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Soil Health for Your
Farm and How to
Achieve It

Candy Thomas, Regional Soil
Health Specialist KS & NE
Candy.Thomas@ks.usda.gov
785-309-6991



mailto:Candy.Thomas@ks.usda.gov

Our Challenges



Feeding the population on a shrinking available land base
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| This interpretive map shows generallzed spatial trends in NRI

statistical sample survey data. The NRI sample was designed to
yield reliable estimates at broader, more regionalized levels than
those depicted by the 8-mile radii aggregations chosen for this
interpretation, which is used to examine more localized variability
Localized variations should be considered carefully in the broader

geographic context.
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Presenter
Presentation Notes

Active agricultural land (crop, pasture, range, and land formerly enrolled in the Conservation Reserve Program) were converted to developed uses between 2002 and 2007. This represents an area roughly the size of Massachusetts.

The nation has lost 41,324,800 acres of rural land to development between 1982 and 2007—an area about the size of Illinois and New Jersey. Rural land includes active agricultural land, plus forest land and other rural land. Fifty-six percent of the rural land developed, or 23,163,500 acres, is identified as active agricultural land. ��In addition, there was a nationwide 13,773,400-acre decline in prime farmland between 1982 and 2007. Prime farmland soils are best suited to produce food and other agricultural crops with the fewest inputs and the least amount of soil erosion. �
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| DO Abnormally Dry
B E; gmuﬂm _ gmmata 3 = Shorl-Term, typically <6 months
= D3 D;Eugm E:;::a (9. agriculture, grasslands)

Ml C4 Drﬂght - Exceptional L = Long-Term, typically =6 maenths

r~ Delineates dominant impacts

(e.g. hydrology, ecology) USDA
The Drought Monitor focuses on broad-scale conditions. S AN !
| ocal conditions may vary. See accompanying fext summary
for forecast statements. Released Thursday, September 27, 2012

http://droughtmonitor.unl.edu/ Author: Anthony Artusa, NOAA/NWS/NCEP/CPC
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Challenges

Population growth
Loss of ag solls
Changing climate

Water quality and quantlty
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Doran et al., 1996
Doran, J.W., Sarrantonio, M., Liebig, M., 1996. Soil health and sustainability. In: Sparks, D.L. (Ed.), Advances in Agronomy, Vol. 56, Academic Press, San Diego, CA, USA, pp. 1–54.
Doran et al., 1998
Doran, J.W., Liebig, M.A., Santana, D.P., 1998. Soil health and global sustainability. In: Proceedings of the 16th World Congress of Soil Science. Montepellier, France, 20–26 August 1998.


http://www.sciencedirect.com/science/article/pii/S0167880901002468
http://www.sciencedirect.com/science/article/pii/S0167880901002468
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Soil Health Demos H

e Slake Test
e Infiltration
e Rainfall Simulator
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Presenter
Presentation Notes
We must integrate the Core 4 Principals of improving Soil Health into every aspect of management decisions. 


Credit: S. Rose and E.T. Elliott.
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Presenter
Presentation Notes
View the soil as habitat for microorganisms, just as you might view forests or fields as habitat for animals.  If we want to encourage a diverse and healthy habitat for microorganisms we must provide food, nutrients, proper aeration, pH, water, etc. Organisms live in the microscale environments within and between soil particles.
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Presentation Notes
The trophic level of an organism is the position it occupies in a food web.
• Basal species, such as plants, form the first trophic level and feed
on no other living creature in the food web. Species in this level are
also known as primary producers, as they are able to convert solar
energy or chemical energy into organic matter.
• The intermediate levels are filled with organisms that feed on more
than one trophic level (predator-prey relationships) and transfer
energy to the upper trophic levels through a number of food
pathways, starting from a basal species.
• The uppermost trophic level includes top (or apex) predators that
have no other species predating on them.
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Soil organisms are concentrated:
Around roots. The rhizosphere is the narrow region of soil directly around roots (see photo below). It is teeming with bacteria that feed on sloughed-off plant cells and the proteins and sugars released by roots. The protozoa and nematodes that graze on bacteria are also concentrated near roots. Thus, much of the nutrient cycling and disease suppression needed by plants occurs immediately adjacent to roots.
In litter. Fungi are common decomposers of plant litter because litter has large amounts of complex, hard-to-decompose carbon. Fungal hyphae (fine filaments) can “pipe” nitrogen from the underlying soil to the litter layer. Bacteria cannot transport nitrogen over distances, giving fungi an advantage in litter decomposition, particularly when litter is not mixed into the soil profile. However, bacteria are abundant in the green litter of younger plants which is higher in nitrogen and simpler carbon compounds than the litter of older plants. Bacteria and fungi are able to access a larger surface area of plant residue after shredder organisms such as earthworms, leaf-eating insects, millipedes, and other arthropods break up the litter into smaller chunks.
On humus. Fungi are common here. Much organic matter in the soil has already been decomposed many times by bacteria and fungi, and/or passed through the guts of earthworms or arthropods. The resulting humic compounds are complex and have little available nitrogen. Only fungi make some of the enzymes needed to degrade the complex compounds in humus.
On the surface of soil aggregates. Biological activity, in particular that of aerobic bacteria and fungi, is greater near the surfaces of soil aggregates than within aggregates. Within large aggregates, processes that do not require oxygen, such as denitrification, can occur. Many aggregates are actually the fecal pellets of earthworms and other invertebrates.
In spaces between soil aggregates. Those arthropods and nematodes that cannot burrow through soil move in the pores between soil aggregates. Organisms that are sensitive to desiccation, such as protozoa and many nematodes, live in water-filled pores.
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Organic Matter Dynamics

» Shred, mix, fragment
residues

» Decompose residues

» Release nutrients

e Sequester C

Plant Protection
 Biocontrol to suppress
pathogens and disease

Plant Growth

* Release
biochemicals that
stimulate plants

» Symbiosis

Soil Structure

» Form & stabilize aggregates
 Create biopores

* Influence H,0, gas exchange

Nutrient Cycling
» Transform, store, release C,
N, P, S and micronutrients

 Solubilize nutrients from
soil minerals (e.g. P)
* Fix atmospheric N, & NH,*

 Agrichemical sources
e Industrial sources

Photo credit: Aaron Roth, NRCS-OR; Slide design: Jen Moore Kucera, NRCS-SHD
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Presentation Notes
To truly understand soil health, we must understand soil biology and how this complex ecosystem functions so that we design systems that are more efficient, self sufficient and rely less on external inputs…and essentially allow the soil to achieve its fullest potential or soil health. 

Keep it simple
Use management examples to drive home the message about importance of soil biology! 
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Soil Food Web Benefits: Sgﬁi’}j

Organic Matter Formation

!

* Begins with macrofauna (large soill
animals) and mesofauna (med
sized) that shred, mix, and relocate
plant and animal residues

g How does sol « Some key representatives:

& organic matter

§ form? — Macro: Earthworms, beetles,

S centipedes, millipedes, ants, termites,
etc.

— Meso: Mites, potworms, springtails,
pseudoscorpions, etc.

Mollisol image:
http://www.nrcs.usda.gov/Internet/FSE_MEDIA/stelprdb1237739.jpg
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Soil Food Web Benefits: S%%E?
Organic Matter Formation e

 Soil bacteria and fungi attack the
small pieces (greater surface area)
and chemically breakdown and
transform plant residues into organic
matter (and release nutrients)

=

& How does soil
& organic matter | RN i AT

& form?

Mollisol image: e 390 ooy o Wl Fan ab e v, ek G sng S, K, T
http://www.nrcs.usda.gov/Internet/ Photo source: (2016). Global Soil Biodiversity Atlas. A. Orgiazzi, et al. Luxembourg,
FSE_MEDIA/stelprdb1237739.jpg European Commission, Publications Office of the European Union: 176p.


Presenter
Presentation Notes
Some key bacteria representatives:
Proteobacteria (Gram negative bacteria)
Actinobacteria (Gram positive bacteria)
Firmicutes (some members are major human and animal pathogens but others are beneficial)
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Soil Food Web Benefits: Sgﬁﬁ%‘ﬁ
Organic Matter Formation ESOIL

W« Soil bacteria and fungi attack the
small pieces (greater surface area)
and chemically breakdown and
transform plant residues into
2 How d organic matter (and release
§ o oatlcmatter nutrients)
L o Some key fungal representatives:
— Saprophytic fungi (degrade dead
materials)
— Some are pathogenic

Mollisol image:
http://www.nrcs.usda.gov/Internet/FSE_MEDIA/stelprdb1237739.jpg
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Increases WHC
Every 1% SOM holds 16,000+ gallons of H2O (1.5 qt ft3)
Increases water infiltration
Stores nutrients
Buffers temperature
Granular/ crumb structure
Home for soil organisms
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Soil Food Web Benefits: %%ﬁs
Formation & Stabilization of Aggregates S e

. ¥+ Physical interactions
— Plant roots enmesh soil particles
— Earthworms (casts) and termites (mounds)

— Soil fungi and some Actinobacteria produce
fillaments that physically enmesh soil
particles together

How do soll
aggregates form?
Stabilization of soil

structure by actinomycete [
(bacterial) filaments

Fin Netlike fungal mycelia
stabilize micro-aggregates

Soil image with worm: Aaron Roth, NRCS-OR

SEM photo source (accessed on 6/2/2016): Eickhorst, Thilo & Tippkoetter, Rolf. Micropedology — The hidden world of soils.
University of Bremen, Germany. http://www.microped.uni-bremen.de



http://www.microped.uni-bremen.de/
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Soil Food Web Benefits:
Formation & Stabilization of Aggregates
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IN TEECA

¥« Chemical interactions

{ o

g “V — Polysaccharides (sugars) released by
bacteria act like glues to bind particles

— Glycoproteins (glomalin-related soll
proteins and other proteins) act like glues

How do 50|I
aggregates form?

Bacteria (ovals) with
e Sag ™ ‘sticky’ polysaccharides
7 cwdy | (red arrows)
Glycoproteins on soil aggregates
@

Dr. Nichols, USDA-ARS

" .l SEM photo source: Elckhorst Thilo &Tlppkoetter Rolf.
Micropedology — The hlddeh world"ofsails. University of
Bremen, Germany. un!

Soil image with worm: Aaron Roth, NRCS-OR
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Soll Food Web Benefits: sgﬁ
Nutrient Cycling and Release =) Ui il

' {Mineralization

8 _ Bacteria and fungi release enzymes that act
convert organic molecules from residues
Into soluble nutrients (N, P, S)

How are nutrients released
from SOM?
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Need citation for image (jen needs to find!!)
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Soil Food Web Benefits: s%%}?
Nutrient Cycling and Release = Las

% Mineralization

— Bacteria and fungi release enzymes that
convert organic molecules from residues
Into soluble nutrients (N, P, S)

Fo

How are nutriénts released = SRS
from SOM? — Microbes become food

and are mineralized
(eaten) by protozoa,
nematodes, springtils,
mites, etc.

":-
g =2 57 %
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Need citation for image (jen needs to find!!)


Soil Food Web Benefits:
Plant Protection Examples

8

Protection
Biofilm of
beneficial bacteria
protecting against

Antibiotic
Production
Fungi

Bacteria P. syringae

http://www.udel.edu/udaily

u:)}uck the
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':emical el iTe]s IR009/0ct/bais101708.htm

signals Soybean cyst
Bacteria ‘ nematode

released parasitized
abscisic acid by a fungus
(close plants /

stomata)

KR \ http:/ .extension.umn.eauzagriculture/

http://www.the-scientist.com/?articles.view/articleNo/ soybean/soybean-cyst-nematode/chemical-
34209/title/The-Soil-Microbiome/ biological-potential.ntml

“ ..I._-J - A r‘ w .". A . : - A
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._ Protectioh

Roots protected

from
Rhizoctonia
solania by
springtails (left)
and without
(right)



Soil Food Web Benefits: Ei:%ﬁ%%‘é

SEE
Population Control (Predation) -SULL

Predation
Mite
consuming
springtail and

a nematode

Predation
. Protozoa
~ consume
billions of
bacteria; some
consume fungi
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the vampyrellids (protest), eat fungi (this fungus is a root pathogen..take-all disease).


Soil Food Web Benefits: SECRETS

Symbiosis- N fixation

Photosynthesis & releases
sugars for microbes

WH P VS B N A
* e N f‘r ‘h

T x i
A glzdh 8

Specialized bacteria

| convert N from

| atmosphere & NH,
- o D) W o -

Fava Bean; Moore-Kucera, 2016

Photo source: Jen Moore Kucera, NRCS-SHD, 2016

Symbiosis between soil bacteria associated
with some plant roots supply:

o 20-75Ib/ac in natural systems

e 100-200 Ib/ac in cropland

Free-living fixers also important but
not inside of plant roots

— Cyanobacteria (bluegreen but not
algae (Anabaena, Nostoc)

— Azotobacter, Azospirillum


Presenter
Presentation Notes
Haichar et al. 2014. Soil Biology & Biochemistry 77:69-80


Soil Food Web Benefits: s*mg.,
Symbiosis- N fixation

Photosynthesis & releases
sugars for microbes

1

Symbiosis between soil bacteria associated
with some plant roots supply:

o 20-75Ib/ac in natural systems

e 100-200 Ib/ac in cropland

Nitrogen fixing bacteria can contribute 90
million tons or more of usable nitrogen to
agricultural lands each year.

Specialized bacteria
convert N from

| =

| atmosphere & NH,
- - "a'-’ ,'- ] ! . -
Fava Bean; Moore-Kucera, 2016

Chemical nitrogen fertilizers, lightening,
and fire contribute only 10-20 million tons

Hardy, RW.F., Havelka, U.D. 1975. Nitrogen Fixation Research: A Key
to World Food? Science, 188(4188), 633-643.

Photo source: Jen Moore Kucera, NRCS-SHD, 2016
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Haichar et al. 2014. Soil Biology & Biochemistry 77:69-80
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Interacting Factors Affecting Soil Biology And Soil Functlmfgﬁ

Management | Soil Properties Crops Soil Biology | Environment

L IET- * Soil type . * Bacteria * Precipitation

* Planting * Texture * Cultivar * Fungi * Temperature
* Fertilizer use * pH * Croprotation * Protozoa * Humidity

* Amendments * Bulkdensity + Cover crops * Nematodes + Wind

*» Covercrops * Organic matter * Earthworms * Season length
* |rrigation * Drainage * Mammals * CO, levels

———

Lehman, R. M., et al. (2015). "Soil biology for resilient, healthy soil." Journal of Soil and Water Conservation 70(1): 12a-18a.
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Soil Food Web: Plants Play Key Role

Primary producers
Biomass, chemistry,
/ structures
Secondary :
consumers Primary consumers 5‘9’mhlﬂﬂt5
Biomass, \ —
chermistry, 4
structures o : @
Sead eaters o Seed dispersers
Active dlspersal o
1,’@\ e bV g B9 Endophytes
Shoot feeders N
>'Q El'l:e'.».-'ierﬁ"-F o
@ Phoresy Suckers

T Miners
F‘atho-;ens*k =

\ Detritus

'||

e Root Symbionts
Predators, @ fenders = 7 AM furgi Chemistry

parasites of ; A N ﬁ
root feeders  Chewers G =S i Endoprytes oo Decomposers
o= ‘
parasites

Passive dispersal

Photo citation: (2016). Global Soil Biodiversity Atlas. A. Orgiazzi, et al. Luxembourg, European Commission, Publications Office of the European Union: 176p.



Agricultural Management Effects on Soil Health

Tend to Reduce Soil Health

Aggressive tillage

Annual/seasonal fallow
Mono-cropping

Annual crops

Excessive inorganic fertilizer use
Excessive crop residue removal

Broad spectrum fumigants/pesticides
Broad spectrum herbicides

I

end to Promote Soll Healtr ’

No-till or conservation tillage

Cover crops; Relay crops
Diverse crop rotations
Perennial crops

Organic fertilizer use (manures)
Crop residue retention
Integrated pest management

Weed control by mulching, cultivation

Lehman, R. M., et al. (2015). "Soil biology for resilient, healthy soil." Journal of Soil and Water Conservation 70(1): 12a-18a.
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Table 10.7

SOIL-MANAGEMENT PRACTICES AND THE DIVERSITY AND ABUNDANCE

OF SoIL ORGANISMS

Note that the practices that tend to enhance biological diversity and activity in soils are
also those associated with efforts to make agricultural systems more sustainable.

Decreases biodiversity and populations Increases biodiversity and populations
Fumigants Balanced fertilizer use
Nematicides Lime on acid soils

Some insecticides Proper irrigation

Compaction Improved drainage and aeration
Soil erosion Animal manures and composts
Industrial wastes and heavy metals Domestic (clean) sewage sludge
Moldboard plow-harrow tillage Reduced or zero tillage
Monocropping Crop rotations

Row crops Grass—legume pastures

Bare fallows Cover crops or mulch fallows
Residue burning or removal Residue return to soil surface
Plastic mulches Organic mulches

Brady, N. C. and R. R. Weil (2000). Elements of the nature and properties of soils, Prentice Hall Upper Saddle River, NJ, USA.



Solutions for Optimal Soil Food
\Webs

Two simple rulées:
1.  Protect the home (water, air, nutrients)
2. Feedsoil biology a diverse, year-round diet

: m“ V Minimize soil disturbance
DISTURB ‘Protect the home (aggregate)’

; V Maximize diversity (plants, animals,
mx it

Tﬁ L amendments, inoculants...)
Ui ‘Feed soil organisms’

IISCOVH V Keep the soll covered
ik LOVi ‘Protect the aggregate’

“m HO V Maximize living roots
‘Feed soil organisms’




Soil Food Webs in No-till and Conventional Tille
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CRETS
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Systems

No-tillage Conventional tillage
A N
e b
Plant residues
~..- & N\ "
ey ; ot
: AR Microartheopods Mematodes ”
Protists Nematodes
Micrearthropads o feeding on bacteria | | (€. collembolans)  feeding on fungi Pratists Mematodes
(e.g. collembolans) feeding on fung feeding on fungi feeding on bacteria
Teeding on fungi
\, l A I I I ’
z = - =
- % I !
ropods Microarthropods Earthiworms Macroarthropods Microarthropods
(e.g. ants) {e.g. mites) {eg. ants) {e.g. mitos)
Earthworms Enchytraskds
Tweer s i fied meglels of food webs @0 no-tilage and comeentice Lacje i VIR Largsr 1ms el o ari |
eiganisms (denéad from Herdsic of of, BloSclence, 19E6) (USE, LWE, ADD, AM, 5CH, EDM, OW, 55H, AZA, JRC) [181]

Photo source: (2016). Global Soil Biodiversity Atlas. A. Orgiazzi, R. D. Bardgett, E. Barrios et al. Luxembourg, European Commission, Publications

Office of the European Union: 176p.
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How do we Integrate the principles on a
small scale?
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ealand White Clover as a g*
'Iérmanent ground cover. ;856
*(Plant Material Center, o,
' Los Lunas, NM) .

= A 4 ] - i,

[ il =
A .-.1-

% Top view of the New S degrees Fahrenheit (cover crops had lower temp. vs. bare soil)
Zealand White Clover NS



Add Cover %’gﬁs
Crops b

Cover Crops in Northern NM: Cover Crop mix;
this field planted into Chile

The more diverse the crop rotation/cover crops,
'Y the better at _managlng dlseases pests and weeds. 4
" Cover Crop Purpose: Suppress Weeds
A Relphoieina Comes, MRCS LM,

“Nambe, NM 2%

- -

: (vegetables planted |nto a Wlnter pea cover crop) | ;
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North Valley Organics SECRETS
(Minor Morgan; Albuquerque, NM) ESBEL

Using a Soil Health Mgt. System

on Organic Vegetable production:

1) CoverCrops  7) Pollinators
Crop Rotations 8) Inoculants

*3) Minimum-Till 9) Compost

_4) Drip Irrigation  10) Compost Tea

Laser Leveling  11) Mulch

. 6) lIrrigation Pipe 12) Nutrient Mgt.

“%o & 7) Irrigation 13) Integrated

. Water Mgt.  Pest Mgt.

a2

.
=
|
[ ]

"
-yl

Photos: Rudy
Garcia and N.
Valley Organics

L RS
@l August 15, 2016) RN
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Melons growing on trellis. Cover Crops
grown between all Cash Crop rows.

Photos: Rudy Garcia and N.
Valley Organics
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Jalapenos

Notice good Mulch Cover on Cash Crop row and Cover Crop between rows.

Photos: Rudy Garcia and N.
Valley Organics
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Top view of Cover Crop before belng mowed

Plant diversity is a Major Component of the IPM strategy

Emphasis on Complete Ground Cover & _. ,i w Al
. . . . Lt _ / SR o . et : o,
Organic Matter/Plant Biomass Diversity SN S =2 e TSN
(this provides habitat for diverse =
beneficial Soil Organisms)

Photos: Rudy Garcia and N.
Valley Organics
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Notice middle row, which is been ES@&E&

prepared for planting another Cash
Crop, which will have compost and
mulch placed on this row.

Photos: Rudy
Garciaand N.
Valley Organics
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Irrigation Water use is optimized sgerpTs
with Fabric Mulch, Straw Mulch, ESERE T,
Compost & Surface Drip
Irrigation, IWM, and a continual
Soil Health Building Program.
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Beans iy

Green Beans planted
into Fabric Mulch
(Straw Mulch will then

be applied on top) Photos: Rudy

Garcia and N.
Valley Organics
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Terminate at an appropriate time ESOIL

Cover Crop Termination

Terminate the cover
crop before or during
soil preparation for
next main crop.

— At blooming- before
seeds

— Wait 1-2 weeks for next
crop planting after
killing the cover crop.




Connecting Biology & Management
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Sustainable ecosystem m:

Crop and soil level Plant genetic and microbiome level

Decomposing
food web

Soil structure and aggregation
Greenhouse gas emissions

Decomposers
' and engineers

5
Mutrient Mutrient
loss uptake

ticroorganisms

Bender et al. 2016. Trends Ecol Evol.

Root microblome

Nutrient competition=

Nutrient availability

Greenhouse gas
emissions

Plant pests

Pest control
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Presenter
Presentation Notes
Plant choice: enhanced crop diversity, intercropping, living mulch including N-fixing legumes
Soil management: reduced/mindful tillage, mulching
Leads to SOM formation, habitat formation for soil biological communities for enhanced internal nutrient cycling, soil aggregation and erosion resistance
At the microbiome level, we can integrate plant breeding and rhizosphere microbiome management (nitrification inhibition, inoculation with beneficial organisms, fostering AMF communities
Leads to enhanced NUE, reduced nutrient losses, plant health, pest resistance, drought resistance, etc.
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Resources Avallable ESOLY,

Crop Rotation

on Organic Farms
A PLANNING MANUAL

Charles L. Mohler & Sue Ellen Johnson, editors

BUILDING SOILS = BETTER (ROPS

SUSTAINABLE SOIL MANAGEMENT

BY FRED MAGDDFF AND HAROLD VAN £5 MANAGE lNSECTS
: On Your Farm

A Guide to Ecological Strategies

Organic Farming: The Ecological System. (2009). (C. Francis Ed.). Madison, WI:

American Society of Agronomy, Crop Science Society of America, Soil Science Society
nf America

Altieri and Clara I. Nicholls
with Marlene A. Fritz




Improvement Over Time

soil
health

reduced tillage, cover cropping,
perennial forage rotation crops,
manure or compost

reduced tillage, cover cropping

reduced tillage

,#" cover cropping

Building Soils For Better Crops
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Presenter
Presentation Notes
We must integrate the Core 4 Principals of improving Soil Health into every aspect of management decisions. 


	Soil Health for Your Farm and How to Achieve It
	Our Challenges
	Feeding the population on a shrinking available land base
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Challenges
	Slide Number 9
	Soil Health Demos
	Soil Health Principles
	Slide Number 12
	Slide Number 13
	Where Do Soil Organisms Live
	Slide Number 15
	Soil Food Web Benefits: �Organic Matter Formation
	Soil Food Web Benefits: �Organic Matter Formation
	Soil Food Web Benefits: �Organic Matter Formation
	Soil Food Web Benefits: �Formation & Stabilization of Aggregates
	Soil Food Web Benefits: �Formation & Stabilization of Aggregates
	Soil Food Web Benefits: �Nutrient Cycling and Release
	Soil Food Web Benefits: �Nutrient Cycling and Release
	Soil Food Web Benefits: �Plant Protection Examples
	Soil Food Web Benefits: �Population Control (Predation)
	Soil Food Web Benefits: �Symbiosis- N fixation
	Soil Food Web Benefits: �Symbiosis- N fixation
	Interacting Factors Affecting Soil Biology And Soil Function
	Management Impacts on The �Soil Food Web: Plants Play Key Role
	Agricultural Management Effects on Soil Health
	Management and Microbes
	Solutions for Optimal Soil Food Webs
	Soil Food Webs in No-till and Conventional Tilled Systems
	How do we integrate the principles on a small scale?
	Slide Number 34
	Add Cover Crops
	Slide Number 36
	Slide Number 37
	Slide Number 38
	Slide Number 39
	Slide Number 40
	Slide Number 41
	Slide Number 42
	Terminate at an appropriate time
	Connecting Biology & Management
	Resources Available
	Building Soils For Better Crops 
	Soil Health Principles

