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Nitrogen is 
essential foressential for 

productivity but 
when managedwhen managed 

poorly N results in 
environmentalenvironmental 

problems.



Historical N applications have Exceeded Crop Demand 
Resulting in Groundwater Contamination Nitrogen is 

essential foressential for 
productivity but 
when managedwhen managed 

poorly N results in 
environmentalenvironmental 

problems.



Legislative Response:  Mandated Nitrogen 
Management Planning

• Application rates will be based upon field specific crop N budget

Management Planning

• Application rates will be based upon field specific crop N budget 
estimations, accounting for all applied N x ‘efficiency factor’  (60-80%).
• New techniques for N budgeting

M i i i i ffi i ill b i i l• Maximizing nitrogen use efficiency will be critical

• Certified Crop Advisor sign off required.
T i i d tifi ti d d l t• Training and certification process under development

• Post season verification and reporting.

• Will require enhanced efficiency of N use Site (orchard) specific• Will require enhanced efficiency of N use. Site (orchard) specific 
management. In season monitoring and adjustment. 
• New techniques for leaf sampling

• In the short term this will be a self-reporting industry driven activity.
• However, if improvements in ground water resources are not realized then a p g

tightening of these regulations can be expected.



Whenever there is a problem, there is 
also an opportunity…

Improving the Efficiency of Nitrogen useImproving the Efficiency of Nitrogen use…Improving the Efficiency of Nitrogen use …Improving the Efficiency of Nitrogen use 
will Reduce Production Costs and Reduce will Reduce Production Costs and Reduce 

Environmental ImpactEnvironmental Impact



Efficient Nitrogen Management 
-the 4 R’s-

Apply the Right Rate

-the 4 R s-

• Match supply with tree demand (all inputs- fertilizer, organic 
N, water, soil).

Apply at the Right Time
A l i id t ith t d d d t t k• Apply coincident with tree demand and root uptake.

Apply In the Right Placepp y g
• Ensure delivery to the active roots.
• Minimize movement below root zoneMinimize movement below root zone

Use the Right Sampling and Monitoring Procedures

The 4 R’s are specific to ever individual orchard and every year.



How do we estimate 
the 4 R’s in Almonds?

Observational Experiment for four yearsManipulative Experiment for five years



Efficient Nitrogen Management 
-the 4 R’s-

Apply the Right Rate

-the 4 R s-

• Match supply with tree demand (all inputs- fertilizer, organic 
N, water, soil).

Apply at the Right Time
A l i id t ith t d d d t t k• Apply coincident with tree demand and root uptake.

• CONTROLLED RELEASE?

Apply In the Right Place
• Ensure delivery to the active roots.Ensure delivery to the active roots.
• Minimize movement below root zone



Determining the Right Rate and Timing

Nutrient Budget Approach
• What is the total annual tree demand?What is the total annual tree demand?
• When during growth and development does uptake occur?

Approach:  pp
• Whole tree excavation, trunk coring, sequential nut collection and 

analysis, yield measurements- 1000’s of individual trees at multiple 
sites and yearss tes a d yea s

Perennial TissuesPerennial TissuesPerennial TissuesPerennial Tissues Annual TissuesAnnual TissuesAnnual TissuesAnnual Tissues



Total Nutrient Demand and TimingTotal Nutrient Demand and Timing



Total and Annual Dynamics of N in Mature 
Almond Tree (data from 12 year old trees)( y )

Annual 
accumulation (Yield: 

4,700 lbs)

2011: (320 lb N 
total)

Nuts = 90%
Leaves = 2%
Bloom = 4%
Perennial = 5%Perennial = 5%

Around 20 lbs/acre of N were 
needed to support growth in 
this 12 year old 85% canopy 
cover orchard. In younger 
orchards and in low yield 
years the demand for N for 

growth may reach 40growth may reach 40 
lbs/acre.



Nutrient Demand is Determined by Yield

AlmondsAlmonds PistachiosPistachios
Nutrient removal Per 1000 lb
Kernels

Nonpareil
• N removal 68 lb per 1000

l 80 lb 1000• K removal 80 lb per 1000
• P removal 8 lb per 1000

Monterreyy
• N removal 65 lb per 1000
• K removal 76 lb per 1000
• P removal 7 lb per 1000P removal 7 lb per 1000

Growth Requirement
• Yield 2,000 to 4,000 = 0 lb N

Yi ld 1 000 2 000 20 lb N• Yield 1,000 to 2,000 = 20 lb N
• Yield <1,000             = 30 lb N



Applying at the Right TimeApplying at the Right Time

h d h h ld l• When during the season should I apply my N 
and in what proportion?

• Need to:Need to:
Understand fruit development
 Know the shape of nitrogen demand through the Know the shape of nitrogen demand through the 
season
Know when uptake from the roots occursKnow when uptake from the roots occurs
Know  the periods of higher leaching potential



What is the shape of N demand 
through the season?

AlmondsAlmonds PistachiosPistachios
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What is the shape of N demand 
through the season? AlmondsAlmonds



Correction to FREP Report
Page 27



Change text as FollowsChange text as Follows

30 %

130DAFB

• Change 35‐50 to 30%
• Change 112 DAFB to 130 DAFB• Change 112 DAFB  to 130 DAFB



What is the shape of N demand 
through the season?

PistachioPistachio
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Summary Right RateSummary Right Rate
• How much Nitrogen do I need to apply forHow much Nitrogen do I need to apply for 
each pound of yield produced?

Account for fruit demand
Account for vegetative demand
Account for total N inputs (water N; fertilizer N; 
organic N): 
Consider N in water and other sources.Consider N in water and other sources.

Optimize application efficiency:

How efficient can we be?



How efficient can we be?

Experiment initiated in 2008 – 2013 utilizing best practices  

Conclusions
based on 4 R’s and detailed monitoring:

Applying the Right Ratepp y g g
• Match demand with supply (all inputs- fertilizer, organic N, water, soil).

At Right Timeg
• Fertigate coincident with demand.

In the Right Placeg
• Ensure delivery to the active roots.

Using the Right SourceUsing the Right Source
• Soluble, compatible and balanced.

New Sampling Methods



Nitrogen Use efficiency 2008 – 2010 under 
optimum treatment (N 275) was >80%.   : 
ALMONDSALMONDS

80%

80%

NUE = N Export in Fruit/N Applied 



PistachiosPistachios

Overall NUE
62%62%

NUE 51%
NUE  93%

NUE  51% NUE  43%

Av yield : 4300 (lbs/ac)
Av N removed: 125 (lbs/ac)Av N removed: 125 (lbs/ac)

Fate of unused N?- Lost? In Profile? In high EC sub-soil? 



How do we monitor our trees?

Early Leaf SamplingEarly Leaf Sampling



What do we know and how do we manage?
Leaf Sampling and Critical Value Analysisp g y



Three Problems exist with the 
summer leaf sampling practices

 No guidance on how to take sample to properly 
represent fieldp

 Timing of the sampling is to late to make in season g p g
adjustments

 Variability of the orchard was not included in the 
interpretation of the leaf nutrient valuesp



Improved Leaf Sampling and 
I t t tiInterpretation

• Develop methods to sample in Spring andDevelop methods to sample in Spring and 
relate that number to Summer critical value.
I li id li• Improve sampling guidelines
AlmondsAlmonds PistachiosPistachiosAlmondsAlmonds PistachiosPistachios



In AlmondsIn AlmondsIn Almonds….In Almonds….



Predicting July N leaf concentration from April 
Leaf SamplesLeaf Samples.

This model requires the collection of non fruiting Spur leaves in April.



Sampling Criteriap g
 Collect leaves from 18 to 28 trees in one bag (depending of the confidence 

l l d th b f )level and on the number of acres).

 Each tree sampled at least 30 yards apart.

 In each tree collect leaves around the canopy from at least 8 well exposed 
spurs located between 5‐7 feet from the ground.

 In April, collect samples at 43 days after full bloom (DAFB) +/‐ 6 days).

 SUBMIT SAMPLES TO A LAB THAT HAS ADOPTED THE UCD‐ESP 
GUIDELINES FOR EARLY SEASON SAMPLING OR A VALIDATED INTERNAL 
METHOD OR GO TO THE UCD MODEL PAGE TO CALCULATE JULY LEAF N

 If you would like to collect samples in July, then collect samples at 143 
DAFB +/‐ 4 days. SAME RULES!

http://fruitsandnuts.ucdavis.edu/Weather_Services/Nitrogen_Prediction_Models_for_Almond_and_Pistachio/



In PistachiosIn PistachiosIn Pistachios…In Pistachios…



Site County  Year Summer Observed 
leaf N 

Summer predicted leaf 
N (from spring samples)


Buttonwillow (B1) Kern 2012 2.9 2.8
Buttonwillow (B2) Kern 2012 3.0 2.8
Buttonwillow (B3) Kern 2012 2.9 2.8
Buttonwillow (NO1) Kern 2012 2.8 2.8
Buttonwillow (NO2) Kern 2012 3.0 2.8
KammAvenue (B1) Fresno 2012 2.7 2.6
KammAvenue (B2) Fresno 2012 2.7 2.6
KammAvenue (B3) Fresno 2012 2.6 2.6

AN EFFECTIVE MODEL HAS BEEN ALSO 
DEVELOPED TO PREDICT JULY TISSUE N

KammAvenue(NO1) Fresno 2012 2.7 2.5
KammAvenue (NO2) Fresno 2012 3.0 2.6

Madera (B1) Madera 2012 2.5 2.6

DEVELOPED TO PREDICT JULY TISSUE N 
FROM AN EARLY SEASON SAMPLE IN 

PISTACHIO
Madera (B2) Madera 2012 2.5 2.6
Madera (NO1) Madera 2012 2.6 2.5
Madera (NO2) Madera 2012 2.7 2.6

PISTACHIO 

Paramount (B1) Kings 2012 2.6 2.6
Paramount (B2) Kings 2012 2.7 2.7
Paramount (B3) Kings 2012 2.5 2.7
Paramount (NO1) Kings 2012 2.9 2.7
Paramount (NO2) Kings 2012 2.7 2.7



Sampling Strategies for Pistachio

What leaf type: Sub terminal exposed non‐fruiting branches. Collect 10 leaves per treeWhat leaf type: Sub terminal exposed non fruiting branches. Collect 10 leaves per tree 
at 6‐7 ft height‐ around the tree canopy.

Leaves from 18‐20 trees for NPKMg. g

At what distance: Samples should be 25 yards apart in an orchard of average 
variability.

When: Between 30‐45 days after full bloom.

Samples can be pooled in one bag for analysis ( SAVE MONEY).

Analysis of the plant nutrients required: N, P, K, Ca, Mg, Cu. APPLY UCD‐PPM MODEL

Non‐Uniform Orchard:
Repeat this process in each orchard zone of similar performance.

http://fruitsandnuts.ucdavis.edu/Weather_Services/Nitrogen_Prediction_Models_for_Al
mond_and_Pistachio/ (SEE PPM MODEL)



Efficient Nitrogen Management 
-the 4 R’s-

Apply the Right Rate

-the 4 R s-

• Match supply with tree demand (all inputs- fertilizer, organic 
N, water, soil).

Apply at the Right Time
A l i id t ith t d d d t t k• Apply coincident with tree demand and root uptake.

Apply In the Right Placepp y g
• Ensure delivery to the active roots.
• Minimize movement below root zoneMinimize movement below root zone

Use the Right Sampling and Monitoring Procedures

The 4 R’s are specific to ever individual orchard and every year.



Conclusions: Managing Nitrogen in Almond 
and Pistachio

Base your fertilization rate on realistic, orchard specific yield, account for 
ll N i t d dj t i t i t i t d i ld ti tall N inputs  and adjust in response to spring nutrient and yield estimates.

• Make a preseason fertilizer plan based on expected yield LESS the N 
in irrigation and other inputs.

– 1000lb almond kernel removes from 68lb N, 8lb P and 80lb K. 
– Pistachio 1000 lbs CPC yield removes 28 lbs N, 24 lbs K and 3 lbs P
– Apply 20% of seasonal demand during or after leaf out

• Conduct (properly!) a leaf analysis following full leaf out.
• In May review your leaf analysis results and your updated yield estimate then• In May, review your leaf analysis results and your updated yield estimate, then 

adjust fertilization for remainder of season. 
• Time application to match demand in as many split applications as feasible

– 80% N uptake occurs from full leaf out to hull split in Almond or by fruit 
maturity in Pistachio.

– Apply up to 20% immediately post harvest, corrected for actual yield - but only 
if t h lth U f li if N l i iblif trees are healthy.  Use foliars if N loss is possible.

• Every field, every year, is a unique decision



TOOLS:

http://fruitsandnuts.ucdavis.edu/Weather_Services/Nitrogen_Prediction_Models_for_Almond_and_Pistachio/



http://fruitsandnuts.ucdavis.edu/Weather_Services/Nitrogen_Predictio
n_Models_for_Almond_and_Pistachio/





Download the Excel Spreadsheet for either individual or Bulk analyses

All Testing Labs have been provided this model: Some labs continue to use theirAll Testing Labs have been provided this model: Some labs continue to use their 
own approaches: These have not been validated by UC Research.



http://fruitsandnuts.ucdavis.edu/Weather_Services/Nitrogen_Prediction_Models_for_Almond_and
_Pistachio/





Integrated Management Program 
(D b 2013)(December, 2013)

We are currently developing digital software with We are currently developing digital software with SureHarvestSureHarvest to to 
integrate the 4 R’s and correctly monitor the use of N.integrate the 4 R’s and correctly monitor the use of N.



Improving the Efficiency of  Nitrogen Use is a Win-Win

Approaches to improve N use efficiency 
in Almond and Pistachio:

• Match orchard specific fertilizer rate and 
timing with orchard specific demand.

• Improve orchard sampling and monitoring 
techniques

Adj t F tili ti IN SEASON• Adjust Fertilization IN-SEASON

• TO OPTIMIZE EFFICIENCY: MANAGE 
ALL FIELDS INDIVIDUALLY EVERY YEARALL FIELDS INDIVIDUALLY EVERY YEAR

• Manage irrigation to minimize losses. 

O ti i th t iti f ll th t i t• Optimize the nutrition for all other nutrients

• Manage in-field variability using: Variable 
Rate/Placement Methods, Modified

(Ekdahl and others, 2009; Harter Report, 2012)

Rate/Placement Methods, Modified 
Irrigation/fertigation systems design.



Thank you!
 Historical Contributions: Historical Contributions: 

Weinbaum, Rosecrance, Uriu, 
Farm Advisors.

 Sebastian Saa
 Saiful Muhammad
 Ismail Muhammad
 Andres Olivos
 Blake Sanden
 Roger Duncan
 John Edstrom
 David Doll David Doll
 Bruce Lampinen
 Ken Shackel
 Emilio Laca Emilio Laca

 Grower Cooperators
 P t F i Paramount Farming
 Almond Board of California
 USDA, CDFA


