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Resources

* Energy — Fossil fuels
» Clean Water
* Clean Air

* Food for growing population




Resources

* Energy — Fossil fuels
» Clean Water
* Clean Air

* Food for growing population

Fate of all rests on soil




Modified from Dr. Elissa Levine, NASA, and Natural
Resources Conservation Service, Syracuse, NY




% planet is water




Cut "4 into 8 pieces (1/32 each)




4/32 or 1/8 too cold or too dry




2/32 or 1/16 too rocky, wet, or forest covered




Where do people live?




Soil is top 6 inches (i.e. peel) of 1/32 apple







Soil is the Heart of the System

 Connects above and
below ground

* Recycles C, N, O, P,
etc.

 Drives physical,
chemical, and biological
rocesses




Soil is the Heart of the System

 Value of soil organic matter
(~$600-800 per acre) —
Hoorman & Islam, OSU

» Estimated value of soil biota
is $1.5 trillion globally per
year - Dance, 2008




Efficient Soil Factory

What limits production?

INPUTS OUTPUTS

Nitrogen Highest Yields
Water

Phosphate @ Lowest Costs
Potash

Highest qualit
Micronutrients 9 g y

Light Energy Long-term
Carbon Dioxide Sustainability



»Dryland systems cover 41% of the Earth’s land surface

»Almost all of the U.S. lies between 30° and 45° north
latitude






Midwest

Flood 2008

Rainfall: 45-50
inches



























Midwest
Drought

2012

Rainfall: 18-23
inches


















Texas Dust Storms in 1930s and 2012



Brown Ranch, Bismarck, ND - 13 inches of
rainfall in 24 hrs - 2006







Why are aggregates |mportant’?

v'Porosity

* Root penetration

« Aeration

« Water infiltration

« Water holding capacity

v Erosion Control







Rainfall
Simulator




Only a small
amount of water
was able to
infiltrated 3” into
the conventionally
tilled soil.

Conventional Undisturbed




Reduced Conventional No-till




Soil Aggregate Stability



CT, SW-F NT, SW-WW-SF Moderately-grazed pasture

WSA =14% WSA =47% WSA =93%
TG=2.4mgg’ TG=3.2mgg"’ TG=7.9mgg"
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Macropores (>10 um)

Micropores (<10 pm)

 Linn and Doran, 1984




Soil C (g m-2)
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Morris, MN
2012



Glasgow, MT
11-19-13









NRCS Energy Tool:
Tillage

Reduction in diesel fuel
(gallons per acre) usage
compared to Conventional Till.

Corn

Oats

Sorghum —

grain

Soybean —
wide row

Wheat —
winter

Conventional | Mulch Ridge No







Canby, MN
2007



Jamestown, ND
June 16, 2013



Water Use Efficiency

»45% greater porosity increases infiltration
rate by 167% for the first inch and 650% for
the second inch - Karlen et al., 1998

»The Drought Myth - a case of plant hunger
rather than thirst - unfertilized corn required
26,000 gallons of water per bushel yielded 4X
less than a fertilized field receiving only 5,600
gallons of water per bushel. — W.A. Albrecht,
University of Missouri, 1930-1974

» Seven-way cover crop mix yield almost 3
times higher than of single crop on 7 in of soil
moisture. Field with manure and no
commercial fertilizer yielded the same as a
fertilized field and plant tissues tested
sufficient or high for N, P, K, and S — North
Dakota, 2006



Plants use 180 to 900 kg (400 to 2000 lbs) of
water for every kg (2.2 Ibs) of dry matter. In a
fertile soil in a moist climate where growing
conditions are good, the amount of water
needed is much less than in a poor soill.
Approximately 5 million liters of water will
transpire from a hectare of corn during one
growing season.
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Continuous 3-yrsystem 5-yrsystem Dynamic

Cropping System



Wheat - Fallow




Continuous Wheat
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Maximum Diversity




Maximum Diversity with Cover Crops }
How can you not grow a cover crop during a drought?




Long-term Cropping System Study
USDA-ARS, Mandan, ND, 1983-1996

Results for 0-6” depth

Cropping System CT MT NT
SW-F -0.12 - 0.07 -0.14

SW-WW-SF -0.06  C0.01 0.10 >




»Soil organic matter (SOM) is <6% of soil by
weight but controls >90% of the function

»SOM is mostly negatively charged, but binds
both cations and anions



»As soil organic matter increases from 1% to
3%, the available water holding capacity of the
soil can double depending on soil
texture(Hudson, 1994).

»SOM is equivalent to its own bulk volume while
mineral soil is five time more dense than soil
OM

»Soils stockpile 1500 gigatons of carbon in
SOM, more than Earth's atmosphere and all
the plants combined (Dance, 2008).

»The majority of the SOM is present in the top
10 cm of soil



Plant Diversity = Food Diversity

Crop C:N Ratio

Cereals 80:1-100:1

Corn 60:1
Peas 25:1 - 30:1

Soil OM 10:1 - 12:1

- Hartman - 1999






No Till and Residue Management
Combine to Produce Stubble
which Impacts Evaporation

12-14” Stubble
6-8” Stubble

Cultivated

Ground

Level

Effects
Wind: 100% 85% 32%
Evap. Demand: 100% 95% 70%

- Cutforth and McConkey, 1995




Canadian 2002 wheat yield response to N
with history of no-till (Lafond 2003)
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- Mulvaney et al., 2009







Nutrient Use Efficiency

»Plant available =
synthetic vs. biologic

»30-50% of nitrogen
fertilizer is used by
the plant

»30% of phosphorus is
used by the plant

» Fertility and water

» Availability, timing,
water, and pH

- Tilman et al., 2002



Resource-
intensive
food
production
systems vs.
biological
systems.




Nutrient loading

» Humans have doubled N and may increase by 2/3 by 2050

» Eutrophication leads to changes in plant community
composition and loss of grassland species diversity, hypoxia

in aquatic systems, and increased levels of NO3 in drinking
water

» Microbes control the chemical form of N through various N
transformations:.

* NH4+, which readily binds to soil surfaces, NO3- of nitrification,
carried out by bacteria, and is very prone to being lost from soill
because of its negative charge.

* NO3 is the precursor of denitrification, and its availability

strongly controls denitrification rates, causing N loss from soil
as N2 O and N2 semi-arid and forest soils, fuelled by
mineralization of proteins.

« Finally, microbes control soil N availability through their ability to
immobilize N; fungi are a stronger sink for N than are bacteria.
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Big Buffet Dries the Microbes Away.
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Tap into the natural

fertility of soils!
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Cover Crop Enhancement
Burleigh County SCD Demo Farm, 2006

Cocktail



Cocktail Radish




Soil Temperature

» Soil microorganisms possess three
cardinal temperatures:

—Minimum

—Optimum

« 28-45°C (about 80-110°F)
—Maximum

* 40-48°C (100-115°F)




Corn with white clover, pantain, turnip, crimson clover, cosmos,
and marigold planted May 7, 2011 with 2.25" rainon it .
- Gail Fuller Emporia, KS



Same field, one week later with air temps above100°F daily.



Cover Crop Outreach Tool
www.mandan.ars.usda.gov
















Soil Biology

» Total weight of living
organisms in the top six
inches of a healthy soil
ranges from 5,000 to
20,000 pounds per acre

> Soil from one spot may
house a very different
community from soil just
a yard (meter) away,



It's all about the food!

*Where does it come from?
What type of food is it?
How consistent is the source?

FOOD = CARBON = ENERGY



Root of the problem is the
root of the solution.

The Rhizosphere is the area:

»Immediately surrounding (0.5-1 inches) the
plant roots

> Twice the number of microbes

»Highest biological activity due to
photosynthetically-derived carbon (approx.
70%) — Juma, 1993

» Greatest impact on soil structure
»Majority of the nutrient cycling activity

»Most impacted by aboveground
management




O No. People/hectare B % Growth in Ag. Productivity

On a global scale,
arable land will need
to produce more food,
feed, fiber, and biofuel
to meet future needs.

Sustainable, soil-
building practices are
more critical than ever.

O = N W0 A~ O OO0 N

1960 2005 2050

Year




What is the monetary value of:
»1 ton of top soill

»1 inch of water

»1 ton of residue

»1-2% increase in OM

»9 billion microorganisms in one tsp of healthy soil

» Clean water and air

»Plant, human, and animal health




BOTTOM LINE

Using no-tillage and a diversified crop rotation
with continuous cover (via residue
management and/or living plants) is necessary
to fix the carbon limitation problem, reduce
input costs and maintain profitability by
providing food and habitats for soil biota.




Farm Production Expenditures
Major Input Items By Percent of Total
United States, 2003

Other Expenses
0.3%
Livestock Machinery & Vehicles

9.6% 15% _—=
\ Supplies, Repairs & Constru)
‘ 11.3%
13.6%
Fuels

3.4%

| Labor
Farm Services 10.7%
13.5%

Interest & Taxes

' )
Chernicals, Fertilizer, & Seeds 60%
13.5% USCW, NASS Jul 2004




Water & wind erosion:

« Soil loss 7.6 t/ac/yr

$40/ac in nutrients

$17/aclyr to replace soil
water

Total cost of soil and water
lost annually in U.S. > $27
billion/yr

World-wide costs are more
than $400 billion/yr

Off-site
costs

Quality
(health)
$24

$145 per acre or
$19 per ton soil

Soil Quality Institute, 2003




New GREEN REVOLUTION is a
BROWN (SOIL) REVOLUTION

»Designing for what you don’t have!

 Pest management - Diversity

« Specific C/N ratios (residue management) —
Diversity, continuous cropping, and reduction in
tillage

« Soil armor - leaf size, placement, and strength —
Diversity, continuous cropping, and reduction in
tillage

« Efficient use of water and nutrient resources —
Diversity, continuous cropping, and reduction in
tillage



New GREEN REVOLUTION is a
BROWN (SOIL) REVOLUTION

> Utilize:

 Most Efficient Processes
 Best Tools in Agriculture

/ﬁ YN
O/ 4:'1 : TVE




To be a successful farmer one must
first know the nature of the soil.
- Xenophon, Oeconomicus, 400 B.C.

Thank You!

Northern Great Plains Research Laboratory
USDA-ARS, Mandan, ND
USDA Kristine.nichols@ars.usda.gov a

= | http://www.mandan.ars.usda.gov/




