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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. This example is presented for tree nuts but, can be applied in concept to other permanent crops like deciduous fruits and table grapes.
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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  
Peach, Cherry, Apricot, 

Apple, Pear 



N Partitioning:  
Peach Experiment 

El-Jendoubi, H, Abadia, J, Abadia, A (2013) Assessment of nutrient removal in 
bearing peach trees (Prunus persica L. Batsch) based on whole tree analysis. 
Plant and Soil 369, 421-437. 

Presenter
Presentation Notes
A 2013 Spanish experiment (El-Jendoubi et al 2013) assessed nutrient removal in bearing peach trees via whole tree excavation and sampling of tree parts as follows:Shoot in bloom stage (end of March)Tree at fruit thinning time (May)Harvested fruit (July-October)Fruit dropped to the soil at harvest One-year wood from shoots removed at summer pruningLeaves from shoots removed at summer pruningNet structure covering the tree to recover fallen leaves in autumnFallen leaves accumulated in the netWinter pruning (red box is shoot material removed)Wood from shoots removed at winter pruningThe results of this experiment are featured on the following slides. Details can be found online at http://link.springer.com/article/10.1007%2Fs11104-012-1556-1



% N requirements through the season in three peach varieties: 

El-Jendoubi, H, Abadia, J, Abadia, A (2013) Assessment of nutrient removal in bearing peach trees (Prunus persica L. 
Batsch) based on whole tree analysis. Plant and Soil 369, 421-437. 

Late Harvest Peach  Canning Peach  Mid-Season Peach  

N Partitioning: Peach Experiment Results  

Presenter
Presentation Notes
Figure: N allocation to fruit is represented by the yellow, red and dark brown wedges for all three peach varieties. These figures highlight the fact that, for peaches and other soft fruits, the largest portion of the annual N budget goes to vegetative growth rather than fruit production.



N Partitioning: Peach Experiment Results  
‘Calanda’ ‘Catherina’ ‘Babygold5’ 

Canning Mid-season Late-harvest 

Orchard age (years) 14 14 14 

Density (trees/acre) 500 670 670 

Yield (tons/acre) 13.5 3.88 3.97 

Storage (lbs N/acre) 10.6 5.98 6.46 

*Demand (lbs N/acre) 152 61.5 58.3 

   Flowers/thinned fruit 4.59 2.96 2.40 

   Summer prunings 13.3 10.6 7.20 

   Harvested fruit 31.1 12.4 9.14 

   Leaf litter 38.4 17.0 23.3 

   Winter prunings 64.3 27.2 16.3 

El-Jendoubi, H, Abadia, J, Abadia, A (2013) Assessment of nutrient removal in bearing peach trees (Prunus persica L. 
Batsch) based on whole tree analysis. Plant and Soil 369, 421-437. 

*Demand equals flowers and thinned fruits, summer prunings, harvested fruit, leaf litter and winter prunings 

Presenter
Presentation Notes
The absolute N values for the different plant organs from this study are shown in the table. Each of the orchards are the same age with lower density and larger trees for ‘Calanda’. ‘Calanda’ also has much higher yield translating to greater prunings in summer and winter, more leaf litter and higher N exported in harvested fruit. The mid-season ‘Catherina’ and late-harvest ‘Babygold5’ have similar yields but, with differences in other plant organs. The take home message is clear that different varieties have different N demands and that overall the vegetative growth is substantially greater for N demand than harvested fruit.



• In O’Henry peach,  the first 25-30 days of the growing 
season are supplied exclusively by N storage from 
perennial tissues  

• After that, about 0.89 lbs N per acre per day are taken up 
by the trees after the spring flush until harvest.  

• After harvest, a positive net N storage occurs as a result 
of a large decrease in the N demand from growth 

• Much of the N that is taken up by the tree is returned to 
the soil as leaf litter and prunings. 

Rufat, J, DeJong, TM (2001) Estimating seasonal nitrogen dynamics in peach trees in response to nitrogen availability. Tree 
Physiology 21, 1133-1140. 

N Demand and Timing: Peach 

Presenter
Presentation Notes
Peaches and all soft fruits follow a similar pattern of N uptake. But the main difference is that more N is allocated toward growth (about 80%) than toward fruit (20%). The publication can be found online at http://www.ucanr.org/sites/wolfskill2/files/88250.pdf Here you can also find graphs of crop growth, N accumulation, and partitioning over time. IS THIS DATA WORHT PRESENTING SINCE WE DO NOT HAVE A TIME COURSE FOR ANY SOFT FRUIT



• Only 15-20% of total N demand is allocated to harvested 
fruit, overall demand is significantly lower than in nuts. 
 

• Proportionately larger demand for N in leaves, thinned fruit, 
and perennial structures.   
 

• The rate at which N in leaves, prunings, and thinnings is 
available for uptake in subsequent seasons remains 
uncertain and the rate of release and efficiency of N 
recycling from returned leaves/prunings/thinnings are 
determined by management, irrigation and soil conditions. 
 

• Current best estimate is that 50% of N in leaves, prunings, 
and thinnings becomes available in the first year, with a 
subsequent 50% in the second year and so on. The majority 
of N release from these sources occurs in spring as soil OM 
mineralizes 

Summary: Peach 

Presenter
Presentation Notes
More research is needed on this aspect, and special attention should be paid to early vs. late season varieties, in which timings of N demand varies. 



• Data on crop offtake is available for apple and sweet cherry 
– Apple   0.5 - 0.6 lbs N per 1000 lbs fruit 
– Sweet cherry  2.0 - 2.35 lbs N per 1000 lbs fruit  

• Data on uptake patterns for these crops is currently not 
available, though it can be inferred that the patterns will 
resemble peach: (Worth showing peach curve?) 
– Early season demand (until 80% leaf expansion) is met by 

stored N 
– Timing of leaf and fruit development will determine timing 

of uptake 
– Information on when N is allocated to perennial storage is 

inadequate. 

 

N Demand and Timing: Cherry, Apricot, Apple, Pear 



Tagliavini, M. and Scandellari, F. 2013.  

N Accumulation and Partitioning: Apple 

0.56 lb N per 1000 lb fruit 

Yield =  17 US tons 
per acre 

53 lb 

One acre 

14 lb 

20 lb 
21 lb 

15 lb 

Apple  

Presenter
Presentation Notes
In this Italian review based on worldwide and northern Italian production, accounting was made of all N taken up from the soil  and the  allocation of N within the plant was derived from whole plant harvest. Figure: About 35 lbs N are allocated to leaves or pruned material, the vast majority of which falls back on the ground during abscission or pruning. The length of time needed before these materials become available for subsequent plant uptake depends on local environmental conditions, practices implemented such as tillage or chipping and soil type. Information on the timing of mineralization/decomposition processes and the timing of active root uptake is required to better understand the contribution of these recycled materials to orchard N balance.  The above figure and a lot more information about nutrient uptake requirements and partitioning in fruit trees can be found online here: http://treeecophysiology.unibz.it/en/publications/Documents/Thailand%202012%20Tagliavini%20final.pdf?AspxAutoDetectCookieSupport=1



N Demand  
Grape Varieties 



Table 1.      Nitrogen accumulation and distribution (kg N/ha) in various parts 
of grape plants. 

- - - - - - - - - - - - - Sampling date - - - - - - - - - - - - - 
March May June Aug. Sept. Nov. Net 

Plant part 30 10 30 20 30 30 accumulated N 
Leaves - 2.9 18.8 30.1 35.1 - 35.1 
Fruits - - 6.2 20.4 32.3 - 32.3 
New shoots - - 20.1 21.8 28.1 28.1 28.1 
Branch 4.4 4.9 5.3 5.9 6.2 7.0 2.6 
Trunk 5.7 5.7 5.8 6.2 6.6 7.2 1.5 
Roots 20.2 17.7 13.0 14.2 19.8 22.9 2.7 
Total plant 30.3 31.2 69.2 98.6 128.1 65.2 102.3 
Note: Net accumulated N in leaves, fruits, and new shoots equal to total accumu- 
lated in the last sampling. Net accumulated N in branches, trunks and roots equal 
to N accumulation in the last sampling value minus N accumulation in the first 
sampling value. 

 
Tong et al. 2010 
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N Demand and Partitioning: Red Globe 

Presenter
Presentation Notes
Vine nutrient demand and timing of N allocation for a 7 year old red globe vineyard with 12 ton yield was determined by in-season sampling of various plant organs including leaves, fruits, new shoots, branches, the trunk, and roots for an estimate of the total plant. The early season values (March 30th) represent stored N that was present in perennial tissues prior to leaf out. N in the whole vine at leaf out (May 10th), during fruit N accumulation (June 30th to September 30th) and in vine perennial tissues post-harvest (November 30th) is shown. The annual net accumulation of N for the plant organs is reported in the last column. The publication from which the above table is sourced covers other information on grape nutrient uptake and can be found online at: https://www.ipni.net/ppiweb/bcrops.nsf/$webindex/4FA0DC0C48AF3E8685257723004A14BF/$file/BC22010-Page-29-31.pdf



Tagliavini, M. and Scandellari, F. 2013.  

N Partitioning: Grape 

1.1 lb N per 1000 lb fruit 

Yield =  3.5 US tons 
per acre 

One acre 

37 lb 
19 lb 

8 lb 

9 lb 

Grape ‘Cabernet’ 

10 lb 

Presenter
Presentation Notes
In this Italian review based on worldwide and northern Italian production, an accounting of all N taken up from the soil and its allocation to organs in provided Figure: 29 lbs N is allocated to leaves and shoots, the vast majority of which falls up back on the ground during abscission or pruning. In this low vigor and low yield Cabernet vineyard, a total of only 9 lbs N was exported from the vineyard. The length of time needed before leaves and pruned shoots become available for subsequent plant uptake depends on local environmental conditions, practices implemented such as tillage or chipping and soil type. Information on the timing of mineralization/decomposition processes and the timing of active root uptake is required to better understand the contribution of these recycled materials to orchard N balance.The above figure and more information about nutrient uptake requirements and partitioning in fruit trees can be found online here: http://treeecophysiology.unibz.it/en/publications/Documents/Thailand%202012%20Tagliavini%20final.pdf



Tong et al. 2010 

Modified from 4R Plant Nutrition: A Manual for Improving the Management of Plant Nutrition, 2012 IPNI 
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N Demand Timing: Table Grape, Red Globe  

Presenter
Presentation Notes
This data comes from a Chinese study using Red Globe Table Grape.Figure: N accumulation throughout the growing season of Red Globe Table Grape. This figures shows that N was taken up in three distinct stages during the growing season.1) Between sprouting/early foliage growth and new shoot/fruit development, about 38% of total N was accumulated2) Between early fruit development and fruit expansion, about 29% of total N was accumulated3) Between fruit expansion and fruit maturity, about 29% of total N was accumulated. This timing suggests that an efficient method of fertilization would be to split N application about evenly across the three stages. The manual referenced above and other information sources on plant nutrition can be found online here: http://www.ipni.net/4R



BB A V 
KEY: 
 
BB = budbreak 
A = anthesis (flowering) 
V = veraison (berry softening) 
H = fruit harvest 

A V BB 

N Demand Timing & 
Partitioning:  
Thompson Seedless 

Presenter
Presentation Notes
In this study, vines were harvested throughout the growing season to quantify the utilization of N in the roots and trunks. Data is expressed as percent dry weight and total N per vine. Total N values presented are equivalent to lbs/acre or 454 vines per acreTop Figure: As the season progresses, the N concentration in roots (black squares) decreases and then increases, whereas N concentration in the trunk (open boxes) remains relatively constant.Bottom Figure: The absolute amount of N in roots (black boxes) also decreases and then increases while the trunk (open boxes) remains relatively constant in the same pattern as N concentration above.These data suggest that the trunk remains fairly constant in its N concentration and N biomass while the roots change during the season. At budbreak to anthesis and past verasion the N concentration and N biomass in the roots decreases. This pattern suggests that N that was stored in the roots at the beginning of the season is being translocated to the annual portions of the vine including leaves, shoots and clusters. After harvest, N is be remobilized back into the roots of the vine for storage until the next season. This data are for roots and trunk only and do not include fruit.Source: Data provided by Larry E. Williams – UC Davis Department of Viticulture and Enology and Kearney Agricultural Research and Extension Center 



Amount of N in the vine at harvest (9/5) and at the end of the growing season 
(EOS) when all leaves have fallen from the vine   

 
Date 

 
Clusters  

 
Leaves 

 
Stems 

Fruiting 
canes 

 
Trunk  

 
Roots 

----------------------------------------(lb N/acre) --------------------------- 
9/5 32.0 30.0 11.1 2.2 7.0 18.8 
EOS - 15.6 12.1 2.5 11.1 31.7 

Remobilized N --- -14.4 +1.0 +0.3 +4.1 +12.9 

Note: Bottom row is the change in N from harvest to end of season (EOS) 
Values above are equivalent to lbs per acre. 

N Partitioning After Harvest: Thompson Seedless  

Presenter
Presentation Notes
As leaves senesce after harvest until the end of leaf fall, N moves out of leaves and into the trunk and roots for storage. Table: Net N movement is shown in the row labeled ‘Remobilized N’, which calculates the change between harvest and the end of the season. While leaves have lost N (evidenced by the negative value), the trunk and roots have gained N (evidenced by the positive value). This movement accounts for 85% of N accumulated in the trunk and roots after harvest.Early the following season, N may be translocated from permanent structures of the vine (trunk early and roots later) to the shoots. The reserves may supply 10-25% of the total N needed for shoot and fruit growth, but they must be replenished for next year’s growth. This replenishment primarily comes from N in leaves as they senesce.  Source: Data provided by Larry E. Williams – UC Davis Department of Viticulture and Enology and Kearney Agricultural Research and Extension Center



‘Flame Seedless’ 181 lb N/acre 
‘Scarlet Royal’ 160 lb N/acre 

‘Crimson Seedless’ 91 lb N/acre 

Total N Removed: Multiple Table Grape Varieties  

Note: Total N demand is the sum of the N in leaves, stems 
and clusters. Differences in total N at harvest is based on a 
harvest dates and differences in leaf and stem biomass. 
 

24 ton/acre yield 

Presenter
Presentation Notes
Normalizing for leaf and stem data to 8' vine spacing: the Flame seedless vines have 33% and 58% more leaf and stem biomass than does the Thompson vines. The Scarlet Royal vines (normalized to 8' vine spacings) have 95 and 195% more leaf and stem biomass than does the Thompson vines.  Since the Flame and Scarlet vines are planted on 10' row spacings (Thompson on 12' rows), the Flame seedless vine have 60% and 90% more leaf and stem biomass, respectively, per unit land area than do the Thompsons. The Scarlet vines have 135% and 250% more leaf and stem biomass, respectively, than do the Thompson vines on a per land area basis.  Lastly, the Flame Seedless vines were harvested the 2nd week of July (Thompsons are normally harvested the 1st to 2nd week of September). The N concentrations in the Flame leaves and stems in July are much higher than those of the Thompsons in September. The concentrations of N in the Scarlet vines were also higher than those of the Thompson Vines.�There is more leaf and stem biomass of the Flame and Scarlet vines compared to the Thompsons', the vines are planted on closer row spacing and the concentration of N in those tissues are higher than those of Thompson vines at harvest.  The Crimson Vines were planted on 12' rows and 8' vine spacings.  Source: Data provided by Larry E. Williams – UC Davis Department of Viticulture and Enology and Kearney Agricultural Research and Extension Center
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Presenter
Presentation Notes
Patrick Brown can be reached for further questions at: (530) 752-0929phbrown@ucdavis.eduAllan Fulton can be reached for further questions at: (530) 527-3101aefulton@ucanr.eduLarry Williams can be reached for further questions at:(559) 646-6558lewilliams@ucanr.edu


