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Our Regulator’s Perspective on The Big Three

1. Wellhead protection and proper maintenance of unused wells
2. Proper destruction of abandoned wells
3. Accounting for the amount of nitrate in irrigation supply water 

to reduce the amount excess N applied

MPEP Website

http://agmpep.com/


Information Overload – Figure Out What 
Matters by Assessing Performance

• Know your soil
– Available water capacity 
– Variability 

• Know & use crop N & water requirements to plan operations
– N management planning (n removed, irrig water N)
– Irrigation scheduling

• Verify that you are getting it right
– Soil sampling 
– Soil moisture monitoring
– Plant tissue testing 
– Crop yield assessment 
– Compare assumptions to actual ET
– Compare AW to AWC
– If you use crop coefficients, check them

• Make adjustments 
• Resources and learning events

Presenter
Presentation Notes
Backstory: Study site where we were trying to figure out the site during a warmup year. Used some conventional & unconventional tools, including a good deal of operational data, and a newly available actual ET data set. When you are uncertain about hydrology, these data seem pretty helpful. Also, we avoided costly, complex research tools like suction lysimeters and monitoring wells. Therefore, some or all of this should be reproducible by CCA’s and growers, once the ETa data are available online, which is in the works.



Know your soil: Available water capacity 

Web Soil Survey

https://websoilsurvey.sc.egov.usda.gov/App/WebSoilSurvey.aspx


Know your soil: Available 
water capacity 

Web Soil Survey

Presenter
Presentation Notes
Soil survey data are more accessible in more usable forms to growers and CCAs than ever before. NRCS and Toby O’Geen’s lab (UCCE) have generated multiple applications for viewing maps and data, which we’ll use here to estimate AWC in the root zone of the dominant soils on these fields. Turns out it is a key, and not fully recognized operational constraint in this situation.

https://websoilsurvey.sc.egov.usda.gov/App/WebSoilSurvey.aspx


Know your soil: Available water capacity 

Web Soil Survey

https://websoilsurvey.sc.egov.usda.gov/App/WebSoilSurvey.aspx


Available Water Capacity in Root Zone Depth

Presenter
Presentation Notes
Soil survey data are more accessible in more usable forms to growers and CCAs than ever before. NRCS and Toby O’Geen’s lab (UCCE) have generated multiple applications for viewing maps and data, which we’ll use here to estimate AWC in the root zone of the dominant soils on these fields. Turns out it is a key, and not fully recognized operational constraint in this situation.



AWC in Wetted Soil Volume



Soil Variability: Soil Mapping, Actual ET (crop response)
ETo x Kc = ETc (potential) ~ ETa (actual)
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Distribution uniformity of ETa, from agmpep.com tool, accessible 
through participating water quality coalitions’ websites



Know & use crop N & water requirements to plan operations:
N management planning
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Know & use crop N & water requirements to plan operations:
N management planning



Know & use crop N & water requirements to plan 
operations:  Irrigation scheduling

• Classic approach: ETo x Kc = ETc (potential) 
• Remember: ~ ETa (actual)

– Ground estimation of ETa
– Historic ETa (more on this later)
– “My field last week”



Verify that you are getting it right:
Soil sampling



Verify that you are getting it right:
Soil sampling



Verify that you are getting it right:
Soil moisture monitoring

• Fluctuations over time, drying between events
• Prolonged saturation
• Moisture profiles
• Not a focus today



Verify that you are getting it right:
Plant tissue testing

 
 Low (% N) Optimum (% N) High (% N) 

Almond 2.00 2.20-2.50 - 

Citrust < 2.00 2.45 > 3.50 

Critical values for almond and citrus, data not available for high (% N) for almond.  
Almond: http://cebutte.ucanr.edu/files/43180.pdf 
Citrus: https://ucanr.edu/repositoryfiles/ca311p10-71434.pdf  

2 2.2 2.4 2.6 2.8 3 3.2 3.4

Almond, Jun/17

Almond, Aug/17

Orange, Jun/17

Orange, Aug/17

Leaf Nitrogen (mg/kg)
Min to mean Mean to max

Presenter
Presentation Notes
ECe (salt) & nitrate are generally parallel, suggesting that nitrate is not moving any differently from other salts. In particular, they are moving to the margins of the root zone in almonds, which we saw in the March data. Almonds (profiles 1 to 4) show evidence of longer N residence time in the upper profile, but 3 of the orange profiles (left) seem to be mostly leached of salt and nitrate. 



Verify that you are 
getting it right:

Crop yield 
assessment
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Verify that you are getting it right:
Compare assumptions to actual ET

First leaf



Verify that you are getting it right: 
Compare AW to AWC

Weekly irrigation sets 
overwhelm AWC in 
Oranges, resulting in 
leaching loss of water 
and N

Almonds are being 
irrigated like oranges, 
but need more water



Verify that you are getting it right: 
If you use crop coefficients, check them



Make adjustments

• Higher irrigation frequency will improve 
production and environmental performance in 
oranges. 

• Oranges north and south, and the almond field, 
probably need different irrigation schedules.

• Kc’s used to plan irrigation should be adjusted.



Make adjustments

• Fertigate at the end of irrigation runs to 
maximize N residence time in the root zone 
and minimize transport to the margins 

• Implement pressure and flow measurement to 
provide a better feel for AW rates, which are 
below design flow rates.

• Plant a deep-rooted, salt-tolerant cover crop in 
the almond field to capture accumulated 
nitrate. 



Resources and Learning Events

Events Calendar 
• Compiles outreach event information from UC Cooperative 

Extension, CDFA, CAPCA, ITRC, CIT, etc. 
• To find relevant events, filter by crop, topic, or locale



Resources and Learning Events

• Directory of publicly available agricultural management practice tools and 
resources

• Features urgent practices, general, and crop-specific irrigation and nitrogen 
management information. 



Acknowledgements: Member Coalitions

• Kings River Watershed Coalition Authority (http://kingsriverwqc.org/)
• Tule Basin Water Quality Coalition (http://tbwqc.com/)
• Kaweah Basin Water Quality Association (http://www.kaweahbasin.org/)
• Kern River Watershed Coalition Authority (http://www.krwca.org/)
• Cawelo Water District Coalition (http://www.cawelowd.org/ILRP.html)
• Westside Water Quality Coalition (http://www.wwqc.org/)
• Buena Vista Coalition



Questions, comments?



Verify that you are getting it right:
Soil sampling

Presenter
Presentation Notes
The MPEP Team is directed and guided by the Committee, which in turn composed of these coalitions. They provide leadership and oversight to ensure that the work aligns with the needs of their grower members. The process provides the coalitions and their members a shared, viable, and efficient MPEP. 



Verify that you are getting it right:
Soil sampling



Monthly Precipitation, Orange Cove CIMIS



Annual Precipitation, Orange Cove CIMIS



Average Precipitation, Orange Cove & Parlier



Performance Thresholds and Results for Suites of Practices



Performance Thresholds and Results for Suites of Practices

Suite 2 performs adequately, NH < 15

Suite 5 performs adequately, NH < 19

Performance Threshold



The MPEP is part of the Irrigated Lands 
Regulatory Program (ILRP)

• Previous coalition meetings have covered key parts of the ILRP

• In this meeting, 7 coalitions’ joint work to assess management 
practices is the main topic

• This is another ILRP requirement, in addition to farm evaluations, 
nitrogen management planning, etc.



What is the 
MPEP?



Management Practices Evaluation Program

• Why is it important?
• Is it just about nitrate?
• What geographic areas are involved?
• Does it require grower reporting?
• How long will it last?
• How much does it cost, and who is paying?
• Doesn’t this overlap with work by 

Cooperative Extension, commodities 
groups, etc.?

• Is it mainly a bunch of new studies, field 
monitoring, monitoring wells, modeling, or 
what?



What crops are included in the MPEP?

• ALMONDS
• GRAPES
• HAY - alfalfa
• CORN - silage
• WHEAT
• WALNUTS

• TOMATOES - processing
• HAY - small grain
• COTTON - pima
• PISTACHIOS
• CORN - grain
• ORANGES

• HAYLAGE - excl alfalfa
• COTTON - upland
• HAYLAGE - alfalfa
• PRUNES
• HAY - excl alfalfa & small grain
• PEACHES

• SUNFLOWER
• OLIVES
• SORGHUM - silage
• BEANS - dry (excl lima)
• CHERRIES - sweet
• CARROTS

Presenter
Presentation Notes
What is the MPEP? The Management Practices Evaluation Program, or MPEP, is a required component of the Central Valley Regional Water Quality Control Board Irrigated Lands Regulatory Program.  The MPEP will evaluate and demonstrate which agricultural management practices are effective in protecting water quality, and how these practices have been or will be implemented to minimize nitrate leaching to groundwater.



Initially focus on those with 
large acreage

Recognize that practices 
that retain nitrate often 
work similarly for many 
crops

Presenter
Presentation Notes
Why is the MPEP important?The Central Valley Regional Water Quality Control Board is obligated by law to develop and issue permits (referred to as Waste Discharge Requirements) to potential sources of water pollution, in order to protect those waters for specified uses (including drinking water and irrigation of crops). The MPEP is one of several required actions in the permits issued to Central Valley irrigators. The penalties for failing to comply with these permits vary, but they include large fines and/or orders to cease operations. On the positive side, the MPEP is the part of the permit that allows growers to demonstrate that they are protecting water quality as part of their operations, and (as a result) to avoid more cumbersome requirements that are designed to curb ongoing, unabated pollution. This type of demonstration is the main goal of the MPEP, and should limit the long-term costs to comply with these permits. Is the MPEP just about nitrate?The current focus is on minimizing nitrate leaching, but the overall Irrigated Lands Regulatory Program also pertains to other constituents that could be construed as pollutants (e.g., sediment in runoff, salts). If at some point other constituents need to be addressed by growers, the MPEP would likely serve the same functions for those constituents. What geographic areas are involved?The Southern San Joaquin Valley MPEP includes areas within the Buena Vista Coalition, Cawelo Water District Coalition, Kaweah Basin Water Quality Association, Kern River Watershed Coalition Authority, Kings River Watershed Coalition Authority, Tule Basin Water Quality Coalition, and Westside Water Quality Coalition. These coalitions are organized as the SSJV MPEP Committee (Committee). The Committee is also working with other water quality coalitions implementing an MPEP in other areas of the Central Valley.	At the moment, the MPEP is only required to be carried out in high-vulnerability areas, but results are applicable on all irrigated lands.Does the MPEP require grower reporting?No, the MPEP has no specific grower reporting requirement. The MPEP may, however, use anonymous information collected as part of the Nitrogen Summary Report and Farm Evaluation to make sure that growers’ operations are correctly represented. How long will the MPEP continue?The permit allows 8 years for development of the MPEP, including 2 years for workplanning and 6 years for implementation of the first phase. This timeframe began in January 2016. While this appears to be a long period, it is worth noting that most growers select practices annually, so modifications often take a year to implement and more time to assess. Over a duration of only 6 to 8 growing seasons, substantial planning, investigation, interpretation, outreach, and implementation must occur. In addition, implementation progress is required to be assessed and reported. How much does the MPEP cost and who is paying for it?The MPEP is a grower-directed program, so program activities and therefore the cost, will depend on what the coalitions decide is necessary and helpful to their growers. In pennies per acre, the MPEP costs grower-members about 8 cents/acre-year. However, the coalitions were recently awarded $2M through a USDA NRCS Conservation Innovation Grant. This grant award, combined with match contributions exceeding $2M, provides part of the funding necessary for successful implementation of the MPEP.  In addition, the coalitions are pursuing funding from other sources, including the CDFA Fertilizer Research and Education Program (FREP). What technical partners are supporting the MPEP?The coalitions are collaborating with several technical partners, including the USDA NRCS, the CA Department of Food and Agriculture, and the University of California Cooperative Extension.  These partners will help to plan technical approaches, identify known, protective practices, assess and quantify fate and transport through modeling, work with cooperating growers, perform focused field studies, explain sound practices to growers and their advisors, and develop information and tools that facilitate application of practices that protect groundwater quality. Is it mainly a bunch of new studies, field monitoring, monitoring wells, modeling, or what?The schedule does not allow us to depend completely on new studies, since they take several years to develop and complete. Fortunately, FREP, UCCE, commodities groups, USDA, and many others have been studying efficient use of N fertilizer for some years. The focus will be on ensuring that this knowledge is available and useful, on encouraging or doing high-priority new work, and on using available information to assess how practices affect groundwater. And yes, the assessment will involve modeling that is rigorously checked against field observations. Where groundwater quality data are needed, observations from existing wells will be used to the maximum extent possible, but some new monitoring wells may also be needed.



The MPEP Effects on Growers

• What about all the improvements growers have already 
implemented related to management of agrichemicals and 
water?

• Will the MPEP identify specific fields as sources of nitrate 
leaching?

Presenter
Presentation Notes
What crops are included in the MPEP?All crops irrigated for commercial purposes are included in the MPEP, except for those included under other permits, such as rice, alfalfa hay and silage. The MPEP will prioritize groups of crop, soil, and groundwater conditions, focusing on situations with the greatest potential to minimize nitrate leaching. 



New N Inputs (A)
Applied organic
Applied mineral
Irrigation water
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Where it goes (R)
Uptake and removal (from field)
Uptake into perennial tissue 
(wood)
Denitrification
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Uptake into annual tissues (annual 
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How will the MPEP relate management 
practices to groundwater quality?

1. Characterize the cropping system & root zone
2. Balance the effects of each process on leaching N

Presenter
Presentation Notes
The larger acreage crops won’t be an exclusive focus, but they will be emphasized early on to ensure we have a handle on the larger acreages. Developing accurate models of these crops is particularly important. Getting available management practice information out on all crops is a priority. 



Campbell’s Grower Data Example

Actual:
0.18 t/lb N

Desired: 
0.39 t/lb N

Presenter
Presentation Notes
What about all the improvements growers have already implemented related to management of agrichemicals and water?The MPEP recognizes that existing management practices already include the careful use of crop and soil information to determine appropriate nitrogen rates, and careful handling and application of fertilizer to ensure that it is taken up by the crop. A major goal of the MPEP is to understand and include these approaches in the required performance assessments. This should result in recognition of existing cropping systems that are already protective of groundwater, and expansion of these approaches where this could provide even broader benefit. Will the MPEP identify specific fields as sources of nitrate leaching?No. The MPEP is not focused on assessing individual fields, but rather on assessing the performance of classes of management practices, crop, and soil combinations over time. The results of these assessments will be made available to growers to help them to assess their own performance. If these large-scale assessments suggest that the combination of management practice, crop, and soil that comprise your field tends to produce more nitrate leaching than alternatives, then you will be able to compare these results to several alternative suites of practices.



Month

N in a 10-y old orange tree (lb)

?

?

?

• General approaches to 
retaining and using 
applied N are consistent

• The specifics vary 
among crops, soils, and 
operations

Presenter
Presentation Notes
Breaking the pathways N can take through fields is the only way to get a handle on where it is going, and why. Every year, some new inputs are added. The ones we apply as part of the farming operation are considered “Applied”. As the season proceeds, some is taken up by plants or microbes, and either removed from the field, or stored in wood or stable organic matter, and is considered “Removed”. The difference between these two is POTENTIALLY leachable to groundwater, but it may also be stored in the soil, or lost in other ways. The Regional Water Board focuses on the ratio of A/R, which gets to the same idea: making the ratio smaller generally reduces the chances of leaching a lot of nitrate, but the other loss processes mean that the ratio will practically never be, nor need it be, as low as 1. The items in red are all losses that can have negative environmental consequences.



http://agmpep.com/

Where to find resources

Presenter
Presentation Notes
This simple example of actual grower yields and N application rates illustrates the challenge and opportunity of improving N management. The potential for recovering applied N is affected by many factors. The key is to identify those that the grower can practically manipulate to shift fields upward and to the left. When growers do this, the yield and value produced per unit N grows, and risks to groundwater diminish. Everybody wins. A major goal of the MPEP is to facilitate this shift.

http://agmpep.com/


Acknowledgements: Friends & Supporters

Presenter
Presentation Notes
In general, tools and approaches to getting applied N into crops, and keeping it out of groundwater, fall into well-known categories:N balance  N rate, deplete before leaching eventsTissue  adjust N rateSite-specific/precision ag (historic yield or soil conditions  N rate adjustment)Place N (e.g., in root zone)Provide N when needed – split  continuous applications; scale to pattern of uptake/useSelect appropriate form of NSchedule irrigation to match ET; avoid untimely leaching eventsEvaluate and improve irrigation distribution uniformityHigh-freq., low-rate (drip, microspray)Cover crop to retain N in plant/root systemHolistic improvement of “soil health” to improve soil’s retention of water, nutrients, & sediment



Committee & 
Coalition Boundaries



Committee Goals & Approach

• Least-cost, long-term compliance
– Minimize interference with farming businesses and production
– Avoid new or expanded regulatory requirements (e.g., widespread 

monitoring of first encountered groundwater)
• Efficient and effective MPEP 

– Draft a high-level workplan & gain approval

• Proceed with long-term, flexible 
regulatory/research program on MP’s

• Detailed research design for field studies will be 
developed by technical cooperators to leverage 
their expertise and evolving /knowledge & 
technology

Presenter
Presentation Notes
There are many printed and online resources, including a dozen or so on the tables near the door. Some are linked to the coalitions websites (next slide), and all are available through the MPEP website resources page. The MPEP website also has a management practices event calendar that can be sorted by geographic area or degree of relevance to N management. It also has tools for estimating N removed from crop yield. We’ve tried to centralize as much information on N management as possible, and will continue to develop this resource. We are coordinating with CDFA/FREP, and it is possible that they will absorb parts of the website into their system. 



Team Composition & Key Features

PlanTierra, Formation Environmental, LSCE, Cascade Earth 
Sciences, CH2M HILL, LWA, & Ken Cassman:

– Ag research and outreach in soil fertility, nutrient management, and 
nutrient fate and transport

– 2 former UC Davis faculty, 1 former Purdue faculty, 1 former Texas 
A&M postdoctoral fellow

– Longstanding, productive working relationships 
• Regional Board (ILRP, Dairy order, CV-SALTS, Drinking Water Policy Work Group, 

Delta)
• UCCE, other UC, NRCS
• Industry resources, CCA community
• Growers & Coalitions

Presenter
Presentation Notes
The Committee applied for and was granted the largest USDA/NRCS Conservation Innovation Grant in history ($2M, to be matched in kind at least 1:1). But that only happened because of the broad support and collaboration from many other agencies, public research institutions, commodities groups, and growers. We are doing our best to deliver something innovative and valuable to growers, that contributes significantly to the overlapping missions of the Committee and the NRCS, namely, expanded and improved access to usable tools to control the fate of applied N, to route more of it to plants, and less to groundwater.



SSJV MPEP Status, March 2017

• Workplan accepted by Committee, submitted to the Water Board
• Order revisions may:

– Re-focus MPEP on assessment of a single metric
– Retain EO discretion to accept functional alternatives
– Eliminate groundwater vulnerability consideration

• Procured grant funding to develop research & outreach, along with 
several iterations of SWAT for irrigated lands, including dairy, in the 
Central Valley

• Anticipated uses of SWAT output for assessment & outreach. E.g.:
– Non-regulatory applied research and grower engagement
– LTILRP & Dairy programs
– CV-SALTS



Steps in Workplan

1. Establish potential linkage of root-zones to underlying 
groundwater 

2. Assess performance of root zones (modeling, field 
measurements to calibrate & validate)

3. Prioritize areas for management focus & outreach to shift 
management

4. Identify areas of uncertainty (degree of problem, appropriate 
management solutions, model performance), & investigate 
(focused field studies)

5. Document changes in management and estimate changes in 
loads

6. Model influence on groundwater quality

Irrigated Lands 
Characterization

Cropping 
System 

Specific Source 
Quantification

Landscape 
Level 

Performance 
Assessment

Prioritization 
of Work

Focused Field 
Studies Outreach

Groundwater 
Modeling

Key need: Consistent methodology across regulated community 



Some options for “measuring” leaching losses 
from root zones 

Increasing levels of cost, complexity, and precision 

 Use complex studies to calibrate less costly monitoring

Parameter N balance Soil Samples
Darcy's Law, 
porewater 
sampling

Leachate 
Capture

Applied N Measured
Gaseous losses
Uptake
Water potential differential
Hydraulic conductivity** Estimated
Soil bulk density
Soil moisture
Soil nitrate conc.
Leachate nitrate conc.
Leachate volume
Leaching nitrate flux Calculated
** Exceptionally variable & uncertain parameter

Presenter
Presentation Notes
This is the most updated slide, which hopefully begins to capture (in a nutshell) the great features of this project team.



SWAT Model

http://swat.tamu.edu/



Physically based model

• Requires specific info (e.g., weather, soils, etc) 
• Physical processes of water and constituent movement & plant 

growth are directly modeled
• Benefits:

– Can model areas with no monitoring data
– Sensitivity to changes in input data (e.g., management practices) can 

be quantified
– Uses readily available inputs (e.g., DEM, SSURGO)
– Computationally efficient (controls analysis costs)
– Handles long analysis periods; not for single events



Presenter
Presentation Notes
Green are measured quantities, blue estimated, orange calculated. ** means exceptionally variable and uncertain. 





Scenario 3



Baseline



Nitrogen

• Reductions in N application rates in the range that could result 
from ILRP and Dairy programs significantly reduces loading

• Increases in irrigation efficiency have a less pronounced, but 
notable effect.

• Loadings are even lower with concurrent increases in irrigation 
efficiency and reductions in N application rates.





SSJV SWAT 1.0
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