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• Apply the Right Rate 
• Match supply with tree demand (all inputs- fertilizer, 

organic N, water, soil). 
 

• Apply at the Right Time 
• Apply coincident with tree demand and root uptake. 

 

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

•Using the Right Source and Monitoring 
• Maximize uptake, maximize response and minimize loss. 

 

 

Efficient Nitrogen Management  
-the 4 R’s- 

The 4 R’s are specific to every orchard each year. 

Presenter
Presentation Notes
Using the 4Rs is the core of making nutrient management more efficient. One of the main reasons that N application are excessive in some locations is the use of generic application rates that do not account for the particular needs of each orchard.



Optimizing N Use in CA Tree Crops. 

Kathy Kelley-Anderson et al:  ANR Pub # 21623 
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Presenter
Presentation Notes
This slide demonstrates the need to account for all N sources, including irrigation water, cover crops, compost and manure, as well as potential soil N mineralization pool. The sum of these sources equals the N supply and must be balanced with N demand using the 4Rs to help guide decision making and minimize N losses.
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The Right Rate Equation 

Presenter
Presentation Notes
The demand side of the Right Rate equation refers to the N requirement for growth and development. The key to avoid excess N losses is to account for all sources of N supply and understanding the corresponding efficiency factor for each. The supply side of the Right Rate equation refers to various sources of N contributing to the crop’s nutrient needs. 

Understanding N supply from mineralization is particularly important for annual crops, but is also relevant for permanent crops if you apply organic fertilizers, manure, composts, or other organic matter amendments. In annual crops, large quantities of easily mineralizable organic matter is returned to the soil, perhaps even 3 times a year, mainly stimulated by tillage. For permanent crops, however, only 10-30 lbs N per acre in leaves and prunings is returned to soil and how these residues break down remains unclear. 




N Demand Rates 



Right Rate: Almonds 

Nutrient removal Per 1000 lb Kernels 
 
Nonpareil 

• N removal 68 lb per 1000 lb Kernels 
 

Monterey 
• N removal 65 lb per 1000 lb Kernels 
 

Presenter
Presentation Notes
Determination of the right rate for nut crops like almond is based on a partial N balance where the amount of N applied matches the expected N removed from the field. The nutrient removal for almonds is about 68 lbs N per 1000 lbs of kernels with only slight difference between varieties. 

For all orchards in which yield is greater than 2,000 kernel lbs, 68 lbs N per 1000 lbs of kernel represents all of the N required to grow all parts of the fruit as well as to grow the tree itself.  For younger trees, and trees that had low yield and high vigor, 68 lbs N per 1000 lbs kernel yield may not provide sufficient N to support tree growth. In this case an additional 10-35 lbs of N may be required though precise information is not available.

Practical examples of N budgeting can be found online here: http://www.almonds.com/sites/default/files/content/attachments/almond_early-season_sampling_and_in-season_nitrogen_application_maximizes_productivity_minimizes_loss.pdf 



• Applying excess N does not result in greater uptake by fruit, but 
does increase leaching potential 
 

• There is less vegetative growth when yield is high, even when N is 
applied in excess. 

• Increasing N from 275 to 
350 lbs did not increase 
fruit N removal at harvest. 

• In plants receiving 
adequate N, 68 lbs of N is 
removed in 1000 lbs kernel 
yield. 

• 80% of crop N is 
accumulated by 130 days 
after full bloom. 

Right Rate and Timing: Almonds 

Presenter
Presentation Notes
This figure was derived from an experimental orchard with a three year average yields of approximately 3,000 kernel lbs per year. Given this yield average and assuming that 70% of applied N was available to the tree then 275 lbs of applied fertilizer N should be adequate to support the growth and yield of these trees. 

Several important points can be noted in this graph:

1) Applying fertilizer N above the rate required to replace exported N and new growth, does not result in increased yield or an increase in the amount of N removed in yield. The N applied in excess of demand is susceptible to leaching loss. 

2) 80% of the crop N is accumulated by 130 days after full bloom.  Fertilizer applications should be timed to coincide with tree N demand which is maximal between 10 and 140 days after full bloom.

Note: the rates used in this experiment were optimized for this exact location and 3000 lbs yield potential and cannot be transferred to other locations in which yields are different.
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Right Rate and Timing: Almonds 

Presenter
Presentation Notes
This figure was derived from a 12 year old experimental orchards in a year when yields were in excess of 4,000 kernel lbs.  The amount of N present in perennial and annual tissues will vary depending upon tree age and yield, however it is expected that the pattern of N uptake and allocation from perennial tissues to annual tissues will be consistent across most orchards.

Figure: Timing of N uptake within the season is shown. In-season N demand for many permanent crops follows the pattern of low uptake early in the season (until early March) as the majority of the N requirement for flowering, early leaf growth and early nut growth comes from tree N reserves. Later in spring and into summer (March to August) tree demand is high as nut growth continues rapidly.  During this period uptake of N from the soil satisfies the vast majority of N demand. Uptake post harvest is also lower due to low N demand by the tree as well as active remobilization of N from the leaves back into tree storage. The data in this example comes from 12 year old almond trees. 

Details of N demand timing for particular crops can be found in individual crop presentations. 

Source of Figure: http://www.almonds.com/sites/default/files/content/attachments/almond_early-season_sampling_and_in-season_nitrogen_application_maximizes_productivity_minimizes_loss.pdf



The proportion of the annual N budget that goes to 
vegetation declines as the yield increases above 2,000 lbs. 
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Right Rate: Yield vs. Vegetative Growth in Almonds 

Presenter
Presentation Notes
In the majority of mature productive almond orchards, N demand can be calculated by applying 68 lbs N per 1000 lbs kernel. This approach works well since at yields above 2,000 lbs since the demand for N for tree growth is relatively low (5 - 20lbs) and there is sufficient N provided 68 lbs N per 1000 lbs kernel to satisfy all tree demand.

Trees with lower yield will have greater vegetative demand either because they are younger and more vigorous, or because the low yield favors more prolific vegetative growth. Younger trees are actively growing with perennial tissues with higher N concentration (stems) versus older trees that are growing perennial tissues with lower N concentrations (wood and spurs). 

Figure: In this example of almonds, the annual N budget is distributed between yield and vegetative growth at various yield rates. Higher yield results in less tree growth, so that in a mature tree about 98% of N is apportioned to yield demand. This makes the application of additional N for tree growth trivial, but there is always room to make decisions from year to year.



Right Rate: Walnuts 

• 14-20 lbs N per 1000 (in-shell, including hull) 
 

• UC-Davis, the Walnut Board of California, and FREP 
currently refining walnut data 
 

• Additional Resources: 
– Detailed instructions for Walnut N demand and budget by 

Kathy Kelley and Joe Grant 
http://ucanr.edu/datastoreFiles/391-755.pdf 

– A more in-depth version of the above worksheet is 
available for $10 here: 
http://anrcatalog.ucdavis.edu/Details.aspx?itemNo=21623 
 

Presenter
Presentation Notes
The value of 20 lbs N per 1000 lbs of walnuts (in-shell, including hulls) is an older value that is used by different agencies including FREP for their fertilizer recommendations:

http://apps.cdfa.ca.gov/frep/docs/Walnut.html

The value 14 lbs N per 1000 lbs of walnuts (in-shell, including hull) is derived from studies presented on the next slide.  

For growth and nutrient uptake timing, the best estimate is that the pattern of walnut N demand matches that of almond, corrected for differences in flowering date. However, large walnut trees have more woody biomass, and therefore a greater ability to store N in perennial tissues, as well as a lower N demand than almond. 



Walnuts: Monthly Nitrogen Accumulated in Fruit 
(For every harvested ton. Lbs & Percent of Total) 
Chandler (Fruit) - 2013 Tulare (Fruit) - 2013 
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Right Rate: Walnuts 

Presenter
Presentation Notes
The large amount of woody biomass of walnut and lower N demand compared to almonds creates a large buffer, so walnuts tend to have more flexible N demand than do almonds. 

Figures: Monthly fruit N accumulation of two walnut varieties is shown. Both varieties of ‘Chandler’ and ‘Tulare’ remove approximately 28 lbs N per ton of fruit or 14 lbs N per 1000 lbs of fruit. The uptake of N between each of the varieties differs. The accumulation patterns of N in the fruit of the varieties differ with ‘Chandler’ taking up about 25% per month through August and meeting its full requirement by September and ‘Tulare’ taking up less per month but, for a longer period into September.

Source: http://ucanr.edu/repositoryfiles/2014_191_ocr-156253.pdf



Right Rate: Walnuts 

• N demand to replace abscised leaves and 
prunings – 8 lbs N/acre/year 

• N storage in woody trees parts –  
   15 lbs N/acre/year 

 
• Recommendations for N in walnut can be 

found be running this online model 
 
http://ucce.ucdavis.edu/rics/fnric2/walnutnmodel/html/walnut_n_model.html 

Presenter
Presentation Notes
An additional 20% (8 lbs N/acre) may be lost from the tree in the abscised leaves and prunings. Furthermore, the N stored in the woody tree parts increases by approximately 15 lbs N/acres per year. This number is based on a study with ‘Hartley’ walnuts, where N stored in the branches, roots and trunks of dormant 16-year old trees was measured and assumed a linear increase in N storage over time. Assistance with recommendation for N in walnut can be found using an online model developed by UC Davis.



Nutrient removal per 1000 lbs 
dry CPC yield 
 
• Valuable for estimating demand or 

replacing nutrient export 
 
• Provides insight into efficiencies 

• N removal 28 lbs per 1000 
• K removal 24 lbs per 1000 
• P removal 3 lbs per 1000 
 
• 25 lb N and 22 lb K per acre, 

per year is required for tree 
growth (Rosecrance et al 1998) 
 

  (Brown and Siddiqui-unpublished) 

  

Right Rate and Time: Pistachios 

Presenter
Presentation Notes
Figures: This experiment involved harvesting throughout the season in a procedure similar to that used to measure almond N use timing. Pistachio nutrient demand was relatively consistent, taking up 28 lbs N per 1,000 lbs fruit cumulatively through the season across multiple sites and years. Note that the pistachio N uptake curve is more linear than seen in almonds because kernels do not develop until very late in the season. This experiment did not involve tree excavation, but a companion experiment determined that 20 - 25 additional lbs of N were required for tree growth in an on-year and 25 - 30 lbs N required in an off-year. when tree growth is greater. 
 
Rosecrance et al. 1998 describes nutrient partitioning between fruit and tree growth during on and off years, and can be found online here: http://aob.oxfordjournals.org/content/82/4/463.short




Improving N Use Efficiency 



Tree NUE = N removed in harvested fruit / applied N 
• 42,000 lbs N applied 

for 6 years to 40 acres 
 

• 26,880 lbs N exported 
in yield 

 
• 6,000est lbs N pruning, 

leaves, and growth 
 
• 9,120 lbs N ‘lost’  
     38 lbs N/acre/year 
 

- 24 yo Pistachio, 5 inch rainfall zone, no deep percolation. 
- Silt  loam, pH 6.7-7.0, OM 0.6%, 2 ppm NO3N (100cm).  
- Fertigated with five in-seasons split apps.  
- 10 yr ave yield = 4,000 lb/acre= 112 lb N acre in exported fruit 
- Mean N application 175 lb/acre. 

6 year Mean NUE  = 0.72 

N Use Efficiency: Pistachios 

Presenter
Presentation Notes
Figure: To estimate apparent N use efficiency we measured yield in each of 4,850 trees over a period of 6 years. Tree N demand was calculated by multiplying yield by the N content in each 1,000 lbs fruit as determined by the California Pistachio Commission (CPC). An additional 25 lbs N is required, on average, to grow the tree. Efficiency is calculated as the lbs of N applied as fertilizer divided by the N removed in yield or incorporated into growth.  For example a yield of 2,750 lbs demands 102 lbs N  ([(2,750/1,000) x 28] + 25 = 102 lbs N) if 175 lbs N was applied as fertilizer then the NUE would be 58% (102 lbs N/175 lbs N).

The mean N use efficiency varied from about 92% in 2002, to 50% in 2004 and 12% in 2006, to as high as 100% in 2007. 
 
Though the mean efficiency of 72% over the whole 6-year period is relatively good, considerable potential for improvement could be realized by better managing N application in the off-years of 2004 and 2006. If N application had been decreased to more accurately reflect tree yield in those off-years then overall efficiency could be increased from 72% to 84%.

To put the losses of these years into perspective, with average application of 175 lbs N/acre, considering all 40 acres of this plot over the full 6 years of the experiment, we calculate that 42,000 lbs N was applied. Since about 26,880 lbs were exported by the crop and 6,000 was used for growth, we can infer that about 9,120 lbs total was not taken up. This translates to a loss of about 38 lbs/acre/year. 



Non-uniform Yield Within Field 
Varying yields across 80 acres of Pistachio trees: 

Managed as a single plot, large fields will always be non-
uniform and less nutrient-efficient than smaller fields.  

Presenter
Presentation Notes
Yield potential generally drives fertilizer application. What type of N management techniques can be utilized in this Pistachio field where yield varies greatly? One practical technique would be to block the field into different units to better control water and N fertilizer to match tree N demand with high yield potential (left side of the figure) versus lower yield potential (center to right side of the figure). Any approach that matches the right rate of N fertilizer in the right place at the right time with the right source can improve N use efficiency, especially in high N use tree nut crops.




N Management Tools 



• July/August leaf sampling is useful to monitor general performance or identify 
deficiencies but is inadequate as a management strategy because it: 
- Does not provide rate or timing information 
- Comes too late to adjust in-season fertilization. 
 

• UCD has developed new Early Leaf Sampling (UCD-ESP for Almond and UCD-PPM 
for Pistachio) methods for Almond and Pistachio, and is in progress for Walnut 
- Early sampling is useful to determine if leaves have commenced the season 

with adequate N, and is a valuable supplement to yield based fertilizer 
management practices 
 

• Several labs have adopted these methods 
- Ask your lab if they use the UCD-ESP or UCD-PPM program 

Leaf Sampling: 

Presenter
Presentation Notes
The standard method of July/August leaf sampling is useful to identify the state of the orchard, but it does not provide information on how future fertilization management should proceed.  It is not possible to “respond” to information from July/August leaf sampling with fertilization changes, because all or most of fertilizer for that annual cycle has been applied. 




• Collect leaves/leaflets from 18 -28 trees in one bag per 
management zone. 

• Each tree sampled should be at least 30 yards apart 
• In each tree collect leaves around canopy from 20+ exposed 

leaves/leaflets on non-fruiting spurs or shoots located 5-7 feet 
from the ground. 

• Analyze leaf tissue for essential plant nutrients (N, P, K, S, Mg, Ca, 
B, Cu, Fe, Mn, Zn) 

• For early leaf samples utilize UCD developed early sampling 
guidelines for interpretation. 

• For July sampled leaves utilize standards provided in the Almond 
and Pistachio Production manuals. 

Leaf Sampling: 

Presenter
Presentation Notes
A new option being tested by UCD is April (almond) or May (pistachio) sampling in almond and pistachio, used to predict June/July nutrient values and manage accordingly.
 
The test also measures Ca, Mg, K, B. This determines leaf age and ratio of leaf cell wall to leaf cytoplasm, which generally hold true across cultivars.  The model has created accurate predictions for Monterey and Nonpareil almonds.

For more information on some of the calculations used in this sampling protocol, see Anderson et. al 1986: �http://fruitsandnuts.ucdavis.edu/files/68889.pdf
�



Managing N in Almond, Pistachio and Walnut: 
 

• Base preseason fertilizer plan on expected yield LESS N in 
irrigation and other inputs. 

– 1000 lbs almond kernel removes 68lb N 

– 1000 lbs pistachio (CPC yield) removes 28 lbs N 

– 1000 lbs in-shell walnuts removes 14-20 lbs N 

– Account for vegetative growth for each tree nut crop 
 

• Conduct a leaf analysis following full leaf out. 
 

• In April-May, review leaf analysis results and updated yield 
estimate, then adjust fertilization for remainder of season.  

 

Presenter
Presentation Notes
An approach for efficient N management looks like this: 
- pre-season fertilization plan based on expected yield
- first application of 20%
- conduct leaf analysis in early spring
- review leaf analysis and yield estimate
- in-season adjustment.

It can be summarized as base fertilization rate on realistic, orchard-specific yield. Account for all N inputs  and adjust in response to spring nutrient status  and yield estimates taken throughout year. 

Adjusting within the season is the key to getting above 60% efficiency!

For vegetative growth requirements for almond see slide 8, walnut slide 11 and pistachio slide 12.



• N Calculator developed by SureHarvest and 
the Almond Board of California available at 

 www.sustainablealmondgrowing.org 

• CDFA FREP website for all tree ntus 
Almond - http://apps.cdfa.ca.gov/frep/docs/Almonds.html 

Walnut - http://apps.cdfa.ca.gov/frep/docs/Walnut.html 

Pistachio - http://apps.cdfa.ca.gov/frep/docs/Pistachio.html 

• UC Davis Fruits and Nuts website 
http://fruitsandnuts.ucdavis.edu/Weather_Services/Nitrogen_Prediction_Mo
dels_for_Almond_and_Pistachio/ 

 
 

 
 
 
 

Online Tools: 



Conclusions:  N Management in Tree Nuts 

• Efficient N management is determined by the 4Rs 

• Determine N demand for each individual crop 

• Time to match demand – 80% in-season 20% post maturity 
if needed and trees are healthy 

• Target placement where roots are active 

• Account for all potential N sources including fertilizer, cover 
crops, compost, manure, and irrigation water 

 

Every field, every year, is a unique decision 
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Presenter
Presentation Notes
Patrick Brown can be reached for further questions at: 
(530) 752-0929
phbrown@ucdavis.edu

Allan Fulton can be reached for further questions at: 
(530) 527-3101
aefulton@ucanr.edu

Franz Niederholzer can be reached for further questions at: 
(530) 822-7515
Fjniederholzer@ucandr.edu

Blake Sanden can be reached for further questions at: 
(661) 868-6218
blsanden@ucdavis.edu

Roger Duncan can be reached for further questions at: 
(209) 525-6800
raduncan@ucanr.edu

David Doll can be reached for further questions at:
(209) 385-7403
dadoll@ucanr.edu





