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Presenter
Presentation Notes
This module provides guidance on choosing the best N budgeting method for a particular situation. It focuses on budgeting over a single season or year, but N budgets can be used by growers to observe trends over several years.  



Purposes of Farm/Field-scale Crop N Budgeting

Looking ahead:
e Use as planning tool for crop management
e Encourages a systematic approach

 Educates and draws attention to potential
environmental impacts

e Use for USDA conservation plans and cost share
programs

 Provides data for use in reports required by
environmental regulations



Purposes of Farm/Field-scale Crop N Budgeting

Looking back:

 Tool for adaptive management: What is working?
What needs to be changed?

e Long-term tracking of crop N use efficiency

e Data supplier for reports required under
environmental regulations



What N Budgeting is NOT

Input:
"How much N

is needed for
4 bale cotton
in Fresno
Co.?"



Presenter
Presentation Notes
Many computer models map the source and fate of each N molecule. These models require extensive calibration and detailed inputs, such as soil hydraulic conductivity and microbial biomass. This module covers simpler and more practical methods for N budgeting. Therefore, they are not as sensitive to the complexities of the real world and require judgment and experience to be interpreted properly. 


Definitions

Crop N requirement, 1. amount of N plants must take up to
achieve maximum yield. 2. amount of N that must be
applied to land to achieve maximum vyield.

Related terms: crop N demand, crop N need

Crop N uptake, amount of N taken up or absorbed by plants
during a specified time period (also crop N consumption or
absorption).

Related term: crop N harvest removal


Presenter
Presentation Notes
It is important to define terms because inconsistent use of keywords has made difficult the debate about which numbers growers should be required to report under recently adopted water quality regulations. 
 
Crop N Requirement is commonly used to mean two different quantities. To add to this confusion, two other terms --“crop N demand” and “crop N need” are often used to mean crop N requirement. All three terms are ambiguous, so they should be clarified before use in a budget sheet. 

Crop N uptake (also crop N consumption or absorption), in contrast, is an unambiguous term and has a quantitative meaning; it refers to N taken up by the entire plant, not just by the harvested portion. However, it is sometimes used interchangeably with the term “harvest N removal”. These two terms are different, and for some crops they are very different.  For example, a crop of processing tomatoes might take up 240 lb N/acre, but only 150 lb N/acre is removed in the harvest. The other 90 is left in the field as immature fruit, leaves, stems and roots.



Three elements of all N budgets

/ Sink term (expenses)

Typical range of fertilizer N rates in region for this crop

1 Lower end of range
140
2 Upper end of range
220
N O n _fe rtl I |Ze r N 3 N in irrigation water 30
. . 4 N mineralized from most recent crop residue, including any cover 50
inputs, credits crop
5 N mineralized from past year's manure or compost 0
6 N mineralized from this season's planned manure or compost 0
application
7 Sum of lines 3-6, Total N inputs and credits, not including 80
fertilizer
8 Line 2 minus Line 7 Planned total fertilizer N applied

Planned N
fertilizer 140
application


Presenter
Presentation Notes
Various types of N budgets all contain the same three elements, the first of which is the Crop N requirement.  This is often referred to as the “sink” term, the component of the budget that absorbs N, in contrast to the “source” parts of the budget.  The sink and source here and in the following examples are analogous to expenses and income in a financial budget. 


Three elements of all N budgets

Projected Crop
N Requirement

Typical range of fertilizer N rates in region for this crop

1 Lower end of range
140
2 Upper end of range
N
Source terms (interest income,
one-time inputs, etc.)
irrigation water 30
neralized from most recent crop residue, including any cover 50
neralized from past year's manure or compost 0
neralized from this season's planned manure or compost 0

ication
7 Sum of lines 3-6, Total N inputs and credits, not including 80
fertilizer
8 Line 2 minus Line 7 Planned total fertilizer N applied

Planned N
fertilizer 140
application


Presenter
Presentation Notes
Non-fertilizer credits and adjustments include N from irrigation water, manure, cover crop residues, composts and manures, and soil nitrates. These contribute to the “source” term and are analogous to income on investments and other one-time sources, rather than regular income. 


Three elements of all N budgets

Projected Crop
N Requirement

Typical range of fertilizer N rates in region for this crop

1 Lower end of range
140
2 Upper end of range
220
N O n _fe rtl I |Ze r N 3 N in irrigation water 30
. . 4 N mineralized from most recent crop residue, including any cover 50
inputs, credits crop
5 N mineralized from past year's manure or compost 0
6 N mineralized from this season's planned manure or compost 0
application

7 Sum of lines 3-6, Total N inputs and credits, not including 80

: B Closing source term
Line 2pAlnus Line o . .
(additional income required)
140



Presenter
Presentation Notes
The other component of the “source” term, N fertilizer application can be calculated as the difference between crop N requirement and the non-fertilizer N credits with adjustments. 


Nitrogen Budgeting Methods



N Budgeting Methods

11

!

Method Basis for N requirement
Method 1 | Typical grower rates

Method 2 | UC recommended (yield based)
Method 3 | UC recommended (per tree)
Method 4 | N harvest removal —tree nuts
Method 5 | N harvest removal - dairy
Method 6 | Crop N uptake



Presenter
Presentation Notes
This module discusses 3 out of many possible methods for N budgeting. It will cover in detail methods 1,2, and 4. They differ in what they use as a basis for crop N requirement as well as the way in which N is credited and adjusted.  Here, we discuss the best scenarios in which to use each method.



Nitrogen Budgeting Methods:
Method 1, Typical Grower Rates



N BUDGET LETTUCE, FIELD 404 014 N Budetin

Ib N/acre
Crop N Method 1
Requirement Typical grower
Typical grower fertilizer N rates in rate
Method used . .
region for this crop

1 Enterrange of rates: 14 0-220

2 Midpoint of range | 120
Non-fertilizer
N inputs, 3 Ninirrigation water 20
credits, 4 Recent crop residue/cover crop 20
adjustments

5> Past years' manure or compost O

6 This season's manure, compost, 0

etc.
7 Sum of lines 3-6, Total non-fert N 50
credits and adjustments
Planned N 3 Line 2 minus Line 7 Planned
fertilizer total fertilizer N applied
.. 120 12

application



Presenter
Presentation Notes
Note: The budget sheets seen in this and the following slides are simply for illustrating the principles; they should not replace recordkeeping or database software. 
 
This method involves budgeting based on common grower practice for a region, and then making adjustments for a specific situation or field. The advantage is that it mirrors the way that many growers and advisers actually think about N fertilizer application. However, if typical rates are unknown or inaccurate, this method has the potential to justify the same practices that have led to excessive nitrate leaching. 


N BUDGET LETTUCE, FIELD 404 014 N Budetin

Ib N/acre

Method 1
Requirement Typical grower
Typical grower fertilizer N rates in rate example

region for this crop

Crop N

Method used

Assumption:
The grower N rate
takes into account

Non-fertilizer typical N losses and

N inputs, 3 Ninirrigation water 30 typical contributions
credits, 4 Recent crop residue/cover crop 20 : ;
. of N from soil organic
adjustments ,
5 Past years' manure or compost o) matter and crop
6 This season's manure, compost, 0 residues.
etc.

7 Sum of lines 3-6, Total non-fert N 50
credits and adjustments

Planned N 3 Line 2 minus Line 7 Planned

fertilizer total fertilizer N applied
13

application



Presenter
Presentation Notes
In this hypothetical example for lettuce, the typical seasonal N rate in the area ranges from 140 to 220 lb N/acre (green circle). The mid-point of that range, 180 lb N/acre, is used as the Crop N requirement, the “sink” term (red circle). 
 
Note: The range is so large because its high end could reflect aggressive pursuit of high yields by a few growers. It may also reflect poor recovery of applied N due to leaching or grower response to fertilizer N and crop prices.  At the low end of the range, the crop could be at risk of experiencing N deficiency. Overall, this method leaves considerable room for bias and excessive N rates. 



N BUDGET LETTUCE, FIELD 40A 2014 N Budetin

Ib N/acre
Crop N Method 1
Requirement Typical grower
Typical grower fertilizer N rates in rate example
Method used region for this crop
cont’d.
1 Enterrange of rates: 14 0-220
2 Midpoint of range | 120
Non-fertilizer Ib N/acre = ppm N x
N inputs, < Ninirrigation water e inches of water™® x
credits, 4 Recent crop residue/cover crop 20 0.23
adjustments
Past years' manure or compost O
%k (“:
6 This season's manure, compost, O For “inches of
etc. water” use crop ET,
7 i - - .
Sum of lines 3 6, Total |.1on fert N 50 not actual applled.
credits and adjustments S
Planned N 3 Line 2 minus Line 7 Planned
fertilizer total fertilizer N applied
T 1=0 y
application



Presenter
Presentation Notes
N in irrigation water (line 3) can be estimated by the simple formula shown in the brown box. This formula multiplies the inches of water by the Nitrate-N concentration and by a conversion factor. 
 
Note: for the “inches of water” term that is a component of line 3, it is important to plug in the amount of water actually consumed by the crop (ET), not the entire amount applied, since not all of that N will be taken up by the crop. However, an unintended consequence of this system is that it does not keep track of all N applied. Therefore, it cannot be used as a record when a grower looks back to evaluate N use efficiency. 



N BUDGET LETTUCE, FIELD 404 014 N Budetin

Ib N/acre

Method 1

Crop N
Requirement Typical grower

Typical grower fertilizer N rates in rate example
region for this crop cont’d.

Method used

1 Enterrange of rates: 14 0-220

2 Midpoint of range
N from the
receding cro
Non-fertilizer P i & P
N inputs, 3 Ninirrigation water AR lBhs
credits, <& Recent crop residue/cover crop .
adjustments Count this where a

Past years' manure or compost

large amount of N-

6 This season's manure, compost, . .
otc. rich residue has been
7 Sum of lines 3-6, Total non-fert N incorporated.
credits and adjustments
Planned N 3 Line 2 minus Line 7 Planned
fertilizer total fertilizer N applied 130

15

application



Presenter
Presentation Notes
It should be assumed that the typical grower rate has already accounted for N from residue of the preceding crop. Therefore, this credit would only be included when there is an usually large amount of particularly N-rich residue. Preceding crops likely to fit this description include alfalfa, vetch or other legume, a vigorous grass cover crop, and cash crops where large amounts of high-N biomass remain after harvest, like broccoli.  


A suggested credit to crops following alfalfa is 40-60 lb N/acre (Pettygrove and Putnam, 2009).  


>
Availability of N in Crop Residues

N mineralized during season from crop residues vs. N
content of residue (drawn from Vigil and Kissel, 1991).
Assumes ideal conditions of moisture and temperature.

Total N % of total
in N

residue mineralized

(% dry  duringin

wt.) season*
0.5 Immobilize
1.0 Nil

1.5 14

2.0 25

2.5 34

3.0 41

3.5 47

4.0 52

4.5 57



Presenter
Presentation Notes
Table: The exact amount of N credit to budget for preceding crops is not well understood.  An estimate of available N in crop residues based on residue N content is provided here. 



N BUDGET LETTULCE, FIELD 40A

014

Crop N
Requirement

Typical grower fertilizer N rates in

Method used . .
region for this crop

1 Enterrange of rates: 14 0-220

Ib N/acre

2 Midpoint of range | 120
Non-fertilizer
N inputs, 3 Ninirrigation water 20
credits, 4 Recent crop residue/cover crop 20
adjustments

5> Past years' manure or compost O

Qeason's manure, compost,
7 Sum of lines 3-6, Total non-fert N 50
credits and adjustments

Planned N 3 Line 2 minus Line 7 Planned
fertilizer total fertilizer N applied 130

application

N Budgeting
Method 1

Typical grower
rate example
cont’d.

Plant-available N

(PAN) from manure.
See guidelines.

17


Presenter
Presentation Notes
This term consists only of plant-available N, not the total amount in the manure. How much is plant-available depends on the manure’s source and age/compost level. Where the material applied is mature compost or weathered corral manure, the N credit will be small, possibly negligible, even though the total amount of N added is significant. 

N credits for manure applications are educated guesses because it is difficult to predict the exact amount of material, N content, and N availability before application.  However, completely ignoring manure N (entering a zero here) risks overestimating planned N need. 

For information on quantifying PAN from manure, please see: http://manuremanagement.ucdavis.edu/files/134367.pdf 
For further information on N content and N mineralization values for manure and other organic materials see:
Andrews and Foster, 2005: http://smallfarms.oregonstate.edu/calculator
Sullivan, 2008: http://ir.library.oregonstate.edu/xmlui/bitstream/handle/1957/20528/em8954-e.pdf?sequence=1
Hartz and Mikkelsen, 2008: http://www.ipni.net/ppiweb/bcrops.nsf/$webindex/90DDC9214EC7DB0A8525750600529B78/$file/BC08-4p16.pdf
Pettygrove et al. 2009: http://manuremanagement.ucdavis.edu/files/134369.pdf

Note: For this section (lines 3-7) a soil nitrate test would have yielded even more accurate numbers for planning. 



N BUDGET

LETTUCE, FIELD 404

014

Crop N
Requirement

Method used

Typical grower fertilizer N rates in
region for this crop

Enter range of rates: 14 0-220

Ib N/acre

2 Midpoint of range | 120
Non-fertilizer
N inputs, 3 Ninirrigation water 20
credits, 4 Recent crop residue/cover crop 20
adjustments

5 Past years' manure or compost

6 This season's manure, compost,

etc.
7 Sum of lines 3-6, Total non-fert N
credits and adjustments

Planned N 8 ine 2 minus Line 7 Planned |~
fertilizer total fertilizer N applied

application

N Budgeting
Method 1

Typical grower
rate example
cont’d.

Conclusion:

In this case, fertilizing
at low end of typical
range poses low risk.



Presenter
Presentation Notes
In this example, the planned fertilizer N application ended up being low due to high N concentration in the irrigation water, as well as N-rich residue from the preceding crop.


Nitrogen Budgeting Methods:
Method 2, UC Recommended
Based on Yield Target



N BUDGET

Cottown, FIELD B 2014

Crop N
Requirement

Method used

[EEY

UC Recommended available N

C25-55 Lb N/bale>

Ib N/acre

2 Yield target 2.5 bales/acre
3 Line 1 x Line 2 Total required
availableN | 175
Non-fertilizer 4 Ninirrigation water 20
N inputs, 5  Soil test nitrate-N 52
credits, 6  This season's manure, compost - O
adjustments available N
7 Sum of lines 4-6, Total non-fertN | =5
credits and adjustments
Planned N 8  Line 3 minus Line 7 Planned
fertilizer total fertilizer N applied 103

application

N Budgeting
Method 2

UC-recommended
based on yield
target

20


Presenter
Presentation Notes
The ‘Crop N requirement term’ is represented by the UC recommended amount of available N, not necessarily the typical grower applied N. The 45-55 lb estimate is supported by research from Fritschi et al., which replaces recommendations given in the 1995/6 UC Cotton Production Manual. Other recommendations for cotton can be found here: http://apps.cdfa.ca.gov/frep/docs/Cotton.html
 
Note: Recommendations are based on on-farm research in California, and are therefore be realistic for CA growers. However, as the recommendation applies to “typical” contributions from crop residues and SOM, the grower must be ready to adjust based on situations that differ from the typical. UC recommendations do not exist for all crops.


N BUDGET

Cottown, FIELD B 2014

Crop N
Requirement

Method used

UC Recommended available N

45-55 Lb N/bale

Vield targ€t 2.5 bales/acre >

Ib N/acre

Line 1 x Line 2 Total required
availableN | 175
Non-fertilizer N in irrigation water 20
N inputs, Soil test nitrate-N 52
credits, This season's manure, compost - O
adjustments available N
Sum of lines 4-6, Total non-fertN | =25
credits and adjustments
Planned N Line 3 minus Line 7 Planned
fertilizer total fertilizer N applied 103

application

N Budgeting
Method 2

UC-recommended
based on yield
target example

What is “yield
target”?

* Past average

yield for field?
e Hoped for yield?

21


Presenter
Presentation Notes
The most important aspect of this method  is setting realistic yield targets, rather than overly optimistic ones. This is because, in most irrigated crops in California, there are opportunities to apply N post-emergence, either as a side dressing or through the irrigation system. Therefore, it is reasonable to be conservative in pre-season planning of N rates. 

Note: The “total required available N” of 175 in line 3 was found by multiplying the yield target (3.5 bales/acre) by the midpoint of the UC recommended available N (50 lb N/bale) 


N BUDGET Cottown, FIELD B 2014 N Budetin

Ib N/acre

Method 2

Crop N

Requirement UC-recommended

based on yield
target example

1 UCRecommended available N

45-55 Lb N/bale

Method used

2 Yield target 2.5 bales/acre Examp|e:
3 Line 1 x Line 2 Total required Soil NO3-N
available N | 175 |Foiiiaiis opm
1-2 ft =5 ppm
Non-fertilizer 4 Ninirrigation water 20 (Multiply by 4 at
N inputs, 5 Soil test nitrate-N EPB o ch 1-ft depth)
credits, 6  This season's manure, compost - 0
adjustments available N .
7 Sum of lines 4-6, Total non-fertN | =5 So0il NO3-N
credits and adjustments 0-1ft—-32 lb/acre
Planned N 8  Line 3 minus Line 7 Planned 1-2 ft — 20 Ib/acre
fertilizer total fertilizer N applied ol lotal; 52 |b/acre

application



Presenter
Presentation Notes
Already available N includes soil nitrate measured as close to planting as possible. Current recommendations for soil nitrate testing for cotton are to sample to a depth of 2 feet. 

Note: Though the concentrations shown in the orange box (ppm) may not seem high, the conversion factor (ppm to pounds per acre) of 4 for each foot of soil depth means that there can be a very large amount of N available to deep-rooted crops, such as cotton. 



Nitrogen Budgeting Methods:
Method 4, N Harvest Removal
(Tree Nuts)



Nitrogen Budgeting Worksheet for Walnuts
Name | Date N B d t'
Block ID u g I n g
1| Nitrogen . 1 b
removed in la. x 40 (Ib N/ton yield of walnuts) = Niacre Tosimare
Yield in tons of walnuts/acre acre lost In crop e O
the Crop peryear
2| Nitrogen If units are in NOs-N ppm use line 2a; if units are NOs ppm use line 2b- 2, __ b N h t I
contributions | hot both. Put the result of line 2a or 2b on line 2c. N/acre froantﬁelrmgatlon a rves re m ova
Wi
from 2a. X X 2.7 =
irrigation
g OR 2c. b N/acre x 0.7 =
water ;
Estimated
N recovery
2b. X x 0.614 =
NO; ppm or mg/l Water applied (ft)
3| Nitrogen If none applied, skip to line 4. 3. b
contributions | 34, x 3b. x 3c. X 05 x0.2% = Nacre from manure
from manure Tons/acre dry % N % N released* Estimated N recovery P ! F
or compost *For one-time applications use first-year release value from Section 1, Table 1. Guide to Efficient
For annual applications, use 100% 'N.EtrﬂgE" Fam ['_zer Use
**Converts tons to pounds. i.ﬂ Wa{hut Orch:lr:ls
4| Nitrogen If none, skip to line 5. 4. b
contributions | 4a. x 4b. = N/aCfecf:gm cover
from cover Ib N/orchard Nitrogen recovery factor P
acre in cover crop For mowing, use 0.5;
crops For disking, use 0.7
5| Total nitrogen | aqq jines 2, 3, and 4. Enter the result on line 5. 5. Ib
available N/acre
from
nonfertilizer
sources
6| Additional To figure how much additional nitrogen is needed by your trees, subtract | g b
nitrogen line 5 from line 1. Enter the result on line 6. If the answer is negative, N/acre needed
needed no fertilizer is needed. by trees
7| Nitrogen Divide the amount on line 6 by an estimated nitrogen recovery factor of 7. Ib
fertilizer 0.4 (or use a lower value, see instructions). Use 0.8 for fertigation. N/acre fertilizer rate
application
rate - -
Ib fertilizer N/acre Estimated nitrogen
needed by trees (line 6) recovery factor
Note: Converting metric values for use in the table: 1 kg = 2.2 Ib; 1 metric ton = 1.1 ton; 1 kg/T = 1.9 Ib/ton; 1 kg/ha = 0.9
Ib/ac; 1,000 m® = 1,556 acre-feet.

24


Presenter
Presentation Notes
In Method 4, the N requirement, or “sink” term, is determined by multiplying a yield goal by the N content of the harvested product to obtain an estimate of N harvest removal in lb N/acre. These guidelines are the current UC recommendations for almond, walnut, and pistachio. The N content of harvested material can be obtained by analysis of samples collected by the grower, or, where that is not possible, by referring to literature values. For guidance on field methods for measurement of crop harvest nutrient removal 
 
The worksheet on this slide, as well as the accompanying manual, Efficient Nitrogen Fertilizer Use in Walnut Orchards, can be found at the link below. The worksheet itself is much more complex than the version used in the following slides; this module uses a simplified version that highlights its main features:  
http://ucanr.edu/datastoreFiles/391-755.pdf   



") N BUDGET

walwnuts, Block €8

014

Crop N
Requirement

Method used

Harvest removal

Ib N/acre

ield= 3 tons/acre
Line 1 x 40 Ib N/ton = Total N

Non-fertilizer

harvest removal

N inirriga

N inputs (N recovery factor)
. 4 i
credits, N in Fover cropx N r(.eco.very factor
) (0.5 if mowed or 0.7 if disked)
adjustments
> N from manure or compost x %N
released x 0.5 (N recovery factor)
7 Sum of lines 3-6, Total non-fert N 50
credits and adjustments
Planned N 8 Line 2 minus line 7 Additional N
fertilizer needed | 70
application , —
9 Line 8 divided by N recovery
factor of 0.4 (or 0.8 for
‘ 88

fertigation) Planned total
fertilizer N applied

N Budgeting
Method 4

N harvest removal
example

Method ignores most
of the N taken up by
plant that is not
removed in harvest.

25


Presenter
Presentation Notes
Like Method 2, this method uses values from on-farm research by UC Davis and Cooperative Extension, so it provides realistic outcomes for California. 

Why does this method use only the N removed in harvest, as opposed to all N required to grow the plant? In the case of almond, walnut, and pistachio, much of the N used to grow the shoots and leaves each spring ends up in the harvested nuts. N remaining in leaves, hulls, and prunings stays in the orchard and is used by the trees in future years. However, recommended values have recently been increased by 20-40 lb N/acre to account for continued annual N accrual in the tree structure.

Note:  The harvest weight basis used by UC differs between nut crops. For walnuts and pistachios, it is nuts in the shell. For almonds, it is weight of kernels excluding shell and hull. 


") N BUDGET walnuts, Block €8 2014

Ib N/acre N BUdEtin

Crop N

Requirement w

Method used Harvest removal N harvest removal
1 Yield= 3 tons/acre exad mple

2 Line 1 x 40 Ib N/ton = Total N

_—~——___ Hharvest removal 120

in irrigation water applie .7 30
(N recovery factor) All N sources are

4 Nin covercrop x N recovery factor \ 20 multlplled by “N
(0.5 if mowed or 0.7 if disked)

Non-fertilizer
N inputs,
credits,

adjustmens

recovery factors”.

> N from manure or compost x %N
released x 0.5 (N recovery factor)

Sum of lines 3-6, Total non-fe 50
credits and adisstments
Planned N 8 Line 2 minus line 7 Additional N
fertilizer needed | 70
application , —
9 Line 8 divided by N recovery
factor of 0.4 (or 0.8 for
‘ 88

fertigation) Planned total

fertilizer N applied 2



Presenter
Presentation Notes
A key difference between this method and the others is that all of the N sources and credits are scaled down by an “N recovery factor”. This accounts for the fact that not all applied N ultimately makes it into the crop. 

Recovery factor details:
Line 3: N in irrigation water is assumed to have 70% efficiency.
Line 4: Cover crops are assumed to have recovery factor less than 100%; when cover crops are mowed or disked, as not all the nitrogen makes it back into the soil to become crop-available. 
Line 5: Manure and compost are given similar recovery factors, assuming that only half of N mineralized after application will be recovered by the crop. 



") N BUDGET

walwnuts, Block €8 014

Ib N/acre
Crop N
Requirement
Method used Harvest removal
1 Yield= 3 tons/acre
2 Line 1 x 40 Ib N/ton = Total N
harvest removal | 120
Non-fertilizer 3 Ninirrigation water applied x 0.7 30
N inputs (N recovery factor)
. 4 i
credits, N in Fover cropx N r(.eco.very factor | 20
) (0.5 if mowed or 0.7 if disked)
adjustments
> N from manure or compost x %N 0
released x 0.5 (N recovery factor)
7 Sum of lines 3-6, Total non-fert N
credits and adjustments
Planned N 8 Line 2 minus line 7 Additional N
fertilizer needed
application

ne 8 divided by N recovery
factor of 0.4 (or 0.8 for
fertigation) Planned total

fertilizer N applied
—

N Budgeting
Method 4

N harvest removal
example

Even the calculated
fertilizer N
requirement is
corrected by a
“recovery factor”



Presenter
Presentation Notes
A recovery factor is even used for fertilizer. A low recovery factor (0.4) is recommended if N is applied directly to the soil. A high recovery factor (0.8) is used if N is applied via fertigation.  
 
Note: This method gets criticized, because the recovery factors, which greatly affect planned N application, can seem arbitrary in light of variability between orchards. 

For crops where there is not a harvest N removal value available based on UC research, values can be calculated using information from International Plant Nutrition Institute Nutrient Use Geographic Information System (NuGIS). Several examples from this site can be seen on the following slide: www.ipni.net/nugis

For guidance on field methods for measurement of crop harvest nutrient removal, see Murrell (2008) 



.

Nutrients Removed in Harvested Crops

Estimates of nutrient removal in the harvested portion of crops.
Actual nutrient removal may vary by 30% or more depending on
growing conditions, crop variety, and fertilizer choice.

Field Crops
Barley
Canola

Corn (grain)
Corn (grain)

Corn (silage,
67% water)

Cotton (lint)

Unit
lb/bu
lb/bu
lb/bu
Ib/cwt
Ib/ton

Ib/bale

.99
1.88
.70

1.25
9.70

32.00

P,O. K,O
40 32
91 46
38 27
68 48
3.10 7.3

14.00 19.00

(Values and descriptions from IPNI NuGIS)


Presenter
Presentation Notes
For crops where there is not a harvest N removal value available based on UC research, values can be calculated using information from International Plant Nutrition Institute Nutrient Use Geographic Information System (NuGIS). This table provides an example of several of these values. 

Note: These values should not be confused with nutrient uptake, which refers to the total nutrients absorbed by the growing crop. For a comparison of nutrient uptake and nutrients removed in harvest, see the next slide. 

For more values like this, please visit www.ipni.net/nugis 


.

Nutrient Uptake

Examples of crop N uptake vs. N removed in harvested product. N harvest
index is N removed in harvest divided by N uptake, expressed as %. The
values shown here are to illustrate the concept, and it should not be
assumed that they are representative.

N uptake, Ib/acre N uptake, N removed in N uptake minus N harvest

Ib/acre harvest, Ib/acre harvest, Ib/acre index, %
Corn, grain 240 120 120 50%
Corn, silage 250 225 25 90%
Cotton 250 140 110 56%
Processing tomato 240 150 90 63%
Lettuce 140 70 70 50%
Strawberry 190 90 100 47%
Almond 224 204 20 91%

(Values and descriptions from IPNI NuGIS)


Presenter
Presentation Notes
Table: Examples of values of nutrients absorbed by the growing crop. It is important that these values not be mixed up with the nutrients removed in the harvested portion of the crop, some examples of which are provided in the previous slide. 


Methods Differ in How Non-recovery of N is Accounted

Method 1 — Typical grower N rate

Inefficiency built into crop N requirement
(but irrigation water NO3 — uses ET, not total)

Method 2 — Available N/unit yield (UC cotton recomm.)
Inefficiency built into crop N requirement

Method 4 — Harvest removal (UC walnut pub)
Inefficiency explicit as “N recovery factor”


Presenter
Presentation Notes
Each method must take into account the fact that N sources are never recovered by the crop with 100% efficiency. Methods 1 and 2 do this implicitly, building the inefficiency into the crop N requirement. For method 4, however, the adjustment for incomplete recovery of various sources is explicit, not implied.


.

N Budgeting Methods: Method 3

Method Basis for N requirement

M Method 1 Typical grower rates

| Method 2 UC recommended (yield based)
Method 3 UC recommended (per tree)

| Method 4 N harvest removal —tree nuts
Method 5 N harvest removal - dairy
Method 6 Crop N uptake



Presenter
Presentation Notes
This method for oranges is also based on UC recommendation. It standardizes the amount of N required by each tree as 1-1.5 pounds of N, rather than considering individual yield. This rate applies to trees planted at the traditional 22x22 ft spacing, and a new recommendation has not been created for the closer spacing that has become common in recent years. 

Note: Oranges are currently the only crop for which a per-tree UC recommendation exists.


.

N Budgeting Methods: Method 5

Method Basis for N requirement

| Method 1 Typical grower rates

M Method 2 UC recommended (yield based)
Method 3 UC recommended (per tree)

| Method 4 N harvest removal —tree nuts
Method 5 N harvest removal - dairy
Method 6 Crop N uptake



Presenter
Presentation Notes
This method is imposed on dairies in the Central Valley by the Waste Discharge Requirements implemented in 2007. It also makes use of harvest N removal (See slide 18), but in a different manner. And it restricts total N application to 140-165% of crop N harvest removal. 


.

N Budgeting Methods: Method 6

Method Basis for N requirement

M Method 1 Typical grower rates

| Method 2 UC recommended (yield based)
Method 3 UC recommended (per tree)

M Method 4 N harvest removal —tree nuts
Method 5 N harvest removal - dairy
Method 6 Crop N uptake



Presenter
Presentation Notes
In this method, similar to Method 1, the sink term (in prior methods “Crop N Requirement”) is set as crop N uptake. However, it is currently out of reach for growers to measure crop N uptake, and this information is difficult to find in published sources. Therefore, the method is not currently being used by growers, but there is interest in the approach for the future. 


Applying Nitrogen Budgeting Methods



Definitions:

Crop Nitrogen Use Efficiency (NUE)
 Measure of performance

e Allows comparison of fields, crop
species, and farms

e Several ways to express it


Presenter
Presentation Notes
It is important that crop advisers understand and apply this term because it functions as a measure of performance. It can be used to compare farms, fields within a farm, crop species, and impacts of management practices. Nitrogen use efficiency is commonly expressed in many different terms, detailed in the following slides.


Definitions: Expressions of NUE

Partial Nitrogen Balance (PNB) is the most
common way NUE is expressed. Calculated with
two numbers:

e Harvest N removal

e Sum of N inputs but only those from
external sources (i.e., not from soil
organic matter, residues, etc.)


Presenter
Presentation Notes
The partial nitrogen balance (PNB) is the most common expression of NUE. It is based on a simple view of a field as a box around the crop: N enters the box as fertilizer (as well as in manure, irrigation water, and other amendments) and leaves the box in the harvested crop.  
 
Note: It is known as a “partial” balance because it does not include N leaving the field as gas, in runoff or by leaching, nor that entering the field from the atmosphere. It also does not include N from internal sources (inside the box) such as soil organic matter. 


Definition: Expressions of NUE Example

Partial Nitrogen Balance Sample Calculation

Cotton yield 3.5 bales/acre

N content of harvested 32 Ib N/bale*
lint + seed (source: IPNI)

Harvest N removal 112 Ib N/acre (=3.5x32)
N fertilizer applied 180 Ib N/acre


Presenter
Presentation Notes
In this example, a grower has harvested 3 1/2 bales of cotton per acre, and applied 180 lbs of N/acre as fertilizer. To keep it simple, this example has no irrigation water N nor manure applied, but these would be included in most situations. 
 
Note: The term “N content of harvested lint + seed” comes from the Crop Nutrient Removal Calculator website supported by the International Plant Nutrition Institute (IPNI). It is discussed in Module 6 and can be found HERE. For cotton, the farmer alternatively could have found this value by measuring N content of a harvested sample. 



Definition: Expressions of NUE Example cont’d.

Partial Nitrogen Balance Sample Calculation

Eq. 1: Harvest N Removal/N Fertilizer Applied

112

% crop recovery = == 62.2%

Eq. 2: N Fertilizer Applied/ Harvest N Removal

. . 180
input: harvest ratio = = 1.61


Presenter
Presentation Notes
Two ways to view the PNB:
Eq. 1: Percent crop recovery means that 62.2% of N applied was removed from the field by harvest. 
Eq. 2: Inverted; for every pound of N removed by harvest, we put on 1.61 pounds of nitrogen.  

There is no universal consensus whether this level of efficiency is impressive, but measuring it allows us to at least determine whether positive progress is being made over time. 
 
These simple measures of crop NUE are very useful for tracking performance over time or for comparing farms. They can also be compared to NUE values in published technical literature. It is important to interpret NUEs cautiously; a single year’s value can be misleading because a grower could easily harvest more N than was applied in a given year. These numbers only become useful over a period of years. 


Definitions: Expressions of NUE

Partial factor productivity (PFP)
Yield/unit N applied

Example: bushels of corn/Ib N applied


Presenter
Presentation Notes
PFP is most useful in monoculture situations, and is less applicable to the diverse rotations of California.  It is commonly used in the Midwest, where PFP has nearly doubled in the last 50 years. This means that amount of fertilizer N needed to produce an amount of crop - a bushel of corn - has decreased, even as yield per acre has increased. This is likely due mainly to better weed and pest control, rather than to Nitrogen management, but it all factors in.
 



Definitions: Expressions of NUE

Agronomic Efficiency or Agrophysiological
Efficiency (AE) is the yield increase per unit
nutrient applied, where yield increase is yield of

a fertilized crop minus yield of an unfertilized
crop.

e Requires fertilizer check plots

e Useful for evaluating economic return on
fertilization.


Presenter
Presentation Notes
Agronomic Efficiency or Agrophysiological Efficiency (AE) is the yield increase per unit nutrient applied, where yield increase is the yield of a fertilized crop minus yield of an unfertilized crop. 



Definitions: Expressions of NUE

Plant Physiological Efficiency (PPE) is the yield
per unit of nutrient absorbed by the plant.

e Use for comparing crop varieties

e Use for assessing effect of plant
genotype on nutrient uptake.



Which N Budget Method to Use

Situation _______|N budgeting method

Large client base, years of
experience, mature set of
production practices

Almonds, walnuts, pistachios
Cotton

All crops (regardless of
budgeting method)

Method 1 — Typical grower rate

Method 4 — N harvest removal

(UC recommended values)
Method 2 — UC recommended

available N per unit yield

Measure/estimate and record

e Total N for all external inputs
N harvest removal


Presenter
Presentation Notes
The best budgeting method to use varies based on crop, size of client base, and experience:
For advisers with extensive experience, starting with the typical grower rate is a good approach.
For crops where most of the N taken up is removed in harvest, known as having a high N harvest index, the N harvest removal method has advantages. Almonds, pistachios, and walnuts should use provided UC-recommended values. As has been noted, this recommendation has been altered to include an additional amount of N per acre; this accounts for the continued annual accrual of N in the tree structure. 
For cotton and possibly for other crops, there is a UC recommendation based not on harvest removal of N but simply on the amount of available N needed per unit yield, as determined in on-farm and field station N fertilizer experiments.  UC recommendations change every so often, so it is important to keep updated.
For all crops, even those without recommendations, it is important to establish “total nitrogen input accounting”. This is a record of actual measurements, or at least good estimates, of the following: total N applied in irrigation water, total N applied in fertilizer, manure and other organics, and total N removed in the harvested crop. 


N Budgeting Focuses on Only One of the 4Rs

To improve NUE: start with irrigation system
performance, then look at the other 3 Rs.

Finally, soil and plant tissue testing used to
make mid-course corrections.

Source

Rate

Irrigation System | Soil and plant tissue

4Rs -
Performance testing

43


Presenter
Presentation Notes
Simply tracking applied N will not solve the problem of excessive N loss.  To reduce nitrate losses while maintaining crop yield and quality, irrigation system performance and the three remaining Rs must also be integrated. Then, soil testing and plant tissue analysis can be used with monitoring to make mid-course corrections.  

Note: The causes of low crop recovery of N can be poor irrigation, misuse of manures and other wastes, and weak soil and plant monitoring. N budgeting is not useful without well maintained and calibrated equipment and well operated water-run fertilizer applications. 


References and Other Resources

N budgeting concepts, methods, definitions

Baliger, V.C., N.K. Fageria, and Z.L. He. 2001. Nutrient use efficiency in plants. Communications in Soil
Science and Plant Analysis. 32(7-8):921-950. D0i.10.1081/CSS-100104098

Letey, J. and P. Vaughan. 2013. Soil type, crop, and irrigation technique affect nitrogen leaching to
groundwater. California Agriculture 67:231-241. Doi:10:3733/ca.E.v067n04p231

Murrell, T.S. 2008. Measuring nutrient removal, calculating nutrient budgets. In S. Logsdon et al. (eds.)
Soil science: Step-by-step field analysis. Soil Science Society of America. Madison WI. www.soils.org.

Murrell, T.S. 2013. Nutrient efficiency concepts for phosphorus and potassium. P 99-107 In Proceedings
of the Western Nutrient Management Conference, Volume 10. March 7-8, 2013. Reno, Nevada.
www.ipni.net/wnmc.

Powell, J.M., C.J.P. Gourley, C.A. Rotz, and D.M. Weaver. 2010. Nitrogen use efficiency: A potential
performance indicator and policy tool for dairy farms. Environmental Science & Policy 13(2010):217-228.
D0i.10:1016/j.envsci.2010.03.007.

USDA Nitrogen Index software. www.ars.usda.gov/Services/docs.htm?docid=20341

Crop N content, Crop N fertilization guidelines

Anderson, K. et al. 2006. Guide to efficient nitrogen fertilizer use in walnut orchards. Publication 21623.
University of California Agriculture & Natural Resources. Oakland, CA

Fritschi cotton publication

Hake, S.J., T. Kerby, and K.D. Hake. 1996. Cotton production manual. Publication 3352. University of
California Agricultural & Natural Resources. Oakland, CA.

International Plant Nutrition Institute Nutrient Use Geographic Information System (NuGIS)
www.ipni.net/nugis



References and Other Resources cont’d.

Manure and other organic amendments and fertilizers

e Andrews, N. and J. Foster. 2007. User guide: A tool for comparing the cost, nutrient value,
and nitrogen availability of organic materials. EM8936-e. Oregon State University, Corvallis
OR. www.smallfarms.oregonstate.edu/sites/default/files/em8936-e_med_res_0.pdf.

 Hartz, TK. and R. Mikkelsen. 2008. Nitrogen sources for organic crop production. Better
Crops. 92:16-19. www.ipni.net/publication/bettercrops.nsf/issue/BC-2008-4.

e Sullivan, D. 2008. Estimating plant-available nitrogen from manure. Publication EM8954-¢.
Oregon State University, Corvallis OR.

 www.ir.library.oregonstate.edu/xmlui/bitstream/handle/1957/20528/em8954-e.pdf.

e Pettygrove, G.S., A.L. Heinrich, and D.M. Crohn. 2009. Manure nitrogen mineralization.
University of California Manure Technical Guide Series for Crop Management Professionals.
www.manuremanagement.ucdavis.edu/files/134367.

e Pettygrove, G.S., A.L. Heinrich, and A.J. Eagle. 2010. Dairy manure nutrient content and
forms. University of California Manure Technical Guide Series for Crop Management
Professionals. www.manuremanagement.ucdavis.edu/files/134369.

N in cover crops and crop residues

e Pettygrove, G.S. and D.H. Putnam. 2009. Legume N credit for crops following alfalfa.
University of California Manure Technical Guide Series for Crop Management Professionals.
www.manuremanagement.ucdavis.edu/files/134364.

e Vigil, M.F. and D.E. Kissel. 1991. Equations for estimating the amount of nitrogen mineralized
from crop residues. Soil Sci. Soc. Am. J. 55:757-761.



University of California

Nitrogen Management Training

for Certified Crop Advisers

Course materials available at:
ciwr.ucanr.edu/NitrogenManagement

Contributing partners:

University of California California Institute for Water Resources
Agriculture and Natural Resources University of California
web: ucanr.edu Agriculture and Natural Resources
Twitter: @ucanr web: ciwr.ucanr.edu ,ﬁ'
Twitter: @ucanrwater U
California Department of Food & Agriculture (CDFA) California Association of Pest Control Advisers
Fertilizer Research and Education Program (CAPCA)
web: www.cdfa.ca.gov 7 % web: capca.com %
Twitter: @CDFAnews Cdfa FP@ &

Umver5|ty of Cahfor“

UCESaaw I Agriculture and Natural Resources
g



