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Outline: Ecological Approach to Nutrient Management

• Soil Loss from erosion
• History of N and P management
• Understanding nitrogen dynamics
• Soil phosphorus complexity
• Current dominant nutrient management model
• Efficient nutrient management model
• Ecological Approach to nutrient management



Soil Loss from Water and Wind Erosion

Adapted from D. Johnson

tons/ac/yr

In some regions, erosion has been measured at 
over 100 t/ac in a single storm event

That means a layer of soil that took over 350 
years to form was destroyed in a single day

Soil 
formation 

rate

0.2 - 0.4

USA India

-7.28

ChinaUSA

-5.20

India

-6.64

Presenter
Presentation Notes
Call to Action to protect America’s soil. Soil is loosing in an alarming rate for the last 100 yrs.
Soil plays critical roles in food security, climate mitigation, ecosystem function, and buffering against extreme weather events.  Although it is essential for the stability of the planet, soil is disappearing at an alarming rate.

*One way to protect our soil is growing CCs



Save Our Top Soil 

The White House Sci. & Tech Policy, 2016

5 tons x 100 years = 500 tons/ac/year

Presenter
Presentation Notes
Most of the nutrients are remaining on the top soil. If we loose our top soil we loose our nutrients. This is because of the intensive ag practices in USA started in 1920s for 100 years.  Which causing dust bowl. 



Presenter
Presentation Notes
As you all know in our planet ¾ is water and ¼ of land. Out of that 1/4th approx. 3 % of the total terrestrial globe surface are cultivated and feeding 7 billions people. And population of the earth rapidly  increasing.  We have to think about to maximize production on the other hand environmental conservation




Nitrogen and Phosphorus

• N and P are the two most limiting nutrients for biological production
• N and P are extensively applied nutrients for crop production
• Almost all nutrient related pollution is due to N & P



Nitrogen fertilizer plays a tremendous role in 
Human civilization

• Nitrogen is the engine of modern Agriculture 
• Without N fertilizer about half of us would not be here (Smil, 2011)
• However, if we don’t watch out, N fertilizer could destroy our planet

Presenter
Presentation Notes
Without it human civilization in its current form could not exist and about half of the world population would not be alive. 



Global N Balance



Surging Nitrate in China Waters



The Flow of Nitrogen

National Geographic, 2013

Presenter
Presentation Notes
Synthetic fertilizer provides most of the nitrogen that makes soil fertile worldwide. Almost half the nitrogen is then harvested with crops; the rest is lost through leaching, erosion, and emissions.




Crop Production Animal Production
N inputs:
N fertilizer
BNF
N deposition
compost

N Outputs:
milk, meat
eggs

feed

Manure

NH3

N Outputs:
Harvested crop

NH3N2O N2ON2
N2NOx

NOx

NO3
-NH4

+ DON NO3
-NH4

+ DON

Atmosphere

Ground and surface waters

adapted from Oenema et al. 2009

Presenter
Presentation Notes
The hole of the pipe model: (showing the flow of N) a change in the flow rate of one N flow has consequences for others, depending on the buffering capacity of the systems 



Eutrophication at Gulf Coast Water

The map shows concentrations of phytoplankton, the algal blooms that contribute to 
dead zones, in Gulf Coast waters.

Adapted from NASA

Presenter
Presentation Notes
For instance N flows into water causing eutrophication
However, in the last few decays we have applied a lot of fertilizers including N that create the dead zones at the Gulf of Mexico, where the Mississippi river bringing in tons of  N & P.
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Effect of N fertilizer rate applications on yield and N uptake by irrigated corn (Adapted from Bock and Hergert, 1991). Potential N 
available to leach (NAL) assuming major pathway for losses is leaching. The NAL was estimated as NAL =  N applied – N uptake .

Delgado 2004



U.S. consumption of Nitrogen
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Presenter
Presentation Notes
N consumption increasing since 1960.  And the risk of ground water contamination increase the vulnerability of aquifer. Relationship between N input and Aquifer vulnerability in different part of the nation including California





Phosphorus Cycle

• Phosphorus released from the weathering of rocks such as rock 
phosphate

• All living organisms need phosphorus for DNA, ATP, lipids etc.

Presenter
Presentation Notes
Unlike nitrogen, Phosphorus is coming from weathering of rock



Forms of P in Soil

• Total P 

• Total dissolved P: primary iP and some dissolved oP

• Particulate P: attached to the sediment

• Bioavailable P: algal available P

Organic P (oP)

Inorganic P (iP)



P Fixation and Availability

Fe
Al Ca

Presenter
Presentation Notes
P is a highly reactive, and as such does not exit in the elemental form in the soil. Can be fix by Fe, Al even Ca 



Miss America 2016 Betty Cantrell 

http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=8&cad=rja&uact=8&ved=0ahUKEwil6du0g9LOAhXLsB4KHcQnBAEQFgg6MAc&url=http://missamerica.org/miss-america/&usg=AFQjCNHKXmn5tgC4kEwfmjQcgNV7EmR98A


P
Fe

Al

Ca

Mg
Mn

In soil, P is Miss America, everyone loves P

Presenter
Presentation Notes
In soil P is miss universe, everyone love her. whether in acid soil iron and Aluminum, And in alkaline soil (high pH soil) Ca and Mg. 



Sediment/eroded 
soil with P

Particulate P

Run off

Bioavailable P

Stream/Lake

Unavailable P becomes Available 

Presenter
Presentation Notes
Particulate P, which is mostly unavailable.  Eroded surface soils with lower sorption capacity more likely to desorbed P than subsoil with high P sorption capacity. 



Phosphorus and Eutrophication

• P is also most often the limiting nutrient in 
freshwater Systems

• Lake water concentrations >0.02 ppm generally 
accelerate eutrophication

Presenter
Presentation Notes
Soil solution concentrations - 0.2 to 0.3 ppm



Satellite view of 2011 massive Lake Erie algal bloom, caused chiefly by N & P runoff from fertilizer/manure. 

Source: NASA

Presenter
Presentation Notes
Recently in 2011, lake Erie’s algal bloom caused by the N and P runoff Called as “North American Dead Sea”. Heavy snow fell during winter and spring and record setting rain fall in April in the Erie watershed bring a lot of nutrient including N to the lake. NOAA measured 50 times more Microcystis aeruginosa produces a liver toxin, mycotoxin than the WHO recommends for safe reaction to human



Lake Erie Becomes Eerie

National Geographic, 2013

Presenter
Presentation Notes
Fertilizer runoff causes toxic algal blooms. This one covered a third of lake Eire in 2011



P flux to coastal oceans has nearly triple in the last 50 years, largely 
as a result of P applications to agricultural lands (Horwath et al. 1995)



West Coast Algal Bloom

2015 Algal Bloom in CA
Raphael Kudela, UCSC



Soil P Pools

Fertilizer P

Labile <5% Labile <5%

Stable >95% Stable >95%

Manure P

Dissolved P <1%

Soil Test P

Organic P Inorganic P

Presenter
Presentation Notes
Soil test only measure 5% of P in the soil. 95% of P in the soil is not being measured

What is soil Test P? Soluble soil P is typically <1% of total soil P, Labile P is <5% and Stable P >95%  (tightly bonded P primary, 2ndary & in organic forms 



Nutrient Use Efficiency

Generally fertilizer use efficiency
For annual crop:  N: 30-70% 

P: 5-40%
K: 50-80%

Orchards /Pasture N, P & K: 5-40%

Nitrogen use efficiency for cereal 30-35% (Agron. J. 91:357-363)

In tropical rice fields, as much as 50 to 70 percent Nitrogen can be lost (H. Kronzuccker, UOT, 20

Presenter
Presentation Notes
In EU-27 NUE efficiency can be improve by management practices from 44% inn 2000 to 48% in 2020 (Oenema, et a. 2009)



Dominant Crop-based Nutrient Management Model

N and P Fertilizer

N gaseous loss

Fallow land is maintained for 4-8 
months thus created a C-limiting 
conditions for microbes

Soluble N and P

Leaching & runoff

Plant and animal residues

Mineral P reservoirs

Erosion

Vast majority of the nation 
croplands are inherently leaky 
because chronic surplus of N & 
P are required to meet yield 
goals

SOM &
Soil Biology

Predicted net N mineralization

Adapted from Drinkwater & Snapp, 2007

Presenter
Presentation Notes
Size of the arrow indicate the flux of nutrient application




Crop-based Nutrient Management- 4R strategy (Intermediate)

N and P Fertilizer

Gaseous loss Several methods such as side 
dressing, banding, fertigation, 
split application & 
nitrification inhibitors 
increase the efficiency but do 
not eliminate nutrient losses   

Fallow land is maintained for 4-8 
months thus created a C-limiting 
conditions for microbes

Plant and animal residues

Mineral P reservoirs

Erosion

Soluble N and P
NH4

+ NO3
-

Leaching & runoff

SOM &
Soil Biology

Predicted net N mineralization

Presenter
Presentation Notes
This is just tweaking the dominant leaking system to make it a little more efficient 
The 4R Strategy: 1.Right Source; 2. Right Rate; 3. Right Time; 4. Right Place




Ecological Approach to Nutrient Management 

N and P Fertilizer

Cover crops

Gaseous loss

`Soluble N and P
NH4

+ NO3
-

Leaching & runoff

Plant and animal residues,
Less soluble nutrients

Microbial biomass

Mineral P reservoirs

Erosion

This model is to find how to best 
achieve yields while minimizing 
fertilizer use and minimizing 
harm to the environment  

Yields and soil reservoirs are 
maintained with nutrient inputs 
that are approx. equal to 
harvested export

Diversification of inputs such as 
adding carbon, diverse cropping 
system, cover crops, slow 
release N & P

Measure all pools of N & P

Particulate OM

Humified OM
Assimilation

mineralization

Adapted from Drinkwater & Snapp, 2007

Presenter
Presentation Notes
This holistic approach use for variety of nutrient sources. 



Example: Ecological Nutrient Management

2001

Sano Farm in Fresno, CA

2016

120 N 
lbs/ac

3 % SOM

0.5% SOM

SO
M

 a
nd
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itr
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n

240 N 
lbs/ac

Presenter
Presentation Notes
Aside from protecting top soil and reduce run off of soil & nutrients & chemicals from the field. CC increase SOM. Here is CA Sano farm had 0.5% SOM, after 15 yrs of CC now they have 3% SOM



These are both 
Buxton Silt Loams

Dorn Cox, 2012 Bianca Moebius-Clune, 2012

Standard Soil Test says this one 
is better!

Crop-based nutrient management

Ecological approach to nutrient management

Presenter
Presentation Notes
Right slide (chemical analyses is fine but physical and biological indicators are missing) radishes as cc reduce the compaction.
Example of holistic model in the  left side and dominant model in the right side

Example – These are both the same soil and the standard soil test says that the one on the right is fine.  Do you see any problems with the soil on the right? How is it different than the soil on the left?
�Go ahead and point out differences
Promote infiltration, tilth
�Crusting, compaction, difficulty growing corn



N & P Fertilizer

N gaseous loss

Soluble N & P

Leaching & runoff

Plant & animal 
residues

Mineral P reservoirs

Erosion

SOM &
Soil Biology Predicted net N min.

Crop-based Nutrient Management 

Presenter
Presentation Notes
This holistic approach use for variety of nutrient sources. 



Soil Health Principles and Ecological Model

Minimize 
Disturbance

Maximize 
Soil Cover

Maximize 
Biodiversity

Provide 
Continuous 
Living Roots

• Living roots: cover crops & soil biology
• Minimize disturbance : soil biology-AMF
• Maximize soil cover: crop residues
• Maximize biodiversity: nutrient cycling & 

reserve

Presenter
Presentation Notes
Ecological approach nutrient management model is actually an application of all four soil health principles for long-term nutrient management. Healthy soil in this scenario: nutrient retention and release, moisture retention and release, resistance to environment pollutants, above all increase diversity to improve nutrient 



Thank You

Any Question?

http://www.funnypicturesall.com/funny/funny-these-fucking-people-picture.html
http://www.funnypicturesall.com/funny/funny-these-fucking-people-picture.html
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