new-john-deere-7530-premium-series-tractor/2009/03/20&usg=__drDSFIfxlUisCXOrqTxZoh2dERY=&h=402&w=588&sz=46&hl=en&start=45&itbs=1&tbnid=KTbyBAvo91gmgM:&tbnh=92&tbnw=135&prev=/images?q=tractor&start=42&hl=en&sa=N&gbv=2&ndsp=21&tbs=isch:1
http://images.google.com/imgres?imgurl=http://image44.webshots.com/45/9/5/4/383790504IsoAKZ_fs.jpg&imgrefurl=http://outdoors.webshots.com/photo/1383790504062306451IsoAKZ&usg=__MMavRHugWHodYwpFWUCOxhj3FFg=&h=768&w=1024&sz=135&hl=en&start=1&itbs=1&tbnid=E-D609QEjUWxYM:&tbnh=113&tbnw=150&prev=/images?q=sprayer+tractor&hl=en&gbv=2&tbs=isch:1
http://images.google.com/imgres?imgurl=http://images.dieselpowermag.com/features/ford/0806dp_01_z+2005_ford_f250+front_left_view.jpg&imgrefurl=http://www.dieselbombers.com/ford-truck-powerstroke-turbo-diesel-forum/12715-2005-ford-f-250-attention-detail.html&usg=__9422ZeMKN43toylUsDLewVPuq1A=&h=480&w=640&sz=69&hl=en&start=6&itbs=1&tbnid=514ZSqPNDcFRGM:&tbnh=103&tbnw=137&prev=/images?q=diesel+f250&hl=en&gbv=2&tbs=isch:1


http://www.journeytoforever.org/biodiesel_link.html 



Creating Soil Health Demonstration Farms: Centers of 
Sustainability 

Presenter
Presentation Notes
These are plant materials centers that will share information with each other and with other soil health demonstration farms. 



ND Soil Health Center 

150 acres 

ND PMC 

Cluster or Network of SH Farms 

Presenter
Presentation Notes
Soil health demonstration farm in ND



Missouri Chariton County 
SWCD Soil Health Center 

110 acres 

Cluster or Network of SH Farms 

Farm 

Farm 

Farm 

Farm 

Farm 

Presenter
Presentation Notes
Soil Health Demonstration farm in Missouri. Agreement just signed on Jan 13.



David Brandt Soil Health 
Center (Ohio) 

Cluster or Network of SH Farms 

Farm 

Farm 

Farm 

Farm 

Farm 

Presenter
Presentation Notes
Soil Health demonstration farm in Ohio.



Healthy Profit$ From Healthy Soil$ 



Soil Health Conference: Farming like  
Nature: “The Supreme Farmer”! 



" it is time for the United States to STOP paying for the degradation of the 
soil!" 



“You and your generation have a choice to make and the 
entire planet lies in the balance! You can continue the way 
your parents did and the planet will surely perish with 
you. Or, you can take what you know, never by afraid to 
try something new, continue to learn and ask questions, 
and completely change the face of agriculture, feed a 
growing planet along the way and hand the planet to 
your kids with much more pride than i am handing it to 
mine!! YOU have been CHOSEN to protect the planet 
while feeding it's people, an honor very few get! And, the 
planet is not handed to you from your parents, you are 
borrowing it from your kids!! “ 
   Gail Fuller Kansas Farmer 
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