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1 INTRODUCTION 
This  document  is  the  2022  Annual  Report  for  the  Southern  San  Joaquin  Valley  (SSJV) Management 

Practices Evaluation Program (MPEP).  The reporting period is from January 1 through December 31, 2022.  

Requirements for the annual report are defined in the Order1 and summarized in Table 1.  

TABLE 1. SUMMARY OF REPORTING REQUIREMENTS FOR THE MPEP ANNUAL REPORT  

Requirement  Reporting Summary  

1. A tabulated summary of A/R and A‐
R data.  

These data are provided in each Coalition’s Annual Monitoring Report 
and therefore are not repeated here. 

2. A summary of activities conducted 
under the MPEP. 

A summary of activities conducted under the SSJV MPEP is described 
throughout this report by the main tasks. 

3. The number and location of 
installed monitoring wells and the 
associated data. 

The SSJV MPEP does not include monitoring wells, therefore there are 
no data to report. 

4) A determination of whether the 
MPEP is on schedule to complete the 
Management Practices Evaluation 
Report by the required deadline. 

The SSJV MPEP is on schedule to complete the Management Practices 
Evaluation Report by the required deadline. 

2 SUMMARY OF SSJV MPEP ACTIVITIES  
This section provides a summary of activities conducted under the SSJV MPEP by the main tasks, including 

workplanning and fundraising, assessments, studies, outreach, reporting, and other regulatory activities.  

2.1 WORKPLANNING AND FUNDRAISING 

No new workplanning activities occurred in 2022. For fundraising, two concept proposals were prepared 

for  the  CA  Department  of  Agriculture  (CDFA)  Fertilizer  Research  and  Education  Program  (FREP).    A 

summary of each is provided below.   

 2023 FREP Grant, Concept Proposal 1.  Nitrogen Movement Out of Root‐zones in Central Valley 

Irrigated Lands: a Multi‐Scale Management, Monitoring, Modeling, and Outreach Project. The 

overall  goal  of  this  project  is  to  leverage  existing  data  to  validate  and  strengthen  existing, 

innovative modeling (CV‐SWAT) and management (CropManage) tools that are used by growers 

and their regulators to make nitrogen and water management decisions. There are six objectives: 

1)  Leverage existing,  funded,  intensively monitored  research  sites  that are uniquely  suited  to 

quantifying  leaching  loss  of  nitrate;  2)  Evaluate  and  enhance  performance  of  CV‐SWAT  in 

quantifying  the  effects  of  irrigation  and  nutrient management  practices  on  rates  of  nitrate 

leaching; 3) Evaluate uncertainty of predictions by complementary evaluation with CV‐SWAT and 

HYDRUS 2D; 4) Integrate results of CV‐SWAT, HYDRUS 2D, (crop, vadose‐zone, and groundwater) 

monitoring, and application of CM to  inform outreach to growers at multiple  in‐person and/or 

 
1 Waste Discharge Requirement General Order for the Growers within the Tulare Lake Basin Area that are members of a Third‐
Party Group, General Order No. R5‐2013‐0120, as modified by General Order No. R5‐2013‐0143. 
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virtual events; 5) Evaluate and verify CM efficacy in helping growers to minimize nitrate leaching 

while maintaining or improving production; and 6) Assess how performance benefits from CM are 

borne  out  in  monitoring  and  reflected  in  CV‐SWAT  results.  This  project  was  awarded 

approximately $220,000 and will begin  in 2023. The project  leaders are Drs.  Isaya Kisekka and 

Thomas Harter  of UC Davis.  Cooperators  include Michael  Cahn  of UCCE  and  the  SSJV MPEP 

Committee. 

 2023  FREP Grant,  Concept  Proposal  2.    Expanding Decision  Support  Tool  Adoption  to Guide 

Grower Nutrient  and  Irrigation Management  and  to  Improve  Yield,  Profit,  and Water Quality 

Outcomes. The goal of this project was to improve adoption of efficient management practices by 

helping  growers  visualize  the  relationship  of  management  decisions  to  yield,  profit,  and 

environmental outcomes. There were five objectives: 1) Engage and mobilize at least 12 grower 

advisors,  each working with  at  least  3  growers  to  newly  employ  decision  support  to  inform 

management, 2) Recruit at  least 36 grower/leaders  to  implement decision  support with  their 

advisors, 3) Organize at least 7 in‐person or virtual field days to extend knowledge and experience 

from grower/leaders and their advisors to other growers and advisors, 4) Support the addition of 

crops and functionality to CM and NFMT to help users visualize a) how management decisions for 

a specific crop at a specific location affect production, profit, and environmental outcomes, and 

b) how their management choices compare to those of their peers, 5) Resolve key bottlenecks, 

such  as  a) procurement  and processing of  imagery or  crop development  information,  and b) 

support  to  growers  newly  adopting  tools,  by  leveraging  team  members  and  our  extensive 

grower/advisor/scientific/commercial network. This project was not selected for funding. 

Additionally, the SSJV MPEP continues to actively communicate research needs relative to the Irrigated 

Lands Regulatory Program  (ILRP)  to our UC collaborators, which has prompted  them  to develop grant 

proposals that are aimed at performing research projects that will strengthen the MPEP and other facets 

of coalitions' work. These proposals are supported by  letters from coalitions and their various  industry 

partners, explaining the relevance of the proposed projects to growers' and stakeholders' needs. When 

these proposals are funded, the resulting projects contribute to coalitions' success in meeting the water 

quality and sustained crop production goals of the ILRP. This year, we contributed to and/or supported 

numerous grant proposals prepared by our project partners, including the following: 

 USDA Agriculture and Food Research Initiative Foundational and Applied Science Program. 

Optimizing nitrogen management using real‐time data from novel affordable sensor arrays and 

predictive modeling. The goal of the project is to optimize and reduce nitrogen fertilizer and 

irrigation water use of subsurface drip fertigation systems using a decision support tool 

informed by low‐cost wireless sensor arrays, soil microbial processes, and predictive models. (PI: 

Dr. Helen Dahlke/UC Davis). 
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2.2 ASSESSMENTS  

Activities related to assessment  included 1) continued work on the GWP Formula, Values, and Targets, 

and 2) agronomic assessment of Nitrogen Management Plan (NMP) data.  Each is described below.  

2.2.1 LANDSCAPE‐SCALE PERFORMANCE ASSESSMENT 

As described in previous Annual Reports, thirteen Central Valley Water Quality Coalitions came together 

to develop one GWP Formula that all the Coalitions could then use to develop GWP Values and Targets, 

as required by the Order. The Workplan for development of the Groundwater Protection Formula was 

approved by the CVRWQCB in January 2021.  The GWP Formula consists of three key steps: 1) compile 

and use daily climatic, detailed soil, parcel, and Irrigation and Nitrogen Management Plan (INMP) data as 

reported by growers to the Coalitions  in their  INMP Summary Reports, 2) evaluate detailed data using 

robust,  scientifically  valid  equations  and methods  encompassed  in  the  Central  Valley  Soil  & Water 

Assessment Tool (CV‐SWAT) to estimate percolation and nitrate leaching, and 3) aggregate the results to 

the township scale to provide root‐zone‐based GWP Values before considering additional processes. This 

approach  directly  builds  off  the  previous  SWAT work  completed  for  the MPEP.  For  use  in  the GWP 

Formula,  the CV‐SWAT model was  further augmented  to use grower‐reported  Irrigation and Nitrogen 

Management Plan (INMP) Summary Report data. Results from thousands of model runs were matched to 

INMP/NMP Summary Report data to produce scientifically valid estimates (or GWP Values) of nitrate‐N 

load at the bottom of the root‐zone. The root‐zone‐based GWP Values for high‐priority townships were 

submitted to the CVRWQCB in July 2021 and subsequently approved. The GWP Targets were submitted 

to the CVRWQCB in July 2022.  Based on comments received, the GWP Targets submittal was revised and 

resubmitted in December 2022 (Central Valley Coalitions 2022).2   

2.2.2 AGRONOMIC ASSESSMENT OF INMP/NMP DATA 

The CVRWQCB requires growers to report INMP data to their water quality coalition, including crop type, 

acreage, N applied, and yield.   Agronomic assessment of  the  INMP data  is ongoing  to understand  the 

distributions of yield, N applied to the crops, and the N balance (N applied minus N removed).  These data 

sets  are  also  useful  to  understand  shifts  in  N  balances  in  agricultural  fields,  to  inform modeling  / 

monitoring  of  potential  long‐term  groundwater  quality  trends,  and  to  develop  awareness  among 

commodity groups, researchers, ag advisors, and the growers that they serve.  In addition, these data sets 

were used to support development of interim performance goals as a part of the Groundwater Protection 

Program (i.e., the GWP Milestones) (Central Valley Coalitions 2022).   

 
2 Central Valley Coalitions. 2022. Groundwater Protection Targets (GWP Report). Prepared for Buena Vista Coalition, Cawelo 

Water District Coalition, East San Joaquin Water Quality Coalition, Grassland Drainage Area Coalition, Kaweah Basin 
Water Quality Association, Kern River Watershed Coalition Authority, Kings River Watershed Coalition Authority, 
Sacramento Valley Water Quality Coalition, San Joaquin County and Delta Water Quality Coalition, Tule Basin Water 
Quality Coalition, Westlands Water Quality Coalition, Westside San Joaquin River Watershed Coalition, Westside 
Water Quality Coalition. Prepared by Formation Environmental. July 19.  Revised December 15. 
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2.3 PRIORITY INVESTIGATIONS / STUDIES  

As described in the previous Annual Reports, several priority investigations are on‐going.  A summary of 

2022 activities is provided  in the following sections.  Additional background information for each study 

was  summarized  in  the  2018  Annual  Report  and  provided  in  the  priority  investigation  study  plans 

submitted to the CVRWQCB in January 2020.   

2.3.1 YIELD TO N REMOVED STUDIES 

The purpose of the Yield to N Removed Studies is to develop N‐removed coefficients for irrigated lands in 

the Central Valley.  These studies address the MPEP objective to determine crop‐specific coefficients for 

conversion of a measured crop yield to nitrogen removed.  There are two study phases.  Phase 1 assessed 

the N concentration of harvested material removed from fields for 11 crops over three growing seasons. 

Updated conversion factors for the 11 crops were incorporated into a 2021 N‐Concentrations Report and 

the  Yield  to  N‐Removed  Calculator  (http://agmpep.com/calc‐y2r/).  As  a  part  of  Phase  2,  updated 

conversion  factors are being developed  for an additional approximately 33 additional crops, with  the 

intention of increasing coverage of highly reliable N removal estimates to 99% of Central Valley acreage, 

as required by the Order.  During 2022, the following crops were sampled and analyzed: apple, apricot, 

bell  pepper,  cherry,  cucumber,  fig,  garlic,  kiwi,  lemon, melon  (cantaloupe,  honeydew, watermelon), 

nectarine, oranges (Navel and Valencia), mandarin, grape (fresh table, dried raisin, wine), squash (acorn, 

butternut, spaghetti, zucchini), sweet corn, potato, sweet potato, table olive, and fresh market tomatoes. 

Phase  2 will  continue  through  2023.  The  annual  report  summarizing  activities  completed  in  2022  is 

included in Appendix A.  

2.3.2 IRRIGATION / FERTILIZATION ASSESSMENT STUDIES 

These studies address the MPEP objectives to determine 1) whether existing management practices are 

protective of groundwater and 2) whether newly implemented practices are improving or may result in 

improvement of groundwater quality. Furthermore,  results will be used  to validate  the process‐based 

rootzone model  (CV‐SWAT)  that  has been  calibrated  to  the Central Valley  to  evaluate  the  effects of 

management practices as well as to estimate nitrate discharges below the crop rootzone as part of the 

Groundwater Protection Program.  Three study sites were identified. Each is summarized below.  

• Almond Study (Bowman Ranch, Modesto). We are collaborating with a UC Davis Team (Thomas 

Harter, Patrick Brown, and Isaya Kisseka) on an  investigation  in an almond orchard at Bowman 

Ranch  near Modesto.  This  study  will  allow  researchers  to  assess  the  relationship  between 

measured water and N mass balances, measured vadose zone water and N fluxes, and measured 

groundwater quality (nitrate concentration) through development of an integrated groundwater‐

vadose zone‐crop model. This study is ongoing.   

• Annual Cropping System Study (Turkevich, Yolo County). This study  is focused on  investigating 

the relationship between management systems and nitrate leaching in cropping systems including 

processing  tomato, cucurbits, and grain crops. This  site  includes a co‐located eddy‐covariance  

station  to  measure  meteorological  data  and  evapotranspiration.  This  site  is  currently  fully 

instrumented and collecting plant, soil, and vadose zone data.   
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• Valencia Orange Study (Fresno County). This study  is focused on  investigating the relationship 

between management systems and nitrate leaching in a Valencia orange grove.  In 2022, an eddy‐

covariance  station  was  installed  to measure meteorological  data  and  evapotranspiration.  A 

rootzone/vadose zone monitoring system similar to that installed in the Annual Cropping System 

Study was also installed in 2022. Data collection is on‐going. 

2.3.3 CONSERVATION IN ACTION STUDY  

CDFA  FREP  and  University  of  California  (UC),  in  partnership  with  the  SSJV  MPEP  Committee,  are 

implementing the Conservation Innovation Grant (CIG) funded project Conservation in Action – Diffusion 

of  Education  to  Foster  Adoption  of  Enhanced  Nitrogen  and  Irrigation Management  Practices.    Key 

components of the project are 1) to understand whether outreach is effective at increasing the adoption 

of N  and  irrigation management practices  that  can  improve nitrogen use  efficiency  (NUE),  and 2)  to 

observe whether the adoption of these practices leads to measurable improvements in NUE. To address 

these research questions, information is needed regarding currently implemented management practices 

and  barriers  to  adoption  of  new  practices,  as well  as  quantitative  data  related  to N  application  and 

removal with harvested crops. The former  is to be collected by UC cooperative extension staff (UCCE) 

through targeted outreach activities. The latter is reported in Irrigation and Nitrogen Management Plan 

Summary Reports  (INMPs) prepared by  certified growers/advisors.    In order  to assess  the efficacy of 

outreach, an evaluation of grower performance related to N and irrigation management is necessary. To 

accomplish  this, UC proposes  to  assess  the  change  in  the  adoption of management practices  among 

cooperating growers participating in targeted outreach and relate these changes to improvements in field‐

level and township level NUE.  Results will be compared to a control group not participating in targeted 

outreach.    The  SSJV MPEP  Committee  is  supporting  UC  with  1)  selecting  focus  areas  (i.e.,  priority 

townships)  for  targeted outreach, 2) coordinating outreach activities carried out across coalitions,  the 

MPEP, UC personnel, and CDFA, and 3.) assessing management practice adoption and changes  in NUE 

using data collected  from UCCE staff and  from  INMP Summary Reports, as well as  for control groups. 

Grower privacy  is maintained by aggregating the  information and anonymizing  INMP Summary Report 

data prior to sharing with UC Davis researchers.   

2.4 OUTREACH  

Outreach activities included ongoing updates to the SSJV MPEP website, routine maintenance and user 

support for online tools and calculators, and outreach events.  Each is described below.  

2.4.1 SSJV MPEP WEBSITE 

The  SSJV MPEP website,  http://agmpep.com, was  developed  and  published  in  early  2017.    The  site 

provides a number of resources for growers and advisers, including an interactive calendar of outreach 

events  related  to  nutrient management.    The website  also  includes  a  directory  of  publicly  available 

agricultural management practice tools and resources.  The website continues to be improved and refined 

with tools and links for use by growers and grower advisors.   
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2.4.2 TOOLS AND CALCULATORS 

Tools and calculators for growers and advisors are still available in an online format and downloadable 

workbooks. Each  tool  is summarized below. Activities  in 2022  included  routine maintenance and user 

support for the following:  

 Irrigation N Calculator.  This calculator allows users to calculate N supply from inches of applied water 

and N (nitrate and/or ammonium) content from surface and/or groundwater (accommodating two 

different water supplies to the same field).  In addition to the calculator, written instructions and a 

set of lookup tables are available that can be used offline.  

 Y to R Calculator. The Crop Yield to Nitrogen Removed Calculator (also known as the Y‐to‐R Calculator) 

can be used by growers and advisers to use anticipated or actual yield data to estimate N removed 

(R) and the ratio of N applied (A) to N removed (A/R). Updates from Phase 2 will be incorporated in 

2023.   

2.4.3 OUTREACH EVENTS 

Meetings and conferences conducted by the water quality coalitions in the SSJV are summarized in their 

respective  annual  monitoring  reports.    Outreach  events  promoted  on  the  SSJV MPEP  website  are 

summarized in Appendix C. Meetings and conferences where the MPEP Team presented as part of the 

MPEP outreach program are summarized in Table 2.   

TABLE 2. SUMMARY OF 2021 OUTREACH MEETINGS AND CONFERENCES 

Date   Topic  Title of Presentation  

3/31/2022; 4/1/2022; 5/13/2022; 
5/16/2022; 5/20/2022; 5/27/2022; 
5/31/2022; 6/1/2022; 6/3/2022; 
6/9/2022; 6/15/2022  

GWP  GWP Targets 
Briefings with Central Valley Commodity Groups and 
Organizations 

5/2/2022  GWP   GWP Targets  
Briefing with Central Valley Waterboard Staff and 
Environmental Justice Representatives 

7/20/2022  GWP  GWP Targets 
ILRP Stakeholder Meeting 

10/16/2022  GWP  GWP Targets 
FREP/WPH Conference Breakout Session 

 

2.5 REPORTING  

Reporting activities included preparation of this 2022 Annual Report to summarize activities completed 

as a part of the MPEP.  

2.6 OTHER REGULATORY ACTIVITIES RELATED TO THE MPEP 

Other regulatory activities related to the MPEP, on which the MPEP Team provides scientific input to 

member coalitions, include the following: 
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 Coordination between the MPEP and coalition’ Groundwater Quality Management Plans 

(GQMPs) and other groundwater analyses. 

 Coordination related to development of GWP Targets.  
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Fertilizer Research and Education Program  
Annual Report Form 

1. Project Information 
 

Project Title  Assessment of Harvested and Sequestered Nitrogen Content 
to Improve Nitrogen Management in Crops, Phase 2  

Project Leaders Ms. Charlotte Gallock, P.E., Mr. Ken Miller, Dr. Ken 
Cassman, Dr. Daniel Geisseler   

Grant Number 20-0879 
Project Duration Start Date: January 1, 202 End Date: December 31, 2023  
Email and Phone kmiller@formationenv.com    631-745-4488 
Report Type Annual 
Reporting Period Start Date:  January 1, 2022 End Date: December 31, 2022 

2. Abstract  

Through the Irrigated Lands Regulatory Program (ILRP), the Central Valley Regional 
Water Quality Control Board (Water Board) requires producers to implement 
management practices that are protective of groundwater quality and to document the 
effectiveness of those practices by providing, among other things, information on field 
nitrogen (N) balances. In addition, the Agricultural Expert Panel convened by the State 
Water Resources Control Board recommended metrics composed of N applied (A) and 
N removed (R) to gauge program progress in reducing the mass of leachable N (Burt et 
al., 2014). To comply with this new reporting requirement, growers and their water quality 
coalitions need reliable data about N removed from fields in harvested crop materials. 
Also, growers can use rates of N removal in crops to plan nutrient management programs 
that reasonably minimize N at risk of leaching below the root zone. 

The objective of this project is to assess harvested and sequestered N content for priority 
crops.  By partnering with commodity organizations, growers, processors, and packers, it 
is possible to procure hundreds of samples that represent a range of varieties and growing 
environments for each crop. In most cases, substantial information about source fields, 
such as age of perennial crops, crop management, variety, yield, quality, and dates of 
bloom or planting, are also acquired. In this way, some of the factors that affect N content 
of the harvest can be investigated and explained. In Phase 1 of this project, updated 
conversion factors for 11 crops were incorporated into a 2021 N-Concentrations Report 
and the Yield to N-Removed Calculator (http://agmpep.com/calc-y2r/). As a part of Phase 
2 (this project), updated conversion factors will be developed for an additional 
approximately 33 additional crops.  

mailto:kmiller@formationenv.com
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3. Project background  

The Water Board now requires growers to document the effectiveness of management 
practices to minimize nitrate leaching by providing, among other things, information on 
field N balance components.  In addition, the Agricultural Expert Panel convened by the 
State Water Resources Control Board recommended regional programmatic metrics 
derived from N applied (A) and N removed in crop yield and other material (R). The 
purpose of these metrics are to gauge program progress in reducing the mass of 
leachable N (Burt et al., 2014).  This approach was incorporated into the General Order 
for growers within the Tulare Lake Basin by the Water Board, requiring that A and R for 
fields in areas with highly vulnerable groundwater be reported to the Water Board by the 
Coalitions.  To comply with this requirement, growers and their coalitions need reliable 
information about the N content of crop portions removed from the field, so that reported 
yields can be accurately converted into N removal rates.  Also, growers can use rates of 
N removal in crops to help plan nutrient management programs that reasonably minimize 
N at risk of leaching below the root zone.  
With the participation of several cooperating coalitions, the SSJV MPEP Committee 
contracted and worked with Dr. Daniel Geisseler of UC Davis to complete and publish 
usable, literature-based yield-to-N-removed conversion factors for 72 crops, representing 
more than 98% of Central Valley irrigated lands.  The report, Nitrogen Concentrations in 
Harvested Plant Parts - A Literature Overview (N-concentrations Report), was prepared 
by Dr. Geisseler (2016).  
The N-concentrations Report noted that some of the conversion factors are based on 
datasets that were small, more than 20 years old, or from outside the Central Valley, and 
/ or reflected cultivars, yields, cropping systems, and soil types other than those common 
under contemporary Central Valley conditions.  The N-concentrations Report showed that 
well-established coefficients were available for only 10 of the 72 crops, accounting for 
approximately 12 percent of irrigated lands in the Central Valley.  Further, there are even 
fewer data on the amount of N sequestered into perennial crop biomass, which growers 
need to know when planning N fertilizer programs for younger orchards, groves, and 
vineyards during rapid early growth of perennial tissues.  To refine currently available 
coefficients, additional data need to be obtained from analysis of recent crop samples 
from Central Valley fields over several years.   
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4. Activities performed 

4.1. Objectives  
Tasks, activities and accomplishments: The following table describes project activities 
pertaining to each objective during the reporting period. 
Results for each task:  

Objective 1:  
Assess N concentration of harvested material removed from fields (N removed [R]) for 
approximately 33 crops over several growing seasons, and N sequestration rates for 
eight perennial crops (which are included among the 33 total crops), by working with 
grower/packer/shipper partners to obtain samples, and UC Davis to analyze samples 
and interpret results.  
 
Tasks:  
Task 1. Establish sampling protocols and analysis methods for 33 crops. Sampling and 
analysis protocols will be individually established for each of the 33 crops. Sampling 
protocols will focus on obtaining sufficiently representative, samples (i.e., 
representative of environmental, cultural, and varietal variation among harvested 
blocks, weighting differing conditions in proportion to their predominance), and include 
directions for sampling points and timing, sample number and volume or weight, 
compositing of samples, gathering relevant cultural data about the context (location and 
conditions) in which the sample was produced, and sample packaging and shipping. 
 
Task 2. Sample and assess harvested and sequestered N concentration. Sampling and 
analysis will occur during the 2021 through 2023 harvest seasons, except where 
partners have suitable archived samples so that new ones need not be collected. 
Sampling will be coordinated with project partners, including scientists and 
grower/packer/shippers. Grower/packer/shippers will collect samples according to the 
crop-specific protocols developed in Task 1. 
 
Results for each task: 
Task 1. Products: Sampling and analysis protocols ready for use in Tasks 2 through 4. 
To date, sampling protocols developed in Phase 1 have been adapted and refined as 
needed for crops sampled in Phase 2.  
 
Task 2 Products: Samples, sample transit, reception, logging, storage, drying, 
preparation, and analysis of N concentration and moisture content. During 2022, the 
following crops were sampled and analyzed: apples, apricots, bell peppers, citrus 
(lemon, mandarin), cherries, cucumbers, figs, kiwis, melons (cantaloupe, honeydew, 
watermelon), nectarines, Irish potato, sweet potato, squash (butternut, spaghetti), 
sweet corn, fresh market tomato, table grape, wine grape, table olive.  
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Objective 2:  
Refine crop yield (Y)-to-R conversion factors, and add N-sequestration rate estimates, 
for use by growers and grower advisors during nutrient management planning and by 
coalitions for large-scale performance assessment.  
 
Tasks:  
Task 3. Interpret results and develop and publish Geisseler (2016, 2021) update. In 
2023, Dr. Geisseler will update the N removed/sequestered database and develop an 
update of the N-concentrations Report. It is anticipated that Dr. Geisseler will employ 
similar methodology to that employed in his 2016 report and 2021 update, incorporating 
new information and addressing new suggestions. 
 
Results for each task: 
No work for this task occurred in 2022.  This task is anticipated to occur in 2023. 
 
Objective 3:  
Promote and enable expanded knowledge and appropriate use of N-removal 
coefficients and N-sequestration rates (as part of routine N-management planning and 
evaluation) by growers, grower advisors, and coalitions. This includes the following  
 

a. Incorporate results in an update of the N-concentrations Report (2016 and 2021).  
b. Update existing online and off-line tools for estimating N removed in crops and 
incorporate into regional assessments of N balance in irrigated crop lands. Update 
N accumulation rates in crop models used in the ILRP.  

 
Tasks:  
Task 4. Develop and publish calculator update. This task includes revision and 
refinement of the SSJV MPEP online Y-to-R calculator for use by anyone, but especially 
by coalitions, growers, and grower advisors. The calculator estimates N removed (R) 
and the ratio of N applied (A) to N removed (A/R), and the N balance (A-R), based on 
inputs for a single crop or for multiple crops. Growers may also download a workbook 
version that can be operated locally, which may increase usership by facilitating work 
with batches of fields at once, and by eliminating concerns about online data privacy. 
Coalition tools will be offline database tools for converting A and yield data collected 
from growers to N-removed data for the Nitrogen Management Plan (NMP) Summary 
Report analyses that are required in their Annual Monitoring Reports. The conversion 
factors will be based on the most recent of version of the N-concentrations Report 
(2021). The calculator is and will remain freely available online. 
 
Task 5. Outreach to growers and advisors. Results will be shared through outreach 
activities to growers, grower advisors, and FREP through grower meetings, events, 
conference presentations, and online and print media. 
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Results for each task: 
No work for Task 4 or Task 5 occurred in 2022.  These tasks are anticipated to occur 
in 2023. 
 

 

Discussion and conclusions:  

The main conclusion from Year 2 is that the planned approach of continuing to work with 
commodity groups to identify grower/packer/shipper partners, then leveraging their 
existing methods of obtaining representative samples of harvested materials, is 
continuing to be a sound and efficient approach. These new data will supplement existing 
datasets with results for additional recent, local, samples from fields across the Central 
Valley over three growing seasons. With these results, growers will have more reliable 
information with respect to crop N requirements that can help refine N-management 
planning. Furthermore, growers, coalitions, and the Water Board may more accurately 
assess progress in the reduction of leachable N in agricultural systems across the Central 
Valley.  

4.2 Outreach  
The N removed coefficients being refined by the project feed into several outreach 
processes and tools.  Outreach processes into which the N removed coefficients are 
directly incorporated as they are refined are summarized the following tables: 

Event Name (1)  
 

Continued use/promotion of the online calculator 

Presentation title 
 

Crop Yield to Nitrogen Removed Calculator (also known as the 
Y-to-R Calculator) 

Location and date 
 

https://agmpep.com/calc-y2r/ 

Attendee demographics 
(CCAs, PCAs, growers, 
consultants, researchers, 
etc.) 

The target audience for the website are growers and advisors in 
the Central Valley. 

CCA/Grower Continuing 
Education Units (CEUs) 
offered 
 

0 Number of 
participants 

N/A 

 

 

https://agmpep.com/calc-y2r/


Fertilizer Research and Education Program (FREP)  
Interim and Annual Report Form 
State of California  
Department of Food and Agriculture  
 

6 
 

 

Event Name (2)  
 

Nitrogen Management Plan (NMP) Summary Report 

Presentation title 
 

NMP Summary Report yield data are processed by coalitions 
with N removed coefficients, and then reported back to growers 
so that they can check to make sure that they are properly 
accounting for N removal as they plan N applications. 
Coefficients used by coalitions reflect updates from this Project. 

Location and date 
 

On-going 

Attendee demographics 
(CCAs, PCAs, growers, 
consultants, researchers, 
etc.) 

Growers and coalitions in the Central Valley 

CCA/Grower Continuing 
Education Units (CEUs) 
offered 
 

0 Number of 
participants 

N/A 

 

Event Name (3)  
 

Agronomic Assessment of NMP Summary Report Data  

Presentation title 
 

NMP Summary Report data from throughout the Central Valley 
are analyzed from an agronomic perspective. The results are 
then shared with commodity groups and grower/grower advisor 
communities, so that they can evaluate the meaning of what 
growers have reported, relative to future nutrient management 
study and outreach. The N removal coefficients are employed 
directly in calculation of the N balance in this analysis. This is a 
key parameter that reflects the maximum mass of leachable N. 

Location and date 
 

On-going 

Attendee demographics 
(CCAs, PCAs, growers, 
consultants, researchers, 
etc.) 

Growers and coalitions in the Central Valley 

CCA/Grower Continuing 
Education Units (CEUs) 
offered 
 

0 Number of 
participants 

N/A 
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Event Name (4)  
 

2022 FREP Conference  

Presentation title 
 

Presentation 1: Crop Nitrogen Removal Coefficients  
Presentation 2: Groundwater Protection Targets 

Location and date 
 

October 25 & 26, 2022 

Attendee demographics 
(CCAs, PCAs, growers, 
consultants, researchers, 
etc.) 

Growers, Central Valley coalitions, CCAs, PCAs, consultants, 
researchers, regulators 

CCA/Grower Continuing 
Education Units (CEUs) 
offered 
 

0 Number of 
participants 
 

100 

 

5. Challenges 
 

The following table describes challenged that occurred during this reporting period.  
 

Challenge Corrective Action and/or Project 
Change/lessons learned 

N/A  
  

 

6. Additional information  
N/A  
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7. Activities for next reporting period 
The following table describes activities planned for the next reporting period.  
 

Activity 
Anticipated 
Completion 

Date 
Task 1. Continued development and refinement of sampling protocols Dec 2023 

Task 2. Continue sampling and analysis of harvested and sequestered 
N concentration 

Dec 2023 

Task 5. Continue outreach to growers and advisors Dec 2023 

 

8. Figures, tables, and supporting documents  
N/A 

9. References  
Agricultural Expert Panel. 2014. Recommendations to the State Water Resources Control 

Board pertaining to the Irrigated Lands Regulatory Program. In fulfillment of SBX2 
1 of the California Legislature. September 9.  

Geisseler, Daniel. 2016. Nitrogen Concentrations in Harvested Plant Parts – A 
Literature Overview. UC Davis. Available here: 
http://geisseler.ucdavis.edu/Geisseler_Report_2016_12_02.pdf  

Geisseler, Daniel. 2021. Nitrogen Concentrations in Harvested Plant Parts – A 
Literature Overview. UC Davis. Available here: 
http://geisseler.ucdavis.edu/Geisseler_Report_U1_2021_03_31.pdf  

http://geisseler.ucdavis.edu/Geisseler_Report_2016_12_02.pdf
http://geisseler.ucdavis.edu/Geisseler_Report_U1_2021_03_31.pdf
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Assessment of Harvested and Sequestered 
Nitrogen Content to Improve Nitrogen 
Management in Perennial Crops, Phase 2

Project Leaders
Ms. Charlotte Gallock, P.E.
Manager of Water Resources
Kings River Conservation District
cgallock@krcd.org
	
Dr. Ken Cassman
Senior Agronomic and Soils Advisor
kgc1consulting@gmail.com

Mr. Ken Miller
Technical Program Manager SSJV MPEP 
Program
Formation Environmental
kmiller@formationenv.com 

Cooperator
Dr. Daniel Geisseler 
Assoc. Nutrient Mgmt CE Specialist 
UC Davis
djgeisseler@ucdavis.edu

INTRODUCTION
Through the Irrigated Lands Regulatory 
Program (ILRP), the Central Valley Regional 
Water Quality Control Board (Water Board) 
requires producers to implement man-
agement practices that are protective of 
groundwater quality and to document the 
effectiveness of those practices by provid-
ing, among other things, information on 
field nitrogen (N) balances. In addition, the 
Agricultural Expert Panel convened by the 
State Water Resources Control Board rec-
ommended metrics composed of N applied 
(A) and N removed (R) to gauge program 
progress in reducing the mass of leachable 
N (Burt et al., 2014). To comply with this new 
reporting requirement, growers and their 
water quality coalitions need reliable data 
about N removed from fields in harvested 
crop materials. Also, growers can use rates 
of N removal in crops to plan nutrient man-
agement programs that reasonably minimize 
N at risk of leaching below the root zone.

With the participation of several cooperating 
coalitions, the SSJV MPEP Committee con-

tracted and worked with Dr. Daniel Geisseler 
of UC Davis to complete and publish usable, 
literature-based yield-to-N-removed conver-
sion factors for 72 crops, representing more 
than 98% of Central Valley irrigated lands.  
The report, Nitrogen Concentrations in 
Harvested Plant Parts - A Literature Overview 
(N-concentrations Report), was prepared by 
Dr. Geisseler (2016). The N-concentrations 
Report noted that some of the conversion 
factors are based on datasets that were 
small, more than 20 years old, or from 
outside the Central Valley, and / or reflected 
cultivars, yields, cropping systems, and 
soil types other than those common under 
contemporary Central Valley conditions.  
The N-concentrations Report showed that 
well-established coefficients were available 
for only 10 of the 72 crops, accounting for 
approximately 12 percent of irrigated lands 
in the Central Valley.  Further, there are even 
fewer data on the amount of N sequestered 
into perennial crop biomass, which growers 
need to know when planning N fertilizer 
programs for younger orchards, groves, 
and vineyards during rapid early growth 
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of perennial tissues.  To refine currently 
available coefficients, additional data need 
to be obtained from analysis of recent crop 
samples over several years.  

In Phase 1 of this project, updated conver-
sion factors for 11 crops were incorporated 
into a 2021 N-Concentrations Report and 
the Yield to N-Removed Calculator (http://
agmpep.com/calc-y2r/). As a part of Phase 
2 (this project), updated conversion factors 
will be developed for an additional approxi-
mately 33 additional crops. 

OBJECTIVES
The overall objective of this project is to 
assess harvested and sequestered N 
content for priority crops.  Specific objectives 
include the following:

1	 Assess N concentration of harvested 
material removed from fields (N re-
moved [R]) for approximately 33 crops 
over several growing seasons, and N 
sequestration rates for eight perennial 
crops (which are included among the 
33 total crops), by working with grower/
packer/shipper partners to obtain sam-
ples, and UC Davis to analyze samples 
and interpret results.

2	 Refine crop yield (Y)-to-R conversion 
factors, and add N-sequestration rate 
estimates, for use by growers and 
grower advisors during nutrient man-
agement planning and by coalitions for 
large-scale performance assessment.

3	 Promote and enable expanded knowl-
edge and appropriate use of N-removal 
coefficients and N-sequestration rates 
(as part of routine N-management plan-
ning and evaluation) by growers, grower 
advisors, and coalitions. This includes 
the following:
•	Incorporate results in an update of 

Geisseler (2016, 2021).

•	Update existing online and off-line 
tools for estimating N removed in 
crops and incorporate into regional 
assessments of N balance in irrigat-
ed crop lands. Update N accumula-
tion rates in crop models used in the 
ILRP.

DESCRIPTION
By partnering with commodity organizations, 
growers, processors, packers, and retail-
ers, it is possible to procure hundreds of 
samples that represent a range of varieties 
and growing environments for each crop.  
Currently, samples are planned to be or are 
being collected and analyzed for apricots, 
nectarines, cherries, Valencia and Navel 
oranges, lemons, tangelos, grapefruit, figs, 
table grapes, raisins, sweet corn, corn grain, 
sorghum grain, non-alfalfa hay/haylage, 
cantaloupe, honeydew, watermelon, summer 
squash, cucumber, onion, garlic, potato, 
sweet potato, fresh market tomato and bell 
pepper.  

Results will be incorporated into the as-
sessment and planning tools available to 
growers, grower advisors, and coalitions. 
This includes updates of the N-concentra-
tions Report (Geisseler 2016, 2021) and the 
N removed calculator on the agmpep.com 
website.

RESULTS AND DISCUSSION
Work completed since the commencement 
of Phase 1 includes coordination of four 
years of sampling with grower/packer/
shipper partners, along with preparation and 
analysis of the samples obtained. Results 
from Phase 1 are documented in Geisseler 
(2021) and have been incorporated into the 
N removed calculator on the agmpep.com 
website (http://agmpep.com/calc-y2r/). 
These results are also presented in Table 1. 
Results from Phase 2 are not yet available. 

http://agmpep.com/calc-y2r/
http://agmpep.com/calc-y2r/
http://agmpep.com/calc-y2r/
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Results from this project improve our under-
standing of N removed in harvested mate-
rials from crops grown within the Central 
Valley. As shown in Table 1, in some cases 
(e.g., corn silage, cotton, and walnuts), the 
N-removal coefficient changed little after 
integration of new data obtained from this 
project, while with other crops (e.g., peaches 
and pomegranates), it changed substantial-
ly. Differences in updated conversion factors 
can be caused by many variables related 
to how relevant and comprehensive the 
previously used data were to current Central 

Table 1. Initial (Geisseler 2016) and Updated (Geisseler 2021) N removal Coefficients.

Valley conditions. Regardless of whether the 
coefficient changed considerably or not, the 
collection and integration of current data 
from the Central Valley that span differing 
climates, soils, management practices, and 
years, provides a clearer picture of N remov-
al dynamics within Central Valley agriculture 
and helps growers, advisors, and coalitions 
better plan and refine nutrient management 
into the future.

TAKE HOME MESSAGES
A sound understanding of N removed in har-
vested portions of crops is a vital component 
of any nutrient management plan and helps 
growers determine fertilizer requirements for 
a growing season. To use these N removal 
coefficients, it is paramount to understand 
what they represent. The Geisseler (2016, 
2021) reports provide important information 
on the coefficients related to their associat-
ed yield units, presumed moisture contents, 
and what plant materials are represented 

(e.g., the cotton coefficient includes N in lint 
and seed, and needs to be adjusted if yields 
only consider lint). Furthermore, the reports 
contain metrics on the degree of variability 
of N in harvested materials to show how N 
concentrations may differ across space and 
time and potential reasons for that vari-
ability. Other considerations for estimating 
fertilizer requirements should include other 
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sources of N besides fertilizers (e.g., N in 
irrigation water and crop residues) and N 
required for non-harvested plant materials 
such as leaves, stems, roots, and perennial 
tissues. Proper N application rates, timing, 
and placement should be tailored to crop 
growth stage, nutrient demand, and irriga-
tion practices. Local conditions (e.g., soil 
and climate) should also be factored in to 
ensure better fertilizer-use efficiency.

As our understanding of crop N-removal co-
efficients continues to improve, stakeholders 
can continue to work towards a productive 
and sustainable future for Central Valley 
agriculture.
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TABLE C‐1. SUMMARY OF 2022 OUTREACH EVENTS PROMOTED TO GROWERS ON SSJV MPEP WEBSITE 

Event Date  Event Title 

1/3/2022   UC Nitrogen Course 

1/7/2022   CA Walnut Conference 

1/10/2022   UC Nitrogen Course 

1/11/2022   Kern River Watershed Grower Ed Meeting 

1/12/2022   San Joaquin Valley Virtual Grape Symposium 

1/12/2022   Kern River Watershed Grower Ed Meeting 

1/17/2022   UC Nitrogen Course 

1/19/2022   Statewide Pistachio Day 

1/21/2022   San Joaquin County Grower Meetings 

1/24/2022   UC Nitrogen Course 

1/25/2022   Southern San Joaquin Valley Virtual Grape Symposium 

1/31/2022   UC Nitrogen Course 

2/2/2022   Virtual Statewide Walnut Mtg 

2/7/2022   UC Nitrogen Course 

2/8/2022   California Agricultural Irrigation Association (CAIA) World Ag Expo Meeting & Dinner 

2/14/2022   UC Nitrogen Course 

2/21/2022   UC Nitrogen Course 

2/21/2022   San Joaquin County Grower Meetings 

2/28/2022   UC Nitrogen Course 

3/2/2022   UCNFA: Nitrogen Management 

3/3/2022   Tehama County UCCE Walnut Day 

4/5/2022   Course: Madera County Almond Day 

4/5/2022   Course: Healthy Soils Project Seminar 

4/6/2022   West Coast Nut Presents: Pecan Day 

4/6/2022   Course: Madera County Almond Day 

4/7/2022   California Walnut Conference 

4/7/2022   Course: California Walnut Conference 

4/13/2022   Course: Healthy Soils Project Webinar ‐ Healthy Soils Project Webinar 

4/23/2022  
Irrigation Efficiency and Water Runoff Management: Field Demonstration and 
Discussion 

4/25/2022   CAPCA Spring Summit 

5/3/2022   Digging In: Soil and Irrigation Field Day ‐ Chico 

5/4/2022   Advances in Citrus Water Management Workshop 

5/4/2022   Digging In: Soil and Irrigation Field Day ‐ Dixon 

5/5/2022  
Agronomic Crops and Irrigation Water Management Field Day (Virtual) UCCE Imperial 
County 

5/5/2022   Digging In: Soil and Irrigation Field Day ‐ Stockton 

5/6/2022   Course: Basic Irrigation Pump Efficiency 

5/10/2022   CropManage Hands on Workshop May 10th, 2022 

5/18/2022   Understanding a Pump Efficiency Test 

5/20/2022   Irrigation and Nutrient Management and CropManage Workshops 



 

 

Event Date  Event Title 

6/2/2022   Live Earth Farm Farmland Flyways, Wildways, and Waterways Field Day 

6/7/2022   Citrus Research Boards Webinar Series 

6/7/2022   Walnut Field Day 

6/8/2022   North Valley Nut Conference 

6/8/2022   Irrigation Systems, Above & Below Ground 

6/9/2022  
Course: WALNUT FIELD MEETING Rootstocks and Irrigation Managment ‐ Hands‐on 
Pressure Chamber Workshop 

6/13/2022  
Course: California CCA Nitrogen Management Course ‐ California CCA Nitrogen 
Management Course Module 6 

6/14/2022   Citrus Research Boards Webinar Series 

6/19/2022   Course: Solbrio Research Field Event 

6/20/2022  
Course: California CCA Nitrogen Management Course ‐ California CCA Nitrogen 
Management Course Module 7 

6/21/2022   Digging In: Soil and Irrigation Field Day ‐ Wasco 

6/21/2022   Citrus Research Boards Webinar Series 

6/21/2022  
Soil Health and Carbon Benefits from Compost Application to Rangelands: Different for 
Different Soil Types 

6/22/2022   Digging In: Soil and Irrigation Field Day ‐ Lemoore 

6/22/2022   Course: Advances in Citrus Water Management Workshop 

6/23/2022   Digging In: Soil and Irrigation Field Day ‐ Chowchilla 

6/23/2022   Almond Variety Trial & Irrigation Management Demonstration 

6/23/2022   Course: Advances in Citrus Water Management Workshop 

6/27/2022  
Irrigation System Evaluation Class 1: Theory and Laboratory Practice of Evaluations (at 
Cal Poly) 

6/27/2022   Course: California CCA Nitrogen Management Course Module 8 

6/28/2022   Citrus Research Boards Webinar Series 

6/28/2022   Soil Health Dos and Don'ts 

6/29/2022  
Irrigation System Evaluation Class 2: Field Evaluation of Drip/Micro Systems (San 
Joaquin Valley) 

7/2/2022   2022 Healthy Soil Summit 

7/7/2022   Course: Advances in Pistachio Water Management Workshop 

7/14/2022   Soil Health Institute Annual Meeting 

7/14/2022   Small Farm Conference 

7/14/2022   FREP 

7/19/2022   Utilizing Precision Agriculture for Sustainable Crop Management 

7/26/2022   InfoAg Conference and Trade Show 

7/26/2022   Enhancing Sustainability through On‐farm Research and Metrics 

7/27/2022   Basic Soil, Plant, & Water Relationships 

7/28/2022   Irrigation Scheduling, Salinity, & Drainage 

8/1/2022   Basic Pipeline Hydraulics I 

8/2/2022   Basic Pipeline Hydraulics II 

8/2/2022   Building Soil Health with 4R Nutrient Management 

8/3/2022   Pumps I (Summer) 

8/4/2022   Pumps II (Summer) 



 

 

Event Date  Event Title 

8/8/2022   Fertigation 

8/9/2022   Row Crop Drip Irrigation 

8/10/2022   Drip/Micro Irrigation Design 

8/30/2022   FARM PROGRESS SHOW 

9/14/2022   CAIA Fall Meeting 

9/22/2022   21st Annual Strawberry Production Meeting 

9/28/2022   Avocado Irrigation Workshop 

9/29/2022   Kearney Alfalfa and Forage Field Day 

10/9/2022   CAPCA Annual Conference & Agri Expo 

10/21/2022   2022 Annual Meeting of the Professional Soil Scientists Association of California 

10/28/2022   6th Annual AgTech Day 

11/3/2022   California Tree Nut Conference 

11/3/2022   Irrigation Technology Workshops 

11/4/2022   Irrigation Technology Workshops 

11/7/2022   Nitrogen and Irrigation Management: Back to Basics 

11/8/2022   Tree & Vine Expo 

11/11/2022   Grape, Nut & Tree Fruit Expo 

11/13/2022   California Climate and Agricultural Summit 

11/14/2022   2022 World Alfalfa Congress 

11/14/2022   Sustainable Ag Expo 

11/14/2022   Nitrogen and Irrigation Management Workshop 

11/16/2022   Nitrogen and Irrigation Management: Introductory Course 

11/16/2022   Irrigation Technology Workshops 

11/16/2022   Orchard and Vineyard Field Day 

11/17/2022   Latino Farmer Conference 

11/17/2022   Irrigation Technology Workshops 

11/30/2022   Organic Grower Summit 

12/1/2022   Organic Fertilization Association of California Webinar 

12/2/2022   California Farm Bureau 2022 Annual Meeting and YF&R State Conference 

12/5/2022   SJV Avocado Meeting and GEM Grove Tours 

12/6/2022   Almond Conference 

12/8/2022   Organic Fruit Grower Workshop 

12/8/2022   2022 Integrated Pest Management Workshop 

12/13/2022   2022 Vegetable Grower Meeting 

12/13/2022   Salinity Management in Pistachio Workshop 
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