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The Water Quallty Control Boards WI||

* Institute nitrogen use reporting for agriculture
e Use that information to estimate potential
environmental N loading through the use of ‘mass

baIance caIcuIatlons
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Ba5|c assumption of a nitrogen ‘mass baIance approach
N applied to afield but not removed in harvested
products is at'risk of eventually leaving the field in

gaseous or I|qU|d form
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Presenter
Presentation Notes
Growers in all regions will soon be required to report all N used on their properties. 
 
Note: Mass balance approach involves comparing the amount of N being applied to fields with that being removed at harvest. N remaining after harvest (either as soil residual nitrate, or crop residue N) is at risk of loss to the atmosphere or through leaching and runoff. 

Online Resources from the State Water Board can be found here: http://www.waterboards.ca.gov/rwqcb3/water_issues/programs/ag_waivers/index.shtml#resources
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Presenter
Presentation Notes
The three black boxes (volatilization, denitrification, and leaching/runoff) are the avenues by which environmental N loading can occur. N not exiting the system in harvested products is likely to meet one of these fates over the long term.
 
Note: This schematic does not include N deposition from atmospheric sources, but this is a relatively small contribution to Central Valley soils. The image is meant to be a straightforward and broadly applicable yet  it excludes alfalfa or other legumes fixing its own N. 



N Losses: Volatilization

e Losses up to 30% of applied N are possible
e Volatilization losses to the atmosphere are environmentally damaging
when N is deposited in wild lands


Presenter
Presentation Notes
Why are we concerned about ammonia in the atmosphere? After volatilizing, it can blow inland and deposited on wildlands, with adverse environmental consequences.
 
Note: using stabilized urea is one way to combat the volatilization associated with topdressing. 



N Losses: Denitrification

Denitrification losses can be significant with:
. Frg'quent, saturating irrigation
e - High soil nitrate level

. e " B o b Y.

Denitrification is usually a minor part of an N balance in irrigated areas,
although nitrous oxide (N,O) loss is an air quality concern



Presenter
Presentation Notes
Note: Losses from denitrification are minor with drip irrigation and microsprinklers. Also, the sandy soils prevalent on the east side of the Central Valley limit the amount of time of soil saturation thus, limiting denitrification. 
 
Furrow irrigation and use of manure are both practices that create conditions for increased denitrification. 





Presenter
Presentation Notes
Is it possible to store/accumulate soil organic N?
-With tillage: land that has been in cultivation for many years likely retains a stable amount of organic N in soil, neither increasing nor decreasing. 
-With conservation tillage: organic forms of N sequestered in soil can increase over time 
 
Since conservation tillage is practiced on a small portion of cropland, the amount of organic N stored at a landscape level may be quite low. Switching to a conservation tillage system can result in 100+ lbs of organic N in the top few inches within the first 5-6 years. But, this N is organically bound so additional steps need to be taken to understand the rate of mineralization and any interactions with applied fertilizer. 
 
Note: Organic forms will not leach until they are in a mineral form and irrigation can induce the process of mineralization.  

For more on conservation tillage, please visit http://casi.ucanr.edu/ 
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Presenter
Presentation Notes
High N concentrations in tile drainage provide evidence that leaching is occurring in row cropped areas. Water reaching tile drainage is assumed to be past crop root zones and therefore lost. In collected data, it is not uncommon for N concentration in these drains to be ten times safe drinking water limits. 
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N Losses:

e Within some Ievel of uncertalnty, evaluatmg agrlcultural N
management on a mass balance basis (inputs — outputs) does
estimate potential environmental N loading

e Atsimilar yield levels, a grower applying substantially more N than his
neighbor is probably releasing more N to the environment over time




N Management
And Regulations

e Some crops, and some production systems, will get more scrutiny
than others

 To keep under the regulatory radar, ‘strategic’ N management will be
needed: evaluate N requirement on a field-specific basis, making use
of non- fertilizer N sources



Presenter
Presentation Notes
High N-demanding crops (ex: peppers) will likely receive much more scrutiny than low N-demanding crops (ex: cantaloupe). 
 
The goal is to transition from a blanket program approach to field-by-field custom N management systems that identify opportunities to reduce application and loss.



Annual Crop Growth and
N Uptake Timing
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Characteristic Growth Pattern
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(Ibfacre)

16,000
14,000
12,000
10,000
8,000
6,000
4,000
2,000

—— processing tomato
cantaloupe
lettuce

1

3 5 7 9 11 13 15 17

Weeks after transplanting or emergence


Presenter
Presentation Notes
Universal sigmoidal growth profile:
1. Between planting and establishment, low growth
2. A few weeks after transplant, period of rapid growth
3. At peak growth, either harvest (lettuce, green on graph) or allow to senesce and ripen as growth slows (processing tomato, red on graph)
 
The rate of biomass accumulation across crops is reasonably similar, but differs based on how long the crops remains in the field. In most cases, N accumulation closely follows the rate of biomass accumulation.
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Left: Ross R. Bender, Jason W. Haegele, Matias L. Ruffo, and Fred E. Below, Agronomy Journal ¢ Volume 105, Issue 1 « 2013



Presenter
Presentation Notes
Figures: Though the development stages differ, corn and wheat both exhibit the same overall  N uptake patterns as each other and other crops. Low uptake early in the season, then rapid uptake during a peak demand period, followed by slow uptake (sometimes remobilization) and then harvest. 

Source of corn figure: https://www.agronomy.org/publications/aj/articles/105/1/161


Strategic Nitrogen Management:
Crediting Non-Fertilizer N Sources
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Develop a reasonable N fertilization template then modify for:
* Residual soil NO,-N

e Soil N mineralization potential

* lrrigation water NO;-N

* |n-season plant analysis ?
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Presenter
Presentation Notes
Note: in season plant and tissue analysis has limitations for certain crops that is addressed in commodity-specific presentations. 



Developing a Reasonable N Template

Lettuce Example: | 2004-05 coastal lettuce survey
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Slnce \ def|C|ency in commerual flelds iS uncommon, seasonal N rates
on the lower end of the normal range should be suff|C|ent in most cases



Presenter
Presentation Notes
Figure: Blue diamonds represent 30 individual coastal commercial lettuce fields scaled to the highest yield so that they can all be directly compared. This figure indicates that N application level, averaging 180 lbs/acre, is not directly driving yield and that there is great potential for reduction. 
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Soil Nitrate Testing

Post-establishment soil NO;-N
e Often called Pre-sidedress Soil Nitrate Testing (PSNT)

Why is post-establishment soil NO;™-N sampling important ?
e Itintegrates the main factors influencing soil N mineralization
(rapid N mineralization from residues and amendments has already

taken place)

e The measurement is taken after crop establishment, when additional
leaching should be controllable (given good irrigation management)


Presenter
Presentation Notes
In some places where leaching from rainfall is not a factor, irrigation can easily be managed to retain post-establishment soil N. 

Note: ammonium N is not typically measured in these samples because its concentration is nearly always very low due to nitrification. It would be useful to sample for ammonium N with recent manure application.  



Crediting Soil Nitrate

How to calculate a fertilizer credit’ for residual soil NO;-N ?
There is no ‘right’ answer for all situations

e To what depth?
 What about spatial variability?

Possible approaches:
e Credit a fraction of residual N (50-75% ?)
e Credit all residual N above a ‘threshold’ (5 PPM ?)



Presenter
Presentation Notes
How much of the residual soil nitrate is actually available to the crop and therefore should be credited? This depends on the depth of roots and wetted zones and must be decided on a field and crop basis. 



Contrlbutlon of 50|I N mmerallzatlon

e Between 5 - 6% of soil organic matter is organic N

* You can generally count on net mineralization of at least 1-2% of soil
organlc N content durlng a vegetable crop season

Example:
=1 Top 12 inches of soil weighs = 3,800,000 Ib/acre
“ = 2,000 |b organic N per % organic matter
= 20 40 Ib N/acre per % soil organlc matter



Presenter
Presentation Notes
Note: the final amount is multiplied by % soil organic matter, perhaps around 1%.  The 1-2% net mineralization figure is for a vegetable crop season of about 60 days. 
 
The example calculation breaks down as:
3,800,000 lb (soil dry weight) x 1% (soil organic matter content) x 5% (amount of soil organic matter that is N) x 1-2 % (the fraction of soil organic N likely to mineralize in a growing season) = amount of soil N mineralized
Therefore, on a per acre basis for a soil with 1% organic matter, the estimated N mineralization would be:
3,800,000 lb x 0.01 x 0.05 x (0.01 to 0.02%) = about 20-40 lb N/acre 

Note: in systems where manure and other organic materials are being applied, these portions would be higher. Behavior of N mineralization would also change in a system with very high organic matter content.
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Crediting Prior Crop Residue N

»3%N 25% N e—20%N

% of residue N mineralized
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Weeks after incorporation

In general, more than 90 days after soil incorporation, crop residue N
behaves similarly to that of existing soil organic N


Presenter
Presentation Notes
Crops vary widely both on the amount of N typically contained in residue, and in the N concentration of that residue; both factors profoundly influence the N contribution to the following crop.
 
Figure:
Green: Residue of very high N content
Yellow: Residue of intermediate N content
Red: Residue of low N content 
 
These examples show the range of N concentrations.  When following a high N concentration crop (ex: lettuce), within several weeks more than half of this N will mineralize and be available. For a crop with a medium N content, you can assume that about 1/3 of its N will become available  within several months of soil incorporation. A crop with a very low N content (ex: cereal grain) will not likely contribute mineralized N to the following crop. These residues may even immobilize N, represented by the negative-sloped portion of the red line, necessitating application of additional N before the following crop. 



@Crediting Irrigation Water N: Controlled Moisture
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2013 irrigation water NO5-N uptake efficiency trial
e continuously injected varying levels of NO;-N from 0-40 PPM
e measured lettuce biomass N at harvest


Presenter
Presentation Notes
Is irrigation water nitrate really a factor? Growers are uncertain a) whether crops can make use of the relatively low nitrate concentrations typically present in irrigation water and b) how irrigation efficiency can be accounted for.
 
In a coastal experiment that simulated various levels of irrigation water nitrate content, it was found that irrigation water N behaves just like fertilizer N, because nitrate in transpired irrigation water is left at the root surface, where it can be taken up. In this experiment crop uptake of N in irrigation water and crop uptake from N fertilizer all fit on the same regression curve, documenting that these N sources were equally accessible to the crop.   


Plant Tissue Testing



Plant Tissue Testing for Annual Crops:

Leaf total N
e overall crop N status

Petiole NO,-N
* NO;-N taken up but not yet assimilated into organic compounds


Presenter
Presentation Notes
Tissue N monitoring for annual crops is better used to give confidence to your N planning, rather than as a driver of N budgeting. For annual crops, tissue testing used alone is not always the ideal tool for improving N use efficiency.
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Plant Tissue Testing : Leaf Total N Monitoring

* Provides a reliable indicator of plant N status

 Changes relatively slowly over time

* Is poorly correlated with soil NO;™-N availability early in
the season when N uptake is slow, so it has limited
value in early season fertilization decisions


Presenter
Presentation Notes
Typical Values: 
Early season: 4% N
Late season: 2.5% N
 
This is not an ideal predictor of how much N you will need to add to the soil or whether you are going to run out of N in the soil in the next few weeks. This is because N concentration in leaf is not very well correlated with N concentration in the soil during the early season.



Plant Tissue Testing : Petiole N Monitoring

Advantages of petiole NO,-N :
e easily / quickly measured

Disadvantages of petiole NO;™-N :

e Environmental factors unrelated to soil N
availability can affect results



Presenter
Presentation Notes
Note: Standardizing a time of day for testing removes some variability but does not always help the problem of petiole N being unrelated to soil N.

Pictured (right): Nitrate selective electrode meter manufactured by Japanese Horiba Corporation (http://www.horiba.com/fileadmin/uploads/Scientific/Documents/WQ/C-122_131Literature.pdf). For a descriptive example of how this tool can be used, please visit http://californiaagriculture.ucanr.edu/landingpage.cfm?article=ca.v048n04p29&fulltext=yes
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Plant Tissue Testing : Petiole N Variability

Why is petiole NO;-N so variable?
* Environmental factors affect the rate at which the plant
Incorporates NO;-N into organic compounds
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Presenter
Presentation Notes
Figure: In this 2004-2005 survey of coastal lettuce fields in the early heading stage, environmental factors like temperature affected N uptake and the conversion of nitrate to organic forms. In this situation, higher temperature resulted in faster conversion of nitrate to organic forms leading to lower petiole nitrate. The key is that petiole nitrate numbers do not necessarily reflect soil N content but rather environmental factors. 



Plant Tissue Testing: Summary

 Whole leaf sampling gives a snapshot of current crop N status but, if
it is in the ‘adequate’ range, does not predict additional N needed
more than 7-10 days

* Maintaining high petiole NO;™-N through the season should ensure
sufficient N; but because environmental conditions can cause low
petiole NO;-N even when soil NO;™-N is adequate, using petiole
analysis to determine fertigation requirement can lead to
unnecessary fertilization


Presenter
Presentation Notes
Ultimately, driving a program based on tissue testing probably may lead to unnecessary fertilization.
 
Note: Some growers use tissue testing for P and K levels, rather than for N.
	For K: there is a reliable correlation between petiole and whole plant K because it is never converted to organic forms.
	For P: Similar issues of variability to N.



@N Management Reporting: Asronomy Vs.
Regulatory Reporting

W

e The regulatory interest in N use reporting is to estimate
the potential for environmental N loading

e (CCAs will need to help clients maintain productivity while
minimizing unnecessary N application
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Presenter
Presentation Notes
Reporting will include: all types of fertilizers applied, contribution from organic N forms, and N credits from irrigation water. Based on reported crop need, the Regional Water Boards will calculate balance of N in soil as well as ratio of Credits:Need (a ratio of 1:1 means N removal with harvested product equaled N inputs).



University of California

Contributing Author:

Tim Hartz, Extension Specialist/Agronomist
UC Davis
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Presentation Notes
Tim Hartz can be reached for further questions at:
(530) 752-1738
tkhartz@ucdavis.edu
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