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1 INTRODUCTION 
This document is the 2020 Annual Report for the Southern San Joaquin Valley (SSJV) Management 
Practices Evaluation Program (MPEP).  The reporting period is from January 1 through December 31, 
2020.  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 
Workplanning included finalization and submittal of the three study plans for the priority investigations 
identified in the Final Management Practices Evaluation Workplan (MPEP Workplan).  The study plans 
were submitted to the Central Valley Regional Water Quality Control Board (RWQCB) in June 2020.  The 
study plans included:  

• Assessment of Harvested and Sequestered Nitrogen Content to Improve Nitrogen Management 
in Crops (Yield to N Removed, or Y-to-R Study),  

• Short Time of Travel Evaluation of Connection between Nitrate in Root Zones and Groundwater 
as Affected by Crop and Soil Management (Short Time of Travel Evaluation),  

• Understanding Influences on Grower Decision-Making and Adoption of Nitrogen Management 
Practices in the South San Joaquin Valley (Barriers to Adoption Study).   

 
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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Grants were pursued with our project partners, including the USDA Natural Resources Conservation 
Service (NRCS) Conservation Innovation Grant program (CIG) and the CA Department of Agriculture 
(CDFA) Fertilizer Research and Education Program (FREP).  Two grants were pursued and one grant was 
awarded.  The applications focused on MPEP activities related to assessment of leaching below the root 
zone and the assessment of harvested and sequestered nitrogen content.  A summary of each is 
provided below.   

• 2020 Classic CIG Grant from NRCS.  The proposed project, Measuring salt, nitrate, and water 
leaching below root zones of five major Central Valley crops to identify the best approaches to 
protecting groundwater quality, had four main objectives: 1) directly measure nitrate and 
salinity leaching in representative fields for three growing seasons while carefully 
monitoring operations; 2) understand annual water, salt, and N mass balances by comparing 
monitoring results to alternative estimates; 3) refine the CV-SWAT model to incorporate the 
SWAT salinity module and validate nitrate and salinity estimates; and 4) extend CV-SWAT 
model and CropManage results to growers and grower advisors throughout the CV.  The 
SSJV MPEP Committee was the project applicant and the funding request was $2M. 

• 2020 FREP Grant from CDFA. The goal of the proposed project, Assessment of Harvested 
and Sequestered Nitrogen Content to Improve Nitrogen Management in Crops (Phase 2), has 
three main objectives: 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 8 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; 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, and 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. The SSJV MPEP Committee was the project 
applicant and the funding award was approximately $225,000. 

Additionally, we contributed to and/or supported numerous grant proposals prepared by our 
project partners, including the following: 

• Enhancing alfalfa yield through in-season precision irrigation and winter managed aquifer 
recharge (Dr. Kisekka). 

• Comprehensive evaluation of enhanced nutritional strategies to treat Huanglongbing-affected 
trees and maintain crop productivity (Dr. Kisekka with many others). This project would 
contribute to our Short Time of Travel Evaluation). 
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• Nitrate Leaching to Groundwater threatens Sustainability of Citrus Production in California and 
Florida (Dr. Kisekka). This project would contribute to our Short Time of Travel Evaluation). 

• Evaluating nitrogen leaching and irrigation requirements in processing tomatoes for enhanced 
productivity and sustainability (Dr. Kisekka). This project would contribute to our Short Time of 
Travel Evaluation). 

2.2 ASSESSMENTS  
Activities related to assessment included 1) continued work on the development of the Soil and Water 
Assessment Tool (SWAT) for a landscape-scale performance assessment of Central Valley agriculture, 
and 2) agronomic assessment of Nitrogen Management Plan (NMP) data.  Each is described below.  

2.2.1 LANDSCAPE-SCALE PERFORMANCE ASSESSMENT 
As described in the MPEP Workplan and the 2018 Annual Report, a modeling approach was used to 
address the MPEP objective of developing an estimate of the effect of Members’ discharges of 
constituents of concern on groundwater quality.  Specifically, SWAT was developed to support a 
landscape-scale performance assessment of N losses under current conditions and alternative 
management practice scenarios.  A report summarizing the methods employed for the root-zone 
modeling component was included as Appendix A to the 2019 Annual Report. 

In 2020, landscape-scale assessment work transitioned to activities to support development of the 
Groundwater Protection (GWP) Formula. Thirteen Central Valley Water Quality Coalitions came together 
to develop one GWP Formula that all the Coalitions would then use to develop GWP Values and Targets, 
as required by the Order. The Workplan for development of the Groundwater Protection Formula was 
submitted to the RWQCB in July and subsequently approved.  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. For use in the GWP Formula, the 
CV-SWAT model has been further augmented to use grower-reported Irrigation and Nitrogen 
Management Plan (INMP) Summary Report data. Results from thousands of model runs will be matched 
to INMP Summary Report data. Results will then be compiled on a township basis to estimate 
percolation and nitrate leaching in High Vulnerability Townships.  

2.2.2 AGRONOMIC ASSESSMENT OF NMP DATA 
The RWQCB requires growers to report INMP data to their water quality coalition, including crop type, 
acreage, N applied, yield, and N removed.  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 
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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.   

2.3 PRIORITY INVESTIGATIONS / STUDIES  
As described in the previous Annual Reports, three priority investigations have commenced.  A summary 
of 2020 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 RWQCB 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.  Although results from Phase 1 of the 
study were anticipated to be available in 2020, the list of crops was expanded under a no-cost extension 
of the CDFA grant due to efficiencies in project organization and collection and analysis of samples.  An 
adequate number of samples of harvested material were collected for ten of the twelve crops originally 
outlined (pomegranate, peaches, plums, raisins, safflower, processing tomatoes, pistachio, corn [grain 
and silage], sorghum). Only two crops (carrot and sunflower) required additional sampling in the 2020 
growing season. A report summarizing the results of the Phase 1 project, updating a similar 2016 report 
for harvested portions of 11 crops and perennial tissues for almonds, were posted at 
http://geisseler.ucdavis.edu/Project_N_Removal.html in March 2021. Sampling of several citrus crops 
commenced in Fall of 2020, and will continue as part of the Phase 2 study. Phase 1 is anticipated to be 
complete in July 2021.  An annual report summarizing work completed in 2020 is provided in Appendix 
A.  Additional crops are being pursued in Phase 2 (Section 2.1), with the intention of increasing coverage 
of highly reliable N removal estimates to 99% of Central Valley acreage, as required by the Order.   

2.3.2 IRRIGATION / FERTILIZATION ASSESSMENT STUDY 
This study addresses 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.  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.   

• Tomato Study (Turkevich, Yolo County). This study is focused on investigating the relationship 
between management systems and nitrate leaching in processing tomato systems. This site also 
includes a co-located eddy-covariance (ET) station. Activities in 2020 included securing funding 
and preparing for implementation in 2021  

http://geisseler.ucdavis.edu/Project_N_Removal.html


 

5 

• Navel Orange Study (Cehrs’ Site and another cooperator, Fresno County): This study, Nitrate 
Leaching to Groundwater threatens Sustainability of Irrigated Citrus Production in California and 
Florida, was submitted for funding to the USDA Specialty Crop Research Initiative. The project 
proposes to 1) develop precision irrigation and fertigation management practices that optimize 
production (yield quantity and quality) of citrus while minimizing environmental impacts of 
nitrogen and phosphorous, and 2) develop and evaluate innovative methods for monitoring 
nitrate leaching below the root zone and in the deep vadose zone until it enters groundwater.  If 
awarded, this project will commence in 2021. 

2.3.3 BARRIERS TO ADOPTION STUDIES 
The purpose of the Barriers to Adoption Studies is to provide an understanding of N management 
practice adoption and barriers to more extensive adoption for the majority of irrigated lands in the 
Sacramento, San Joaquin, and South San Joaquin Valleys. The current study, Understanding Grower 
Decision‐Making and Adoption of Nitrogen Management Practices in the South San Joaquin Valley, is 
ongoing.  The study plan for the initial work was included in the 2018 Annual Report.  This study is aimed 
at understanding key barriers to and incentives for grower adoption of management practices that are 
protective of groundwater quality in the SSJV. Results will be used to understand the status of adoption 
of N management practices; determine the challenges and benefits on grower decision-making; and 
identify the key incentives and barriers to enhanced adoption of improved management practices.  
Activities in 2020 included survey distribution throughout the SSJV.  University of California researchers 
are currently analyzing the survey results.  A final report is expected in 2021.   

2.4 OUTREACH  
Outreach activities included ongoing updates to the SSJV MPEP website, routine maintenance and user 
support for online tools and calculators, presentations at conferences, grower meetings, and college as 
well as graduate courses, and outreach to growers through their commodity organizations.  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 more and more tools and links for use by growers and grower advisors.   

2.4.2 TOOLS AND CALCULATORS 
Tools and calculators for growers and advisors are still available in online calculators and downloadable 
workbooks. Each tool is summarized below. Activities in 2020 included routine maintenance and user 
support. The three viewers are designed to restrict the user to viewing fields that they manage. 
Programing to allow field identification based on grower APNs may be developed in 2021 to allow the 
viewers to be deployed.  

http://agmpep.com/
http://agmpep.com/
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• 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). Additional updates will be 
incorporated as results from Phase 1 of the Y to R Project (Section 2.3.1) are available.   

• Actual Evapotranspiration (ETa) Variability Viewer. This online mapping tool allows the user to 
zoom into specific fields, complete with field boundaries and reference maps and imagery, and view 
evapotranspiration variability (5 pixels/acre, or 400 on an 80-acre field) within each field.  Growers 
can access the Evapotranspiration Variability Viewer online through a portal on their coalition’s 
website.   

• Field Water Use Viewer.  This tool is similar to the ETa Variability Viewer, but allows growers to view 
a 1) histogram of the Statewide ETa distribution for a selected crop and 2) annual total ETa, ETa95, 
and ETc.   

2.4.3 MEETINGS AND CONFERENCES  
Meetings and conferences conducted by the water quality coalitions in the SSJV are summarized in their 
respective annual monitoring reports.  Meetings and conferences where the MPEP Team has presented 
as part of the MPEP outreach program are summarized in Table 2. Outreach activities were significantly 
reduced relative to previous years due to the COVID-19 pandemic.   

TABLE 2. SUMMARY OF 2020 OUTREACH MEETINGS AND CONFERENCES 

Date  Topic Title of Presentation  
February 6 ILRP Overview Overview of Irrigated Lands Regulatory Program (ILRP) 

UC Davis, Cameron Pittelkow's Agriculture & the Environment Course 

February 19 SWAT 
Assessment 

Soil and Water Assessment Tool 
NRCS Technology Showcase, Sacramento  

February 19 ILRP Overview A Central Valley Grower Group’s Effort to Protect Groundwater Quality  
2020 Southwest Idaho Ground Water Quality Forum 

May 26 ILRP Overview Overview of Irrigated Lands Regulatory Program 
UC Davis, Mark Lubell's Water Policy Course 

June 19 SWAT 
Assessment 

Soil and Water Assessment Tool 
RWQCB / ILRP Stakeholder Meeting 

October 28 N Removed Assessment of Harvested and Sequestered Nitrogen Content in California 
Crops 
Presented at the FREP Conference  

 

http://agmpep.com/variability/
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2.5 REPORTING  
Reporting activities were limited to preparation of this 2020 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: 

• Coordination between the MPEP and coalition’ Groundwater Quality Management Plans 
(GQMPs) and other groundwater analyses. 

• Coordination related to development of groundwater protection formulas, values, and targets.  
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Fertilizer Research and Education Program
Annual Report 

1. Project Information

Project Title Assessment of Harvested and Sequestered Nitrogen Content 
to Improve Nitrogen Management in Perennial Crops 

Project leaders Ms. Charlotte Gallock, P.E., Dr. John Dickey, Dr. Ken 
Cassman, Dr. Daniel Geisseler  

Grant Number 17-0488
Project Duration Start Date: January 1, 2018 End Date: December 31, 2021 
Email and Phone jdickey@plantierra.com (916) 517-2481 
Report Type Annual 
Reporting Period Start Date:  January 1, 2020 End Date: December 31, 2020 

2. Abstract
 

The objective of this project is to assess harvested and sequestered N content in priority 
crops (with prioritization based on the N-concentrations Report and input from other 
experts) (Table 1).  These new data will supplement existing datasets with additional 
recent, local, samples from fields across the Central Valley over three growing 
seasons.  With these results, growers, coalitions, and the Regional Water Quality 
Control Board, Region 5 (Water Board) may more accurately assess progress in the 
reduction of leachable N in agricultural systems across the Central Valley.  
As part of a no-cost extension, the list of crops originally outlined in the Workplan was 
expanded. An adequate number of samples of harvested material have been collected 
for ten of the twelve crops originally outlined. Only two (carrot and sunflower) of the 
twelve crops required additional sampling in the 2020-2021 growing season. Sample 
collection and analysis are still ongoing, and therefore our results have yet to be 
finalized. Crop yield-to-N-removed conversion factors will continue to be refined as 
more samples are harvested and analyzed.  
During the current reporting period, various methods for estimating N sequestration in 
standing biomass have been explored to assist in establishing values of the annual 
amount of N sequestered in perennial crops. To 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, advisors and 
coalitions, a small presentation template describing how to effectively use the refined N-
removal calculator is in development.  

mailto:jdickey@plantierra.com
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In October 2020, a presentation was given at the FREP conference which focused on 
the potential uses of N-Removal information, as well as an overview of our methodology 
and available results.  More extensive outreach efforts will take place once all samples 
have been collected, analyzed and the associated N-coefficients are updated.   

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).  Although completed, this report was 
essentially the first phase of this study, and helped to orient subsequent work, including 
all the work described herein. 
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 are 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 for the remaining 62 crops 
from the N-concentrations Report, 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 
Objective #: 1 Assess N Concentration of Harvested Material 
Tasks activities and accomplishments:   
Assess N concentration of harvested material removed from fields (N removed [R]) 
for approximately 25 crops over several growing seasons. Samples of harvested 
material will be collected and analyzed for twelve of those crops. Data for the 
remaining crops will come from existing sources. As the project evolved, the list of 
crops to be included in the study has been expanded and will be sampled and 
assessed in Phase 2 of this project.  
Results for each task: 
As a part of our no-cost extension, we have expanded the list of crops originally 
outlined in our Workplan. An adequate number of samples of harvested material were 
collected for ten of the twelve crops originally outlined. Only two (carrot and 
sunflower) of the twelve required additional sampling in the 2020-2021 growing 
season.  
Objective #: 2 Establish Rate of N Sequestration in Standing Biomass 
Tasks activities and accomplishments:   
Establish values for the annual amount of N sequestered in standing biomass for 
seven perennial crops. Tissue samples will be collected and analyzed for one of 
those crops. Data for the remaining crops will come from existing sources. 
Results for each task:  
Various methods for estimating N sequestration in standing biomass are being 
explored. One such method involved mining data from the Soil and Water 
Assessment Tool (SWAT) to see if the average annual rate of N accumulation could 
be estimated. Different N and water management strategies were modeled using 
SWAT and it was found that more efficient N and water management reduce N 
balance and leaching, a greater N balance tends to be related to higher rates of N 
leaching, and N leached is almost always less than the N balance. Other crop models 
can be used similarly. Field data have been collected on standing biomass and N 
content in other field studies, and will be summarized for this project.  
Objective #: 3 Refine Crop Yield Conversion Factors 
Tasks activities and accomplishments:   
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. 
Results for each task:  
Refinement of N-Removal calculator and coefficients is ongoing. Updated crop 
coefficients are expected to be completed by early 2021 once sample collection and 
analysis are complete. 
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Objective #: 4 Enable Expanded Knowledge of N-removal Coefficients 
Tasks activities and accomplishments:   
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. 
Results for each task:  
A small presentation template describing how to effectively use the refined N-
Removed calculator is in development. This template is intended to be distributed to 
growers and other relevant parties (water boards, CCAs) to be used as a tool for 
training purposes.     

4.2 Outreach 
A presentation was given at the FREP conference on October 28, 2020, which focused 
on the potential uses of N-Removal information, as well as an overview of our 
methodology and available results.   

Due to efficiencies in the organization, collection, and analysis of samples, we have 
expanded our list of crops to be sampled under a no-cost extension. Sample collection 
and analysis are still ongoing, and therefore our results have yet to be finalized. More 
extensive outreach efforts will take place once all samples have been collected, 
analyzed and the associated N-coefficients are updated.   

5. Challenges

Challenge Corrective Action and/or Project 
Change/lessons learned 

Difficulty in obtaining raisin samples. Added other crops. Reaching out to 
additional raisin operations. 

6. Additional information
N/A 
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7. Activities for next reporting period

Activity 
Anticipated 
Completion 

Date 
Finalize expanded list of crops to be sampled within the scope of 
project as a part of the no-cost extension. 

Spring 2021 

Collect and analyze samples for carrot and sunflower. Winter/Summer 
2021 

Initiate initial discussions with grower/packer/shippers of additional 
commodities to be sampled as part of Phase 2 of this project. 

Spring/Summer 
2021 

Continue to explore options for estimating N sequestration in 
standing biomass. 

Spring/Summer 
2021 

Refine crop yield (Y)-to-R conversion factors. Spring/Summer 
2021 

Continue to collect ancillary field data from growers which provide 
a greater ability to investigate N content relationship to parameters 
like N rate and crop yield.  

Spring/Summer 
2021 

8. Figures, tables, and supporting documents
Table 1. Summary Of Samples Collected To Date, Including Laboratory Results And Literature 
Comparisons. 

N removal project 
Status of lab analyses 01/21/2021 

Crop Current study 2016 Literature 
review Background 

Year 
# of 

samples 
Av. 

lbs/ton 
CV 
(%) 

Av. 
lbs/ton 

CV 
(%) Info 

Carrots 2018 14 2.77 23.8 

3.29 22.4 

6 
2019 33 2.89 20.8 0 
2020 5 
2021 10 

Corn Silage 1 2017 12 7.59 10.3 7.56 10.5 12 
2018 12 7.32 13.6 12 

Oranges, 
Naval 2020 35 
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Oranges, 
Valencia 2020 10 

Peaches 2018 36 3.20 18.8 2.26 20.7 36 
2019 32 2.86 19.5 

Pistachios 2 2018 100 44.8 17.8 56.1 3.5 0 
2019 61 46.0 22.0 0 

Pistachio trash 2018/19 7 15.0 33.5 
Plums 2018 12 2.40 17.1 2.83 11.2 12 

2019 11 2.04 9.4 0 
Pomegranates 2018 10 4.41 19.5 

15.2 15.0 2019 19 3.45 13.7 
2020 10 

Safflower 2018 218 50.2 14.8 56.8 20.0 some 
2019 57 53.3 9.8 some 

Sorghum 
(Grain) 2020 84 

Sunflower 2019 25 63.2 11.1 54.1 14.3 0 
Tomatoes 2018 100 2.96 19.3 

2.73 11.1 
10 

   (processing) 2019 35 2.89 20.8 10 
2020 5 3.31 10.2 0 

1 Geisseler, D. 2016. Nitrogen Concentrations in Harvested Plant Parts - A Literature Overview. 

2 The basis of pistachio N content was changed from the marketed portion considered in 2016 to green 
pistachios as they arrive for processing from the field.  

Table 1 provides a summary of N-Removed data for samples of harvested material 
reported in literature and collected throughout this study. Average nitrogen 
concentrations are expressed in pounds of N per ton at moisture contents common for 
specific crops at harvest (Geisseler, 2016). Background information, such as N applied, 
crop variety, and planting date, are requested from growers after samples have been 
submitted to the lab. These ancillary data potentially provide more context to explain 
variability in the dataset.  
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Figure 1. Coefficients of Variation of Initial Literature Review and Subsequent Sampling 

Figure 1 compares the coefficients of variation found in the 2016 Literature Review and 
those resulting from harvested material sampled throughout this study. Some crops 
(e.g., pomegranates) have very different N-Removal coefficients than were previously 
available from the literature, while other crops (e.g., tomatoes) are quite similar. N-
Removal coefficients for some crops (e.g., pistachios) have changed because the plant 
parts represented in previous studies were different from what we decided to sample in 
this study. While the coefficients of variation found in this study vary among crops and 
years, there is often little difference between their range and what was reported from 
previous studies. This is notable since samples for many crops were drawn from 
production fields at commercial processing facilities. Only corn silage and grain 
sorghum samples are from research plots.  
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