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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. This presentation will also discuss using tissue sampling to address the 4Rs.




Optimizing N Use in CA Tree Crops. 

Kathy Kelley-Anderson et al:  ANR Pub # 21623 
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Optimizing N Use in Tree Crops 
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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.




Right Rate 
Plant N Demand 
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The Right Rate Equation: Demand Function 

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.




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

Experimental Approach:   
• Whole tree excavation, trunk coring, sequential nut 

collection and analysis, yield measurements- 1000’s of 
individual trees at multiple sites and years 

 
Perennial Tissues Annual Tissues 

Determining N Demand  

Presenter
Presentation Notes
The most common experimental method to determine the nutrient demand of a permanent crops is the sequential harvesting of trees for both perennial (wood and roots) and annual (fruit and leaves) tissues. This type of data is currently the most robust for almond and grape with ongoing data collection in almond, prune, and pistachio. The principles are applicable to many permanent crops. 



Modified from: Tagliavini, M. and Scandellari, F. 2013. Methodologies and Concepts in the Study of Nutrient Uptake 
and Partitioning in Fruit Trees. Acta Hort. (ISHS) 984:47-56 
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Plant N Demand 

Presenter
Presentation Notes
Information on N removal in harvested crops is available from several sources. It is very important to recognize how these numbers were obtained to verify that they are valid for a particular cropping system. This table represents total uptake per acre into the plant in a year and includes all perennial and annual tissues. There will be some variation due to growing conditions and N supply, age of the system, and most importantly yield.
 
Note: It is possible to find crop N demand by researching online, but use caution. For example, in some studies shown here, yield is not reported, which limits meaningful interpretation of this data. In most crops sampled by this study, total N demand falls in the range of 30 - 60 lbs N/acre. 


Source of table: http://www.actahort.org/books/984/984_3.htm

SINCE THIS IS AN IMPORTANT DOCUMENT WE SHOULD RECREATE THE TABLE RATHER THAN THE CUT AND PASTE USED HERE.  PERHAPS FAITH HAS RESOURCES.  RATHER THAN LEAVE UNCERTAINTY WE SHOULD INCLUDE SPECIFICATION IF FRUIT WAS INCLUDED. – NO NEED FOR AMBIGUITY IF WE HAVE THE INFORMATION.



Species N lbs per 1000 lbs of fruit produced Source 

Apple 0.5-0.6 IFA, 1992;USDA,1963 

Citrus 1.1-1.6 Rocuzzo, 2013; Krueger/Arpaia 2010 

Cherry (Sweet) 2-2.35 Huguet, 1980 

Table Grape 1.3-1.9 Lohnertz, 1991; USDA 1963 

Wine Grape 0.8-2 Coombe, 1992; Mullins, 1992 

Kiwifruit 1.3-1.8 Smith et al., 1988; Pailly 1992 

Walnut (In-shell) 14-20 Weinbaum 1991; Pope 2014 

Peach 0.8-1.2 Maragoni and Rombola 1994;USDA 
1963 

Pistachio 28 (marketable yield) Siddiqui et al (2013) 

French Prune  3 (1000 fresh), 9 (1000 Dry) Weinbaum, et al., 1994, USDA, 1963 

Olives 8 Angelo Rodrigues et al., 2012 

Almond 68 (1000 lb kernel), ≈ 16 lb per 1000 
lb whole fruit 

Muhammad, Saa, Brown et al (2013) 

Fruit N Demand 

Presenter
Presentation Notes
This table represents the best information available for fruit N demand and was developed from available research conducted in California and elsewhere. The estimates of N demand per 1000 lbs of fruit produced includes all of the harvested product that was removed from the field to generate the 1000 lbs of marketable product. For example, the N that is exported from the field to produce 1000 lbs of almond kernel, includes not only the kernel N itself but also the N in the hulls and shells that were exported from the field to produce the 1000 lbs of marketable product.

In compiling these data, efforts were made to select results that were most rigorously tested and most relevant to conditions in California. This table was compiled from many sources (Western Farm Handbook, IPNI, FAS, USDA, and a comprehensive literature review). 

Sources of variation in demand levels:
- Other sources of information such as this exist, but may utilize different formats and different definitions. For example, USDA- food charts provide nutrients only in the “food” portion of the crop.  In the case of almond, the export in the kernel (as reported in USDA food charts) represents only a partial accounting for total N removed from the field and should also include N removed in the whole fruit (kernel, shell and hull).
- Some crops have a range listed, which reflects different sources of information as well as variation in varieties (i.e. in citrus this reflects the difference between a blood orange and a grapefruit or mandarin). 
- Demand differs greatly for soft fruits (wine grapes, table grapes, citrus) versus nuts or other fruit with pits. Cherry, for example has a higher N demand than peach because the ratio of the pit to fruit is larger, and the pit contains more N than does the fruit.

Note: Older industry standards are frequently on a per tree basis. This chart represents something of a shift toward a new industry standard reporting on a per 1000 lbs. basis rather than a per acre basis.  

Sources of Information:
Apple: ______
Citrus: http://www.sciencedirect.com/science/article/pii/S1161030112000482, _________
Cherry: _______
Table Grape: _____, ______
Wine Grape: http://ajevonline.org/content/43/1/101.abstract
Kiwifruit: http://www.sciencedirect.com/science/article/pii/0304423888901537, _________
Walnut (in-shell):http://walnutresearch.ucdavis.edu/1991/1991_317.pdf, http://ucanr.edu/repositoryfiles/2014_191_ocr-156253.pdf
Peach: ____________
Pistachio: http://fruitsandnuts.ucdavis.edu/files/165545.pdf, http://apps.cdfa.ca.gov/frep/docs/N_Pistachio.html
French Prune: http://journal.ashspublications.org/content/119/5/925.short
Olive: http://www.sciencedirect.com/science/article/pii/S0304423812002555
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Plant N Demand: Vegetative and Fruit Proportions 

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 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.




• Applying more N than needed does not result in greater 
N 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 N did not 
increase N removal by 
fruit. 

• 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. 

Plant Nutrient Demand: Effect of Excessive N 
Application 

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.



Right Rate 
Sources of N Supply 
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The Right Rate Equation: Supply Function 

Presenter
Presentation Notes
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 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. 





Elements of the Nature and Properties of Soils, 3/e by N. Brady and R. Weil 

Generally: 
• C:N ratio of 20:1 (2% N) is the 

dividing line between 
mineralization (immediate 
release) and immobilization (N 
binding and later release) 
 

• Most N in added materials 
becomes available, though it 
may take several years.  
 

• Long term efficiency of N use 
from high C:N organic materials 
in orchards is poorly understood. 

Crediting N in Soil: What Controls 
Decomposition and Mineralization Rates? 

Presenter
Presentation Notes
Composts, manures, residues, and green waste are commonly used in permanent crop production but, their behavior in both replant and mature orchard settings must be researched further for greater understanding of decomposition and mineralization. The microbial organisms responsible for breakdown of organic materials utilize the energy in the carbon (C) and either assimilate the N into microbial biomass for their own growth and development or excrete N into the soil if their own N requirement is met. 

For this reason, materials with a higher C:N ratio immobilize more N since the high C stimulates rapid microbial growth and these microbes temporarily tie up the N making it unavailable for uptake. Materials with a lower C:N ratio release N more quickly into the soil for plant uptake. The complete N release from a high C:N ratio materials may take years to occur, while low C:N ratio material release N sooner. 

Source of Table: http://www.pearsonhighered.com/bradyweil/



3.http://alfalfa.ucdavis.edu/%2Bsymposium/pr
oceedings/2008/08-159.pdf 

2. http://www.cdfa.ca.gov/is/docs/11-0456-
SACrohn.pdf 

1. 
http://manuremanagement.ucd
avis.edu/files/134369.pdf 

Crediting N in Soil: N from Solid Organic Fertilizers 

Presenter
Presentation Notes
Special attention is needed to correctly estimate mineralization rates of manure. The above articles are recommended to aid in understanding manure N contribution to N supply and the proportion expected to release with an annual cycle. Direct sampling and analysis of the applied materials is also essential because manures can differ in C:N ratios and other factors that affect N decomposition and mineralization. These differences ultimately affect the efficiency factor that can be applied to manure on the supply side of the Right Rate equation.

Articles also linked below: 
1. Dairy Manure Content and Forms: This technical document estimates nutrient content and characteristics of various types of dairy manure. 
 http://manuremanagement.ucdavis.edu/files/134369.pdf

2. Optimization of Organic Fertilizer Schedules: 
http://www.cdfa.ca.gov/is/docs/11-0456-SACrohn.pdf

3. Using Dairy Manure as a Nitrogen Fertilizer for Forage Crops: Proper management of dairy manure as  fertilizer for forage crops in accordance with recent N regulations. 
http://alfalfa.ucdavis.edu/+symposium/proceedings/2008/08-159.pdf



Crediting N in Soil: Nutrient Variation in Materials 

Presenter
Presentation Notes
Organic matter amendments like manure are highly variable from lot to lot, so it is important to have an idea of the C:N and N contents of a particular batch of manure before application. This variability may be attributed to the feed and manure management techniques utilized by the livestock operator. Dairy operations collect manure at many different points in the system including scrapping open corrals, screening solids during a wash down, or combining manure at different points to form mixed piles that are either static or actively turned to encourage composting.

Source of figure: http://manuremanagement.ucdavis.edu/files/134369.pdf




  
• Know the tree nitrogen demand based on 

predicted yield  
 

• Calculate all the N credits  
 
• Calculate the amount of nitrogen still 

needed 
 

• Account for the fertilization efficiency  
 

? 
? 

Steps to Calculate the ‘Right Rate’ 

Presenter
Presentation Notes
The first two steps to estimate the tree N demand and to calculate the N credits from soil, organic matter amendments and orchard residues and irrigation water are followed by two steps to calculate the amount of N still needed in applied fertilizer adjusted by a fertilizer efficiency factor.



• Formula for Nitrate:  
– Nitrate concentration (ppm) x inches irrigation applied x 0.052 

 
• Formula for Nitrate-N:  

– Nitrate-N concentration (ppm) x inches irrigation applied x 0.23 
 

• Example: Lab reports 10 ppm Nitrate or 2.27 ppm 
Nitrate-N and you apply 48 inches of water 

Answer =  25 lbs N  
 
But currently we estimate that only 70% of the N in the 
water will be available, so:  
 

 Answer =  17.5 lbs (25 x 0.7 = 17.5) 
 
 

Supply Function: Crediting N in Irrigation Water 

Presenter
Presentation Notes
Crediting N in irrigation water is essential for efficient N application to permanent crops. The general formula to calculate the amount of N in water is simple: N concentration times inches of water applied times a constant, which varies depending on the form of N being considered (as seen above). Currently, we assume that 70% of N from irrigation water will be incorporated into crops (70% efficiency level).
  
Note: The 70% efficiency factor for irrigation N is based on research that irrigation water nitrate behaviors similar to fertilizer nitrate. Since high N use periods track well with high water use periods, the efficiencies are presumed to be equal. However, if pre-irrigation or a leaching fraction is used, a portion of N in irrigation water likely moves below the root zone. 
 
Note: Use of high frequency, low-concentration irrigations are likely to result in equal to or more efficient N delivery compared fewer high-concentration fertigation events. 
 
Note: There is a difference between Nitrate-N and Nitrate calculations because only 22% by weight of Nitrate is N (the rest of the weight comes from O), whereas Nitrate-N is expressed as 100% N. 




Example Calculating Remaining N 
Needed: 

– Almond Demand Function: 3,000 
kernel produced 

• 3.0 X 68 = 204 lbs N 

– Sum of N credits from N in the 
water = 17 lbs N   

Steps to Calculate the ‘Right Rate’: Example 

   204 lbs N yield demand  
– 17 lbs N supply from irrigation 
 
= 187 lbs N needed by the crop 

Presenter
Presentation Notes
The steps to calculate the Right Rate include, determining demand using the amount of N exported by the crop, N requirement for vegetative growth (almond yield in the example above is high and thus no growth requirement is included) and subtracting N credits for Nitrate-N in irrigation water. The remaining value is how much N is needed by the crop.  The next step will be to adjust the N need for an efficiency factor. 




• Regulators will likely set N use efficiency standards at 70%.  
– Feasible in well managed orchards, but easier in some than 

others. 
– Example:   187 lbs N /0.7 = 267 lbs N fertilizer should be applied 

 
• Efficiency can be reduced by: 

– Poor timing 
– Year to year yield variation (wrong rate) 
– Poor Irrigation uniformity (wrong place) 
– In field or between field variability (wrong rate, wrong place) 

Nitrogen Use Efficiency 

Presenter
Presentation Notes
The choice of a 70% efficiency level is the result of many years of research with permanent crops in California and is an attainable target and is currently being met by many permanent crop growers. Tree nut crops even have an advantage over annual crops due to discrete growth patterns, use of drip irrigation and fertigation, and low rainfall. 

The total N needed by the crop divided by the fertilizer efficiency factor equals the amount of fertilizer N that should be applied.
 
Note: It is important to consider the of other Rs of timing, placement and source since poor execution of these techniques will reduce efficiency.

Reminder: N use efficiency being discussed here refers to externally applied N divided by N removed in harvest, though terminology can vary across venues. 
 



Improving Nitrogen Use Efficiency 
Right Rate 



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 potential  loss of N 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. This introduces a management challenge as illustrated here - 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.
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Nitrogen Demand by 20 acre block 
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=3,200 lb N 
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1,500 lb N 

 Difference in real N 
demand = 1,700 lb N 
25% NUE increment  

Non-uniform Yield Within Field: Solutions 

Presenter
Presentation Notes
Left Figure: Dividing the orchard into 5 or 20-acre plots that are managed separately according to the N demand of each can correct some inefficiencies.

Right: A simpler option for some growers might be to divide the orchard into larger plots, in half for example, and manage each separately. In this example, dividing this Pistachio field into just two plots with different yields, and therefore different N needs, results in a 25% increase in N use efficiency! 

Managing for spatial variability introduces greater complexity in management. Individual growers must decide what are the beneficial tradeoffs from this type of investment. In the future, individually controlled microsprinklers could use sensors to achieve site-specific fertigation according to each tree’s particular water and N fertilizer demand. Unfortunately, solutions like this are likely still many years away from commercialization but a 50 unit field test is being conducted by Robert Coates, Michael Delwiche, and Patrick Brown.



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

NUE = N Export in Fruit/N Applied  70% of 275 = 82: 80% of 275 = 55 or a 40% reduction in lost N 

80% 

80% 

Improved Nitrogen Use Efficiency 

Presenter
Presentation Notes
Examples of experimental plots reaching 80% efficiency over 3 years at an application rate of 275 lbs/acre. This example is with a well-maintained irrigation system in an area without in-season rain, all of which make high efficiency more attainable, but it is manageable for all sorts of growers. 

The highest efficiency is achieved by the best combination of right rate, right time, right place and right source. 



Right Time 



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

Crop N Demand Timing 

Presenter
Presentation Notes
Figure: Timing of N uptake within the season fro almond is shown. In-season N demand for many permanent crops follows the pattern of low uptake early in the season because of low N demand and much of the N requirement for leaf out comes from the tree N reserves. Later in spring and into summer from March to August a high rate of uptake comes predominantly from applied fertilizer. Uptake post harvest is also low due to low N demand as well as active remobilization 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



Right Source 

Presenter
Presentation Notes
What is the best source of nutrients to satisfy crop demand?



 
 
 

Right Source: Blending 
Fertilizers 

 

Source: 4R Plant Nutrition: A Manual for Improving the Management of Plant Nutrition, 2012 IPNI 

Presenter
Presentation Notes
It is important to know the unique characteristics of the many available forms of commercial fertilizers. The ability to mix multiple nutrients and agricultural chemicals into a single fluid is one reason for the popularity of liquid fertilizers. This chart provides some general guidelines for mixing liquid fertilizers. However, not all liquid fertilizers can be safely mixed so it is always advisable to mix a small amount of the fertilizers or chemicals in a jar before blending large quantities of the materials.  Check for any cloudiness that appears or precipitation that occurs in the solution.

Source of Figure: http://www.ipni.net/article/IPNI-3255



Right Source: Forms of Fertilizer 

• New technologies have been 
developed to improve nutrient 
stewardship 
 

• Some of the important 
categories include: 
 
• Coated fertilizers 
• Slowly soluble fertilizers 
• Inhibitors of biological 

processes 
• Other nutrient enhancing 

materials 

Source: 4R Plant Nutrition: A Manual for Improving the Management of Plant Nutrition, 2012 IPNI 

Presenter
Presentation Notes
No particular technology is best-suited for all conditions, but each offers advantages that support specific economic, production, and environmental goals. Coated fertilizers control dissolution of soluble nutrients with a semi-permeable shell. Other controlled-release fertilizers release nutrients as they are biologically degraded. Synchronizing nutrient release with plant demand should guide selection of specific controlled-release fertilizers.
 
Biological and chemical inhibitors can be added to fertilizer to temporarily enhance or disrupt soil N transformations including urea hydrolysis and nitrification. Additives such as nitrification and urease inhibitors can slow these biological processes. Other additives may temporarily reduce chemical reactions that decrease phosphorus solubility.

Source of images: http://www.ipni.net/article/IPNI-3255



 
 

• Synchronizing nutrient release with 
plant demand is a challenge with 
enhanced efficiency fertilizers.  
 
 
 

 
• The same challenge is valid for 

organic fertilizers. 

Source: 4R Plant Nutrition: A Manual for Improving the Management of Plant Nutrition, 2012 IPNI 

Right Source: Enhanced Efficiency Fertilizer Forms 

Presenter
Presentation Notes
For any fertilizer, efficiency improves if delivery occurs at the time of greatest uptake. 

Source of Figures: http://www.ipni.net/article/IPNI-3255



BIOLOGICAL RATIONALE: 
1) Used to satisfy N needs when demand is extremely high (fruit 

growth), when application is difficult (wet soils) or risky 
(rainfall imminent), or when root growth is limited (cold soils, 
limited transpiration, poor roots post-harvest). 

 

ECONOMIC RATIONALE AND PRACTICAL CONSIDERATIONS: 
1) Relative costs and benefits are difficult to assess. 
2) Can the need for foliar fertilizers be predicted and the 

treatment implemented in time? 
3) Can a meaningful amount of N be applied? 

 

Right Source: Foliar Fertilizers 

Presenter
Presentation Notes
Foliar fertilizers are a great option: 
1) When demand is high but soil uptake is compromised by dry, cold or wet soils
2) Early in the season as leaves grow but before roots are active
3) When plant demand for N is high as fruit is growing quickly
4) Toward the end of the year once roots have stopped taking up N.

Current research is addressing the cost of foliar application relative to comparable soil application. 




Right Place 

Presenter
Presentation Notes
What is the best source of nutrients to satisfy crop demand?



Crop 
Depth of Main Root 

Feeding Zone 
(inches) 

Reference 

Almond 3-18 Olivos et al (2013) 
Apricot 3-12 Ghena and Tercel 1962 
Cherry 3-15 Tamasi 1975 
Peach 0-25 Dziljanov and Penkov 1964b 
Plum 1-20 Tamasi 1973 

Walnut 0-20 Kairov et al. 1977 

Adapted from: Atkinson, 1980. The Distribution and Effectiveness of the Roots of Tree Crops. Horticultural Reviews. 

Right Place: Where  does N uptake occur? 

Presenter
Presentation Notes
In order to deliver N fertilizer in the Right Place the focus should be on supplying and maintaining N in the root zone where uptake occurs. Above is a table for different permanent crops and depth of the main feeding roots. Structural roots for many permanent crops can grow much deeper but, placement of fertilizer in the zone where uptake occurs is the goal and this mainly coincides with the depth of the wetting front during irrigation. 
 
Note: Effective feeding roots are responsible for the bulk of N and water uptake.

Note: Soil and irrigation practices will influence the depth of the main root feeding zone greatly. 



Leaf Sampling 

Presenter
Presentation Notes
What is the best source of nutrients to satisfy crop demand?



Leaf Sampling  

• July/August leaf sampling is useful to monitor general 
performance or identify deficiencies but is inadequate as a 
management strategy  
• Does not provide rate or timing information 
• Too late to respond for current year, too early for next year. 
 

• UCD has developed new Early Leaf Sampling (UCD-ESP) 
methods for Almond and Pistachio, in Progress for Walnut 
• Useful as a means to determine if leaves will have adequate N 

for the season 
 

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

Presenter
Presentation Notes
The standard method of July/August leaf sampling is useful to identify the N status of the orchard in order to determine if adequate rates of N supply match N demand. Unfortunately, it can often be too late to correct a deficiency within season. For this reason, UC Davis researchers Sebastian Saa and Patrick Brown developed the Early Leaf Sampling method to offer a early opportunity to correct any N deficiencies in-season.




Leaf Collection Method: 
• Collect from non-fruiting shoots of 18-28 trees in each mgmt. 

zone. 
• Trees at least 30 yards apart. 
• Collect at canopy from at least 20 well exposed leaves/leaflets, 

5-7 ft. from the ground. 
 

Timing: 
• In April/May, collect samples at 35-45 days after full bloom. 

– Submit to a lab that uses UCD-ESP (almond) or PPM (Pistachio) 
program  

• In July, collect samples using same method as April 
–  Use Almond and Pistachio Production manuals to interpret July 

samples. 

Leaf Sampling: UCD Early Sampling Protocol  
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A new option being tested by UCD is April (almond)/May (pistachio) sampling in almond and pistachio, used to predict June/July nutrient values and manage accordingly. The test also requires measurement of Ca, Mg, K, B which is used to determines leaf age and correct the predictive model.  The model has created accurate predictions for Monterrey and Nonpareil almonds. 

Further guidelines for the sampling protocol can be found online in “Almond Early-Season Sampling and In-Season Nitrogen Application Maximizes Productivity, Minimizes Losses” : http://www.almonds.com/sites/default/files/content/attachments/almond_early-season_sampling_and_in-season_nitrogen_application_maximizes_productivity_minimizes_loss.pdf





Fruit Growers Lab: Validation of UCD-Early Season Testing Protocol 
Location:  Yolo/Colusa County 
Collected by: John Edstrom 

UCD-ESP PREDICTED 
Sample Number Lab Leaf N% 4/11/13 Lab Leaf N% 7/10/13 Leaf N in July Difference  
1 (100+105) 3.64 2.55 2.53 -0.02 
2 (145 E) 4.41 2.92 2.72 -0.2 
3 (145 M) 4.19 2.76 2.66 -0.1 
4 (145 W) 4.04 2.82 2.63 -0.19 
5 (125) 3.46 2.34 2.48 0.14 
6 (710+715) 3.99 2.55 2.61 0.06 
7 (720) 3.84 2.67 2.58 -0.09 
8 (740) 3.69 2.66 2.54 -0.12 
9 (755) 3.99 2.53 2.61 0.08 
10 (700+705) 3.96 2.49 2.61 0.12 
11 (735) 3.73 2.61 2.55 -0.06 
12 (725) 3.8 2.54 2.57 0.03 
13 (730) 3.79 2.73 2.56 -0.17 
14 (745) 3.97 2.77 2.61 -0.16 
15 (750) 4.09 2.43 2.64 0.21 

SUMMARY: UCD-ESP model was within 0.15% in 93% of all samples 
UCD-ESP model was within 0.20% in 100% of all samples 

Leaf Sampling: UCD Early Sampling Protocol  
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Table: Evidence of accuracy of early season leaf sampling was shown with a test of 15 April samples that were analyzed in the lab. Columns from left to right are sample number, April sampling numbers, July sampling numbers, the model’s prediction of July number, and finally the difference between predicted July numbers and actual ones. In this last column, a value close to zero indicates an accurate prediction. 

This shows that the predictions were consistently accurate.
 
While the UCD-ESP is not intended drive fertilization plans, which are determined by matching N supply and demand, using this test in April provides an additional confirmation that planned fertilization levels are reasonable. 
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