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Nitrogen Fertilizer Plays a Vital Role in Civilization

“Without the use of N fertilizers, we could not secure enough food 
for the prevailing diets of nearly 45% of the world’s population, 

hl 3 billi l ” [S il 2011]or roughly 3 billion people…” [Smil, 2011]

Smil, V. 2011. Nitrogen cycle and world
food production. World Agriculture 2:9-13.



Nitrogen Mass Balance• Fertilizer
• Fixation
• Deposition
• Ag imports

Ocean Loss

Groundwater 
Leaching

Crop Removal

Gaseous LossLeaching

UCD: California Nitrogen Assessment



A i lt l Nit  M t Ch ll

Reality:

Agricultural Nitrogen Management Challenge

IrrigationINPUTS OUTPUTSg
Water

N2 Fixation

INPUTS
Plant Biomass

Crop Harvest

OUTPUTS

Soil Nitrate &
Organic Matter

2 p

Soil 
Organic Matter

Soil
N

Fertilizer Gas Loss

g

Added
Organics

Nitrate
Leaching

Many processes are variable, uncontrollable, or poorly predicted



What is nutrient efficiency?

What should nitrogen 
partial nutrient balance be?partial nutrient balance be?

What do you need to know?



Foundational theory of N rate 
d tirecommendations
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Foundational theory of N rate 
d tirecommendations

The fertilizer recommendation must:Partitions

– Make up for the difference between
• total uptake requirements, and
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e • how much is obtained from the 
soil

– Account for how much of the fertilizer 
li d t ll t tili d b thFr

om
 fe

rti

N
 u

pt
ak

e

applied actually gets utilized by the 
plant 

• Apparent crop recovery efficiency 
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Fertilizer use efficiency

• Plants cannot utilize 100% of the externally 
applied nutrients due to inherent sinks andapplied nutrients due to inherent sinks and 
loss mechanisms

• Fixation by inorganic and organic soil 
components

• Microbial immobilization

• Leaching 

• Volatilization 



The “partial” of partial nutrient balanceThe partial  of partial nutrient balance

A t li d A t dAmount applied Amount removed

Fertilizer application Crop harvest

Manure application Leaching losses

Nutrients in irrigation water Runoff losses

Nitrogen fixation Erosion lossesNitrogen fixation Erosion losses

Atmospheric deposition Gaseous losses

Deposition from other landscape areas



Making nutrient use efficiency something 
G i lwe can measure: Grain crop example

Things we can measure

yield

fertilizer rate Things we can measure
Grain yield of a fertilized crop
Grain yield of an unfertilized crop

Nutrient use
efficiency

fertilizer rate

Fertilizer application rate
Nutrient content of the grain

efficiency



Partial factor productivity of nitrogen for corn grain:
S l U S 1964 2008Scale: U.S., 1964-2008
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Making nutrient use efficiency something 
G i lwe can measure: Grain crop example

Things we can measure

amount removed

amount applied Things we can measure
Grain yield of a fertilized crop
Grain yield of an unfertilized crop

Nutrient use
efficiency

pp

Fertilizer application rate
Nutrient content of the grain

efficiency



Making nutrient use efficiency something 
G i lwe can measure: Grain crop example

Things we can measure

yield increase

fertilizer rate
Things we can measure
Grain yield of a fertilized crop
Grain yield of an unfertilized crop

Nutrient use
efficiency

Fertilizer application rate
Nutrient content of the grain

efficiency



The power of  CCA’s

Where do farmers get their information?Where do farmers get their information?



…the survey asked about the primary decision influencer for 
th d i i k O h l i l thi ththe decision maker.  Overwhelmingly, this was the 
"fertilizer dealer” (Mike Schmitt, Univ Minn)

Linda Prokopy, Purduepy,





American Farmland Trust (Steve Shaffer) polled and held 
focus groups with specialty crop growers, asking them:

”what would make it more likely for you to try practices such as 
micro-drip, alternate furrow irrigation, and timed application and 
precise placement of nitrogen fertilizers.”p p g

The results are contained in a American Farmland Trust report:

Encouraging California Specialty Crops 
Growers to Adopt Environmentally Beneficial 
M t P ti f Effi i t I i tiManagement Practices for Efficient Irrigation
and Nutrient Management

April 2013



Encouraging California Specialty Crops Growers to Adopt Environmentally 
Beneficial Management Practices for  Efficient Irrigation and Nutrient Management



CCA’s required to earn 40 hours 
of continuing education (CEU) g ( )
every two  years

Some new resources:



4R Nutrient Stewardship:  
Simple to grasp continuous improvementSimple to grasp… continuous improvement



The new database:
Search optionsSearch options

Keyword(s)

Type of Crop

CountyCounty

Date Range



Cotton Fertilization Guidelines

i

Nitrogen (N)
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Potassium (K2O)
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List of references Links:
• University of California Cotton Production Information

• National Cotton Council of America

• The Cotton Pickin’ Web

• California Cotton Ginners and Growers Associations (CCGGA)

i





Soil texture?  Soil tillage?

Nitrifying bacteria in greatest number near the 
soil surface…. numbers drop off fast with depth

Clay content… higher CEC retains more NH4
+

… provides more surface area and 
micropore space for bacteria attachment

Tillage practices affect soil organic matter aggregation microbe ecologyTillage practices affect soil organic matter, aggregation, microbe ecology
(no till usually faster nitrification… air, water?)





Nitrification: How Fast?Nitrification: How Fast?

Soil temperatureSoil temperature

Western Fertilizer 
Handbook 2012Handbook, 2012



How cold are California soils?





How fast is urea hydrolyzed?

B
roadbeent et al., 1958



Next in the Nitrogen Management Series:

Applying 4R principles to meet the 
Nitrogen Demand of Major g j
California Crops

• Almond
• Broccoli

• Rice
• Tomatoes

• Citrus
• Corn
• Lettuce

• Walnut
• Tomatoes

• Lettuce





4R technologies and practices4R technologies and practices 



Right Source 
Scientific Principle: 
• Ensure a balanced supply of plant-available forms 

of N, utilizing all available sources.
Practices:
• Credit N from manures and composts irrigation• Credit N from manures and composts, irrigation 

water
• Credit N from previous crops
• Assess use of enhanced-efficiency sources?

• Granular versus fluid
• Inhibitors of urease and nitrificationInhibitors of urease and nitrification
• Coated fertilizers



Right Time
Scientific Principle:
• Assess timing of crop uptake, soil nutrient supply, g p p , pp y,

weather, loss risks and field operation logistics.
Practices:
• Split-application when possible
• Integrate with irrigation

C t t t i t n 
up

ta
ke

• Cover crops to capture nutrients
• Suit tillage and planting operations
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Daily N accumulation for irrigated cotton (Silvertooth, 2011) 



Daily accumulation rates and plant parts
(Russet Burbank potatoes, Oregon)

Total (left) and daily (right) potassium accumulation rate 
by Russet Burbank potatoes (Hermiston, OR)



Daily N uptake: Sweet Corn



Nutrient Demand is Determined by Almond Yield
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Grape Phenology & Nutrient Uptakep gy p

General Nitrogen Requirement of Grapevineg q p

Dormant Bud Burst Flowering VeraisonBerry Fill Post Harvest

YARA



Contrasting Nitrogen Uptake Curves

Pang & Letey, 2000



Right Place g
Scientific Principle:
• Place nutrients where they arePlace nutrients where they are 

accessible to the crop. 
Practices:
• Site-specific sensing technologies
• Starter placement near seedlings



Uniform Applications of Fertilizers.
Non-Uniform Demand. Within Field

Yield of 16040 trees Pistachio trees (40 ha)

UCD Patented Tree Yield Monitor (Brown, Rosa)



Large Scale Spatial Variability



Nitrogen Management – Rate Alone?

The “4R” strategy“4R” strategygygy

Right Source Right Source at
Right RateRight Rate
Right TimeRight Time
Right PlaceRight Place

For the crop, field or field zone, and nutrientFor the crop, field or field zone, and nutrient



Right Rate 

Scientific Principle:
• Assess soil nutrient supply and plant demand for N.pp y p
Practices:
• Soil testing
• Tissue analysis
• Balance crop removal
• Determine crop yield potential
• Assess price ratios

( C )• Weather (Adapt-N tool; Cornell)



Relationship between N inputs, crop response, and nitrate loss

Reducing fertilization below the 
recommended rate did not 
significantly reduce further 
nitrate leaching.



Overcoming Barriers to BMP Adoption/ What are the Risks?

C f fEconomic - Cost of BMP implementation, market risk for yield and quality
What is the optimal rate for each field? What is affordable?

Environmental Farm and field suitability for BMP’sEnvironmental - Farm and field  suitability for BMP s
Do my management practices impact water quality?

Agronomic: Applying the right amount right time right place right source?Agronomic: Applying the right amount, right time, right place, right source?
Yield and quality implications

Psychological – Sense of community, resource use, environmental y g y, ,
stewardship ethics, human, wildlife, animal health, perceived BMP
effectiveness, moral obligation

Social – Community information and advice, civic responsibility
Do neighbors value my efforts for resource stewardship?

I tit ti l C fid i t BMP ff tiInstitutional – Confidence in government BMP program effectiveness
How good of a job is needed?   Never enough?



Example from NebraskaExample from Nebraska









Water Management is Key to Nitrogen Management



Water and nutrients must be carefully managed to y g
avoid over‐irrigation and poor nutrient application

30cm

300L/100m/hr (0.4 gpm/100ft)
15,000 L/ha/hour

Chapin



4R adoption by agricultural industry

Precision nutrient and water management is in!

CPS, Wilbur-Ellis, Simplot, Cargill, …



nutrientstewardship.com







“4R Inside” Checklist, includes:4R Inside  Checklist, includes:

1. Balance economic, social, environmental 
areasareas.

2. Include BMPs addressing S,R,T, & P.
3. Provide site-specific recommendations.p
4. Balance essential elements.
5. Assess nutrient requirements.
6. Consider all sources.
7. Comply with regulations.
8 Measure effectiveness of BMPs8. Measure effectiveness of BMPs.
9. Use terminology consistent with 4R standards.
10.Document plans and implementation.p p





Minnesota: Another Approach

Nitrogen Fertilization and Promotion TeamNitrogen Fertilization and Promotion Team

Tasks include

• Survey nutrient management practices

Id tif t d i l t i t BMP’• Identify, promote, and implement appropriate BMP’s

• Consider new alternative management tools

• Develop educational efforts

• Work with farmers to implement recommended BMP’s

• Field demonstration projects

• Survey and evaluate BMP adoptiony p



Moving Forward?

Nitrogen budgets: Useful in analysis… but provides no information on 

g

g g y p
environmental impacts.  Implemented on a wide variety of scales.
Fails to take into account local soil and climatic conditions. 

To establish the relationship between the nitrogen balance and 
leaching, it is necessary to identify environmental characteristics
(soil type, climate conditions) and account for land use 

Qualitative indicators: useful for locating problem areas. 
It has been extensively used to analyze the vulnerability of groundwaterIt has been extensively used to analyze the vulnerability of groundwater 



Many interacting factors to adjust to get 
nitrogen fertilization “right”

N Rate
Soil

Management

N Timing

N Rate

N Source Irrigation

Management Seasonal
Demand

RootingN Source Irrigation
Practices

Rooting
Patterns

Crop
N Placement

Crop
Requirement Enhanced

Efficiency



Yes, we still have a lot to learn, but…

CCA’s have the ability to influence the 
future of California nutrient usefuture of California nutrient use…

and help implement improved 
nutrient stewardship


