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4R Nutrient Stewardship applying the

Click to edit Master title style
4R Nutrient Stewardship  applying the 
right nutrient source, at the right rate, rightClick to edit Master title style
time, and right place  is an essential tool in 
the development of sustainable agricultural p g
systems.



Best practices are dynamicBest practices are dynamic 

• Evolve along with science and technology and …

• as practical experience reveals what works locally 



Nutrient management practices are 
nested within cropping systems

• Nutrient effectiveness is greatly influenced 
by other system management and site y y g
factors

• System factors interact with plant nutrition 



Decision support tools: 

• Help integrate numerous site factors influencingHelp integrate numerous site factors influencing 
4R nutrient stewardship

• Should consider short-term and long-term 
consequenceconsequence

• Increase in importance as demand forIncrease in importance as demand for 
efficiency and productivity increases 



Nutrient demand is related to yield targetNutrient demand is related to yield target

• Setting realistic yield targets• Setting realistic yield targets

• Potential yield

• Maximum attainable yield

Att i bl i ld i• Attainable yield in an average season

• 10% above 3 to 5-year average yield?y g y

• Yield goal is not yield limit 

• What is the nutrient need?



Factors affecting nutrient
availability

N P K S Ca and 
Mg

Micros

Soil pH x x x x x x
Moisture x x x x x x
Temperature x x x x x x
Aeration x x x x x x
S il i ttSoil organic matter x x x x x
Amount of clay x x x x x x
Type of clay x x x xType of clay x x x x
Crop residues x x x x x x
Soil compaction x xSoil compaction x x
Nutrient status of soil x x x
Other nutrients x x x x
Crop type x x x x
Cation exchange capacity (CEC) x x x
% CEC saturation x



Fertilizer use efficiency

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

• Fixation by inorganic and organic soil components

•Microbial immobilization

• Leaching 

• Volatilization 



Consider all available nutrient sources 

Adjust rates of externally applied nutrients for:

• Native soil supply

• Organic manure

• Irrigation water

• Crop residues

• Biological N 
fixationfixation



The power of  CCA’sThe power of  CCA s

Where do farmers get their information?



…the survey asked about the primary decision influencer for 
the decision maker.  Overwhelmingly, this was the 
"fertilizer dealer” ( )fertilizer dealer” (Mike Schmitt, Univ Minn)

Linda Prokopy, Purdue



Empower CCA’s
Helping farmers get their information!

p

FREP initiative for providing information 
to support nutrient stewardship

Several examples already:
Crop Fertilization GuidelinesCrop Fertilization Guidelines
CCA Nitrogen Management Training
CropManage
Western Fertilizer HandbookWestern Fertilizer Handbook
UC Nutrient Management for Vegetable, 

Fruit and Nut Crops website



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

Currently the maximum number of selfCurrently, the maximum number of self 
study CEUs in 2-year CCA cycle is 20.

Self study limit will likely increaseSelf study limit will likely increase, 
more opportunities will be available



Examples of new educational 
materials to help you be 
successful









AmmoniaAmmonia 

Volatilization



Denitrification



Mineralization



Immobilization



Plant N UptakePlant N Uptake 

Dynamics



Cover Crops



Using Nitrate inUsing Nitrate in 

Irrigation Water



Interpretative 
Summaries 

of FREP Research 
Projects:

…will be posted on 
WPHA & FREP

websites



Foliar fertilization 

• Nutrients in the gaseous state 
enter the leaves through theenter the leaves through the 
stomata

• Nutrients in solution enter the 
leaves through small pores in 
th id i f th l t l f

Foliar with adjuvant

the epidermis of the plant leaf

• Foliar fertilization creates small, ,
localized supplies of nutrients 
that have a short duration

• Effective when soil supplies are 
limitedlimited



Limitations of foliar fertilization 
Factors limiting the effectiveness of foliar fertilization:

• Plants with thicker cuticle layers

• Runoff of fertilizer from leaves• Runoff of fertilizer from leaves

• Washing off of fertilizer by rain

• Drying of liquid fertilizer on the 
leafleaf

• Limited translocation of some 
nutrients within the plant

• Leaf damageLeaf damage



Next in the Nitrogen Management Series:

Applying 4R principles to meet 
th  Nit  D d f  M j  the Nitrogen Demand of  Major 
California CropsCalifornia Crops

• Almond • Rice
• Broccoli
• Citrus

• Tomatoes
• Walnut

• Corn
• Lettuce

• Tomatoes



Example field information sheet

Nutrient Applications Planned (recommended)
Application RIGHT

SOURCE 
(analysis)

RIGHT
RATE

RIGHT TIME
(date, crop 

growth stage)

RIGHT PLACE 
(depth, method)

(analysis) growth stage)
1
2
Nutrient Applied
Application SOURCE RATE TIME PLACE
1
2



Example field information sheetExample field information sheet

Nutrient Balance Summary
N P2O5 K2O S

Appliedpp
Uptake
RemovalRemoval



Video outreach

CCA-targeted videos
i hi h i itcovering high-priority

FREP research projects 















i t
Website: Nitrogen footprint

n-print.org



Questions ?


