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Efficient Nitrogen Management

-the 4 R ’s-

. Apply the Right Rate

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

+ 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.

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.
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Optimizing N Use in Tree Crops

Supply (Rate) = Demand (Amount and Timing)

Harvested nuts

Husks, leaves, prunings
removed from orchard

Volatilization,
denitrification
from soil

leatlon
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 Leaching

Kathy Kelley-Anderson et al: ANR Pub # 21623


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 citrus and avocado.


®)

The Right Rate Equation

Supply Function

N
Demand Function mineralized

in the soil

Efficiency
Factor

Plant Nutrient

N in the Efficiency

Demand water Factor

N in the Efficiency
fertilization Factor


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 leaves and prunings are returned to soil and how these residues break down remains unclear. 



N Demand Rates
Citrus



“N Demand and Partitioning: Orange

1.3 Ibs of N per 1,000 lbs
of fresh weight produced.

) 20,000 Ib yield
T 26.7 lbs
22.3 Ibs 25 lbs
Aeody —— Tree — | leaves
organs

l 16 Ibs 21.3 Ibs
74 lbs
‘ pruning material ‘ |ab5cised leaves |

SOIL

Modified from: Roccuzzo et al. 2012. Assessing nutrient uptake by field-grown orange trees. European Journal of
Agronomy. 41:73-80.


Presenter
Presentation Notes
Citrus typically has relatively low N demand overall, lower than cherries or prunes, which have higher N content in their stones. 
 
The example shown is for blood orange (Citrus sinensis (L.) Osbeck), however the distribution of N is quite typical across many different large fruit citrus (though the yield shown here, 20,000 lbs, is lower than would be expected for something like a navel orange). Data for small fruited citrus is unlikely to vary substantially from this example.
 
Figure: In this example for a mature orchard, about 50 lbs N was allocated to leaves or woody material, the vast majority of which falls up 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.
  
Note that the N demand identified here (1.3 lbs N per 1,000 lbs fresh weight) agrees with values published by Florida’s Institute of Food and Agricultural Sciences (IFAS) (1.1 lb N per 1,000 lbs ). More information on N demand of citrus from IFAS can be found here: http://edis.ifas.ufl.edu/ss580

More details from the source of this figure can be found here: http://www.sciencedirect.com/science/article/pii/S1161030112000482
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N Demand Timing: Orange
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Modified from: Roccuzzo, 2012. Assessing nutrient uptake by field-grown orange trees. European Journal of
Agronomy. 41:73-80.


Presenter
Presentation Notes
Citrus fruits and shoots were harvested at several points from May to March and plotted separately as well as cumulatively. This method reveals the timing of N uptake in the season.
 
Figure: The top panel is total N in the biomass and the bottom panel is total biomass. The period of rapid uptake is represented by the positive slope from April to November and can be contrasted with the later period from November to March where the slope is flat indicating almost no net uptake during the period. When the slope for shoot N becomes negative this is an indication of net redistribution of N from shoot into fruit. Uptake is low between December and February because soils are cold, demand is low and because remobilization of N from shoot to fruit satisfies fruit N demand. While there is very little N increase in the total tree biomass from November until March, the total biomass continues a steady increase until January due to increments in fruit size.  Once fruit reach full maturity there is little increment in biomass or total tree N until March.

More details from the source of this figure can be found here: http://www.sciencedirect.com/science/article/pii/S1161030112000482



N Demand in Relation to Tree Size: Citrus

Demand for growth — does not include the 1.3 Ibs N per 1,000 lbs
fresh weight that is required for fruit production.

* Young trees (1-5 years, canopy 0-250 ft3):
— More leaves than stems or wood
— Leaves have higher N concentration than stems
— Trees N accumulates at rate of 0.07 lbs/yr per 50 ft3 increase in canopy

volume
— In most commercial orchards this represents 5-30 Ibs N/acre/year

e Large trees (>8 years, canopy volume 1000-1500 ft3)

— Most growth is in woody tissue (not leaves)
— Trees accumulate N at lower rate of 0.04 |bs/year per 50 ft3 increase
in canopy volume

— About 5-20 Ibs N N/acre/year

IFAS Fact Sheet SL-240, 2006


Presenter
Presentation Notes
The N demand for vegetative organs (new wood and leaves) depends on the age of the tree which influences the total canopy volume of the tree. The volume of canopy or overall tree size can impact N demand. The higher demand for N for growth in young trees is a consequence of the higher proportion of high N containing leaves on a young tree (less stems and mature wood) compared to a mature tree. As trees mature the proportion of leaves to woody material decreases and hence N demand for tree growth decreases.

The slide’s text comes from IFAS’s “Understanding Citrus Nitrogen Requirements,” which can be seen online here: http://edis.ifas.ufl.edu/ss459
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N Demand: Citrus Example

Example 1. Assume trees average 750 ft* in
canopy volume (12 ft tall and 9 ft in diameter), 200
trees per acre and produce 300 boxes of fruit per acre.

Assume a canopy increase of 100 ft° and a %
uptake efficiency.

Fruit N accumulation 30 Ibs of N per acre 70%
Biomass N accumulation 0.15 Ib of N per tree

X 200 trees per acre 30 Ibs per acre
Total Fruit and Biomass N 60 Ibs per acre

requirement

50% maximum efficiency = 60 |bs/0.5 = 120 Ibs per acre
N requirement

60/0.7 = 86 lbs Fertilizer N

IFAS Fact Sheet SL-240, 2006


Presenter
Presentation Notes
This example demonstrates how N use can be calculated on the basis of yield and tree canopy size. The fruit N and biomass N accumulation each represent 50% of the total N requirement of the trees.  The original IFAS calculation assumed a level of 50% N use efficiency, which under the high rainfall conditions of Florida and predominantly sandy soils, represents a reasonable estimate of achievable efficiency. Under Californian conditions a higher efficiency of N usage is achievable mainly due to the ability to control water and fertilizer application through irrigation.

Assuming a 70% efficiency is achievable then at these yield levels (300 boxes) and this canopy size (750 ft3 – representing a 5-7 year old tree) this corresponds to 86 lbs fertilizer N demand per acre (red box).

This example comes from IFAS’s “Understanding Citrus Nitrogen Requirements,” which can be seen online here: http://edis.ifas.ufl.edu/ss459



N Demand: Citrus Example

710% |
Example 2. Assume trees average 1500 ft in

y volume (16 ft tall and 11 ft in diameter), 200
acre and produce 700 boxes of fruit per acre.
Assume a %% N uptake efficiency.

Fruit N accumulation 70 Ibs of N per acre
Biomass N accumulation 0.10 Ib of N per tree
(Figure 2)

X 200 trees per acre 20 Ibs per acre
Total Fruit and Biomass N 90 Ibs per acre

requirement

50% maximum efficiency = 90 Ibs/0.5 = 180 Ibs per acre
N requirement

90/0.7 = 128 Ibs Fertilizer N

IFAS Fact Sheet SL-240, 2006



Presenter
Presentation Notes
Utilizing the same method on mature trees with a canopy size of 1500 ft3 , with yields of 700 boxes per acre we arrive at different final N demand. In contrast to the prior example with younger trees and lower fruit load, fruit N demand increased to 70 lbs per acre while tree biomass demand was lower at 20 lbs per acre.

At a 70% efficiency level, this comes out to 128 lbs N per acre. 
 
For communities accustomed to a use of 200 lbs/acre, this figure may seem worryingly small. However, it is becoming apparent that rates like 200 lbs/acre reflect inefficiency rather than real demand. 

This example comes from IFAS’s “Understanding Citrus Nitrogen Requirements,” which can be seen online here: http://edis.ifas.ufl.edu/ss459




N Management Tools
Citrus



Leaf Sampling: Citrus

Leaf analysis guide for diagnosing nutrient status of
mature Valencia and navel orange trees

Interpretation Nutrient (values in % dry weight)

Nitrogen Phosphorus Potassium

Deficient <2.2 <0.09 <0.40
Low 2.2-2.3 0.09-0.11 0.40-0.69
Optimum 24-26 0.12-0.16 0.70-1.09
High 2.7-28 0.17-029 1.10-2.00
Excess >2.8 >0.30 > 2.30

Lovatt, C.J., 2014. Nutrient deficiency and correction. In: Ferguson, L., Grafton-Cardwell, E.E.
(Eds.). Citrus Production Manual. pp. 161-182.

More information at http://apps.cdfa.ca.qgov/frep/docs/Citrus.html



Presenter
Presentation Notes
These values may be slightly different for mandarin but, should be similar. Lemon optimum N is 2.5%, but some vigorous cultivars may not be able to achieve higher than 2.2%. While there is not much research on grapefruit, studies on desert California grapefruit give an optimum of 2.0%-2.2% and of Florida give an optimum of 2.2%-2.3%. It may take several years until different management practices are reflected by leaf N concentrations. It is therefore especially important to take annual leaf samples after making adjustments to the fertilizer program. 

Sources:
Arpaia, M.L., Lund, L.J., 2003. Nitrogen management in citrus under low volume irrigation. FREP Final Report.
http://www.cdfa.ca.gov/is/ffldrs/frep/pdfs/completedprojects/96-0280Arpaia.pdf

Embleton, T.W., Jones, W.W., Platt, R.G., 1976. Leaf analysis as a guide to citrus fertilization. In: Reisenauer, H.M. (Ed.). Soil and Plant-Tissue Testing in California. University of California Cooperative Extension Bulletin 1879. pp. 4-9. 

Fake, C., 2004. Fertilizing citrus in the foothills. University of California Cooperative Extension Placer & Nevada Counties January 2004.
http://ucce.ucdavis.edu/files/datastore/391-571.pdf

He, Z.L., Calvert, D.V., Alva, A.K., Banks, D.J., Li, Y.C., 2003. Thresholds for leaf nitrogen in optimum fruit production and quality in grapefruit. Soil Science Society of America Journal 67, 583-588. 
https://dl.sciencesocieties.org/publications/sssaj/abstracts/67/2/583


N Demand Rates
Avocado
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N Demand and Partitioning: Hass Avocado

* Fruit N removal = 2.2-4.3 Ib N per 1000 |b fruit

o0 o & Fruit dry weight
o . accumulation from a
§ soo . 4.5 ton/acre ‘Hass’
o S avocado crop
2000 ¢
: >
Month . 800 .
N accumulation in=> =« o o e
1 £ 400 2
fruit from the same R
4.5 ton/acre ‘Hass’ R
0 &
avocadocrop AMMIJ J A S ONUIDIJ FMAMIJ I

Month

Roscrance, R., Faber, B. and C Lovatt 2012. Patterns of Nutrient Accumulation in ‘Hass’
Avocado Fruit. Better Crops 96(1) pp. 12-13.


Presenter
Presentation Notes
‘Hass’ avocado is the most popular variety of avocado grown. N demand is between 2.2-4.3 lbs N per 1000 lbs of fruit.

This value is a bit higher than other soft fruits but, lower than nuts. See the following sources for more information: 

http://www.ipni.net/publication/bettercrops.nsf/0/F2E59118B155B269062579AC005AE171/$FILE/Better%20Crops%202012-1%20p.12-13.pdf 
http://www.avocadosource.com/journals/avoresearch/avoresearch_01_03_2001_lovatt_n%20fert.pdf

Figures: Accumulation of fruit dry weight (upper left) and total fruit N (lower right) followed similar patterns. The following was for a 4.5 ton/acre crop. There was a steady increase from April until autumn followed by a leveling out of accumulation during the winter months into early February. Afterwards, the increase in accumulation became greater in spring and the greatest in the summer months. 
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N Demand and Partitioning: Hass Avocado

e 20-30% increase in vegetative growth occurs
each year in a mature tree for a requirement
of about 13-19 |bs N/acre/year

e Vegetative growth includes shoots, roots and
build up for perennial wood for storage

e 3.5-6.8 Ibs N/acre drop as leaves per year

* [t’s unclear what role leaf litter plays in the N
budget for subsequent cropping years

Lovatt, C.J. 1998. Nitrogen nutrition of the ‘Hass’ avocado: Where does all the N go? Acta.
Hort. 1:152-159.


Presenter
Presentation Notes
More details of nutrient partitioning in avocados can be found online here: http://www.avocadosource.com/journals/avoresearch/avoresearch_01_03_2001_lovatt_n%20fert.pdf
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N Demand Timing: Hass Avocado

e Typical application timing: 6 split applications of
about 25 Ib/acre

e Jan, Feb, April, June, July, November

e Extra N in April (anthesis to early fruit set) and
especially November (end of veg. shoot growth)
improves yield, so these are likely the most critical
periods of N uptake (Lovatt 2001)

e Extra N in Jan and Feb is most susceptible to leaching
e Extra N in June is allocated to leaves, not fruit
e Extra N in April reduced alternating bearing

Lovatt, C.J. 2001. Properly timed soil-applied N fertilizer increases yield and fruit size of ‘Hass’
avocado J. Amer. Soc. Hort. Sci. 126(5):555-559.


Presenter
Presentation Notes
In this experiment on 20-year old trees on sandy loam soils, N timing seemed to have more of an impact on yield than did overall N amount. The study was completed while trees were carrying a heavy, ‘on-year’.

More information on the timing of peak N demands can be found online here: http://journal.ashspublications.org/content/126/5/555.full.pdf+html
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Leaf N Analysis Standards: ‘Fuerte’ Avocado

Fuerte avocado yield as related to the percentage of nitrogen in the youngest,
fully expanded and mature leaves sampled in the August—October period.
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N tissue values for ‘Hass’ should be slightly higher than ‘Fuerte’. Optimum leaf N for
‘Fuerte’ is 1.6 to 2%. Above this value there is a yield decline. ‘Hass’ value is set at a
minimum of 2% with an unestablished upper range (probably around 2.3%).

Embleton, T, Jones, W, Gaber, M (1960) Fertilization of the Avocado: Leaf Analysis as a Guide to
Nitrogen. California Agriculture 14(1), 12.


Presenter
Presentation Notes
Figure: The middle segment of the figure shows the acceptable leaf N range to obtain optimum yields, and illustrates that leaf values above and below this range were tied to reduced yields. 

For more information from this study, please see: http://www.avocadosource.com/Journals/CA/CA_1960_V14_N1_PG_12.pdf

For more information on leaf nutrient analysis in avocado visit: http://ucavo.ucr.edu/General/LeafAnalysis.html
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Post-Harvest Response to N: Hass Avocado

Days to <1.5 Ibf
10 10

2za—a—azﬁj\a—a—n—a—a—a—a——a—mz

0 0
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Leaf Nitrogen (%)

Weeks at 5C (41F)
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Influence of N on the time to eating
ripeness

% Moderate/Severe
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0
1.77 2.08 2.28 2.46 2.65 2.86 3.00
Leaf Nitrogen (%)

Fruit rated 3 or greater for vascular (1-4) or flesh
discoloration (0-5).

Influence of N on the incidence of
mederate/severe chilling injury
after 6 weeks at 5°C.

Arpaia, M, Mever, J, Stottlemyer, D, Bender, G, Witney, G (1993) The postharvest response of ‘Hass’ avocado to differential
preharvest nitrogen treatments. California Avocado Research Symposium 1993, 80-83.


Presenter
Presentation Notes
Figures: A fertilizer study from Cashin Creek in June 1992 is shown. Fruit from trees with higher leaf N ripened faster (left) and had a higher incidence of chilling injury (right) compared to  trees with lower leaf N. These data illustrate the negative consequences of N application in excess of demand in avocado.

The study from which these figures came can be found in its entirety online here: http://www.avocadosource.com/arac/sum_1993/symp_1993_pg_80-83.pdf
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N Management Tools: Hass Avocado

Total Fruit Nutrient Removal Calculator for Hass
Avocado in California

Calculate the amount of nutrients that are removed when you harvest your crop.
Enter vour production below. No commas or periods please!

Production
Volaoss 1000 Ibs. -
Calculate Arsenic: 0.0016 oz.
Nitrogen: 2.8045 Ib. Barium: 0.0288 oz.
Phosphorus: 1.0598 |b. Cadmium: 0.0064 oz.
P705: 2.4269 Ib. Chromium: 0.0112 oz.
Potassium: 6.7151 |b. Cobalt: 0.0016 oz.
K70 8.1253 Ib. Lead: 0.0208 oz.
Iron: 0.1872 oz. Lithium: 0.0256 oz.
Manganese: 0.0352 oz. Mercury: 0 oz.
Zine: 0.6176 oz. Nickel: 0.0576 oz.
Copper: 0.2304 oz. Selenium: 0.008 oz.
Boron: 1.5888 oz. Silicon: 0.3792 oz.
Calcium: 0.5586 |b. Silver: 0.0016 oz.
Magnestum: 1.1268 |b. Strontium: 0.0704 oz.
Sodium: 1.0288 b, Tin: 0.0144 oz.
Sulfur: 2.0311 Ib. Titanium: 0 oz.
Molybdenum: 0 oz. Vanadium: 0 oz.
Aluminum: 0.3744 oz. Chlonide: 1.1219 Ib.

Created by Reuben Hofshi and Shanti Hofshi

Copyright & The Hofshi Foundation 2003 - 2012 - All Rights Reserved

Data used in this calenlator provided by M. L. Arpaia, University of California. Riverside (arpaia@uckac edu). Fruit autrient
removal values are the averages of 4 grower lots (3 froit per grower lot) harvested in June 1999, The peel, flesh and seed of
individual fruit were analyzed.


Presenter
Presentation Notes
The following calculator allows the user to input production units with an output of the different nutrient removed in the process. The above example is for 1000 lbs of fruit. Growers can use this tool to create a fertilizer management plan given forecasted yield potential.

Visit the following website to use this calculator: http://www.avocadosource.com/tools/nutremcalc.htm
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Presentation Notes
Patrick Brown can be reached for further questions at:
(530) 752-0929
phbrown@ucdavis.edu

Ben Faber can be reached for further questions at: 
(805) 645-1462
bafaber@ucanr.edu




