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Objectives

1. Identify key components of 
practices and activities to develop a 
Soil Health Management System

2. Describe the interaction, 
dependency and synergy between 
practices in a SHMS

3. Recognize barriers to 
implementation

4. Describe an entry level strategy to 
develop a SHMS

NRCS | SHD | Strategizing & Implementing a SHMS | v2.2
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Soil Health Management System

Collection of NRCS conservation practices, 
BMPs, activities, that focus on maintaining 
or enhancing soil health

Address all 4 of the soil health principles

Create a “synergistic” effect so that the 
system is successful and sustainable

Cropping system specific

NRCS | SHD | Strategizing & Implementing a SHMS | v2.2

Presenter
Presentation Notes
A collection of NRCS conservation practices that focus on maintaining or enhancing soil health by addressing the four soil health planning principles: minimize disturbance, maximize soil cover, maximize biodiversity and maximize presence of living roots.  SHMS are cropping system specific and contain practices treat the entire field and when applied a system achieve the greatest impact on soil health by creating a synergistic effect as a system.  Information obtained through soil health assessments can be used in developing SHMS in targeting specific constraints that have been identified.
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Best Accepted New Technology

• Conservation activities that 
might not be in an NRCS 
conservation practice 
standard. Examples:

 Companion cropping

 Traffic management

 Precision application of 
nutrients and pesticides

 Use of floatation tires

NRCS | SHD | Strategizing & Implementing a SHMS | v2.2

Presenter
Presentation Notes
** add examples relevant to your regionThese are activities that benefit soil health but may not fall under an NRCS conservation practice standardAllows for the use of innovative ideas
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Soil Health Management System

• Achieving soil health through:

 a Quality No-till/ Strip-till System

 Diverse and Strategic Cover Crops

 Adapted Nutrient Management

 Integrated Weed & Pest 
Management

 Diverse Crop Rotations

 Precision Farming Technology

 Prescriptive Buffers and 
Constructed Practices

Soil Health is not a destination...it’s a Journey

NRCS | SHD | Strategizing & Implementing a SHMS | v2.2

Presenter
Presentation Notes
** Substitute practices most relevant to your region.“Soil health” is a journey that’s obtained by implementing a system of management practices that are often planned above and beyond the minimums in our standards.  It’s the implementation of a suite of conservation practices to a specific criteria, that leads to soil health and increased SOM and the subsequent treatment of Resource Concerns (RCs).  Many RCs are linked to SH indicators (compaction, infiltration, water-holding capacity, nutrient cycling, biodiversity, etc.) and the resulting water quality, air quality, wildlife habitat, etc. benefits.Discuss difference between minimum and high-level criteria
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We can package a 

system of practices 

that Improve Soil 

Health! 

Quality no-till/strip-till

Adapted nutrient management

Prescribed cover crops Diverse crop rotation

New technology

and

integrated weed &

pest management

NRCS | SHD | Strategizing & Implementing a SHMS | v2.2

Presenter
Presentation Notes
**substitute pictures of relevant practices for you region.Improving soil function is about optimizing and understanding all aspects of the conservation cropping system such that soil health is the central focus with every operation.  Each practice should complement and enhance the others of the system.Think of a Soil Health Management System as a collaboration of practices that have synergy.  Have an in depth class discussion on the difference between each single practice and how to integrate them into a SH system.Quality No-till vs No-till…Adapted Nutrient Management vs Nutrient Management and so on for each.
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We can package a 

system of practices 

that Improve Soil 

Health! 

Adapted nutrient management

Prescribed cover crops

New Technology and integrated 

Weed & pest management

Diverse crop rotation

Quality no-till/strip-till

NRCS | SHD | Strategizing & Implementing a SHMS | v2.2

Presenter
Presentation Notes
So lets discuss what we mean by-Quality No-till vs No-till…You may have heard several negative references to no-till (ask the class for examples).  In many cases, poor results stem from mismanagement or a lack of understanding of changes needed in equipment, nutrient management or pest management.  Lets review and discuss a few of the key points (many of which we may have discussed this week)
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No-Till / Strip-Till

Planter set-up and 

maintenance is critical

NRCS | SHD | Strategizing & Implementing a SHMS | v2.2

Presenter
Presentation Notes
Quality No-Till goes beyond the minimum criteria in the practice standard Definition: “Limiting soil disturbance to manage the amount, orientation and distribution of crop and plant residue on the soil surface year round”Criteria: no burning of residue, uniformly distributed, no full-width tillage, etc.Need to include Planter set up to obtain near perfect stands.  Unfortunately, few planters are tuned to the level of perfection which is needed to achieve these capabilities. One of the best times to go through a planter is in the summer when a post emergence stand evaluation, or ear count diagnosis has been made.  By waiting until late winter, farmers run the risk that parts are on back order.
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Goal: Every seed at the exact same depth…

NRCS | SHD | Strategizing & Implementing a SHMS | v2.2

Presenter
Presentation Notes
No matter the system the goals are the same…every seed emerging the same day. To accomplish this, every seed needs to be placed at the same depth, at the same spacing and in the same environment.  Discuss what uneven emergence does to yield potential in crops like corn.  Discuss how the temp & moisture are more different at different depths in no-till than in a full width tillage system, thus the importance of depth is greater.  
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Spread the Weight!

Spread residue

Presenter
Presentation Notes
Need to carry the weight of growing equipment more wisely and spread the volumes of crop residues evenly, especially with the tendency toward wider (40’+) grain platforms.  Windrowing of residue, especially low biomass crops like soybean can cause problems later  Ask students about problem/observations they’ve made with no-till in their work areas.
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NRCS | SHD | Strategizing & Implementing a SHMS | v2.2

Presenter
Presentation Notes
Planting into heavy residue may require many additional adjustments and/ or add- ons. coulters need to be sharp etc.etc.**Some of this may have already been covered at the farm or during the Cover crop module-Planting “green” can be done if timing for termination and planting are synchronized (discuss pros and cons).  Waiting several days after terminating can result in residue that won’t cut/slice easily, need to wait 2 weeks or more for the residue to dry down (discuss pros and cons)
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Poor Structure = Yield Loss

NRCS | SHD | Strategizing & Implementing a SHMS | v2.2

Presenter
Presentation Notes
Poor planter set-up can actually lead to further soil function complication by causing side wall compaction, restricts root growth from moving out in all directions
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Less total down pressure is needed

No-Till Planter Attachments

RID
Match field conditions on the go!

NRCS | SHD | Strategizing & Implementing a SHMS | v2.2

Presenter
Presentation Notes
Planters can be designed  with precision technology and/or add-ons to reduce side wall compaction.Less down pressure is needed as soils become healthy, 
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With Space 

Shuttle Tech

No-Till Planters

Sense and adapt to field 

conditions on the go!

Precision downforce 

in sub inch increments.

Presenter
Presentation Notes
Examples planter attachments to improve seed and fertilizer placementHave benefited from space age technologyPictures show precision fertilizer placement
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NRCS | SHD | Strategizing & Implementing a SHMS | v2.2

• Discussion-

What is a common issue you 
have seen with these practices?

 No-till/ Strip-till 

 Cover Crops

 Nutrient Management

 Weed & Pest Management
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We can package a 

system of practices 

that Improve Soil 

Health! 

Quality no-till/strip-till

Prescribed cover crops Diverse crop rotation

Adapted nutrient management

New technology and integrated 

weed & pest management

NRCS | SHD | Strategizing & Implementing a SHMS | v2.2

Presenter
Presentation Notes
Quality Adaptive nutrient management- We must understand that when we stop tilling and/or add cover crops, we significantly change the nutrient cycles and especially the availability of nitrogen
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Compounding extent of soil 
degradation and effect on other cycles

Denitrification:

• Anaerobic conditions 

cause Losses of N2, NO 

and N2O

Leaching

• Plenty of heat to convert 

ammonium to nitrate 

• Nitrate leaves with the 

water

Both applied and soil 

available N are at risk of 

loss

NRCS | SHD | Strategizing & Implementing a SHMS | v2.2

Presenter
Presentation Notes
During transition from full width tillage to a soil health system, degraded soil conditions will affect nutrient cycling, and causes additional resource concerns.Saturated soils caused by compacted soils with poor aggregated stability leads to accelerated denitrification, goes anaerobicAlso accelerates leaching, converting NH3 to NO3 more water soluble, increase leaching 
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Nitrogen Mineralization
and

Immobilization

Biology

NRCS | SHD | Strategizing & Implementing a SHMS | v2.2

Presenter
Presentation Notes
 Most have seen a typical Nitrogen cycle diagram and most think this is just a chemical process. Click to bring in the animation.  However, no matter how well you time, place, and adjust rate and source of nutrients, about half of the nutrients a crop takes up will come from the soil. And it is biologically driven.  This is only a small part of the process but I think it gives you a basic idea of how life, death and mineralization works in that Rhizosphere. Everything is made up of differing amounts of carbon and nitrogen. C/N ratios vary between specie but generally Bacteria have a lower C/N ratio than a Protozoa or Nematode.Bacteria are around 5:1 and a Nematode, which eats the bacteria, is 10:1.  A Nematode will need to eat two Bacteria to get 10 units of Carbon but it only needs one of the Nitrogen units, so he excretes the extra into the soil in  a form that a plant can very readily take up.  That is exactly what we want to happen as long as there is a plant there to take up that Nitrogen. 
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Only 30-55% of Inorganic 
Fertilizer is Directly Used by 

Plants
Fertilizer N 

applied 

(lb/ac)

Corn grain 

yield (Bu/ac)

Total N in 

corn plant 

(lb/ac)

Fertilizer-

derived N in 

corn (lb/ac)

Soil-

derived N 

in corn 

(lb/ac)

Fertilizer-derived 

N in corn as % of 

total N in corn

45 62 76 25 54 33

89 73 130 49 81 38

178 88 140 77 63 55

Calculated from Reddy and Reddy, 1993 and modified from Weil & Brady, The Nature and 

Properties of Soils, 15th ed. 

Presenter
Presentation Notes
The majority of inorganic commercial fertilizers are utilized by the soil microbes before it is recycled to the plants.  Fertilizer derived N only represents 33% to 55% of the N in a corn plant.  Where does the rest of the N come from?  The soil organic matter and the soil microbes.  Most of the organic nitrogen becomes available later in the growing season as soil temperatures increase and rainfall occurs.  So if we can increase our SOM and our soil microbial life, we can increase our soil nutrient efficiency.  What about P?  Source of Nitrogen in Corn in North Carolina on an Enon Sandy Loam Soil Fertilized with Three Rates Nitrogen as NH+4-NO-3  (tagged Isotope 15 N)(Calculated from Reddy and Reddy 1993) Page 787 15th Edition Nature and Properties of Soil
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Effect of tillage on microbial activity

Havlin et al. (1999)

Which tillage system has 

more microbial activity ?

Soil respiration

in CT system
CT

NT

Presenter
Presentation Notes
Tillage accelerates decomposition of crop residue, which releases nutrients earlier in the growing season and most of our crops hybrids have been selected from a full width tillage system that delivers early nutrients.  Of course this is at the expense of carbon and it happens before plants need them, so they can be lost through leaching. Discuss how this cycle changes when we stop tilling and/or add cover crops.
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Effect of tillage on microbial activity

Havlin et al. (1999)

Which tillage system has 

more microbial activity when 

the crop needs it ?

Soil respiration in NT systemCT

NT

Presenter
Presentation Notes
Crop residue left on surface will decompose slower over a longer period of time, supplying nutrients to plants later, as the need increases is good, but we may need to adapt or nutrient plan to optimize yield.
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What are the yield determination times for corn?

What should your N application protocol be?

Havlin et al. (1999)

Soil respiration

in CT system Soil respiration in NT system

CT

NT
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With Adapted 4R 

Precision

No-Till Planters

Precision nutrient 

placement and rate

Presenter
Presentation Notes
We can compensate somewhat for the change in the soil delivery of nutrients as tillage changes with starter fertilizer. Specifically, starter fertilizer with significant N and S. Examples planter attachments to improve fertilizer timing and placement for no-tillPictures show precision starter fertilizer placement
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NRCS | SHD | Strategizing & Implementing a SHMS | v2.2

• Discussion-

What is a common issue you 
have seen with these practices?

 Nutrient Management

 No-till/ Strip-till 

 Cover Crops

 Weed & Pest Management



Slide 27

9:27 AM

We can package a 

system of practices 

that Improve Soil 

Health! 

Adapted nutrient management

Diverse crop rotation

New technology and integrated 

weed & pest management

Prescribed cover crops

Quality no-till/strip-till

NRCS | SHD | Strategizing & Implementing a SHMS | v2.2

Presenter
Presentation Notes
Prescribed Cover Crops Discuss what this means, provide examples as to how cover crops can be “benefit the crop that follows”Need to cover crop with a purpose…. Which will affected the selection of cover crop species that are usedCover crops will be discussed in more detail in Module 7, so you don’t need to go into as much depth, walk through the example related to a corn bean rotation	
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Strategically…CC Should Complement 
the Following Crop

What about Corn?

NRCS | SHD | Strategizing & Implementing a SHMS | v2.2

Presenter
Presentation Notes
What cover crops should be used prior to planting corn?  What criteria should be considered that would benefit the corn crop to follow?For Corn-Cover crops should trap N in the fall, but release N at the optimum time in the spring. Cereal grain cover Crops ahead of corn may have a high N immobilization that will need to be compensated with extra N in starter.The following table provides a chart to look at the C:N ratios for various plantsLegumes before corn could provide 50 lbs. or more of N 
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Strategically…CC should match desired C:N Ratio

G
o

o
d
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o

r 
C

o
rn

G
o

o
d

 f
o

r 
S

o
y
b

e
a

n

Material C:N Ratio

Rye Straw 82:1

Wheat Straw 80:1

Oat Straw 70:1

Corn Stover 57:1

Rye Cover Crop (Anthesis) 37:1

Rye Cover Crop (Vegetative) 26:1

Mature Legumes 25:1

Balanced Microbial Diet 24:1

Daikon Radish 19:1

Crimson Clover 17:1

Ryegrass (Vegetative) 15:1

Young Alfalfa 13:1

Hairy Vetch Cover Crop 11:1

Soil Microbes (Average) 8:1

NRCS | SHD | Strategizing & Implementing a SHMS | v2.2

Presenter
Presentation Notes
Understanding plant species growth stage and relationship to Carbon:Nitrogen is key to overall strategiesReview chart and discuss various situations.  Notice that Rye has varying C:N ration depending on when it is terminated.Low C:N ration plants breakdown quickly, discuss the advantages and disadvantages of this, 
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Strategically…CC should complement 
the following crop …Which is better?

Corn into: 

• High Carbon 

(Cereals 

Rye/Wheat) 

…or

• High Nitrogen 

(Protein)

• Cover Crop 

(Clover/Peas)

NRCS | SHD | Strategizing & Implementing a SHMS | v2.2

Presenter
Presentation Notes
Pre-Corn-Cover crops should trap N in the fall, but release N at the optimum time in the spring. This corn into a cereal rye/Austrian winter pea/Crimson Clover mixPredecessor  is releasing the N at time of greatest need. Terminate the cereal CCs at boot stage or earlier to reduce N tie-up.
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Corn into: 

• High N (Protein)

• Cover Crop 

(Clover/Peas)

• Contributes high 

quality N

• Less likely to 

harbor disease 

pathogens

Strategically…CC Should 
Complement the Following Crop

NRCS | SHD | Strategizing & Implementing a SHMS | v2.2

Presenter
Presentation Notes
Fixing N requires a balance between allowing enough growth and still terminating at the optimum time in the spring. Legumes like Austrian winter pea or Crimson Clover will add nodules rapidly once the soil warms so delaying termination even a couple weeks could be a noticeable gain in organic N which will be more of a timed release at time of greatest need.
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Corn after 

High C (Corn) 

plus

High N (Protein)

Strategically…CC Should 
Complement the Following Crop

NRCS | SHD | Strategizing & Implementing a SHMS | v2.2

Presenter
Presentation Notes
Lower seeding rate for Cereal Rye are ahead of corn helps to reduce the potential for immobilization to occur.  This corn into a cereal rye/Austrian winter pea/Crimson Clover mix is releasing the N at time of greatest need.  
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Strategically…

CC should complement the following crop

Corn strategy:

Strip planting

Easy spring 

management

Other innovations

Presenter
Presentation Notes
Animated slide-Other strategies merely provide more distance in the soil between young corn roots and high carbon CC roots.
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Corn into a mix:

High Protein

Can Provide:

• Optimum 

Nutrient Release

• Extra water

During rapid 

demand

Strategically…CC Should 
Complement the Following Crop

NRCS | SHD | Strategizing & Implementing a SHMS | v2.2

Presenter
Presentation Notes
N seem to be releasing timely with major uptake
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Corn into a mix:

High Carbon (Rye) 

Provides:

• Erosion Control

• Moisture Savings

Uses/ immobilizes:

• Nitrogen/ nutrients

• Disease?

Starter N a must!

Strategically…CC Should 
Complement the Following Crop

NRCS | SHD | Strategizing & Implementing a SHMS | v2.2

Presenter
Presentation Notes
 even with some cereal rye in the mix, N seem to be releasing timely with major uptake
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Strategically…What about Soybeans?

Choices

Do Soybeans 

need N ?

…Sure, but they 

capture their 

own!

NRCS | SHD | Strategizing & Implementing a SHMS | v2.2

Presenter
Presentation Notes
Soybeans are not adversely affected by immobilized N…in fact they seem to respond favorably as shown by these beans into a cereal rye/forage brassica CC mix. As legume soybeans will produce more N if it is not available in the soil.
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Strategically…

• Soybeans do well into a high carbon Cover Crop.

…Why?

• Weed Control, Late Season Water and Nutrient 
Cycling

NRCS | SHD | Strategizing & Implementing a SHMS | v2.2

Presenter
Presentation Notes
Soybeans seem to respond favorably to- early season weed controllate Season WaterIncreased nutrient CyclingFrom cover crops as shown by these group 2.8 beans.
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Strategically…Planning the System 
Using the Step by Step Approach

1. Drill or Aerial 

Seed Cereal Rye 

or Annual 

Ryegrass into 

Corn Stalks

NRCS | SHD | Strategizing & Implementing a SHMS | v2.2

Presenter
Presentation Notes
So if we are planning a NT Corn- Soybean system with cover crops how do we start?   NT Rye into corn stalks, It’s easy to establish and easy to kill. SB don’t require the N that corn doesNT a relatively early group soybean into the rye and try to plant these beans early in the planting season…this gives you a wider window to seed a cover crop mix next fall. 
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Strategically…Planning the System

2. Terminate the     

Cereal Rye at 12”…

Or…

NRCS | SHD | Strategizing & Implementing a SHMS | v2.2

Presenter
Presentation Notes
... 2. NT a relatively early group (2.6-2.9 depending on your region) soybean into the rye and try to plant these beans early in the planting season…this gives you a wider window to seed a cover crop mix next fall. Farmers new to the system will want to plan to terminate at a vegetative stage, but if weather doesn’t permit, then success is still very manageable.
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Strategically…Planning the system

2.  Plant a short 

season Soybean 

into the Rye 

(preferably early 

in the season)

NRCS | SHD | Strategizing & Implementing a SHMS | v2.2

Presenter
Presentation Notes
2. cont.  … Remember-It’s early- Scout often and bump your rate up a bit. Earlier soybeans are more determinant and don’t branch as much
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Strategically…Planning the system

3. Plant a low 

C:N mix into 

or after 

Soybean

NRCS | SHD | Strategizing & Implementing a SHMS | v2.2

Presenter
Presentation Notes
3. plant a low C:N mix after SB.  If you are new to the system, something that winterkills  like Oats and daikon radish, may be a good first combination.   For higher soil health and water quality benefits- try a mix of oats and daikon radish with cereal rye, forage rape, crimson clover and winter peas. In many cases the oats and radish emerge and grow quickly in the fall and provide some winter protection to help peas and clover survive the winter. They then winter kill leaving a more open CC canopy that will still hold nutrients but will be easier to plant into and manage. 
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Strategically…Planning the system

3. Plant a low 

C:N mix into 

or after 

Soybean

NRCS | SHD | Strategizing & Implementing a SHMS | v2.2

Presenter
Presentation Notes
3. plant a low C:N mix after SB.  If you are new to the system, something that winterkills  like Oats and daikon radish, may be a good first combination.   For higher soil health and water quality benefits- try a mix of oats and daikon radish with cereal rye, forage rape, crimson clover and winter peas. In many cases the oats and radish emerge and grow quickly in the fall and provide some winter protection to help peas and clover survive the winter. They then winter kill leaving a more open CC canopy that will still hold nutrients but will be easier to plant into and manage. 4. plant a lower C:N mix with >50% winter hardy species after SB why…Species like Cereal rye, Winter Pea, winter rape seed and annual ryegrass will hold on to soluble P and N longer into the spring and release closer to when subsequent crops can utilize it. Try to have at least 25% of the mix as cereal rye so the likelihood of winter survival of part of the mix is assured. 
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Strategically… Planning the system

18 months into the system we have had:

Three no-till plantings (Minimized Disturbance)

Year round ground cover (Maximized Ground Cover)

Added diversity that was lacking (Maximized Diversity)

Two winters of a living root (Maximized Living Roots)

Presenter
Presentation Notes
Summarize: the SH progress in management principles and why soil function should be improving
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Strategically…Planning the system

4. NT Corn into a: 

Biologically active 

high functioning 

soil

NRCS | SHD | Strategizing & Implementing a SHMS | v2.2

Presenter
Presentation Notes
4. Soil function is now ready to provide corn resource needs- NT corn into the low C:N mix the following spring.  This make the NT corn actually the 4th NT operation that has the advantage of a soil that already has many of the health qualities we expect from a more mature system.  
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Strategically…Planning the system… 
for a higher level?

5. Add a Small Grain and 

make it a true rotation

A Small Grain gives 

endless options…

Presenter
Presentation Notes
If we want to take the system to an even higher level then extending the rotation to open more windows for diversity is a next logical step.
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6. Maximize Diversity by 

companion cropping…

Strategically…Planning the system… 
for a higher level?

Presenter
Presentation Notes
Maybe look into companion cropping or other advanced rotations or technologies. 
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7. Maximize Diversity by adding 

livestock…with high end 

grazing systems

Strategically…Planning the system… 
for a higher level?

Presenter
Presentation Notes
And where practical, the journey may continue with integration of livestock that are managed under a prescribed grazing system. This can have a major benefit.
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Strategically… Planning the system

5.or 8. Enjoy The 

Rewards of Soil 

Health!

NRCS | SHD | Strategizing & Implementing a SHMS | v2.2

Presenter
Presentation Notes
…By using sound logic and planning a mix with a optimal C:N ratio for the rotation, N is release more timely, as shown in the example above- then the corn crop that benefits from the time released nitrogen.  Result… Enjoy Great production potential. With this step in approach soil functions and aggregate stability from the extra biology greatly reduces the odds of a yield drag…if fact we may (likely) have an improved yield potential the first year we plant corn into this system!
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Agronomic Efficiencies are Optimized When 

Soil Health is Maximized

Managing for a Living Ecosystem is Key to 
Optimum Production

Capture the potential!

“We can take production and

conservation further with  management 

systems that continually build Soil 

Health ”

NRCS | SHD | Strategizing & Implementing a SHMS | v2.2

Presenter
Presentation Notes
Soil Health Cropping Systems are good for the economy…environment….they are great for the very air we breathe …and best of all they are doable!  Time is now, if we are to capture the potential! 
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NRCS | SHD | Strategizing & Implementing a SHMS | v2.2

• Discussion-

What are the roadblocks to the 
systems approach?

 a Quality No-till/ Strip-till System

 Diverse and Strategic Cover 
Crops

 Adapted Nutrient Management

 Integrated Weed & Pest 
Management

 Diverse Crop Rotations

 Precision Farming Technology

 Prescriptive Buffers and 
Constructed Practices
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NRCS | SHD | Strategizing & Implementing a SHMS | v2.2

• Discussion-

What are the benefits to the 
systems approach?

 a Quality No-till/ Strip-till System

 Diverse and Strategic Cover 
Crops

 Adapted Nutrient Management

 Integrated Weed & Pest 
Management

 Diverse Crop Rotations

 Precision Farming Technology

 Prescriptive Buffers and 
Constructed Practices
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Meeh, NRCS

This information is provided as a public service and constitutes no endorsement by the 

United States Department of Agriculture or the Natural Resources Conservation Service of 

any service, supply, or equipment listed. 

While an effort has been made to provide a complete and accurate listing of services, 

supplies, and equipment, omissions or other errors may occur and, therefore, other 

available sources of information should be consulted

The USDA is an equal opportunity provider and employer.
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