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1 INTRODUCTION 
This document is the 2019 Annual Report for the Southern San Joaquin Valley (SSJV) Management 
Practices Evaluation Program (MPEP).  The reporting period is from January 1 through December 31, 
2019.  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 preparation of three study plans for the priority investigations identified in the 
Final Management Practices Evaluation Workplan (MPEP Workplan).  These study plans will be 
submitted to the Central Valley Regional Water Quality Control Board (RWQCB) in 2020.  The study plans 
include:  

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

• Assessment of Almond and Orange Irrigation and Fertilization by Combining Grower Operational 
Records, Actual Evapotranspiration, Soil, and Plant Tissue Data (Irrigation/Fertilization 
Assessment 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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• Understanding Influences on Grower Decision-Making and Adoption of Nitrogen Management 
Practices in the South San Joaquin Valley (Barriers to Adoption Study).   

Multiple 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).  Three grants were pursued, 
although none were awarded.  The applications focused on MPEP activities related to outreach and 
assessment.  Two applications focused on developing and expanding use of management tools for 
irrigation and fertigation.  The third application focused on assessing effects of irrigation and fertigation 
on nitrate movement in the vadose zone.  A summary is provided below.   

• 2019 Classic CIG Grant from NRCS.  The proposed project, Increasing Site-Specific Management 
of Nitrogen and Irrigation in the Central Valley, had four main objectives: 1) develop target N 
balance ranges for 25 crops (>95% of irrigated acres) through collaborative consultation with 
commodity groups, producers, and their advisers, 2) expand and develop tools to help 
producers develop site-specific N and irrigation management to achieve target N balances while 
maintaining productivity, 3) conduct outreach to promote implementation of powerful irrigation 
and fertigation assessment and planning tools and receive feedback about producer practices, 
needs, and priorities, and 4) assess and demonstrate nitrate leaching performance for 25 crops 
using the Soil and Water Assessment Tool.  The SSJV MPEP Committee was the project 
applicant, and the funding request was $2M. 

• 2019 On-Farm CIG Grant from NRCS.  The proposed project, Closing the Irrigation and 
Fertigation Performance Gap in California’s Central Valley, had four main objectives: 1) to build 
and implement a sustainable grower/adviser training program focused on improving day-to-day 
irrigation and nitrogen (N) fertigation decisions; 2) to incentivize implementation by producers; 
3) to directly measure percolation and leaching in select fields and relate results to a) alternative 
estimates inferred by measurement of other parameters, b) detailed operational information, 
and c) modeled results for the same site and operational conditions, and 4) to assess the 
environmental, financial, and social impacts of practice implementation.  The SSJV MPEP 
Committee was the project applicant, and the funding request was $5M. 

• 2019 FREP Grant from CDFA. The goal of the proposed project, An Integrated Framework for 
Assessing Effects of Irrigation and Fertigation Management on Nitrate Movement in the Deep 
Vadose Zone, was to assess effects of irrigation and fertigation management practices on nitrate 
movement within and below the root zone in a commercial citrus production orchard and to 
develop an integrated model-driven decision support tool for predicting nitrate distribution in 
the vadose zone under different irrigation and fertigation management practices.  UC Davis was 
the project applicant, and the funding request was $225,000. 
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2.2 ASSESSMENTS  
Activities related to assessment included 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 is included as Appendix A.  The report also provides the voluminous results of the 
modeling effort and describes approaches to interpretation (e.g., explanation of each type of results 
summary plot).   

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

2.3 PRIORITY INVESTIGATIONS / STUDIES  
As described in the 2018 Annual Report, three priority investigations have commenced.  A summary of 
2019 activities is provided in the following sections.  Additional background information for each study 
was summarized in the 2018 Annual Report, and will be provided in the priority investigation study plans 
to be submitted to the RWQCB in 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.  Results from Phase 1 of the study will 
increase the availability of well-established coefficients for at least 23 crops, providing an increase in 
coverage from only 12% to 82% of Central Valley acreage.  Phase 1 is anticipated to be complete in June 
2020.  An annual report summarizing work completed in 2019 is provided in Appendix B.  Additional 
crops are anticipated to be pursued in Phase 2, with the intention of increasing coverage to 99% of 
Central Valley acreage, as required by the Order. 
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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.  As described in the 2018 Annual Report, this study has 
demonstrated that detailed information about the fate of water and N in the root zone, as determined 
by crop and soil measurements that growers can make, can be used to infer the amount of nitrate 
moving into groundwater, and that even in a well-managed, HFLR (drip or microspray) irrigated orchard, 
environmental performance can sometimes be significantly improved by modest shifts in 
management.  This study has also demonstrated strategies that extend N residence time in and uptake 
from the root zone, even as other salts continue to move outward to avoid damaging levels of salinity. 

In 2018/19, the cooperator implemented multiple shifts in irrigation and fertigation management, but 
maintained the historical rate of N application. However, yields (and applied N capture) were much 
higher, reducing the N balance (i.e., leachable N) to about a third of its previous level. While this was not 
a strong year generally for citrus yield or fruit size, this grove had its best in both categories. While this 
may be the result of multiple factors, it appears that these management shifts have improved 
productivity and environmental performance at the same time. Subsequent years will provide a more 
substantial basis to understand how things have changed. Results and findings will be shared through 
outreach activities with growers, grower advisors, and NRCS, UC cooperative Extension, and FREP 
audiences through field days, grower meetings, events, conference presentations, and online and print 
media. 

As part of this project, we are collaborating with a UC Davis Team (Thomas Harter, Patrick Brown, and 
Isaya Kisseka) on their similar investigation in an almond orchard off Bowman Road near Modesto, as 
well as new studies in processing tomatoes (beginning 2020) and citrus (planned for 2021).  The 
objectives and approaches of the two investigations are complementary.  UC activities on this portion of 
the study have been separately funded by FREP, the Almond Board of California, and NRCS’ 
Conservation Effects Assessment Project (CEAP).  

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. These studies include the following:    

• Understanding Influences on Grower Decision‐Making and Adoption of Improved Nitrogen 
Management Practices in the San Joaquin County & Delta Water Quality Coalition (SJDWQC) 
and the East San Joaquin Water Quality Coalition (ESJWQC).  The purpose of this project was to 
quantify the current use of N management practices and characterize drivers of grower behavior 
to enhance future research, education, and outreach programs in the SJDWQC and 
ESJWQC.   Over 565 growers participated surveys at annual water quality coalition 
meetings.  Findings from this study include: 1) management practices are more easily adopted 
on large parcels and in permanent crops, 2) the effect of water management on N movement is 
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underappreciated by growers and more work is needed to identify the connection between 
fertilizer and irrigation practices as related to N management, and 3) uncertainty is the largest 
perceived challenge with adoption of any practice, and improved crop yield and crop quality are 
the most common benefits motivating decisions to implement practices.  A summary of this 
project is provided in the 2018 FREP Conference Proceedings available here2.  

• Understanding Decision‐Making of Citrus and Raisin Grape Growers and Adoption of Nitrogen 
Management Practices in the SSJV.  The purpose of this project was to quantify the current use 
of N management practices and characterize drivers of grower behavior to enhance future 
research, education, and outreach programs in the SSJV.  Citrus and raisin grapes were the focus 
of this work because these two commodities are disproportionately represented in the SSJV 
relative to other parts of the Central Valley.  Over 532 growers participated, including 153 citrus 
growers, 97 raisin grape growers, 282 growers of other irrigated crops.  Findings from this study 
include: 1) yield and quality were the primary benefits motivating all N management practices, 
2) cost, technical knowledge, and uncertainty were the main challenges to adoption that were 
identified, and 3) primary information sources identified by all growers were pest control 
advisors (PCAs), followed by their water quality coalition, and UC Cooperative Extension.  In 
general growers that utilize more information sources adopt more practices.  A final report for 
this project is included as Appendix C. 

• Understanding Grower Decision‐Making and Adoption of Nitrogen Management Practices in 
the South San Joaquin Valley. This study expands the scope of the previous study in the SSJV 
(described above) to refine the questions and findings regarding 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.  The study 
plan was included in the 2018 Annual Report.  Activities in 2019 included survey development 
for distribution in 2020.  

2.4 OUTREACH  
Outreach activities included on-going updates to the SSJV MPEP website, refinement of online tools and 
calculators for growers and grower advisors, presentations at conferences and grower meetings, 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 

 
2 https://www.cdfa.ca.gov/IS/ffldrs/frep/pdfs/2018_Proceedings_FREP.pdf 

https://www.cdfa.ca.gov/IS/ffldrs/frep/pdfs/2018_Proceedings_FREP.pdf
http://agmpep.com/
https://www.cdfa.ca.gov/IS/ffldrs/frep/pdfs/2018_Proceedings_FREP.pdf
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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 available in online calculators and downloadable 
workbooks. The three viewers restrict the user to viewing fields that they manage. Programing to allow 
field identification based on grower APNs is being developed to allow the viewers to be deployed. They 
include 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).  Activities included routine 
maintenance and user support. In addition to the calculator, we have written instructions for 
growers using calculators, and a set of lookup tables 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).  Activities included routine 
maintenance and user support.  Additional updates will be incorporated as results from the Y to R 
Project (Section 2.3.1) become 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.   

• Grower SWAT Results Viewer.  As described in Section 2.2.1 and Appendix B, there are numerous 
plots available from the SWAT modeling effort.  A SWAT Results Viewer is under review by the 
Coalitions for growers to view site-specific SWAT results in a Google-Maps-like interface. Results 
include monthly percolation and N leaching in various water year types, presented for four irrigation 
and N management scenarios, as well as a relative comparison showing how the field in question 
compares to other soil-climate combinations with respect to the response of N leaching to similar 
irrigation and N management regimes.  

2.4.3 MEETINGS AND CONFERENCES  
Meetings and conferences conducted by the water quality coalitions in the SSJV are summarized on 
their respective annual monitoring reports.  Meetings and conferences where the MPEP Team has 
presented (including poster presentations) as part of the MPEP outreach program are summarized in 
Table 2. Several of the presentations are available here https://agmpep.com/presentations/. 

http://agmpep.com/
http://agmpep.com/variability/
https://agmpep.com/presentations/
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TABLE 2. SUMMARY OF 2019 OUTREACH MEETINGS AND CONFERENCES 

Date (all 2019) Topic Title of Presentation  
Conferences 
February 5-6 Assessment of 

management 
practices 

Agronomic Overview of Nitrogen Management Planning Results 
from the Irrigated Lands Regulatory Program. American Society of 
Agronomy Plant and Soil Conference. 

February 5-6 Assessment of 
management 
practices 

Demonstrating how Frequent Applications Boost N Recovery by 
Oranges with Grower Operational Records, Actual 
Evapotranspiration, Soil, and Plant Tissue Data. American Society of 
Agronomy Plant and Soil Conference. 

February 5-6 Assessment of 
harvested N content  

Working with Commodity Groups, Processors, and Packers to 
Procure Representative Crop Samples to Assess Harvest Nitrogen 
Content. American Society of Agronomy Plant and Soil Conference. 

February 5-6 Landscape-scale 
assessment of N 
leaching 

Quantifying Nitrate Leaching from Central Valley Irrigated Lands 
Using the Soil & Water Assessment Tool (SWAT). American Society 
of Agronomy Plant and Soil Conference. 

June 3-6 Landscape-scale 
assessment of N 
leaching 

Quantifying Nitrate Leaching from Central Valley Irrigated Lands 
with the Soil & Water Assessment Tool (SWAT).  International 
Interdisciplinary Conference on Land Use and Water Quality.  
Aarhus, Denmark.  

October 28-30 Assessment of 
management 
practices 

Nitrogen Balance Poster, presented at the FREP Conference  

October 28-30 Assessment of 
management 
practices 

Nitrogen Leaching Poster, presented at the FREP Conference 

October 28-30 Management support 
tools 

Tools for Crop Management Poster, presented at the FREP 
Conference 

Meetings 

November 7 Management support 
tools 

Current Status of Nitrogen Use Efficiency, Prospects for 
Improvement, presented to CAPCA Continuing Education Meeting. 

November 8 Management support 
tools 

Efficient Nitrogen Management in the South San Joaquin Valley, 
presented to the Kern River Watershed Coalition Authority  

November 8 Management support 
tools 

Irrigation Management to Maximize Recovery of Applied N into 
Crops, presented to the Kern River Watershed Coalition Authority 

 

2.5 REPORTING  
Reporting activities were limited to preparation of this 2019 Annual Report to summarize activities 
completed as a part of the MPEP, and preparation of a report detailing the use of SWAT to assess the 
effects of irrigation and N management on rates of N leaching from root zones of Central Valley irrigated 
lands (Appendix A, SWAT Methodology Report).  

https://agmpep.com/mpep/wp-content/uploads/Poster_MPEP_N_Balance_FREP_Conference_2019.pdf
https://agmpep.com/mpep/wp-content/uploads/Poster_N_Leaching_FREP_Conference_2019.pdf
https://agmpep.com/mpep/wp-content/uploads/Poster_MPEP_Tools_FREP_Conference_2019.pdf
https://agmpep.com/mpep/wp-content/uploads/Current_Status_N_Use_Efficiency_Dickey_20191107.pptx
https://agmpep.com/mpep/wp-content/uploads/Current_Status_N_Use_Efficiency_Dickey_20191107.pptx
https://agmpep.com/mpep/wp-content/uploads/Efficient_N_Mgmt_in_SSJV_Hartz_-2019-final.pptx
https://agmpep.com/mpep/wp-content/uploads/Irr_Mgmt_to_Max_N_Recovery_Dickey_20191108.pptx
https://agmpep.com/mpep/wp-content/uploads/Irr_Mgmt_to_Max_N_Recovery_Dickey_20191108.pptx
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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 formula and values, in 
anticipation of revised requirements for the MPEP.   
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The National Land Cover Database was used to characterize land use beyond irrigated lands.  

Modeled classes reflect limitations of this available mapping relative to the specific needs of the 
modeling. In addition to the lack of information about double cropped areas, some classes encompass 
multiple crop species or cropping systems that differ significantly. Thus, several enhancements were 
made for the purposes of this project. These are detailed in Section 2.1.2. 

Even though many more crop types exist in the Central Valley, Figure 2 illustrates how virtually all of the 
acreage and N balance (the difference between N applied to fields and that removed in crop yield) can 
be described with between 30 and 40 crop classes. 

FIGURE 2. CUMULATIVE ACREAGE AND N BALANCE FOR 40 MOST WIDESPREAD CROP CLASSES IN THE CENTRAL VALLEY 

 

1.3 SELECTION OF SOIL AND WATER ASSESSMENT TOOL FOR MPEP 
The influence of agricultural management practices on natural resources is assessed for a variety of 
reasons by a variety of investigators, including the following: 

1. Growers, grower advisors, and scientists, recognizing the importance of surrounding natural 
resource conditions to the welfare of their communities and to their businesses, undertake 
studies to better understand how to protect these resources from degradation.  

2. Conservation-oriented agencies like NRCS implement conservation programs, and assess how 
natural resources are affected by these programs, with an eye to making them as effective as 
possible. The Conservation Effects Assessment Project (CEAP3) is one such program.  

 
3 https://www.nrcs.usda.gov/wps/portal/nrcs/main/national/technical/nra/ceap/ 
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Spatial and temporal distributions of outputs is also needed. The reasons for this are two-fold. First, it 
helps us to understand how the outcomes of management vary across time and space, as influenced by 
variations in climate and soil conditions. Second, it helps us to assess the range of outputs and to assess 
and perhaps remedy results that are beyond a reasonable range. For example, nitrate leaching is 
expected to vary across time and space as a function of climate, soil type, and management. However, 
given that crops are managed to reach full productivity in Scenario 1 (the most efficient scenario, which 
has the most restricted N and irrigation inputs), variables such as ET, which are often closely correlated 
with crop performance, are expected to vary to a lesser degree. Wide variability in this case would 
suggest inadequate irrigation for some HRUs. Box plots of annual percolation and leaching outputs (see 
Figure 7) were utilized to visualize this variability. These types of plots for each crop class in each of the 
3 domains are contained in the following Appendices: 

• SSJV: Appendix G1 
• SJV: Appendix G2 
• Sac Valley: Appendix G3 

FIGURE 7. BOX PLOTS OF SPATIOTEMPORAL DISTRIBUTION OF ANNUAL PERCOLATION AND LEACHING 

Box plots signify HRU outputs while red dots illustrate area-weighted averages across all HRUs. 
 

  



 Assessment of Management Practice Performance in the Central Valley Using the Soil and Water Assessment Tool 

31 

Model runs to examine the influence of alternative management scenarios on percolation and nitrate 
leaching also generate biomass and yield outputs, which can be checked to ensure that crops were not 
substantially limited by inputs in Scenario 1. Figure 8 shows scenario comparisons for water, N, and 
growth outputs. In this example, percolation increases in Scenarios 3 and 4, which receive more 
irrigation, while nitrate leaching is higher in Scenarios 2, 3, and 4, in which N applied, irrigation, or both 
are greater. It can be seen that yield differs little across scenarios, suggesting that yield was not limited 
by inputs in any of the scenarios. These types of plots for each crop class in each of the 3 domains are 
contained in the following Appendices: 

• SSJV: Appendix H1 
• SJV: Appendix H2 
• Sac Valley: Appendix H3 
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FIGURE 8. WATER, NITROGEN, AND BIOMASS INPUTS AND OUTPUTS ACROSS MANAGEMENT SCENARIOS 
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Lastly, the relative influence of management practices on each HRU was also summarized. Fields in 
certain locations may be more responsive to changes in management while others may be more 
buffered. The range of leaching results are illustrated in graphs such as Figure 9. HRUs are arrayed 
across the x-axis, sorted from left to right by the predicted nitrate leaching rate in Scenario 1. By 
sorting the other scenarios in the same sequence, differences in response to management (relative to 
Scenario 1) become apparent. For example, an HRU that has minimal leaching in Scenario 1 that 
produces a much higher rate of leaching in Scenario 2 will exhibit a large gap between the Scenario 1 
and 2 leaching amounts, while for other HRUs, the gap between the Scenario 1 and 2 values may be 
much less. These types of plots for each crop class in each of the 3 domains are contained in the 
following Appendices: 

• SSJV: Appendix I1 
• SJV: Appendix I2 
• Sac Valley: Appendix I3 

FIGURE 9. RELATIVE COMPARISON OF NITRATE LEACHING ACROSS MANAGEMENT SCENARIOS 

HRU results are sorted by increasing nitrate leaching in the Scenario 1 management suite. 

 

The scale at which SWAT is run in this study coupled with its detailed and comprehensive outputs allow 
for many analyses and comparisons to be made. Substantial effort is required to develop meaningful 
and representative crop models for the Central Valley. However, upon the development of these 
models, these depictions of management scenarios across the landscape are a substantial resource for 
growers, advisors, and regulators to understand how and where to improve efficiency while maintaining 
desirable levels and quality of productivity. These plots for the initial scenarios are a starting point in 
displaying and understanding SWAT results for the Central Valley. 
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3 USE OF RESULTS TO INFORM MANAGEMENT  
Model results are available in formats that are useful to coalitions, growers, researchers, grower 
advisors, and regulators. Results for any field in the Central Valley can be viewed at 
https://agmpep.com/swat-viewer/. This SWAT Model Results Viewer was developed so that growers 
could begin to examine the sensitivity of the fields they manage to different types of management, 
without running their own multi-year, heavily monitored, site-specific fate and transport studies. As new 
modes of management are assessed with the model, growers will be able to view the results of these 
runs with the same tool. As we learn more about views of the results that are most helpful to growers, 
the webtool will be refined so that it is as comprehensible and useful as possible. The SSJV MPEP 
Committee’s outreach program briefs growers on how to access and use this and other tools to help 
with N and irrigation management planning, and solicits feedback from growers and advisors familiar 
with the tools.  

4 RECOMMENDATIONS AND FUTURE CONSIDERATIONS 
The crop models developed to date credibly reflect patterns of crop growth, nitrogen uptake and 
removal, evapotranspiration, and leaching based on the best currently available data. However, these 
models have important limitations that should be recognized. First, each scenario applies the same 
irrigation and N fertilization management practices across an entire geographical domain. In reality 
there is sufficient variability in weather (temperature, ET, and precipitation) within domains to affect 
grower practices; running model simulations on smaller geographical areas would allow evaluation of 
more targeted management practices.  

Another limitation is the availability of field data to which modeled N and water dynamics can be 
compared. For some crops (e.g., tomato) there are many site years of California data so that crop 
growth and nitrogen dynamics can be comprehensively described. Yet for other crops, relatively little 
local field data are available. Perennial crops are particularly challenging in this regard; documenting 
crop growth and N uptake over a growing season requires removal and analysis of entire trees, making 
these difficult and expensive studies.  

The current SWAT crop growth models can undoubtedly be improved as additional field data are 
developed. Similarly, a major factor affecting the fate of applied N is the amount of N removed from the 
field in harvested plant material. For some crops, there are very limited California data regarding N 
content per unit of yield; there is a program funded by the California Department of Food and 
Agriculture’s Fertilizer Research and Education Program (CDFA-FREP) currently underway to refine 
information on N removal rates. Results of that work will help refine calibration of these models.  

Soils information is another critical model component that would benefit from refinement. Soil physical 
properties partially determine soil hydrology and thus affect nitrate leaching. Soil depth, which defines 
the soil thickness to which these properties apply is important. Figure 10 shows the 25-year average 
annual leaching for almond orchards in the SSJV domain. In this case, almost 80% of the leaching 
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variability can be explained by soil depth, with the largest values coming from soils mapped with a 
shallow depth, and a general decrease in leaching with greater mapped depth. When viewing the 
trendline, the slope is steeper at shallower depths and approaches zero as depth increases, meaning 
depth becomes less influential in deeper mapping units, and differences in soil physical properties and 
climate contribute more to leaching variability. For reference, the R2 of this relationship drops to 0.37 
when only considering soils deeper than 40 inches. 

FIGURE 10. RELATIONSHIP BETWEEN NITRATE LEACHING AND SOIL DEPTH FOR ALMONDS IN THE SSJV. DATA REPRESENT 
25-YEAR AVERAGES FOR UNIQUE HRUS.  

 

Across the three modeled domains, a relatively small fraction of the area was mapped with shallow 
soils. Specifically, 447 MUKEYs, comprising 6.7% (473,359 acres) of the modelled irrigated lands 
(excluding dairy and rice) are shallower than 30 inches. This means that area weighted average nitrate 
leaching estimates are not greatly influenced by the effects of shallow soils. However, this may not be 
true for HRU/field-specific estimates. Also, crop model calibrations, based on area weighted average 
results are not greatly affected by shallow soils. 

The top 5% of the largest MUKEYs found in irrigated lands comprise over 70% of the shallow-soil 
acreage. Table 5 compares the PEDON soil depth data to depth shown for these MUKEYs in SoilWeb. For 
these soils, SoilWeb depth data are consistently deeper than PEDON’s. Furthermore, many of these 
MUKEY’s are classified as having a Storie Index Grade of 1 or 2, meaning they are well suited for 
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irrigated agricultural production. This suggests that the majority of shallow-soil acreage within irrigated 
agriculture is not characterized as such because of root-limiting layers like hardpans, saprolite, or 
bedrock.  

TABLE 5. COMPARISON BETWEEN SOIL DEPTHS IN PEDON AND SOILWEB FOR THE TOP 5% LARGEST MUKEYS 

No. MUKEY 
Dominant Soil 

Series 
Modeled 

Acres 
PEDON Soil Depth 

(in) 
SoilWeb Soil 

Depth (in) 

Storie 
Index 

(Grade)* 

1 464348 Hesperia 43,674  22 77 1 

2 467063 Calflax 39,986  20 65 2 

3 467262 Akers 36,726  29 60 1 

4 464346 Hesperia 32,782  21 77 1 

5 464352 Hesperia 29,590  22 77 1 

6 464354 Hesperia 28,537  21 77 1 

7 464355 Hesperia 18,543  22 77 2 

8 463848 Hesperia 12,156  21 77 1 

9 464349 Hesperia 10,360  21 77 2 

10 466453 Calflax 8,778  20 77 2 

11 463394 El Peco, Dinuba 7,600  24 38**, 36 6, 5 

12 467052 Deldota 7,550  18 68 4 

13 462139 Shinkee 7,297  20 60 3 

14 462088 Manteca 6,446  21 24** 4 

15 463475 Pachappa 6,013  29 60 2 

16 456066 Clear Lake 5,958  18 60 4 

17 462819 Deldota 5,473  18 68 5 

18 463676 Chanac 5,042  29 60 1 

19 464401 Pachappa 5,022  29 60 1 

20 464347 Hesperia 4,723  22 77 2 

21 463742 Milham 4,706  15 62 1 

22 466463 Hesperia 4,392  21 77 1 

23 463474 Pachappa 4,377  29 60 1 
*Storie Index ranks soils for landuse and productivity, with Grade 1 = "Excellent" and Grade 6 = "Not suitable for 
agriculture". 
** Depth to root limiting layer (e.g., duripan).  
 
The relationship between MUKEY, dominant soil series, and depth needs to be explored. For instance, 
every MUKEY mapped as predominantly “Hesperia” (n = 21) has a PEDON soil depth between 20.8 and 
21.6 inches, while SoilWeb shows 77 inches. Though some soil series names in PEDON suggest shallow 
depth (e.g., “rock outcropping” or “river wash”), many of the “shallow” MUKEYs represent well 
characterized soil series that are typically described beyond 30 inches.  
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Even though this affects a minority of irrigated acres, further investigation and refinement of soils with 
shallow depth should improve the soil database and SWAT model simulations. Since MPEP and NRCS-
CEAP use these data to model soil hydrology, understanding and resolution of this issue is warranted.    

Lastly, the paucity of actual on-farm measurements of the volume and nitrate concentration of leached 
water in representative California fields limits the ability to calibrate model output for these important 
parameters. Unfortunately, such field data are difficult and expensive to collect; while some additional 
data are being developed for major crops by various research teams, there is little immediate prospect 
of obtaining these measurements for most crops. Our team has submitted proposals which, if 
successful, would begin to close this high-priority data gap. 

There are a number of ways in which additional SWAT modelling work could expand our understanding 
of water and nitrogen dynamics in California agriculture, and lead to suggested improvements in 
management practices to enhance productivity and environmental protection: 

1. Rotational effects. With the exception of double-cropped winter grains and corn silage, all models 
assumed that the crop was grown as a monoculture with clean cultivation (no cover crops). In reality 
many annual crops are grown in rotations. Since the rotational crops have distinctive characteristics 
(rooting depth, timing of ETa and N uptake, N content in residue, etc.), understanding the N 
dynamics of rotations may suggest management modifications for each crop to improve overall 
system efficiency. Cover cropping is a relatively widespread practice for some crops (e.g., wine 
grapes), and is being promoted for use in other crops for environmental and soil health benefits. 
SWAT modelling could be a useful tool to quantify those benefits. 

2. Soils effects. Each of the geographical domains contains a wide range of soils, and efficient 
management requires modification of both irrigation and nitrogen fertilization practices to match 
soil characteristics. Soils with limited available water holding capacity require more frequent, low-
volume irrigation, while soils of higher organic matter content (e.g., peat soils in the Delta) have 
greater N supply capacity, which affects N fertilizer utilization. Evaluating a broader array of 
management scenarios appropriate for specific soil types would be useful. 

3. Alternative irrigation systems and approaches. Each crop was modeled using practices appropriate 
for the most common irrigation system currently in use on that crop. However, for many crops, 
more than one irrigation system is used; for example, cotton may be either drip- or furrow-irrigated. 
Comparing the irrigation and N efficiency of a crop when grown with different irrigation systems 
would help identify fertilization practices that complement each type of irrigation system. 
Additionally, groundwater pumping limitations that may result from the Sustainable Groundwater 
Management Act (SGMA) have stimulated interest in managed aquifer recharge (MAR). SWAT 
modelling can evaluate the nitrate leaching consequences of that practice, and suggest ways to 
minimize nitrate leaching risk when implementing MAR. The looming groundwater availability 
limitation is also stimulating interest in deficit irrigation to stretch water supplies. Modelling could 
help quantify the effects of deficit irrigation on nitrate leaching potential. 

4. Nitrate content of irrigation water. In this project nitrogen inputs were modelled as discrete 
fertilization events. In reality, in some fields, the irrigation water contains an agronomically and 
environmentally significant amount of N. Modelling the effects of continuous low concentration N 
application from irrigation water may inform ways to modify fertilization practices to maximize 
overall N utilization.  
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5. Inform regulatory decisions. SWAT modelling provides a comprehensive evaluation of N efficiency 
and environmental risk that is a good complement to the simple metrics developed from grower-
reported data on N applied to and removed in crops. Modelling may help inform development of 
reasonable, crop-specific N balance ranges that, according to the ILRP orders, must be identified.  

6. Enhance outreach to growers. The results for the four management scenarios analyzed as part of 
this project are being harnessed to provide useful feedback to Central Valley growers and grower 
advisors through educational meetings and web-based training materials regarding the efficiency of 
their current practices. These efforts can be enhanced with results from additional model runs to 
evaluate a broader range of irrigation and N fertilizer application rate/timing combinations to more 
closely simulate practices used by a broader range of growers. 

Beyond the immediate needs of the ILRP, the SWAT modeling performed as part of the MPEP may 
provide a foundation for related applications. For example: 

• Models for cropping systems that were not a focus in this phase of the work might be refined to 
assess the influence of certain management practices.  

• Salinity modules have recently been developed for use with SWAT. If incorporated into Central 
Valley domains, they can help to assess not only the fate of bulk salt and specific ions, but also 
to reflect salinity and specific ion influence on crop production. As planning for salinity 
management in Central Valley management zones develops, SWAT can provide a rigorous, 
quantitative assessment tool to support this process. 

• Percolation estimates from SWAT might help to inform water balances being developed to plan 
future groundwater management.  
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PREPARATION OF SWAT SOIL DATABASE FOR THE SSJV 
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PREPARED BY: Dr. Yohannes T. Yimam, Formation Environmental LLC 

DATE:  May 16, 2018 

1 EXECUTIVE SUMMARY 
This memo describes soil database preparation for creating a complete Soil and Water Assessment Tool 
(SWAT) soil database for all Map Unit Keys (MUKEYs) in the South San Joaquin Valley (SSJV). Soil 
information is a vital component of the SWAT model; hence a detailed and an accurate representation 
of physical and chemical properties of the soil is crucial for an acceptable simulation of soil hydrology 
and for accurate portrayal of water and nutrient dynamics. It is intended as documentation of 
methodology for reference by the project team, the SSJV Management Practices Evaluation Program 
(MPEP) Committee, and various project partners.   

Since the SWAT2012 version, a default Soil Survey Geographic (SSURGO) soil database has been 
included with SWAT model downloads. However, the physical and chemical soil parameter values were 
missing for some MUKEYs in the SSJV in this SWAT SSURGO soil database (Figure 1). A total of 1635 
MUKEYs are present in the SSJV SWAT model run. Of these, 153 MUKEYs lacked parameter values in the 
associated look-up table.  

To be able to run the SWAT model with a complete soil map, the MPEP team communicated with United 
States Department of Agriculture, Natural Resources Conservation Service (NRCS) soil scientists and 
modelers at their Davis, CA offices, conferencing in NRCS team members from Temple, Texas. Our team 
was thus informed about the development of an alternative soil database by NRCS modelers for use in 
the Conservation Effects Assessment Project (CEAP). CEAP is a national program to “quantify the 
environmental effects of conservation practices and programs and develop the science base for 
managing the agricultural landscape for environmental quality” 
(https://www.nrcs.usda.gov/wps/portal/nrcs/main/national/technical/nra/ceap/). The goals and 
methods of the MPEP and CEAP are related but not identical. Yet, the two projects employ models that 
depend on similar suites of soil properties, requiring that suitable soil geographic databases be obtained 
or developed. The NRCS modeling team leader and his collaborators shared a beta version of the 
alternative soil database, which contains soil property data that are based on observations of actual 
pedons (soil profiles), as opposed values based on interpretations of mapping unit information (the basis 
for values in the SWAT SSURGO database). Hence, we called the alternative database the “PEDON 

https://www.nrcs.usda.gov/wps/portal/nrcs/main/national/technical/nra/ceap/
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database.” Of the 1635 MUKEYs in the SSJV, 192 were missing from the PEDON database (Figure 2). 
Values from the SWAT SSURGO database were used to fill in as many as possible, but for 65 MUKEYs, 
soil information was lacking in both databases (Figure 3). For these MUKEYs, we obtained data from the 
SWAT State Soil Geographic (STATSGO) database to gap fill the rest. STATSGO information is more 
generalized, often combining many SSURGO MUKEYs into a single area to which a single set of 
characteristics are applied. For this reason, it was only employed where more detailed information were 
lacking. 
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The methodology for preparing a SWAT soils database for the SSJV MPEP study area is described in 
detail in the remaining sections of this memo. The same approach will be employed to develop SWAT 
runs for the San Joaquin and Sacramento Valleys. 

FIGURE 1. MAP OF MUKEYS WITH MISSING SOIL PHYSICAL AND CHEMICAL PROPERTY DATA IN THE SWAT SSURGO 
SOIL DATABASE. THE LARGER AREA LACKING DATA IN THE NORTHEASTERN PART OF THE WATERSHED IS HILLY AND 
CONTAINS LITTLE OR NO LAND ENROLLED IN THE IRRIGATED LANDS REGULATORY PROGRAM (ILRP), WHICH IS THE 
MAIN AREA OF INTEREST IN THIS STUDY. THE “SSJV MPEP BUFFER” (RED DELINEATION) IS THE MODELING STUDY 
AREA BOUNDARY, INCLUDING LANDS LYING BEYOND THE BORDERS OF THE SSJV MPEP. THE BUFFER AREA MUST BE 
ANALYZED TO AVOID EDGE EFFECTS THAT WOULD BIAS ASSESSMENT OF AREAS LYING ALONG THE PERIMETER OF THE 
SSJV MPEP. 
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FIGURE 2. MAP OF MUKEYS WITH SOIL PHYSICAL AND CHEMICAL PROPERTIES MISSING IN THE PEDON SOIL 
DATABASE.  



PREPARATION OF SWAT SOIL DATABASE FOR THE SSJV 

A-5 

FIGURE 3. MAP OF MUKEYS WITH SOIL PHYSICAL AND CHEMICAL PROPERTIES MISSING IN BOTH SWAT SSURGO 
AND PEDON SOIL DATABASE. THESE LANDS CONTAIN LITTLE OR NO IRRIGATED AGRICULTURE. 
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2 INTRODUCTION TO SOURCE SOIL DATA SETS 
Three soil mapping and property databases were used to develop an up-to-date, accurate, and 
comprehensive soil information database for the SSJV MPEP study area, as follows. 

a) SWAT STATSGO: The State Soil Geographic (STATSGO) database was developed by the National
Cooperative Soil Survey, a joint effort by NRCS and partners such as land grant universities. It is a
broad-based inventory with a scale of 1:250,000. The SWAT model uses the STATSGO data
format as a default. However, finer resolution data is preferable for the SSJV MPEP, so that the
most precise soil information available is considered.

b) SWAT SSURGO: The Soil Survey Geographic (SSURGO) database is a better alternative than
STATSGO due to its high spatial resolution with scales between 1:12, 000 to 1: 24,000 (roughly
equivalent to the Order 2 standards under which most county soil surveys are conducted).
These data are from NRCS soil surveys. In SWAT2012, the SSURGO database was incorporated in
the SWAT model download, but in the STATSGO data format.

c) PEDON database: This database was obtained from NRCS staff in Temple, TX, who compiled it.
The information was initially prepared by NRCS staff in Davis, CA.

3 COMPARISON OF SWAT SSURGO WITH PEDON DATABASES 
Since we are using the PEDON database for its coverage areas, a comparison with the SWAT SSURGO soil 
data set (the SWAT standard) is warranted. Of the 1635 MUKEYs, 1355 MUKEYs were common to 
PEDON and SWAT SSURGO data sets. Two soil variable values (soil depth, number of layers) for these 
1355 common MUKEYs were compared between the two data sets to investigate the contents of each. 
These two variables portray the geometry of the soil profile that is implied by each data set. These 
comparisons are described and discussed for each variable in the following sections. 
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3.1 MAXIMUM SOIL DEPTH 
The maximum soil depths for which soil information is provided in the SWAT SSURGO and PEDON 
databases are shown in Figure 4. The distribution of the maximum soil depth is broader in the PEDON 
than in the SWAT SSRUGO database. SWAT SSURGO shows many of the MUKEYs at 1520 mm, which is 
equivalent to the 60-inch (standard pit depth) data reported in the original SSURGO. However, soil 
scientists usually collect information deeper than 60-inches, and these data are included in the PEDON 
data sets (which come from actual profile descriptions). This additional information is an advantage of 
PEDON for representing the greatest soil depth practicable for modeling. The maximum soil depth in the 
PEDON database was reported in cm. This was multiplied by 10 to convert it to the mm units employed 
in SWAT SSURGO.  

FIGURE 4. COMPARISON OF MAXIMUM SOIL DEPTHS 
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3.2 NUMBER OF SOIL LAYERS 
A maximum of 10 layers can be used in the SWAT soils database. As shown in Figure 5, PEDON has a 
relatively larger number of soil layers compared to SWAT SSURGO. In SWAT SSURGO, most MUKEYs 
have profiles that have been simplified to contain 3 soil layers, and majority are between 1 and 
4. This suggests that PEDON captures greater profile vertical detail than SWAT SSURGO.
Therefore, PEDON is superior to SWAT SSURGO since profile information is richer.

Based on these two parameters (maximum soil depth and number of soil layers), and the fact that 
PEDON is being used by the NRCS’ CEAP modelers whose objectives are similar to those of the SSJV 
MPEP, we opted to use PEDON wherever possible (instead of SWAT SSURGO) as the source of soils 
information in SWAT model runs.  

FIGURE 5. NUMBER OF SOIL LAYERS  
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4 QUALITY ASSURANCE/QUALITY CONTROL (QA/QC) AND 
MODIFICATION OF THE PEDON SOIL PROPERTY DATA 
Soil parameters in PEDON that affect SWAT analyses were analyzed for data accuracy, for each of the 
(up to 10) layers.  

a) Bulk density is the weight of solid material per unit soil volume. Values were within common
ranges for almost all MUKEYs. However, for small number of MUKEYs, values of less
than 1 g of solid soil material per cm3 of soil volume were observed. These are low but
not impossible values, particularly for soils formed in lacustrine sediments, which exist
in the study area. Thus, data were all accepted.

b) Soil available water capacity (AWC) is the amount of water held and available to plants
at field capacity (that is, after the layer has drained under the force of gravity). Values
were greater than 1 cm of water per cm of soil depth for two MUKEYs. These
exceptionally high values are beyond the credible range, and were thus replaced by the
maximum for the remaining MUKEYs in the data set.

c) Saturated soil hydraulic conductivity (SOL_K, in cm per second) is a coefficient (not a rate)
that is proportional to the rate at which a saturated (all pores full of water) soil layer transmits
water under a given set of conditions. Values of SOL_K were smaller than what one would
expect (often zero) for most soil layers. The zeroes may have been intended to
represent missing values. The model was run with this data set, with the low SOL_K
values, to check its sensitivity of model output to this parameter. Results indicated that
these low SOL_K values increase the surface soil moisture content (because water
remains in the surface layer since it cannot penetrate beyond this), increasing
denitrification (which is higher in saturated soils). This process transforms soil nitrogen
into gaseous, atmospheric nitrogen, thus rendering it unavailable for plant uptake and
reducing the crop yield. To correct this situation, SOL_K was calculated again with the
Saxton and Rawls (2006) pedotransfer function, which generates a SOL_K value from
other soil properties (namely, the percent sand, silt, clay, and organic matter). The next
section describes this method and the data that were generated, as well as those that
were replaced.

d) Percent sand, silt, and clay are soil layer particle size fractions that are measurable properties
that together determine soil texture, which in turn affects many other properties (like SOL_K, as
noted previously). The QA/QC of particle size fractions were checked to ensure that their sum
was 100%, which they were for all layers.

e) The USLE_K values are coefficients that are used to estimate the rates of soil erosion when
erosive forces (such as water flowing across the land surface) are operating. The values in the
PEDON data set are shown as NA (missing, or “not applicable”). Since we are currently focused
on assessing rates of nitrate leaching, we deferred any effort to develop estimates of USLE_K.

Saturated hydraulic conductivity (SOL_K, or Ksat) was calculated by the method from Saxton and Rawls 
(2006), as follows:  
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• λ = 1/B
• KS = 1930*( θS – θ33 )(3 - λ)

where λ is slope of logarithmic tension-moisture curve; KS is saturated conductivity (SOL_K); θS is the soil 
moisture content when fully saturated with water in cm3 of water per cm3 of bulk soil volume, divided 
by 100 (a percent volume); and θ33 is the soil moisture content at field capacity (defined as the moisture 
content when soil is subjected to 33 kPa, the pressure imparted by the force of gravity on water in soil 
pores), as percent volume. The θS and θ33 were determined from the percent sand, clay, and organic 
matter by the method in the Saxton and Rawls (2006). This method has been widely reviewed, used, and 
cited, so it is generally accepted as reasonable when measured SOL_K values are not readily available. It 
should be noted that, even when SOL_K values have been measured, they are notoriously variable, and 
therefore difficult to interpret as single values to drive a model.  

Figures 6 through 8 show the ranges of SOL_K for each of the hydrologic soil groups, for 1) the results of 
calculations based on the Saxton and Rawls pedotransfer function, 2) values in PEDON, and 3) values in 
SWAT SSURGO. The hydrologic groups reflect the tendency of soils to produce runoff, which is strongly 
associated with the values of SOL_K for the soils’ layers. The range for group A (which tends to have the 

FIGURE 6. SOL_K (=KSAT, OR SATURATED HYDRAULIC CONDUCTIVITY) BY HYDROLOGIC SOIL GROUP IN PEDON 
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least runoff) should be relatively highest, and those from group D relatively lowest. As shown in these 
figures and mentioned previously, the PEDON database had many exceptionally low values. The values 
of the Saxton and Rawls calculation results and the original SWAT SSURGO hydraulic conductivities, on 
the other hand fell into similar, normal ranges. 

FIGURE 7. KSAT VS. HYDROLOGIC SOIL GROUPS FOR PEDON DATA SETS, WHERE KSAT WAS CALCULATED FROM THE 
SAXTON AND RAWLS (2006) PEDOTRANSFER FUNCTION USING PERCENT SAND, SILT, CLAY, AND ORGANIC MATTER 
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5 DATA GAP FILLING 
Once all the MUKEYs for the SSJV from PEDON passed the QA/QC, the missing MUKEYs were populated 
using the original SSURGO databases. However, after filing missing MUKYs from PEDON using SWAT 
SSURGO, information for 65 MUKEYs were still missing (Figure 3). The characteristics of each of these 
MUKEYs were studied. It was found that these soils are not suitable for irrigated agriculture (being 
located on hills, in river outwash, in non-accessible areas, etc.), and therefore are not critical to the 
current analysis. For these MUKEYs, soil parameters values from the more generalized SWAT STATSGO 
polygons that overlays these MUKEY polygons were used as the MUKEY parameter values. This 
produced a clean data set covering all of the 1635 MUKEYs in the SSJV MPEP study area. For the sake of 
consistency, the same method of calculation of SOL_K from percent sand, silt, clay, and organic matter 
(see section 4) was employed for all layers, and the SOL_K values from the SWAT SSURGO and SWAT 
STATSGO databases were replaced by resulting estimates.  

FIGURE 8. KSAT VS. HYDROLOGIC SOIL GROUPS FROM THE ORIGINAL SWAT SSURGO DATABASE 
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6 HYDROLOGIC SOIL GROUPS 
There was a change in the assignment of hydrologic soil groups for MUKEYs in the study area between 
2012 and 2016 SSURGO releases. This change affected some vertisols, changing the hydrologic soil 
group from the D to C. According to the National Soils Handbook guidance, all vertisols should be in 
group D. The hydrologic soil group property has the potential to alter the soil water balance, and thus to 
affect crop yield and the fate of applied nitrogen. We agree that vertisols in the study area are more 
likely to behave like soils in group D. For these reasons, the 2016 changes to this parameter were 
reversed and vertisols in the SSJV were assigned to group D. This change applied to 27 vertisol MUKEYs 
in the study area. This change was applied before the SOL_K histograms (by hydrologic soil group) 
shown in Figures 6 through 8 were developed, but applied to the final data set after filling data gaps 
(described in the previous section), so that it is uniform throughout the final data set. 

7 REFERENCES 
Saxton, K. E., & Rawls, W. J. (2006). Soil water characteristic estimates by texture and organic matter for 

hydrologic solutions. Soil Science Society of America Journal, 70(5), 1569-1578. 
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APPENDIX TABLE B-1. CROP GROWTH PARAMETER DEFINITIONS 

Parameter 
Name 

Minimum 
Value 

Maximum 
Value Definition of each Parameter 

CPNM 0 99 Four character code to represent the land cover/plant 
name. 

Cropname 0 0 Crop description name. 
BIO_E 0 90 Biomass/Energy Ratio. 
HVSTI 0.01 4 Harvest index. 
BLAI 0.5 10 Max leaf area index. 

FRGRW1 0 1 Fraction of the plant growing season corresponding to the 
1st point on the optimal leaf area development curve. 

LAIMX1 0 1 Fraction of the max. leaf area index corresponding to the 
1st point on the optimal leaf area development curve. 

FRGRW2 0 1 Fraction of the plant growing season corresponding to the 
2nd point on the optimal leaf area development curve. 

LAIMX2 0 1 Fraction of the max. leaf area index corresponding to the 
2nd point on the optimal leaf area development curve. 

DLAI 0.15 1 Fraction of growing season when leaf area starts declining. 
CHTMX 0.1 20 Max canopy height. 
RDMX 0 3 Max root depth. 
T_OPT 11 38 Optimal temp for plant growth. 
T_BASE 0 18 Min temp plant growth. 
CNYLD 0.0015 0.075 Fraction of nitrogen in seed. 
CPYLD 0.0001 0.015 Fraction of phosphorus in seed. 

BN1 0.004 0.07 Fraction of N in plant at emergence. 
BN2 0.002 0.05 Fraction of N in plant at 0.5 maturity. 
BN3 0.001 0.27 Fraction of N in plant at maturity. 
BP1 0.0005 0.01 Fraction of P at emergence. 
BP2 0.0002 0.007 Fraction of P at 0.5 maturity. 
BP3 0.0003 0.0035 Fraction of P at maturity. 

WSYF -0.2 1.1 Lower limit of harvest index. 

USLE_C 0.001 0.5 Min value of USLE C factor applicable to the land 
cover/plant. 

GSI 0 5 Max stomatal conductance (in drought condition). 

VPDFR 1.5 6 Vapor pressure deficit corresponding to the fraction 
maximum stomatal conductance defined by FRGMAX. 

FRGMAX 0 1 Fraction of maximum stomatla conductance that is 
achievable at a high vapor pressure deficit. 

WAVP 0 50 Rate of decline in radiation use efficiency per unit increase 
in vapor pressure deficit. 

CO2HI 300 1000 Elevated CO2 atmospheric concentration. 

BIOEHI 5 100 Biomass-energy ratio corresponding to the 2nd point on 
the radiation use efficiency curve. 
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Parameter 
Name 

Minimum 
Value 

Maximum 
Value Definition of each Parameter 

RSDCO_PL 0.01 0.099 Plant residue decomposition coefficient. 
OV_N 0.01 30 Manning's "n" value for overland flow. 
CN2A 25 98 SCS runoff curve number for moisture condition II. 
CN2B 25 98 SCS runoff curve number for moisture condition II. 
CN2C 25 98 SCS runoff curve number for moisture condition II. 
CN2D 25 98 SCS runoff curve number for moisture condition II. 

FERTFIELD 0 0 Fraction of tree biomass converted to residue during 
dormancy. 

ALAI_MIN 0 3 Number of years required for tree species to reach full 
development. 

BIO_LEAF 0 1 Maximum biomass for a forest. 

MAT_YRS 0 100 Number of years required for tree species to reach full 
development. 

BMX_TREES 0 5000 Maximum biomass for a forest. 
EXT_COEF 0 2 Light extinction coefficient. 

BM_DIEOFF 0 1 Biomass die-off fraction. 
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APPENDIX TABLE B-2.A. CROP GROWTH PARAMETER VALUES 

Parameter Name: CPNM Cropname BIO_E HVSTI BLAI FRGRW1 LAIMX1 FRGRW2 LAIMX2 DLAI CHTMX RDMX T_OPT 
Minimum Value: 0 0 0 0.01 0.5 0 0 0 0 0.15 0.1 0 11 
Maximum Value: 99 0 90 4 10 1 1 1 1 1 20 3 38 

Crop model number Crop model 
name Crop name Parameter value 

1 AGRB Bush Berries 14 0.28 3.5 0.05 0.01 0.2 0.95 0.9 1 1.5 25 
2 ALFA Alfalfa 14.8 0.95 3.5 0.15 0.01 0.3 0.95 0.99 0.9 3 23 
3 ALMC Cherries 11 0.2 3.5 0.05 0.01 0.2 0.95 0.99 6 3.5 25 
4 ALMD Almonds 11.5 0.7 4 0.05 0.05 0.2 0.95 0.99 6 2 27 
5 ALMI Pistachios 10 0.35 3.5 0.05 0.01 0.2 0.95 0.99 6 3.5 27 
6 ALML Plums Prunes 9 0.34 3.5 0.05 0.01 0.2 0.95 0.99 6 3.5 26 
7 ALMP Peaches Nectarines 10 0.35 3.5 0.05 0.01 0.2 0.95 0.99 6 3.5 26 
8 ALMY Young Perennials 10 0.3 2 0.05 0.01 0.2 0.95 0.99 6 2 27 
9 APPL Apple 10 0.55 3.5 0.05 0.01 0.2 0.95 0.99 3.5 2 20 

10 CABG Cabbage 32 0.65 3 0.25 0.23 0.5 0.95 1 0.5 0.6 18 
11 CORN Corn 35 0.55 4.5 0.05 0.05 0.2 0.95 1 2.5 2 25 
12 COTP Upland Cotton-harvested with 15 0.4 4 0.05 0.05 0.4 0.95 0.99 1.3 2.5 30 
13 CRRT Carrot 30.5 1.75 3.5 0.05 0.01 0.5 0.95 0.99 0.4 1 24 
14 CUCM Cucumber 25 0.55 2.5 0.1 0.05 0.6 0.95 0.6 0.5 1.2 32 
15 CWDC Corn Wheat Rotation with Diary 39 0.98 5 0.05 0.05 0.2 0.95 1 2.5 2 25 
16 CWDW Winter Wheat Corn Rotation Diary 32 0.94 4 0.05 0.05 0.45 0.95 0.99 0.9 2 18 
17 CWRC Corn Wheat Rotation without Diary 39 0.98 5 0.05 0.05 0.2 0.95 1 2.5 2 25 
18 CWRW Winter Wheat Corn rotation no Diary 32 0.94 4 0.05 0.05 0.45 0.95 0.99 0.9 2 18 
19 DLFA Alfalfa Dairy 14 0.9 4 0.15 0.01 0.3 0.95 0.99 0.9 3 23 
20 GRAH Grape High Tonnage 12 0.45 2 0.05 0.01 0.2 0.95 0.99 2 2 30 
21 GRAK Kiwis 11.5 0.4 3 0.05 0.01 0.2 0.95 0.9 2 2 25 
22 GRAl Grape Low Tonnage 12 0.45 2 0.05 0.01 0.2 0.95 0.99 2 2 30 
23 GRAT Table Grape 12 0.45 2 0.05 0.01 0.2 0.95 0.99 2 2 30 
24 HAY Hay 35 0.95 4 0.05 0.02 0.5 0.95 0.99 1.5 2 15 
25 LETT Head Lettuce 22 0.65 3.5 0.1 0.05 0.8 0.95 1 0.2 0.6 18 
26 MAPL Maple 8 0.65 2.5 0.05 0.01 0.3 0.85 0.99 3.5 2 25 
27 OLIV Olives 8 0.38 2.5 0.05 0.7 0.15 0.95 0.99 6 3.5 30 
28 ONIO Onion 26 0.7 3 0.15 0.01 0.5 0.95 0.6 0.5 0.6 19 
29 ORAN Orange 8.5 0.4 3 0.1 0.15 0.5 0.75 0.99 3.5 2 25 
30 ORCP Pomegranates 12 0.5 4 0.1 0.15 0.5 0.75 0.99 3.5 2 20 
31 POTA Potato (Irish) for SSJV and Sac Valley 31 2.5 4 0.05 0.01 0.5 0.95 0.9 0.6 0.6 22 
32 POTA Potato (Sweet) for SJV alone 22 1.7 3 0.1 0.05 0.5 0.95 0.9 0.6 1.5 25 
33 PTBB Beans Dry 28 0.4 2 0.15 0.05 0.6 0.95 0.95 0.8 1.7 25 
34 SUNF Sunflower 32 0.15 3 0.015 0.01 0.5 0.95 0.8 2.5 2 25 
35 SUNS Safflower 24 0.26 3 0.05 0.05 0.3 0.95 0.99 1 3 25 
36 TOMA Tomato 30 0.55 4 0.15 0.05 0.5 0.95 0.99 0.5 1 22 
37 WALN Walnut 8 0.35 3 0.05 0.01 0.2 0.95 0.99 6 2 25 
38 WWHT Winter Wheat 26.8 0.43 5 0.05 0.05 0.3 0.95 0.99 0.9 1.5 18 
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APPENDIX TABLE B-2.B. CROP GROWTH PARAMETER VALUES 

Parameter Name: CPNM Cropname T_BASE CNYLD CPYLD BN1 BN2 BN3 BP1 BP2 BP3 WSYF 
Minimum Value: 0 0 0 0.0015 0.0001 0.004 0.002 0.001 0.0005 0.0002 0.0003 -0.2 
Maximum Value: 99 0 18 0.075 0.015 0.07 0.05 0.27 0.01 0.007 0.0035 1.1 

Crop model number Crop model 
name Crop name Parameter value 

1 AGRB Bush Berries 10 0.01591 0.0032 0.03 0.012 0.01 0.006 0.0022 0.0018 0.25 
2 ALFA Alfalfa 5 0.03 0.0035 0.0417 0.027 0.025 0.0035 0.0028 0.002 0.9 
3 ALMC Cherries 8 0.0125 0.0003 0.01 0.009 0.007 0.0007 0.0004 0.0003 0.01 
4 ALMD Almonds 9 0.019 0.0003 0.0175 0.0175 0.017 0.0007 0.0004 0.0003 0.2 
5 ALMI Pistachios 10 0.0266 0.0003 0.013 0.0115 0.011 0.0007 0.0004 0.0003 0.2 
6 ALML Plums Prunes 7 0.01125 0.0003 0.0075 0.0065 0.006 0.0007 0.0004 0.0003 0.01 
7 ALMP Peaches Nectarines 7 0.011 0.0003 0.01 0.009 0.009 0.0007 0.0004 0.0003 0.01 
8 ALMY Young Perennials 9 0.0225 0.0003 0.01 0.008 0.008 0.0007 0.0004 0.0003 0.2 
9 APPL Apple 7 0.0044 0.0004 0.0045 0.004 0.0035 0.0007 0.0004 0.0003 0.05 

10 CABG Cabbage 1 0.02909 0.0031 0.062 0.045 0.035 0.005 0.0035 0.002 0.95 
11 CORN Corn 8 0.01275 0.0016 0.02 0.016 0.012 0.0048 0.0018 0.0014 0.3 
12 COTP Upland Cotton-harvested with 12 0.0233 0.0003 0.031 0.013 0.0115 0.0005 0.0004 0.0003 0.5 
13 CRRT Carrot 4 0.017 0.0036 0.04 0.025 0.017 0.006 0.003 0.002 0.9 
14 CUCM Cucumber 16 0.0219 0.0043 0.0663 0.0075 0.0048 0.0053 0.0025 0.0012 0.25 
15 CWDC Corn Wheat Rotation with Diary 8 0.01275 0.0016 0.02 0.016 0.012 0.0048 0.0018 0.0014 0.98 
16 CWDW Winter Wheat Corn Rotation Diary 0 0.017 0.0022 0.05 0.025 0.0138 0.0053 0.002 0.0012 0.94 
17 CWRC Corn Wheat Rotation without Diary 8 0.01275 0.0016 0.02 0.016 0.012 0.0048 0.0018 0.0014 0.98 
18 CWRW Winter Wheat Corn rotation no Diary 0 0.017 0.0022 0.05 0.025 0.0138 0.0053 0.002 0.0012 0.94 
19 DLFA Alfalfa Dairy 5 0.03 0.0035 0.0417 0.029 0.027 0.0035 0.0028 0.002 0.9 
20 GRAH Grape High Tonnage 10 0.007 0.0025 0.008 0.006 0.006 0.0014 0.0008 0.0006 0.05 
21 GRAK Kiwis 10 0.00833 0.0025 0.01 0.008 0.007 0.0014 0.0008 0.0006 0.05 
22 GRAl Grape Low Tonnage 10 0.007 0.0025 0.01 0.0067 0.0057 0.0014 0.0008 0.0006 0.01 
23 GRAT Table Grape 10 0.007 0.0025 0.01 0.0067 0.0057 0.0014 0.0008 0.0006 0.01 
24 HAY Hay 0 0.0177 0.0033 0.038 0.024 0.018 0.0084 0.0032 0.0019 0.3 
25 LETT Head Lettuce 7 0.03 0.0049 0.036 0.028 0.024 0.0084 0.0032 0.0019 0.01 
26 MAPL Maple 7 0.008 0.0004 0.015 0.013 0.01 0.0007 0.0004 0.0003 0.05 
27 OLIV Olives 10 0.013 0.0003 0.007 0.0045 0.004 0.0007 0.0004 0.0003 0.01 
28 ONIO Onion 7 0.015 0.0032 0.028 0.0165 0.013 0.0021 0.002 0.0019 0.2 
29 ORAN Orange 7 0.011 0.0004 0.0085 0.0052 0.0051 0.0007 0.0004 0.0003 0.2 
30 ORCP Pomegranates 7 0.013076 0.0004 0.012 0.007 0.006 0.0007 0.0004 0.0003 0.05 
31 POTA Potato (Irish) for SSJV and Sac Valley 7 0.017 0.0023 0.055 0.04 0.03 0.006 0.0025 0.0019 0.95 
32 POTA Potato (Sweet) for SJV alone 10 0.0113 0.0023 0.045 0.02 0.012 0.006 0.0025 0.0019 0.95 
33 PTBB Beans Dry 10 0.18 0.0091 0.05 0.04 0.025 0.0074 0.0037 0.0035 0.01 
34 SUNF Sunflower 6 0.037 0.0074 0.05 0.023 0.0146 0.0063 0.0029 0.0023 0.18 
35 SUNS Safflower 6 0.03 0.0074 0.03 0.0184 0.0182 0.0063 0.0029 0.0023 0.18 
36 TOMA Tomato 10 0.024 0.0048 0.0565 0.027 0.024 0.0005 0.0035 0.0003 0.3 
37 WALN Walnut 7 0.01636 0.0004 0.008 0.0075 0.007 0.0007 0.0004 0.0003 0.2 
38 WWHT Winter Wheat 0 0.02422 0.0022 0.05 0.026 0.018 0.0053 0.002 0.0012 0.2 
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APPENDIX TABLE B-2.C. CROP GROWTH PARAMETER VALUES 

Parameter Name: CPNM Cropname USLE_C GSI VPDFR FRGMAX WAVP CO2HI BIOEHI RSDCO_PL OV_N CN2A CN2B 
Minimum Value: 0 0 0.001 0 1.5 0 0 300 5 0.01 0.01 25 25 
Maximum Value: 99 0 0.5 5 6 1 50 1000 100 0.099 30 98 98 

Crop model number Crop model 
name Crop name Parameter value 

1 AGRB Bush Berries 0.2 0.005 4 0.75 8.5 660 36 0.05 0.14 67 77 
2 ALFA Alfalfa 0.01 0.01 4 0.75 10 660 35 0.05 0.06 31 59 
3 ALMC Cherries 0.001 0.0036 4 0.75 8 660 18 0.05 0.14 45 66 
4 ALMD Almonds 0.001 0.0036 4 0.75 8 660 18 0.05 0.14 45 66 
5 ALMI Pistachios 0.001 0.0036 4 0.75 8 660 18 0.05 0.14 45 66 
6 ALML Plums Prunes 0.001 0.0036 4 0.75 8 660 18 0.05 0.14 45 66 
7 ALMP Peaches Nectarines 0.001 0.0036 4 0.75 8 660 18 0.05 0.14 45 66 
8 ALMY Young Perennials 0.001 0.0036 4 0.75 8 660 18 0.05 0.14 45 66 
9 APPL Apple 0.001 0.007 4 0.75 3 660 20 0.05 0.14 45 66 

10 CABG Cabbage 0.2 0.006 4 0.75 5 660 25 0.05 0.14 67 77 
11 CORN Corn 0.2 0.007 4 0.75 7.2 660 45 0.05 0.14 67 77 
12 COTP Upland Cotton-harvested with 0.2 0.0095 4 0.75 3 660 19 0.05 0.14 67 77 
13 CRRT Carrot 0.2 0.006 4 1 10 660 35 0.05 0.14 67 77 
14 CUCM Cucumber 0.03 0.003 4 0.75 8 660 39 0.05 0.14 67 77 
15 CWDC Corn Wheat Rotation with Diary 0.2 0.007 4 0.75 7.2 660 45 0.05 0.14 67 77 
16 CWDW Winter Wheat Corn Rotation Diary 0.03 0.006 4 0.75 6 660 39 0.05 0.14 62 73 
17 CWRC Corn Wheat Rotation without Diary 0.2 0.007 4 0.75 7.2 660 45 0.05 0.14 67 77 
18 CWRW Winter Wheat Corn rotation no Diary 0.03 0.006 4 0.75 6 660 39 0.05 0.14 62 73 
19 DLFA Alfalfa Dairy 0.01 0.01 4 0.75 10 660 35 0.05 0.06 31 59 
20 GRAH Grape High Tonnage 0.1 0.005 1.1 0.75 8 660 40 0.05 0.14 45 66 
21 GRAK Kiwis 0.1 0.005 1.1 0.75 8 660 40 0.05 0.14 45 66 
22 GRAl Grape Low Tonnage 0.1 0.005 1.1 0.75 8 660 40 0.05 0.14 45 66 
23 GRAT Table Grape 0.1 0.005 1.1 0.75 8 660 40 0.05 0.14 45 66 
24 HAY Hay 0.003 0.005 4 0.75 10 660 36 0.05 0.3 31 59 
25 LETT Head Lettuce 0.01 0.003 4 0.75 8 660 25 0.05 0.14 67 77 
26 MAPL Maple 0.001 0.007 4 0.75 3 660 20 0.05 0.14 45 66 
27 OLIV Olives 0.001 0.0036 4 0.75 8 660 18 0.05 0.14 45 66 
28 ONIO Onion 0.2 0.006 4 0.75 10 660 35 0.05 0.14 67 77 
29 ORAN Orange 0.001 0.005 4 3 3 660 20 0.05 0.15 45 66 
30 ORCP Pomegranates 0.001 0.007 4 0.75 3 660 20 0.05 0.15 45 66 
31 POTA Potato (Irish) for SSJV and Sac Valley 0.2 0.005 4 0.75 14.8 660 30 0.05 0.14 67 77 
32 POTA Potato (Sweet) for SJV alone 0.2 0.005 4 0.75 14.8 660 30 0.05 0.14 67 77 
33 PTBB Beans Dry 0.2 0.0071 4 0.75 8 660 34 0.05 0.14 67 78 
34 SUNF Sunflower 0.2 0.008 4 0.75 32.3 660 59 0.05 0.14 67 77 
35 SUNS Safflower 0.2 0.008 4 0.75 32.3 660 59 0.05 0.14 67 77 
36 TOMA Tomato 0.03 0.0075 4 1 8 660 39 0.05 0.14 67 77 
37 WALN Walnut 0.001 0.007 4 0.75 3 660 20 0.05 0.14 45 66 
38 WWHT Winter Wheat 0.03 0.006 5 1 6 660 39 0.05 0.14 62 73 
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APPENDIX TABLE B-2.D. CROP GROWTH PARAMETER VALUES 

Parameter Name: CPNM Cropname CN2C CN2D FERTFIELD ALAI_MIN BIO_LEAF MAT_YRS BMX_TREES EXT_COEF BM_DIEOFF 
Minimum Value: 0 0 25 25 0 0 0 0 0 0 0 
Maximum Value: 99 0 98 98 0 3 1 100 5000 2 1 

Crop model number Crop model 
name Crop name Parameter value 

1 AGRB Bush Berries 83 87 1 0 0.25 0 0 0.65 0.1 
2 ALFA Alfalfa 72 79 0 1.25 0 0 0 0.65 0.1 
3 ALMC Cherries 77 83 1 0.01 0.25 10 50 0.61 0.1 
4 ALMD Almonds 77 83 1 0.01 0.25 8 100 0.61 0.1 
5 ALMI Pistachios 77 83 1 0.01 0.25 8 100 0.61 0.1 
6 ALML Plums Prunes 77 83 1 0.01 0.25 10 50 0.61 0.1 
7 ALMP Peaches Nectarines 77 83 1 0.01 0.25 10 50 0.61 0.1 
8 ALMY Young Perennials 77 83 1 0.01 0.25 3 100 0.61 0.1 
9 APPL Apple 77 83 1 0.01 0.3 10 500 0.65 0.1 

10 CABG Cabbage 83 87 1 0 0 0 0 0.65 0.1 
11 CORN Corn 83 87 1 0 0 0 0 0.65 0.1 
12 COTP Upland Cotton-harvested with 83 87 1 0 0 0 0 0.65 0.1 
13 CRRT Carrot 83 87 1 0 0 0 0 0.65 0.1 
14 CUCM Cucumber 83 87 1 0 0 0 0 0.65 0.1 
15 CWDC Corn Wheat Rotation with Diary 83 87 1 0 0 0 0 0.65 0.1 
16 CWDW Winter Wheat Corn Rotation Diary 81 84 1 0 0 0 0 0.65 0.1 
17 CWRC Corn Wheat Rotation without Diary 83 87 1 0 0 0 0 0.65 0.1 
18 CWRW Winter Wheat Corn rotation no Diary 81 84 1 0 0 0 0 0.65 0.1 
19 DLFA Alfalfa Dairy 72 79 0 1.25 0 0 0 0.65 0.1 
20 GRAH Grape High Tonnage 77 83 1 0.01 0.3 4 25 0.65 0.1 
21 GRAK Kiwis 77 83 1 0.01 0.25 4 50 0.65 0.1 
22 GRAl Grape Low Tonnage 77 83 1 0.01 0.3 4 25 0.65 0.1 
23 GRAT Table Grape 77 83 1 0.01 0.3 4 25 0.65 0.1 
24 HAY Hay 72 79 1 0 0 0 0 0.65 0.1 
25 LETT Head Lettuce 83 87 1 0 0 0 0 0.65 0.1 
26 MAPL Maple 77 83 1 0.01 0.3 10 500 0.65 0.1 
27 OLIV Olives 77 83 1 1.5 0.3 10 50 0.61 0.1 
28 ONIO Onion 83 87 1 0 0 0 0 0.65 0.1 
29 ORAN Orange 77 83 1 2 0.3 5 30 0.65 0.1 
30 ORCP Pomegranates 77 83 1 0.75 0.3 0 0 0.65 0.1 
31 POTA Potato (Irish) for SSJV and Sac Valley 83 87 1 0 0 0 0 0.65 0.1 
32 POTA Potato (Sweet) for SJV alone 83 87 1 0 0 0 0 0.65 0.1 
33 PTBB Beans Dry 85 89 0 0 0 0 0 0.45 0.1 
34 SUNF Sunflower 83 87 1 0 0 0 0 0.9 0.1 
35 SUNS Safflower 83 87 1 0 0 0 0 0.9 0.1 
36 TOMA Tomato 83 87 1 0 0 0 0 0.65 0.1 
37 WALN Walnut 77 83 1 0.01 0.3 10 100 0.65 0.1 
38 WWHT Winter Wheat 81 84 1 0 0 0 0 0.65 0.1 
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APPENDIX TABLE C-1. CROP CLASS DERIVED FROM LAND USE SURVEY, AND CROP TYPE MODELLED IN EACH 
GEOGRAPHICAL AREA 

 Crop type modelled 
Crop class SSJV SJV SAC 
Alfalfa and Alfalfa Mixtures alfalfa alfalfa alfalfa 
Almonds almond almond almond 
Apples apple apple apple 
Beans (Dry) blackeye pea lima bean lima bean 
Bush Berries blueberry blueberry blueberry 
Carrots carrot carrot carrot 
Cherries cherry cherry cherry 
Citrus orange orange orange 
Cole Crops cabbage cabbage cabbage 

Corn, Sorghum and Sudan corn / wheat silage 
double crop 

corn / wheat silage 
double crop corn for grain 

Cotton pima cotton pima cotton ------ 
Alfalfa and Alfalfa Mixtures 
receiving dairy waste alfalfa alfalfa alfalfa 

Annual Forage receiving dairy 
waste  

corn / wheat silage 
double crop  

corn / wheat silage 
double crop  

corn / wheat silage 
double crop  

Flowers, Nursery and 
Christmas Tree Farms 

deciduous tree crop 
nursery 

deciduous tree crop 
nursery 

deciduous tree crop 
nursery 

Grapes - high tonnage raisin grape raisin grape ------ 
Grapes - low tonnage wine grapes wine grapes wine grapes 
Grapes - table table grape table grape ------ 
Kiwis kiwi kiwi kiwi 
Lettuce/Leafy Greens head lettuce head lettuce head lettuce 
Melons, Squash and 
Cucumbers cantaloupe cantaloupe cantaloupe 

Miscellaneous Grain and Hay oat hay oat hay oat hay 
Olives table olive oil olive oil olive 
Onions and Garlic onion onion onion 
Peaches/Nectarines peach peach peach 
Peppers bell pepper bell pepper bell pepper 
Pistachios pistachio pistachio pistachio 
Plums, Prunes and Apricots fresh market plum fresh market plum prune 
Pomegranates pomegranate pomegranate pomegranate 
Potatoes and Sweet Potatoes Irish potato sweet potato Irish potato 
Safflower safflower safflower safflower 
Sunflower ------ sunflower sunflower 
Tomatoes processing tomato processing tomato processing tomato 
Walnuts walnut walnut walnut 
Wheat winter wheat winter wheat winter wheat 
Young Perennials 3 year old almond 3 year old almond 3 year old almond 
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APPENDIX TABLE C-2. MODELLED IRRIGATION TYPE, ANNUAL NUMBER OF IRRIGATION EVENTS, AND ANNUAL 
IRRIGATION VOLUME IN THE FOUR MANAGEMENT SCENARIOS; SOUTH SAN JOAQUIN VALLEY DOMAIN 

   Irrigation volume (in.) 

Crop Irrigation system # of irrigations 
Scenarios 
1 and 2 

Scenarios 3 
and 4 

Alfalfa Flood 11 54.1 62.8 
Alfalfa - receiving dairy waste Flood 11 54.1 62.8 
Almond - 3 yr old Microsprinkler 26 26.0 30.1 
Almond - mature Microsprinkler 50 49.8 57.7 
Apple Microsprinkler 37 36.4 42.2 
Bell Pepper Drip 30 20.1 23.7 
Blackeye pea Furrow 6 22.6 26.2 
Blueberry Drip 33 32.5 37.7 
Cabbage Sprinkler 7 13.8 15.9 
Cantaloupe Drip 27 16.9 20.0 
Carrot Sprinkler 9 16.3 19.3 
Cherry Microsprinkler 36 36.4 42.1 
Corn Silage  Furrow 7 27.6 31.7 
Corn Silage - receiving dairy waste Furrow 7 27.6 31.7 
Cotton  Drip 29 29.5 34.1 
Grape - raisin Drip 44 34.6 39.8 
Grape - table Drip 44 34.6 39.8 
Grape - wine Drip 31 24.4 28.1 
Irish Potato Sprinkler 10 14.8 17.3 
Kiwi Drip 38 37.4 43.4 
Lettuce Sprinkler 7 13.4 15.6 
Nursery - tree crops Sprinkler 28 27.6 32.0 
Oat Hay Furrow 2 7.9 9.1 
Olive - table Drip 41 41.3 47.8 
Onion Drip 22 21.2 24.6 
Orange Microsprinkler 46 36.0 41.5 
Peach Microsprinkler 42 42.3 49.2 
Pistachio Drip 44 44.3 51.5 
Plum Microsprinkler 42 41.3 48.0 
Pomegranate Microsprinkler 30 29.5 34.3 
Processing Tomato Drip 38 23.8 28.2 
Safflower Furrow 3 15.7 18.1 
Walnut Microsprinkler 48 43.3 50.2 
Wheat Silage  Furrow 4 12.8 15.0 
Wheat Silage - receiving dairy waste Furrow 4 12.8 15.0 
Winter Wheat Sprinkler 4 13.8 15.9 
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APPENDIX TABLE C-3. MODELLED IRRIGATION TYPE, ANNUAL NUMBER OF IRRIGATION EVENTS, AND ANNUAL 
IRRIGATION VOLUME IN THE FOUR MANAGEMENT SCENARIOS; SAN JOAQUIN VALLEY DOMAIN 

   Irrigation volume (in.) 

Crop Irrigation system # of irrigations 
Scenarios 
1 and 2 

Scenarios 3 
and 4 

Alfalfa Flood 8 39.4 45.7 
Alfalfa - receiving dairy waste Flood 8 39.4 45.7 
Almond - 3 yr old Microsprinkler 24 23.6 27.4 
Almond Microsprinkler 44 43.3 50.2 
Apple Microsprinkler 35 34.4 40.0 
Beans - lima Furrow 6 22.6 26.2 
Bell Pepper Drip 30 20.1 23.7 
Blueberry Drip 33 32.5 37.7 
Cabbage Sprinkler 7 13.8 15.9 
Cantaloupe Drip 27 16.9 20.0 
Carrot Sprinkler 9 16.3 19.3 
Cherry Microsprinkler 30 29.5 34.1 
Corn Silage Furrow 7 27.6 31.7 
Corn Silage - receiving dairy waste Furrow 7 27.6 31.7 
Cotton Drip 29 29.5 34.1 
Grape - raisin Drip 44 34.6 39.8 
Grape - table Drip 44 34.6 39.8 
Grape - wine Drip 26 20.5 23.5 
Kiwi Drip 38 37.4 43.4 
Lettuce Sprinkler 7 13.4 15.6 
Nursery - tree crops Sprinkler 28 27.6 32.0 
Oat Hay Furrow 1 3.9 4.5 
Olive - oil Drip 29 28.5 33.1 
Onion Drip 22 21.2 21.2 
Orange Microsprinkler 38 29.9 34.4 
Peach Microsprinkler 39 38.4 44.5 
Pistachio Drip 41 40.4 46.8 
Plum - fresh market Microsprinkler 38 37.4 43.4 
Pomegranate Microsprinkler 30 29.5 34.3 
Processing Tomato Drip 38 23.8 28.2 
Safflower Furrow 3 11.8 13.6 
Sunflower Furrow 6 21.7 25.2 
Sweet potato Drip 40 27.0 31.5 
Walnut Microsprinkler 21 41.3 48.0 
Wheat Silage Furrow 3 9.8 11.4 
Wheat Silage - receiving dairy waste Furrow 4 9.8 11.4 
Winter Wheat Sprinkler 2 5.9 6.9 
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APPENDIX TABLE C-4. MODELLED IRRIGATION TYPE, ANNUAL NUMBER OF IRRIGATION EVENTS, AND ANNUAL 
IRRIGATION VOLUME IN THE FOUR MANAGEMENT SCENARIOS; SACRAMENTO VALLEY DOMAIN 

   Irrigation volume (in.) 

Crop Irrigation system # of irrigations 
Scenarios 
1 and 2 

Scenarios 3 
and 4 

Alfalfa Flood 8 39.4 45.7 
Alfalfa - receiving dairy waste Flood 8 39.4 45.7 
Almond - 3 yr old Microsprinkler 23 22.6 26.3 
Almond - mature Microsprinkler 42 41.3 48.0 
Apple Microsprinkler 35 34.4 40.0 
Bean - lima Furrow 6 22.6 26.2 
Bell pepper Drip 30 20.1 23.7 
Blueberry Drip 33 32.5 37.7 
Cabbage Sprinkler 7 13.8 15.9 
Cantaloupe Drip 27 16.9 20.0 
Carrot Sprinkler 9 16.3 19.3 
Cherry Microsprinkler 30 29.5 34.1 
Corn - grain Furrow 8 29.5 34.1 
Corn Silage - receiving dairy waste Furrow 7 26.6 30.7 
Grape - wine Drip 26 20.5 23.5 
Irish Potato Sprinkler 10 14.8 17.3 
Kiwi Drip 34 33.5 38.8 
Lettuce Sprinkler 7 13.4 15.6 
Nursery - tree crops Sprinkler 28 27.6 32.0 
Oat Hay Furrow 1 3.9 4.5 
Olive - oil Drip 26 25.6 29.7 
Onion Drip 22 21.2 24.6 
Orange Microsprinkler 38 29.9 34.4 
Peach Microsprinkler 37 36.4 42.2 
Pistachio Drip 39 38.4 44.5 
Prune Microsprinkler 32 31.5 36.5 
Pomegranate Microsprinkler 30 29.5 34.3 
Processing Tomato Drip 38 23.8 28.2 
Safflower Furrow 1 5.9 6.9 
Sunflower Furrow 6 21.7 25.2 
Walnut Sprinkler 20 39.4 45.7 
Wheat silage - receiving dairy waste Furrow 3 5.9 5.9 
Winter Wheat Sprinkler 2 5.9 6.9 
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APPENDIX TABLE C-5. ANNUAL NUMBER OF N APPLICATIONS AND ANNUAL N FERTILIZATION RATES IN THE FOUR 
MANAGEMENT SCENARIOS; SOUTH SAN JOAQUIN VALLEY DOMAIN 

  N rate (lb/acre) 

Crop # of applications 
Scenarios 1 

and 3 
Scenarios 2 

and 4 
Alfalfa1 0 0 0 
Alfalfa - receiving dairy waste2 1 98 116 
Almond - 3 yr old 3 76 89 
Almond - mature 6 223 259 
Apple 4 80 94 
Bell Pepper 7 218 254 
Blackeye pea 1 45 54 
Blueberry 4 98 116 
Cabbage 3 223 259 
Cantaloupe 4 129 152 
Carrot 6 161 187 
Cherry 2 62 71 
Corn Silage  4 241 286 
Corn Silage - receiving dairy waste2 3 321 375 
Cotton  6 165 192 
Grape - raisin 2 62 71 
Grape - table 2 62 71 
Grape - wine 2 45 54 
Irish Potato 3 214 250 
Kiwi 4 125 147 
Lettuce 3 161 187 
Nursery - tree crops 10 107 125 
Oat Hay 2 125 147 
Olive - table 5 76 89 
Onion 6 196 227 
Orange 3 120 143 
Peach 3 125 147 
Pistachio 4 161 187 
Plum 3 107 125 
Pomegranate 4 103 120 
Processing Tomato 7 205 236 
Safflower 2 125 147 
Walnut 4 152 174 
Wheat Silage  2 143 170 
Wheat Silage - receiving dairy waste2 3 218 250 
Winter Wheat 3 161 187 

1 22 lb N/acre applied in establishment year only 
2 total dairy N, not ‘available’ N  
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APPENDIX TABLE C-6. ANNUAL NUMBER OF N APPLICATIONS AND ANNUAL N FERTILIZATION RATES IN THE FOUR 
MANAGEMENT SCENARIOS; SAN JOAQUIN VALLEY DOMAIN 

  N rate (lb/acre) 

Crop # of applications 
Scenarios 1 

and 3 
Scenarios 2 

and 4 
Alfalfa1 0 0 0 
Alfalfa - receiving dairy waste2 1 98 116 
Almond - 3 yr old 3 76 89 
Almond 6 223 259 
Apple 4 80 94 
Beans - lima 2 80 94 
Bell Pepper 7 219 254 
Blueberry 4 98 116 
Cabbage 3 223 259 
Cantaloupe 4 129 152 
Carrot 6 161 187 
Cherry 2 62 71 
Corn Silage 4 241 285 
Corn Silage - receiving dairy waste2 3 321 375 
Cotton 6 165 192 
Grape - raisin 2 62 71 
Grape - table 2 62 71 
Grape - wine 2 45 54 
Kiwi 4 125 147 
Lettuce 3 161 187 
Nursery - tree crops 10 107 125 
Oat Hay 2 98 116 
Olive - oil 5 58 67 
Onion 6 196 228 
Orange 3 120 143 
Peach 3 125 147 
Pistachio 4 161 187 
Plum - fresh market 3 107 125 
Pomegranate 4 103 120 
Processing Tomato 7 205 236 
Safflower 2 125 147 
Sunflower 2 107 125 
Sweet potato 5 143 165 
Walnut 4 152 178 
Wheat Silage 2 143 170 
Wheat Silage - receiving dairy waste2 3 214 250 
Winter Wheat 2 143 165 

1 22 lb N/acre applied in establishment year only 
2 total dairy N, not ‘available’ N  
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APPENDIX TABLE C-7. ANNUAL NUMBER OF N APPLICATIONS AND ANNUAL N FERTILIZATION RATES IN THE FOUR 
MANAGEMENT SCENARIOS; SACRAMENTO VALLEY DOMAIN 

  N rate (lb/acre) 

Crop # of applications 
Scenarios 1 

and 3 
Scenarios 2 

and 4 
Alfalfa1 0 0 0 
Alfalfa - receiving dairy waste2 1 98 116 
Almond - 3 yr old 3 76 89 
Almond - mature 6 223 259 
Apple 4 80 94 
Bean - lima 2 80 94 
Bell pepper 7 219 254 
Blueberry 4 98 116 
Cabbage 3 223 259 
Cantaloupe 4 129 152 
Carrot 6 161 187 
Cherry 2 62 71 
Corn - grain 4 232 268 
Corn Silage - receiving dairy waste2 3 321 375 
Grape - wine 2 45 54 
Irish Potato 3 214 250 
Kiwi 4 125 147 
Lettuce 3 161 187 
Nursery - tree crops 10 107 125 
Oat Hay 2 125 147 
Olive - oil 5 58 67 
Onion 6 196 228 
Orange 3 120 143 
Peach 3 125 147 
Pistachio 4 161 187 
Plum - prune 3 94 112 
Pomegranate 4 103 120 
Processing Tomato 7 205 236 
Safflower 1 98 116 
Sunflower 2 107 125 
Walnut 4 152 178 
Wheat silage - receiving dairy waste2 3 214 250 
Winter Wheat 2 143 165 

1 22 lb N/acre applied in establishment year only 
2 total dairy N, not ‘available’ N  
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MONTHLY N AND WATER 
BALANCE PLOTS, SHOWING 
AVERAGE VALUES FOR EACH 
CROP, SCENARIO 1 

F1: SSJV DOMAIN 
F2: SJV DOMAIN 
F3: SAC VALLEY DOMAIN 
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Figure F1−1. Monthly Average of Nitrogen and Water Balance Components
SSJV, Baseline Scenario, Almond
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Figure F1−2. Monthly Average of Nitrogen and Water Balance Components
SSJV, Baseline Scenario, High Tonnage Grape
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Figure F1−3. Monthly Average of Nitrogen and Water Balance Components
SSJV, Baseline Scenario, Orange

Nitrogen Components

0

50

100

150

C
um

ul
at

iv
e 

N
 B

al
an

ce
 C

om
po

ne
nt

 (
lb

/a
c)

Jan Mar May Jul Sep Nov

Month

N Uptake
N Applied
N removed with yield
Target N Uptake
Nitrate Leaching

F-3



0
10

20
30

40
50

60

Month

C
um

ul
at

iv
e 

W
at

er
 B

al
an

ce
 C

om
po

ne
nt

s 
(in

.)

Jan Mar May Jul Sep Nov

Water Components

ET
Target ET
Irrigation
Percolation

Figure F1−4. Monthly Average of Nitrogen and Water Balance Components
SSJV, Baseline Scenario, Pistachio
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Figure F1−5. Monthly Average of Nitrogen and Water Balance Components
SSJV, Baseline Scenario, Corn Silage in rotation − receiving manure
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Figure F1−6. Monthly Average of Nitrogen and Water Balance Components
SSJV, Baseline Scenario, Wheat silage rotation − receiving manure
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Figure F1−7. Monthly Average of Nitrogen and Water Balance Components
SSJV, Baseline Scenario, Alfalfa
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Figure F1−8. Monthly Average of Nitrogen and Water Balance Components
SSJV, Baseline Scenario, Corn silage rotation
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Figure F1−9. Monthly Average of Nitrogen and Water Balance Components
SSJV, Baseline Scenario, Wheat silage rotation
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Figure F1−10. Monthly Average of Nitrogen and Water Balance Components
SSJV, Baseline Scenario, Cotton
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Figure F1−11. Monthly Average of Nitrogen and Water Balance Components
SSJV, Baseline Scenario, Table Grape
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Figure F1−12. Monthly Average of Nitrogen and Water Balance Components
SSJV, Baseline Scenario, Winter Wheat

Nitrogen Components

0

50

100

150

200

250

C
um

ul
at

iv
e 

N
 B

al
an

ce
 C

om
po

ne
nt

 (
lb

/a
c)

Jan Mar May Jul Sep Nov

Month

N Uptake
N Applied
N removed with yield
Target N Uptake
Nitrate Leaching

F-12



0
10

20
30

40
50

60

Month

C
um

ul
at

iv
e 

W
at

er
 B

al
an

ce
 C

om
po

ne
nt

s 
(in

.)

Jan Mar May Jul Sep Nov

Water Components

ET
Target ET
Irrigation
Percolation

Figure F1−13. Monthly Average of Nitrogen and Water Balance Components
SSJV, Baseline Scenario, Walnut
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Figure F1−14. Monthly Average of Nitrogen and Water Balance Components
SSJV, Baseline Scenario, Alfalfa − receiving manure
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Figure F1−15. Monthly Average of Nitrogen and Water Balance Components
SSJV, Baseline Scenario, Fresh Market Peach
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Figure F1−16. Monthly Average of Nitrogen and Water Balance Components
SSJV, Baseline Scenario, Processing Tomato
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Figure F1−17. Monthly Average of Nitrogen and Water Balance Components
SSJV, Baseline Scenario, Fresh Market Plum
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Figure F1−18. Monthly Average of Nitrogen and Water Balance Components
SSJV, Baseline Scenario, Carrot
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Figure F1−19. Monthly Average of Nitrogen and Water Balance Components
SSJV, Baseline Scenario, Pomegranate
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Figure F1−20. Monthly Average of Nitrogen and Water Balance Components
SSJV, Baseline Scenario, Safflower
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Figure F1−21. Monthly Average of Nitrogen and Water Balance Components
SSJV, Baseline Scenario, Oat Hay
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Figure F1−22. Monthly Average of Nitrogen and Water Balance Components
SSJV, Baseline Scenario, Cherry
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Figure F1−23. Monthly Average of Nitrogen and Water Balance Components
SSJV, Baseline Scenario, Onion and Garlic

Nitrogen Components

0

50

100

150

200

250

300

C
um

ul
at

iv
e 

N
 B

al
an

ce
 C

om
po

ne
nt

 (
lb

/a
c)

Jan Mar May Jul Sep Nov

Month

N Uptake
N Applied
N removed with yield
Target N Uptake
Nitrate Leaching

F-23



0
10

20
30

40
50

60
70

Month

C
um

ul
at

iv
e 

W
at

er
 B

al
an

ce
 C

om
po

ne
nt

s 
(in

.)

Jan Mar May Jul Sep Nov

Water Components

ET
Target ET
Irrigation
Percolation

Figure F1−24. Monthly Average of Nitrogen and Water Balance Components
SSJV, Baseline Scenario, Table Olive
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Figure F1−25. Monthly Average of Nitrogen and Water Balance Components
SSJV, Baseline Scenario, Irish Potato
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Figure F1−26. Monthly Average of Nitrogen and Water Balance Components
SSJV, Baseline Scenario, Bell Pepper
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Figure F1−27. Monthly Average of Nitrogen and Water Balance Components
SSJV, Baseline Scenario, Blackeye Bean
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Figure F1−28. Monthly Average of Nitrogen and Water Balance Components
SSJV, Baseline Scenario, Cantaloupe
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Figure F1−29. Monthly Average of Nitrogen and Water Balance Components
SSJV, Baseline Scenario, Head Lettuce
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Figure F1−30. Monthly Average of Nitrogen and Water Balance Components
SSJV, Baseline Scenario, Nut Tree Nursery
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Figure F1−31. Monthly Average of Nitrogen and Water Balance Components
SSJV, Baseline Scenario, 3 Year Old Almond
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Figure F1−32. Monthly Average of Nitrogen and Water Balance Components
SSJV, Baseline Scenario, Blueberry
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Figure F1−33. Monthly Average of Nitrogen and Water Balance Components
SSJV, Baseline Scenario, Kiwi
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Figure F1−34. Monthly Average of Nitrogen and Water Balance Components
SSJV, Baseline Scenario, Cabbage
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Figure F1−35. Monthly Average of Nitrogen and Water Balance Components
SSJV, Baseline Scenario, Apple
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Figure F2−1. Monthly Average of Nitrogen and Water Balance Components
SJV, Baseline Scenario, Almond
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Figure F2−2. Monthly Average of Nitrogen and Water Balance Components
SJV, Baseline Scenario, Processing Tomato

Nitrogen Components

0

50

100

150

200

250

300

Jan Mar May Jul Sep Nov

C
um

ul
at

iv
e 

N
 B

al
an

ce
 C

om
po

ne
nt

 (
lb

/a
c)

Month

N Uptake
N Applied
N removed with yield
Target N Uptake
Nitrate Leaching

F-37



0
10

20
30

40
50

Month

C
um

ul
at

iv
e 

W
at

er
 B

al
an

ce
 C

om
po

ne
nt

s 
(in

.)

Jan Mar May Jul Sep Nov

Water Components

ET
Target ET
Irrigation
Percolation

Figure F2−3. Monthly Average of Nitrogen and Water Balance Components
SJV, Baseline Scenario, Alfalfa
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Figure F2−4. Monthly Average of Nitrogen and Water Balance Components
SJV, Baseline Scenario, Corn silage rotation
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Figure F2−5. Monthly Average of Nitrogen and Water Balance Components
SJV, Baseline Scenario, Wheat silage rotation
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Figure F2−6. Monthly Average of Nitrogen and Water Balance Components
SJV, Baseline Scenario, Pistachio
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Figure F2−7. Monthly Average of Nitrogen and Water Balance Components
SJV, Baseline Scenario, Corn Silage in rotation − receiving manure
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Figure F2−8. Monthly Average of Nitrogen and Water Balance Components
SJV, Baseline Scenario, Wheat silage rotation − receiving manure
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Figure F2−9. Monthly Average of Nitrogen and Water Balance Components
SJV, Baseline Scenario, High Tonnage Grape

Nitrogen Components

0

10

20

30

40

50

60

70

Jan Mar May Jul Sep Nov

C
um

ul
at

iv
e 

N
 B

al
an

ce
 C

om
po

ne
nt

 (
lb

/a
c)

Month

N Uptake
N Applied
N removed with yield
Target N Uptake
Nitrate Leaching

F-44



0
10

20
30

40
50

Month

C
um

ul
at

iv
e 

W
at

er
 B

al
an

ce
 C

om
po

ne
nt

s 
(in

.)

Jan Mar May Jul Sep Nov

Water Components

ET
Target ET
Irrigation
Percolation

Figure F2−10. Monthly Average of Nitrogen and Water Balance Components
SJV, Baseline Scenario, Walnut
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Figure H3−18. Area−weighted Average Annual Yield, Nitrogen Balance, and
Water Balance across HRUs for Four Management Scenarios
SacV, Baseline Scenario, Apple
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Figure H3−19. Area−weighted Average Annual Yield, Nitrogen Balance, and
Water Balance across HRUs for Four Management Scenarios
SacV, Baseline Scenario, Bell Pepper
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Figure H3−20. Area−weighted Average Annual Yield, Nitrogen Balance, and
Water Balance across HRUs for Four Management Scenarios
SacV, Baseline Scenario, Pistachio
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Figure H3−21. Area−weighted Average Annual Yield, Nitrogen Balance, and
Water Balance across HRUs for Four Management Scenarios
SacV, Baseline Scenario, Alfalfa − receiving manure
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Figure H3−22. Area−weighted Average Annual Yield, Nitrogen Balance, and
Water Balance across HRUs for Four Management Scenarios
SacV, Baseline Scenario, Nut Tree Nursery

S1 S2 S3 S4

Denitrification
N Leached
N Balance
N Removed

N
itr

og
en

 C
om

po
ne

nt
 (

lb
/a

c)

0
20

40
60

80

S1 S2 S3 S4

Total Biomass
Yield

Scenario

D
ry

m
at

te
r 

Y
ie

ld
 (

to
n/

ac
)

0
1

2
3

4

0
50

0
10

00
15

00
20

00
G

ro
w

er
 R

ec
og

ni
ze

d 
Y

ie
ld

 (
lb

/a
c)

H-90



S1 S2 S3 S4

Runoff
ET
Percolation

W
at

er
 C

om
po

ne
nt

 (
in

)

0
10

20
30

40
50

60

Figure H3−23. Area−weighted Average Annual Yield, Nitrogen Balance, and
Water Balance across HRUs for Four Management Scenarios
SacV, Baseline Scenario, Cherry
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Figure H3−24. Area−weighted Average Annual Yield, Nitrogen Balance, and
Water Balance across HRUs for Four Management Scenarios
SacV, Baseline Scenario, Onion and Garlic
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Figure H3−25. Area−weighted Average Annual Yield, Nitrogen Balance, and
Water Balance across HRUs for Four Management Scenarios
SacV, Baseline Scenario, Pima Cotton
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Figure H3−26. Area−weighted Average Annual Yield, Nitrogen Balance, and
Water Balance across HRUs for Four Management Scenarios
SacV, Baseline Scenario, Kiwi
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Figure H3−27. Area−weighted Average Annual Yield, Nitrogen Balance, and
Water Balance across HRUs for Four Management Scenarios
SacV, Baseline Scenario, Orange
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Figure H3−28. Area−weighted Average Annual Yield, Nitrogen Balance, and
Water Balance across HRUs for Four Management Scenarios
SacV, Baseline Scenario, Carrot
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Figure H3−29. Area−weighted Average Annual Yield, Nitrogen Balance, and
Water Balance across HRUs for Four Management Scenarios
SacV, Baseline Scenario, Irish Potato
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Figure H3−30. Area−weighted Average Annual Yield, Nitrogen Balance, and
Water Balance across HRUs for Four Management Scenarios
SacV, Baseline Scenario, Blueberry
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Figure H3−31. Area−weighted Average Annual Yield, Nitrogen Balance, and
Water Balance across HRUs for Four Management Scenarios
SacV, Baseline Scenario, Pomegranate
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Figure H3−32. Area−weighted Average Annual Yield, Nitrogen Balance, and
Water Balance across HRUs for Four Management Scenarios
SacV, Baseline Scenario, Head Lettuce
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Figure H3−33. Area−weighted Average Annual Yield, Nitrogen Balance, and
Water Balance across HRUs for Four Management Scenarios
SacV, Baseline Scenario, Cabbage
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Figure H3−34. Area−weighted Average Annual Yield, Nitrogen Balance, and
Water Balance across HRUs for Four Management Scenarios
SacV, Baseline Scenario, High Tonnage Grape
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 –  
N LEACHING LEVELS PLOTTED 
ACCORDING TO THE RANK ORDER 
OF LEACHING IN SCENARIO 1, 
COMPARED ACROSS SCENARIOS, 
FOR EACH CROP  

I1: SSJV DOMAIN 
I2: SJV DOMAIN 
I3: SAC VALLEY DOMAIN 
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Figure I1−1. Average Annual Nitrate Leaching across the Landscape for Four Management Scenarios
(ranked by nitrate leaching magnitude of Scenario 1, plotted against cumulative acreage [x−axis])
SSJV, Baseline Scenario, Almond
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Figure I1−2. Average Annual Nitrate Leaching across the Landscape for Four Management Scenarios
(ranked by nitrate leaching magnitude of Scenario 1, plotted against cumulative acreage [x−axis])
SSJV, Baseline Scenario, High Tonnage Grape
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Figure I1−3. Average Annual Nitrate Leaching across the Landscape for Four Management Scenarios
(ranked by nitrate leaching magnitude of Scenario 1, plotted against cumulative acreage [x−axis])
SSJV, Baseline Scenario, Orange
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Figure I1−4. Average Annual Nitrate Leaching across the Landscape for Four Management Scenarios
(ranked by nitrate leaching magnitude of Scenario 1, plotted against cumulative acreage [x−axis])
SSJV, Baseline Scenario, Pistachio
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Figure I1−5. Average Annual Nitrate Leaching across the Landscape for Four Management Scenarios
(ranked by nitrate leaching magnitude of Scenario 1, plotted against cumulative acreage [x−axis])
SSJV, Baseline Scenario, Corn−Wheat silage rotation − receiving manure
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Figure I1−6. Average Annual Nitrate Leaching across the Landscape for Four Management Scenarios
(ranked by nitrate leaching magnitude of Scenario 1, plotted against cumulative acreage [x−axis])
SSJV, Baseline Scenario, Alfalfa
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Figure I1−7. Average Annual Nitrate Leaching across the Landscape for Four Management Scenarios
(ranked by nitrate leaching magnitude of Scenario 1, plotted against cumulative acreage [x−axis])
SSJV, Baseline Scenario, Corn−Wheat silage rotation
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Figure I1−8. Average Annual Nitrate Leaching across the Landscape for Four Management Scenarios
(ranked by nitrate leaching magnitude of Scenario 1, plotted against cumulative acreage [x−axis])
SSJV, Baseline Scenario, Cotton
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Figure I1−9. Average Annual Nitrate Leaching across the Landscape for Four Management Scenarios
(ranked by nitrate leaching magnitude of Scenario 1, plotted against cumulative acreage [x−axis])
SSJV, Baseline Scenario, Table Grape
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Figure I1−10. Average Annual Nitrate Leaching across the Landscape for Four Management Scenarios
(ranked by nitrate leaching magnitude of Scenario 1, plotted against cumulative acreage [x−axis])
SSJV, Baseline Scenario, Winter Wheat
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Figure I1−11. Average Annual Nitrate Leaching across the Landscape for Four Management Scenarios
(ranked by nitrate leaching magnitude of Scenario 1, plotted against cumulative acreage [x−axis])
SSJV, Baseline Scenario, Walnut
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Figure I1−12. Average Annual Nitrate Leaching across the Landscape for Four Management Scenarios
(ranked by nitrate leaching magnitude of Scenario 1, plotted against cumulative acreage [x−axis])
SSJV, Baseline Scenario, Alfalfa − receiving manure
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Figure I1−13. Average Annual Nitrate Leaching across the Landscape for Four Management Scenarios
(ranked by nitrate leaching magnitude of Scenario 1, plotted against cumulative acreage [x−axis])
SSJV, Baseline Scenario, Fresh Market Peach
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Figure I1−14. Average Annual Nitrate Leaching across the Landscape for Four Management Scenarios
(ranked by nitrate leaching magnitude of Scenario 1, plotted against cumulative acreage [x−axis])
SSJV, Baseline Scenario, Processing Tomato
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Figure I1−15. Average Annual Nitrate Leaching across the Landscape for Four Management Scenarios
(ranked by nitrate leaching magnitude of Scenario 1, plotted against cumulative acreage [x−axis])
SSJV, Baseline Scenario, Fresh Market Plum
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Figure I1−16. Average Annual Nitrate Leaching across the Landscape for Four Management Scenarios
(ranked by nitrate leaching magnitude of Scenario 1, plotted against cumulative acreage [x−axis])
SSJV, Baseline Scenario, Carrot

I-16



0 5000 10000 15000 20000

0
10

20
30

40
50

60

Cumulative Acreage

A
nn

ua
l N

itr
at

e 
Le

ac
hi

ng
 (

lb
 N

/a
c)

23,503 Acres Modeled
Scenario 1
Scenario 2
Scenario 3
Scenario 4

Figure I1−17. Average Annual Nitrate Leaching across the Landscape for Four Management Scenarios
(ranked by nitrate leaching magnitude of Scenario 1, plotted against cumulative acreage [x−axis])
SSJV, Baseline Scenario, Pomegranate
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Figure I1−18. Average Annual Nitrate Leaching across the Landscape for Four Management Scenarios
(ranked by nitrate leaching magnitude of Scenario 1, plotted against cumulative acreage [x−axis])
SSJV, Baseline Scenario, Safflower
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Figure I1−19. Average Annual Nitrate Leaching across the Landscape for Four Management Scenarios
(ranked by nitrate leaching magnitude of Scenario 1, plotted against cumulative acreage [x−axis])
SSJV, Baseline Scenario, Oat Hay
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Figure I1−20. Average Annual Nitrate Leaching across the Landscape for Four Management Scenarios
(ranked by nitrate leaching magnitude of Scenario 1, plotted against cumulative acreage [x−axis])
SSJV, Baseline Scenario, Cherry
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Figure I1−21. Average Annual Nitrate Leaching across the Landscape for Four Management Scenarios
(ranked by nitrate leaching magnitude of Scenario 1, plotted against cumulative acreage [x−axis])
SSJV, Baseline Scenario, Onion and Garlic
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Figure I1−22. Average Annual Nitrate Leaching across the Landscape for Four Management Scenarios
(ranked by nitrate leaching magnitude of Scenario 1, plotted against cumulative acreage [x−axis])
SSJV, Baseline Scenario, Table Olive
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Figure I1−23. Average Annual Nitrate Leaching across the Landscape for Four Management Scenarios
(ranked by nitrate leaching magnitude of Scenario 1, plotted against cumulative acreage [x−axis])
SSJV, Baseline Scenario, Irish Potato
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Figure I1−24. Average Annual Nitrate Leaching across the Landscape for Four Management Scenarios
(ranked by nitrate leaching magnitude of Scenario 1, plotted against cumulative acreage [x−axis])
SSJV, Baseline Scenario, Bell Pepper
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Figure I1−25. Average Annual Nitrate Leaching across the Landscape for Four Management Scenarios
(ranked by nitrate leaching magnitude of Scenario 1, plotted against cumulative acreage [x−axis])
SSJV, Baseline Scenario, Blackeye Bean
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Figure I1−26. Average Annual Nitrate Leaching across the Landscape for Four Management Scenarios
(ranked by nitrate leaching magnitude of Scenario 1, plotted against cumulative acreage [x−axis])
SSJV, Baseline Scenario, Cantaloupe
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Figure I1−27. Average Annual Nitrate Leaching across the Landscape for Four Management Scenarios
(ranked by nitrate leaching magnitude of Scenario 1, plotted against cumulative acreage [x−axis])
SSJV, Baseline Scenario, Head Lettuce
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Figure I1−28. Average Annual Nitrate Leaching across the Landscape for Four Management Scenarios
(ranked by nitrate leaching magnitude of Scenario 1, plotted against cumulative acreage [x−axis])
SSJV, Baseline Scenario, Nut Tree Nursery
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Figure I1−29. Average Annual Nitrate Leaching across the Landscape for Four Management Scenarios
(ranked by nitrate leaching magnitude of Scenario 1, plotted against cumulative acreage [x−axis])
SSJV, Baseline Scenario, 3 Year Old Almond
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Figure I1−30. Average Annual Nitrate Leaching across the Landscape for Four Management Scenarios
(ranked by nitrate leaching magnitude of Scenario 1, plotted against cumulative acreage [x−axis])
SSJV, Baseline Scenario, Blueberry
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Figure I1−31. Average Annual Nitrate Leaching across the Landscape for Four Management Scenarios
(ranked by nitrate leaching magnitude of Scenario 1, plotted against cumulative acreage [x−axis])
SSJV, Baseline Scenario, Kiwi
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Figure I1−32. Average Annual Nitrate Leaching across the Landscape for Four Management Scenarios
(ranked by nitrate leaching magnitude of Scenario 1, plotted against cumulative acreage [x−axis])
SSJV, Baseline Scenario, Cabbage
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Figure I1−33. Average Annual Nitrate Leaching across the Landscape for Four Management Scenarios
(ranked by nitrate leaching magnitude of Scenario 1, plotted against cumulative acreage [x−axis])
SSJV, Baseline Scenario, Apple
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Figure I1−. Average Annual Nitrate Leaching across the Landscape for Four Management Scenarios
(ranked by N leaching magnitude of Scenario 1, plotted against cumulative acreage [x axis])
SSJV, Baseline Scenario, Irrigated highly productive pasture
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Figure I1−. Average Annual Nitrate Leaching across the Landscape for Four Management Scenarios
(ranked by N leaching magnitude of Scenario 1, plotted against cumulative acreage [x axis])
SSJV, Baseline Scenario, Moderately productive pasture
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Figure I1−. Average Annual Nitrate Leaching across the Landscape for Four Management Scenarios
(ranked by N leaching magnitude of Scenario 1, plotted against cumulative acreage [x axis])
SSJV, Baseline Scenario, Moderately productive pasture
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Figure I2−1. Average Annual Nitrate Leaching across the Landscape for Four Management Scenarios
(ranked by N leaching magnitude of Scenario 1, plotted against cumulative acreage [x−axis])
SJV, Baseline Scenario, Almond
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Figure I2−2. Average Annual Nitrate Leaching across the Landscape for Four Management Scenarios
(ranked by N leaching magnitude of Scenario 1, plotted against cumulative acreage [x−axis])
SJV, Baseline Scenario, Processing Tomato
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Figure I2−3. Average Annual Nitrate Leaching across the Landscape for Four Management Scenarios
(ranked by N leaching magnitude of Scenario 1, plotted against cumulative acreage [x−axis])
SJV, Baseline Scenario, Alfalfa
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Figure I2−4. Average Annual Nitrate Leaching across the Landscape for Four Management Scenarios
(ranked by N leaching magnitude of Scenario 1, plotted against cumulative acreage [x−axis])
SJV, Baseline Scenario, Corn−Wheat silage rotation
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Figure I2−5. Average Annual Nitrate Leaching across the Landscape for Four Management Scenarios
(ranked by N leaching magnitude of Scenario 1, plotted against cumulative acreage [x−axis])
SJV, Baseline Scenario, Pistachio
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Figure I2−6. Average Annual Nitrate Leaching across the Landscape for Four Management Scenarios
(ranked by N leaching magnitude of Scenario 1, plotted against cumulative acreage [x−axis])
SJV, Baseline Scenario, Corn−Wheat silage rotation − receiving manure
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Figure I2−7. Average Annual Nitrate Leaching across the Landscape for Four Management Scenarios
(ranked by N leaching magnitude of Scenario 1, plotted against cumulative acreage [x−axis])
SJV, Baseline Scenario, High Tonnage Grape
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Figure I2−8. Average Annual Nitrate Leaching across the Landscape for Four Management Scenarios
(ranked by N leaching magnitude of Scenario 1, plotted against cumulative acreage [x−axis])
SJV, Baseline Scenario, Walnut
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Figure I2−9. Average Annual Nitrate Leaching across the Landscape for Four Management Scenarios
(ranked by N leaching magnitude of Scenario 1, plotted against cumulative acreage [x−axis])
SJV, Baseline Scenario, Low Tonnage Grapes
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Figure I2−10. Average Annual Nitrate Leaching across the Landscape for Four Management Scenarios
(ranked by N leaching magnitude of Scenario 1, plotted against cumulative acreage [x−axis])
SJV, Baseline Scenario, Pima Cotton
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Figure I2−11. Average Annual Nitrate Leaching across the Landscape for Four Management Scenarios
(ranked by N leaching magnitude of Scenario 1, plotted against cumulative acreage [x−axis])
SJV, Baseline Scenario, Winter Wheat

I-47



0 5000 10000 15000 20000 25000 30000 35000

0
10

20
30

40

Cumulative Acreage

A
nn

ua
l N

 L
ea

ch
in

g 
(lb

/a
c)

35,852 Acres Modeled
Scenario 1
Scenario 2
Scenario 3
Scenario 4

Figure I2−12. Average Annual Nitrate Leaching across the Landscape for Four Management Scenarios
(ranked by N leaching magnitude of Scenario 1, plotted against cumulative acreage [x−axis])
SJV, Baseline Scenario, Cantaloupe

I-48



0 5000 10000 15000 20000 25000 30000 35000

0
2

4
6

8
10

12

Cumulative Acreage

A
nn

ua
l N

 L
ea

ch
in

g 
(lb

/a
c)

34,337 Acres Modeled
Scenario 1
Scenario 2
Scenario 3
Scenario 4

Figure I2−13. Average Annual Nitrate Leaching across the Landscape for Four Management Scenarios
(ranked by N leaching magnitude of Scenario 1, plotted against cumulative acreage [x−axis])
SJV, Baseline Scenario, Alfalfa − receiving manure
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Figure I2−14. Average Annual Nitrate Leaching across the Landscape for Four Management Scenarios
(ranked by N leaching magnitude of Scenario 1, plotted against cumulative acreage [x−axis])
SJV, Baseline Scenario, Oat Hay
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Figure I2−15. Average Annual Nitrate Leaching across the Landscape for Four Management Scenarios
(ranked by N leaching magnitude of Scenario 1, plotted against cumulative acreage [x−axis])
SJV, Baseline Scenario, Cherry
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Figure I2−16. Average Annual Nitrate Leaching across the Landscape for Four Management Scenarios
(ranked by N leaching magnitude of Scenario 1, plotted against cumulative acreage [x−axis])
SJV, Baseline Scenario, Onion and Garlic
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Figure I2−17. Average Annual Nitrate Leaching across the Landscape for Four Management Scenarios
(ranked by N leaching magnitude of Scenario 1, plotted against cumulative acreage [x−axis])
SJV, Baseline Scenario, Sweet Potato
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Figure I2−18. Average Annual Nitrate Leaching across the Landscape for Four Management Scenarios
(ranked by N leaching magnitude of Scenario 1, plotted against cumulative acreage [x−axis])
SJV, Baseline Scenario, Fresh Market Peach
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Figure I2−19. Average Annual Nitrate Leaching across the Landscape for Four Management Scenarios
(ranked by N leaching magnitude of Scenario 1, plotted against cumulative acreage [x−axis])
SJV, Baseline Scenario, Bell Pepper
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Figure I2−20. Average Annual Nitrate Leaching across the Landscape for Four Management Scenarios
(ranked by N leaching magnitude of Scenario 1, plotted against cumulative acreage [x−axis])
SJV, Baseline Scenario, Lima Bean
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Figure I2−21. Average Annual Nitrate Leaching across the Landscape for Four Management Scenarios
(ranked by N leaching magnitude of Scenario 1, plotted against cumulative acreage [x−axis])
SJV, Baseline Scenario, Table Grape
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Figure I2−22. Average Annual Nitrate Leaching across the Landscape for Four Management Scenarios
(ranked by N leaching magnitude of Scenario 1, plotted against cumulative acreage [x−axis])
SJV, Baseline Scenario, Orange
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Figure I2−23. Average Annual Nitrate Leaching across the Landscape for Four Management Scenarios
(ranked by N leaching magnitude of Scenario 1, plotted against cumulative acreage [x−axis])
SJV, Baseline Scenario, Fresh Market Plum
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Figure I2−24. Average Annual Nitrate Leaching across the Landscape for Four Management Scenarios
(ranked by N leaching magnitude of Scenario 1, plotted against cumulative acreage [x−axis])
SJV, Baseline Scenario, Pomegranate
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Figure I2−25. Average Annual Nitrate Leaching across the Landscape for Four Management Scenarios
(ranked by N leaching magnitude of Scenario 1, plotted against cumulative acreage [x−axis])
SJV, Baseline Scenario, 3 Year Old Almond
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Figure I2−26. Average Annual Nitrate Leaching across the Landscape for Four Management Scenarios
(ranked by N leaching magnitude of Scenario 1, plotted against cumulative acreage [x−axis])
SJV, Baseline Scenario, Olives for oil
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Figure I2−27. Average Annual Nitrate Leaching across the Landscape for Four Management Scenarios
(ranked by N leaching magnitude of Scenario 1, plotted against cumulative acreage [x−axis])
SJV, Baseline Scenario, Carrot
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Figure I2−28. Average Annual Nitrate Leaching across the Landscape for Four Management Scenarios
(ranked by N leaching magnitude of Scenario 1, plotted against cumulative acreage [x−axis])
SJV, Baseline Scenario, Nut Tree Nursery
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Figure I2−29. Average Annual Nitrate Leaching across the Landscape for Four Management Scenarios
(ranked by N leaching magnitude of Scenario 1, plotted against cumulative acreage [x−axis])
SJV, Baseline Scenario, Safflower
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Figure I2−30. Average Annual Nitrate Leaching across the Landscape for Four Management Scenarios
(ranked by N leaching magnitude of Scenario 1, plotted against cumulative acreage [x−axis])
SJV, Baseline Scenario, Apple
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Figure I2−31. Average Annual Nitrate Leaching across the Landscape for Four Management Scenarios
(ranked by N leaching magnitude of Scenario 1, plotted against cumulative acreage [x−axis])
SJV, Baseline Scenario, Head Lettuce
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Figure I2−32. Average Annual Nitrate Leaching across the Landscape for Four Management Scenarios
(ranked by N leaching magnitude of Scenario 1, plotted against cumulative acreage [x−axis])
SJV, Baseline Scenario, Cabbage
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Figure I2−33. Average Annual Nitrate Leaching across the Landscape for Four Management Scenarios
(ranked by N leaching magnitude of Scenario 1, plotted against cumulative acreage [x−axis])
SJV, Baseline Scenario, Blueberry
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Figure I2−34. Average Annual Nitrate Leaching across the Landscape for Four Management Scenarios
(ranked by N leaching magnitude of Scenario 1, plotted against cumulative acreage [x−axis])
SJV, Baseline Scenario, Kiwi
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Figure I2−35. Average Annual Nitrate Leaching across the Landscape for Four Management Scenarios
(ranked by N leaching magnitude of Scenario 1, plotted against cumulative acreage [x−axis])
SJV, Baseline Scenario, Sunflower
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Figure I3−1. Average Annual Nitrate Leaching across the Landscape for Four Management Scenarios
(ranked by N leaching magnitude of Scenario 1, plotted against cumulative acreage [x−axis])
SacV, Baseline Scenario, Walnut
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Figure I3−2. Average Annual Nitrate Leaching across the Landscape for Four Management Scenarios
(ranked by N leaching magnitude of Scenario 1, plotted against cumulative acreage [x−axis])
SacV, Baseline Scenario, Almond
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Figure I3−3. Average Annual Nitrate Leaching across the Landscape for Four Management Scenarios
(ranked by N leaching magnitude of Scenario 1, plotted against cumulative acreage [x−axis])
SacV, Baseline Scenario, Alfalfa
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Figure I3−4. Average Annual Nitrate Leaching across the Landscape for Four Management Scenarios
(ranked by N leaching magnitude of Scenario 1, plotted against cumulative acreage [x−axis])
SacV, Baseline Scenario, Processing Tomato
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Figure I3−5. Average Annual Nitrate Leaching across the Landscape for Four Management Scenarios
(ranked by N leaching magnitude of Scenario 1, plotted against cumulative acreage [x−axis])
SacV, Baseline Scenario, Low Tonnage Grapes
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Figure I3−6. Average Annual Nitrate Leaching across the Landscape for Four Management Scenarios
(ranked by N leaching magnitude of Scenario 1, plotted against cumulative acreage [x−axis])
SacV, Baseline Scenario, Corn Grain
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Figure I3−7. Average Annual Nitrate Leaching across the Landscape for Four Management Scenarios
(ranked by N leaching magnitude of Scenario 1, plotted against cumulative acreage [x−axis])
SacV, Baseline Scenario, Sunflower
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Figure I3−8. Average Annual Nitrate Leaching across the Landscape for Four Management Scenarios
(ranked by N leaching magnitude of Scenario 1, plotted against cumulative acreage [x−axis])
SacV, Baseline Scenario, Fresh Market Plum
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Figure I3−9. Average Annual Nitrate Leaching across the Landscape for Four Management Scenarios
(ranked by N leaching magnitude of Scenario 1, plotted against cumulative acreage [x−axis])
SacV, Baseline Scenario, Olives for oil
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Figure I3−10. Average Annual Nitrate Leaching across the Landscape for Four Management Scenarios
(ranked by N leaching magnitude of Scenario 1, plotted against cumulative acreage [x−axis])
SacV, Baseline Scenario, Oat Hay
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Figure I3−11. Average Annual Nitrate Leaching across the Landscape for Four Management Scenarios
(ranked by N leaching magnitude of Scenario 1, plotted against cumulative acreage [x−axis])
SacV, Baseline Scenario, Winter Wheat
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Figure I3−12. Average Annual Nitrate Leaching across the Landscape for Four Management Scenarios
(ranked by N leaching magnitude of Scenario 1, plotted against cumulative acreage [x−axis])
SacV, Baseline Scenario, 3 Year Old Almond

I-83



0 5000 10000 15000

0
20

40
60

80
10

0
12

0

Cumulative Acreage

A
nn

ua
l N

 L
ea

ch
in

g 
(lb

/a
c)

17,738 Acres Modeled
Scenario 1
Scenario 2
Scenario 3
Scenario 4

Figure I3−13. Average Annual Nitrate Leaching across the Landscape for Four Management Scenarios
(ranked by N leaching magnitude of Scenario 1, plotted against cumulative acreage [x−axis])
SacV, Baseline Scenario, Lima Bean

I-84



0 5000 10000 15000

0
20

40
60

80

Cumulative Acreage

A
nn

ua
l N

 L
ea

ch
in

g 
(lb

/a
c)

15,475 Acres Modeled
Scenario 1
Scenario 2
Scenario 3
Scenario 4

Figure I3−14. Average Annual Nitrate Leaching across the Landscape for Four Management Scenarios
(ranked by N leaching magnitude of Scenario 1, plotted against cumulative acreage [x−axis])
SacV, Baseline Scenario, Safflower

I-85



0 2000 4000 6000 8000 10000 12000 14000

0
50

10
0

15
0

20
0

25
0

Cumulative Acreage

A
nn

ua
l N

 L
ea

ch
in

g 
(lb

/a
c)

14,262 Acres Modeled
Scenario 1
Scenario 2
Scenario 3
Scenario 4

Figure I3−15. Average Annual Nitrate Leaching across the Landscape for Four Management Scenarios
(ranked by N leaching magnitude of Scenario 1, plotted against cumulative acreage [x−axis])
SacV, Baseline Scenario, Corn−Wheat silage rotation − receiving manure
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Figure I3−16. Average Annual Nitrate Leaching across the Landscape for Four Management Scenarios
(ranked by N leaching magnitude of Scenario 1, plotted against cumulative acreage [x−axis])
SacV, Baseline Scenario, Cantaloupe
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Figure I3−17. Average Annual Nitrate Leaching across the Landscape for Four Management Scenarios
(ranked by N leaching magnitude of Scenario 1, plotted against cumulative acreage [x−axis])
SacV, Baseline Scenario, Fresh Market Peach
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Figure I3−18. Average Annual Nitrate Leaching across the Landscape for Four Management Scenarios
(ranked by N leaching magnitude of Scenario 1, plotted against cumulative acreage [x−axis])
SacV, Baseline Scenario, Apple
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Figure I3−19. Average Annual Nitrate Leaching across the Landscape for Four Management Scenarios
(ranked by N leaching magnitude of Scenario 1, plotted against cumulative acreage [x−axis])
SacV, Baseline Scenario, Bell Pepper
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Figure I3−20. Average Annual Nitrate Leaching across the Landscape for Four Management Scenarios
(ranked by N leaching magnitude of Scenario 1, plotted against cumulative acreage [x−axis])
SacV, Baseline Scenario, Pistachio
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Figure I3−21. Average Annual Nitrate Leaching across the Landscape for Four Management Scenarios
(ranked by N leaching magnitude of Scenario 1, plotted against cumulative acreage [x−axis])
SacV, Baseline Scenario, Alfalfa − receiving manure
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Figure I3−22. Average Annual Nitrate Leaching across the Landscape for Four Management Scenarios
(ranked by N leaching magnitude of Scenario 1, plotted against cumulative acreage [x−axis])
SacV, Baseline Scenario, Nut Tree Nursery
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Figure I3−23. Average Annual Nitrate Leaching across the Landscape for Four Management Scenarios
(ranked by N leaching magnitude of Scenario 1, plotted against cumulative acreage [x−axis])
SacV, Baseline Scenario, Cherry
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Figure I3−24. Average Annual Nitrate Leaching across the Landscape for Four Management Scenarios
(ranked by N leaching magnitude of Scenario 1, plotted against cumulative acreage [x−axis])
SacV, Baseline Scenario, Onion and Garlic
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Figure I3−25. Average Annual Nitrate Leaching across the Landscape for Four Management Scenarios
(ranked by N leaching magnitude of Scenario 1, plotted against cumulative acreage [x−axis])
SacV, Baseline Scenario, Pima Cotton
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Figure I3−26. Average Annual Nitrate Leaching across the Landscape for Four Management Scenarios
(ranked by N leaching magnitude of Scenario 1, plotted against cumulative acreage [x−axis])
SacV, Baseline Scenario, Kiwi
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Figure I3−27. Average Annual Nitrate Leaching across the Landscape for Four Management Scenarios
(ranked by N leaching magnitude of Scenario 1, plotted against cumulative acreage [x−axis])
SacV, Baseline Scenario, Orange
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Figure I3−28. Average Annual Nitrate Leaching across the Landscape for Four Management Scenarios
(ranked by N leaching magnitude of Scenario 1, plotted against cumulative acreage [x−axis])
SacV, Baseline Scenario, Carrot
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Figure I3−29. Average Annual Nitrate Leaching across the Landscape for Four Management Scenarios
(ranked by N leaching magnitude of Scenario 1, plotted against cumulative acreage [x−axis])
SacV, Baseline Scenario, Irish Potato
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Figure I3−30. Average Annual Nitrate Leaching across the Landscape for Four Management Scenarios
(ranked by N leaching magnitude of Scenario 1, plotted against cumulative acreage [x−axis])
SacV, Baseline Scenario, Blueberry
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Figure I3−31. Average Annual Nitrate Leaching across the Landscape for Four Management Scenarios
(ranked by N leaching magnitude of Scenario 1, plotted against cumulative acreage [x−axis])
SacV, Baseline Scenario, Pomegranate
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Figure I3−32. Average Annual Nitrate Leaching across the Landscape for Four Management Scenarios
(ranked by N leaching magnitude of Scenario 1, plotted against cumulative acreage [x−axis])
SacV, Baseline Scenario, Head Lettuce
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Figure I3−33. Average Annual Nitrate Leaching across the Landscape for Four Management Scenarios
(ranked by N leaching magnitude of Scenario 1, plotted against cumulative acreage [x−axis])
SacV, Baseline Scenario, Cabbage
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Figure I3−34. Average Annual Nitrate Leaching across the Landscape for Four Management Scenarios
(ranked by N leaching magnitude of Scenario 1, plotted against cumulative acreage [x−axis])
SacV, Baseline Scenario, High Tonnage Grape
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B. OBJECTIVES 

The project objectives are as follows:  

● Assess N concentration of harvested material removed from fields (N removed [R]) for 

approximately 23 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 is evolving, it appears that more crops may be included 

in the study than originally planned. 

● 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.  

● 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.  

● 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.  

C. ABSTRACT 

Through the Irrigated Lands Regulatory Program (ILRP), the Central Valley Regional Water 

Quality Control Board (Water Board) now requires producers to implement management 

practices that are protective of groundwater quality and to document the effectiveness of those 

mailto:cgallock@krcd.org
mailto:jdickey@plantierra.com
mailto:kgc1consulting@gmail.com
mailto:djgeisseler@ucdavis.edu


2 

 

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). This approach was adopted by Water 

Board. 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. 

Nitrogen Concentrations in Harvested Plant Parts - A Literature Overview (N-concentrations 

Report) by Geisseler (2016), presents yield-to-N-removed conversion factors for 72 crops, 

representing more than 98 percent of CV irrigated lands. However, that report noted that some of 

these factors are based on datasets that were small, more than 20 years old, or from outside the 

Central Valley. This project is developing updated conversion factors for 23 crops. For some 

crops, information is coming from other research projects. This project includes sampling and 

analyzing harvested carrots, corn [grain and silage], peaches, pima cotton, pistachio, plums, 

pomegranates, raisins, safflower, sorghum [grain and silage], and processing tomatoes. By 

partnering with commodity organizations, growers, processors, and packers, it has been 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 acquired and 

related to results. In this way, some of the factors that affect N content of the harvest can be 

investigated and explained.  

These data will be incorporated into updates of Geisseler (2016) as part of this project. The 

existing Y-to-R calculator (http://agmpep.com/calc-y2r/) will be revised to reflect these findings, 

and the results will be used to update the assessment and planning tools available to growers, 

grower advisors, and coalitions. Work completed since the January 2018 grant award includes 

coordination of two years of sampling of 11 crops with grower/packer/shipper partners, along 

with preparation and analysis of the samples obtained.  

TABLE 1. SAMPLES OBTAINED TO DATE WITH THE ASSISTANCE OF VARIOUS INDUSTRY GROUPS AND 

GROWER/PACKER/SHIPPER ORGANIZATIONS.  

Crop Tissue Industry Group 
No. Samples 

(Year 1) 
No. Samples 

(Year 2) 
Field Years 

Pistachio Annual CA Pistachio Research Board 99 32 121 

Corn Annual CA Alfalfa & Forage Association 10 10 20 

Sorghum Annual CA Alfalfa & Forage Association 10 10 20 

Pomegranates Annual Pomegranate Council 40 10 50 

Tomatoes, process Annual Processing Tomato Advisory Board 100 37 124 

Peaches Annual CA Fresh Fruit Association 36 13 49 

Plums Annual CA Fresh Fruit Association 12 3 15 

Carrots Annual CA Fresh Carrot Advisory Board 66 20 86 

Raisins Annual California Raisins 90 0 90 

Sunflower Annual National Sunflower Association 0 20 20 

Safflower Annual California Safflower Growers Association 152 77 91 
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D. INTRODUCTION 

Through the Irrigated Lands Regulatory Program (ILRP), the Central Valley Regional Water 

Quality Control Board (Water Board) now 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 (Agricultural Expert Panel, 2014). This approach was 

adopted by Water Board. 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. 

Nitrogen Concentrations in Harvested Plant Parts - A Literature Overview (N-concentrations 

Report) by Geisseler (2016), presents yield-to-N-removed conversion factors for 72 crops, 

representing more than 98 percent of CV irrigated lands. However, that report noted that some of 

these factors are based on datasets that were small, more than 20 years old, or from outside the 

Central Valley. This project is developing updated conversion factors for 23 crops (Table 2). For 

some crops, information is coming from other research projects. This project includes sampling 

and analyzing harvested carrots, corn [grain and silage], peaches, pima cotton, pistachio, plums, 

pomegranates, raisins, safflower, sorghum [grain and silage], and processing tomatoes. By 

partnering with commodity organizations, growers, processors, and packers, it has been 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 acquired and 

related to results. In this way, some of the factors that affect N content of the harvest can be 

investigated and explained.  

These data will be incorporated into updates of Geisseler (2016) as part of this project. The 

existing Y-to-R calculator (http://agmpep.com/calc-y2r/) will be revised to reflect these findings, 

and the results will be used to update the assessment and planning tools available to growers, 

grower advisors, and coalitions.  

TABLE 2. SUMMARY OF CROPS INCLUDED IN THIS ASSESSMENT OF HARVESTED AND SEQUESTERED NITROGEN 
CONTENT TO IMPROVE NITROGEN MANAGEMENT  

     Activity Crops1 
No. of 

Crops 

Percent 

CVIA2 

Update N Removed Coefficients  
  

Crops for which N removed data are currently available 

and will be incorporated into an updated N-removed 

report. 

almond, English walnut 

     2 22% 

Crops for which N removed sampling and analysis are 

currently being funded by other sources.  Results will 

be incorporated into the updated N-removed report.   

Pima cotton, prunes, bok 

choy, on choy, chives, 

lemongrass, oranges, 

tangerines, daikon, table 

grapes    10 18% 
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Crops for which N removed data will be sampled and 

analyzed as a part of this investigation. 

pomegranate, peaches, 

plums, carrots, raisins, 

sunflower, safflower, 

processing tomatoes, 

pistachio, corn [grain and 

silage], sorghum    11 19% 

         Total      23 59% 

Estimate N Sequestration in Perennial Tissues    

Crops for which data on N sequestration in perennial 

tissues are available or in development and results will 

be incorporated into an N-removed report.  

almonds, English walnuts, 

pistachios, oranges, 

tangerines, pomegranate     6  29% 

Crops for which perennial tissues for N sequestration 

will be sampled as part of this investigation. 

peaches 

    1    1% 

         Total      7  30% 

1Crop selections based on discussions with 15 researchers, commodity representatives, and grower/packer/shippers. For each 

crop, results will be incorporated into an updated literature review and the online Y-to-R calculator (http://agmpep.com/calc-

y2r/). 

2CVIA = Central Valley irrigated acreage. 

 

E. WORK DESCRIPTION 

Work completed by task is summarized as follows:  

● Task 1A. Establish sampling protocols and analysis methods for six crops for which N-

content data are not available from other sources / Task 1B. Acquire data from others.   

Work completed since the January 2018 grant award includes development of sampling 

protocols and coordination of year-1 and year-2 sampling of 11 crops (Table 1) with 

grower/packer/shipper partners, along with initial lab analysis. 

● Task 2. Sample and Assess Harvested and Sequestered N Content. Sampling and 

assessment through December 2019 were focused on crops identified in Table 1. Sampling 

and assessment will continue for the remaining crops through 2020 (Table 2).   

● Task 3. Interpret results and develop and publish N-concentrations Report updates. 

This task will commence as results become available and continue through 2020.  

● Task 4. Develop and publish calculator updates. This task will commence as results 

become available and continue through 2020.  

● Task 5. Outreach to growers and advisors. Outreach activities completed to date are 

summarized in Section H, Outreach Activities Summary. Additional outreach will commence 

as results become available and continue through 2020.  

 

 

http://agmpep.com/calc-y2r/
http://agmpep.com/calc-y2r/
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F. DATA/RESULTS 

Other than work completed during a pilot project on peaches before the grant period (see 

previous discussion), analytical results are not yet available.  Additional time is necessary to 

implement the project, interpret the results, and publish updates to the N-Concentrations Report 

and the Y-to-R calculator.   

G. DISCUSSION AND CONCLUSIONS 

Conclusion to date is that the planned approach of working with commodity groups to identify 

grower/packer/shipper partners, then leveraging their existing methods of obtaining 

representative samples of harvested materials, is sound and efficient. The coming year will test 

the other planned approaches, namely a) obtaining information from partner researchers, and b) 

obtaining agronomic information from fields sampled by grower/packer/shipper partners. 

H. OUTREACH ACTIVITIES SUMMARY 

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 include the following: 

● Nitrogen Management Plan (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 will reflect updates as results from this investigation become 

available.   

● NMP Summary Report data from throughout the Central Valley are analyzed from an 

agronomic perspective by the MPEP Team.  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. 

As updated coefficients are developed, the updates and their significance will be discussed with 

growers in dedicated presentations, and as part of other, related presentations and 

communications.  Examples to date include:  

● A project summary is posted here on the SSJV MPEP website (http://agmpep.com).  The 

website is shared by the SSJV MPEP Committee with the over 9,000 growers in the member 

coalitions.   

● A poster, Nitrogen and Dry Matter Accumulation in Peaches, was presented at the Annual 

Conference of the Fertilizer Research and Education Program / Western Plant Health 

Association, November 1-2, 2017.  This poster was focused on work completed prior to the 

FREP award, but is nonetheless relevant to the overall project to improve N removal rates. 

The poster is available here.   

● A poster, Assessment of Harvested and Sequestered Nitrogen Content to Improve Nitrogen 

Management in Perennial Crops, was presented at the 2018 American Society of Agronomy 

Plant and Soil Conference, February 6-7, 2018. The poster is available here.   

● A poster, Working with Commodity Groups, Processors, and Packers to Procure 

https://agmpep.com/mpep-projects/harvest-and-sequestered-nitrogen-assessment/
http://agmpep.com/
https://agmpep.com/mpep/wp-content/uploads/2017-FREP-Poster_N-and-Dry-Matter-in-Peaches.pdf
https://agmpep.com/mpep/wp-content/uploads/Assessment-of-Harvested-and-Sequestered-Nitrogen-Content-to-Improve-Nitrogen.pdf
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Representative Crop Samples to Assess Harvest Nitrogen Content, was presented at the 2018 

FREP Conference. Annual Conference of the Fertilizer Research and Education Program / 

Western Plant Health Association, October 22-24, 2018. The poster is available here.   

● A poster, Working with Commodity Groups, Processors, and Packers to Procure 

Representative Crop Samples to Assess Harvest Nitrogen Content, was presented at the 2019 

American Society of Agronomy Plant and Soil Conference, February 5-6, 2019. The poster is 

available here.  

● A poster, Tools for Site-Specific Crop Management to Maximize Recovery of Applied 

Nitrogen Fertilizer, was presented at the 2019 FREP Conference. Annual Conference of the 

Fertilizer Research and Education Program / Western Plant Health Association, October 28-

30, 2019. The poster is available here.      

● A presentation, Current Status of Nitrogen Use Efficiency, Prospects for Improvement, was 

presented at the 2019 Tulare-Kings CAPCA CE Meeting, November 7, 2019. The 

presentation is available here.      

● A presentation, Efficient Nitrogen Management in the South San Joaquin Valley, was 

presented at the 2019 Kern River Watershed Coalition Authority Meeting, November 8, 

2019. The presentation is available here. 

● A presentation, Irrigation management to maximize recovery of applied N into crops, was 

presented at the 2019 Kern River Watershed Coalition Authority Meeting, November 8, 

2019. The presentation is available here. 

Additional outreach will commence as results become available.  
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Summary 
Adoption of nitrogen (N) management practices is paramount to meeting the demand of regulatory 
agencies to reduce N loading into surface and groundwater of California. However, there is 
inadequate information on the current rate of adoption and little understanding of the barriers to 
more complete adoption. This project aims to quantify the use of N management practices and 
characterize benefits and challenges by growers in order to enhance future research, education and 
outreach programs. The findings will help guide practice and policy for citrus and raisin grapes in 
the Southern San Joaquin Valley (SSJV). Our objectives were 1) to develop a quantitative 
understanding of key influences and barriers to adoption of N management practices for citrus and 
raisin grape growers in the regions represented by the SSJV water quality coalitions; 2) to 
distribute, collect and aggregate survey data from growers during water quality coalitions 
meetings; 3) to analyze response data to determine key differences between citrus and raisin grape 
grower adoption of N management practices and; 4) to conduct interviews with UC advisors and 
specialists of citrus and raisin grape to gain insights into grower survey responses. 
 
Average parcel size and ownership were the same between citrus and raisin grape growers but, 
parcel irrigation system and water source were significantly different. Citrus growers report using 
more microirrigation and access to multiple water sources while raisin grape growers report using 
more surface irrigation and groundwater as the primary water source. All fertilizer practices as 
well as soil sampling consistently exceeded adoption rates of 50% or greater for all growers. 
Adoption of fertilizer practices, soil sampling and irrigation practices were significantly greater 
for citrus growers compared to raisin grape growers, though raisin grape growers report 
significantly higher adoption of cover crops. Cost, technical knowledge and uncertainty were the 
main challenges identified in this survey. Raisin grape growers report significantly higher 
uncertainty to fertilizer practices while citrus growers report significantly greater lack of efficacy 
for soil practices. Yield and quality were the primary benefits associated with all N management 
practices. Furthermore, citrus growers identified meeting regulations as a benefit significantly 
more frequently than raisin grape growers. The primary information sources identified by all 
growers in this survey were pest control advisors (PCAs), followed by their water quality coalition 
and UC Cooperative Extension. In general growers that utilize more information sources adopt 
more practices. Lastly, well head protection practices had been adopted by a majority of growers. 
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Problem 
Adoption of nitrogen (N) management practices by California growers is a required step to reduce 
N movement to surface and groundwater, and maintaining economically viable cropping systems. 
The Irrigated Lands Regulatory Program (ILRP) features management practices as a means to 
protect water quality. Research over the past decades has identified many promising N 
management practices that can improve recovery of fertilizer into crops. These practices include 
the use of N budgets to balance N inputs and outputs for individual fields; implementation of the 
“4R’s” (right N rate, time, place, and source) to guide fertilization strategy; the use of leaf and soil 
N sampling for verification of crop nutrient status and residual soil N; appropriate integration of 
fertilizers with irrigation; enhancing soil health to improve nutrient retention and recovery; and 
deployment and careful management of micro-irrigation systems for efficient water use. Despite 
progress in the development of N management practices, there is insufficient understanding 
regarding the current rate of and barriers to practice adoption. 
 
Approach 
In January and February 2018, we attended nine (9) annual grower meeting locations hosted by 
the seven (7) water quality coalitions that constitute the Southern San Joaquin Valley (SSJV) 
Management Practices Evaluation Program (MPEP), leading to 532 grower survey responses 
(Table 1). The survey tool (see Appendix) asked growers to consider their largest most important 
parcel and report 1) demographic information like crop type, parcel size, ownership, irrigation 
system and water source; 2) adoption of N management practices like use of a nitrogen (N) budget, 
split fertilizer N application, leaf N sampling, accounting for nitrate (NO3-) in irrigation water, soil 
sampling for residual NO3-, use of cover crops, use of organic matter amendments, irrigation 
scheduling by evapotranspiration (ET), measuring water stress with a pressure chamber, 
deployment of soil sensors and taking measurements of irrigation distribution uniformity; 3) 
challenges associated with fertilizer, soil and irrigation practices like cost of the practice, labor 
requirements, need for supplies, requirement for technical knowledge, lack of efficacy, and overall 
uncertainty; 4) benefits from fertilizer, soil and irrigation practices like improved N use efficiency, 
improved water use efficiency, improved soil health, compliance with regulations, and improved 
crop yield or quality; and 5) use of information sources like county agricultural commissioners, 
UC Cooperative Extension, certified crop advisors, pest control advisors, water quality coalitions, 
NRCS/resource conservation districts (RCD), industry associations or grower peers. 
 
The focus of this study was citrus and raisin grape growers. We received 153 responses from citrus 
growers, or 9.4% of the estimated 1,628 citrus growers in the SSJV MPEP region, and 97 responses 
from raisin grape growers, or 11.9% of the estimated 813 raisin grape growers in the SSJV MPEP 
region (Table 2). A total of 282 growers indicated another crop on their survey including nuts, 
fruits, table grapes, annual row crops vegetables and irrigated pasture. All responses were collected 
as paper surveys and organized in a database for coding and analysis. Responses were partitioned 
between citrus and raisin growers and contrasted for significant differences (p < 0.05) with a Chi-
squared test. We combined the 532 responses from this survey with 460 from our project conducted 
in the San Joaquin County and Delta, and East San Joaquin Valley water quality coalitions 
(hereafter, North San Joaquin Valley or NSJV; see CDFA FREP Project 16-0621-SA). We 
conducted logistic modeling on the combined survey response data (not shown here) to determine 
key variables influencing grower decision-making and adoption of N management practices. 
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After data analysis and summary, we conducted four (4) interviews with UC Cooperative 
Extension farm advisors and specialists with expertise in citrus and raisin. All interviewees 
consented to their interviews being identified in this report. In 2019, we interviewed George 
Zhuang, UC Viticulture Farm Advisor in Fresno County on January 17th, Greg Douhan, UC Area 
Citrus Advisor in Tulare County on February 4th, Craig Kallsen, UC Farm Advisor in Kern County 
on February 28th and Matthew Fidelibus, UC Cooperative Extension Specialist on March 7th.  
 
Results 
Demographics  
Operational characteristics of grower-selected parcels were the same between citrus and raisin 
growers for parcel size and land ownership but, different for irrigation and water source (Figure 
1). For both citrus and raisin growers, 60% of parcels are under 50 acres, and 90% of parcels are 
owned by the grower. There were highly significant differences in irrigation systems between 
citrus and raisin, with more than 90% of citrus growers adopting microirrigation; whereas, 50% of 
raisin grape growers adopting microirrigation systems and 50% adopting surface irrigation 
systems. Raisin grape growers also report significantly greater use of groundwater as their only 
water source, compared to citrus growers who report greater access to both surface and 
groundwater sources. UC experts  suggest citrus trees use more water than raisin grape vines and 
thus, rely more heavily on microirrigation compared to surface irrigation to optimize their 
efficiency. Furthermore, more research has gone into the development of raisin grape rootstocks 
that have greater salt resistance, allowing growers to utilize more saline groundwater.  
 
Adoption 
Overall trends in adoption of N management practices were comparable across NSJV and the SSJV 
growers surveyed in this study (Khalsa et al. unpublished data). Adoption of fertilizer practices, 
soil sampling and irrigation practices were significantly greater for citrus growers compared to 
raisin grape growers. However, all the fertilizer practices and soil sampling consistently exceeded 
adoption rates of 50% for both citrus and raisin (Figure 2). The one deviation from this trend was 
raisin grape growers report significantly higher adoption rates of cover crops. Our UC colleagues 
report comparable fertilizer N rates between citrus and raisin so, greater crop N use does not 
explain higher adoption of fertilizer practices. However, upon examination of grower returns based 
on commodity prices, citrus is valued more highly than raisins. According to National Agricultural 
Statistical Service in 2016, average gross return was $10,600 per acre for citrus and $3,300 per 
acre for raisins. Thus, citrus growers have more financial capital to invest in developing 
management strategies. Furthermore, our UC colleagues point out the important role on-farm crop 
advisors like PCAs and CCAs play in citrus production leading to more specialization and greater 
attention to specific practices. The higher adoption of cover crops by raisin grape growers may be 
due to cover crops posing a frost risk that is unacceptable in citrus production. 
 
Challenges 
For all growers, practice challenges were identified by less than 40% of respondents for nearly all 
practices and challenges. Cost, technical knowledge and uncertainty were the main challenges 
identified across all practices in this survey (Figure 3). Raisin grape growers report significantly 
higher uncertainty about fertilizer practices, which helps explain lower adoption compared to citrus 
growers. Citrus growers report significantly lower efficacy for soil practices compared to raisin 
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grape growers while raisin grape growers report lower uncertainty for soil practices, which may 
explain their greater adoption of cover crops and organic matter practices. 
 
Benefits 
Improved crop yield and quality were the primary benefits associated with all N management 
practices. While there were some differences in grower response of benefits for individual 
practices, differences between citrus and raisin grape growers were more variable (Figure 4). 
Nitrogen use, soil health and water use were the primary benefits identified for fertilizer, soil and 
irrigation practices, respectively. However, citrus growers reported significantly higher rates of 
water use benefits for fertilizer and soil practices than did raisin grape growers. Furthermore, citrus 
growers identified meeting regulations as a benefit significantly more often than raisin grape 
growers for all N management practices. UC experts suggest citrus as an industry is more 
organized than the raisin industry, and organizations like the Citrus Research Board and Citrus 
Mutual conduct more outreach to their growers about the goals of regulatory programs aimed at 
reducing N loading to groundwater. As a result, citrus growers may be more aware of N 
management practices that can be employed to effect change and/or improve regulatory outcomes. 
 
Information sources 
The primary information sources identified by all growers in this survey were the PCA, followed 
by the water quality coalition and UC Cooperative Extension (Figure 5). Greater specialization of 
citrus production (as discussed in the Adoption section), and greater regulatory awareness by citrus 
growers (as discussed in the Benefits section) are supported by significantly higher response for 
CCAs and industry associations as information sources for citrus compared to raisin grape 
growers. In general, growers that utilize more information sources adopt more practices.  
 
Well head practices 
Well head protection practices were adopted by a majority of all growers, with elimination of 
standing water adopted by 74% of growers, use of a backflow preventer adopted by 69% of 
growers and cement pad construction adopted by 92% of growers (Table 3). Furthermore, 61% of 
growers do not have abandoned wells, 27% of growers report having an abandoned well and 
following guidelines and 12% of growers report not having completed guidelines yet. 
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Tables and Figures 
 
Table 1. Meeting locations, dates, percentage (%) of grower surveyed at each meeting out of the 
total number of surveys collected (532) and total surveys at each meeting in 2018 

Location Date(s) % Surveyed per Meeting Total Surveys 
Dinuba/Kerman Feb-7, Feb-16 11.1   59 

Sanger Jan-11   8.3   44 
Easton Jan-19 16.2   86 
Selma Feb-1 13.2   70 
Tulare Jan-23 20.9 111 
Tulare Jan-30 13.9   74 

Wasco/Bakersfield Jan-11, Jan-17 16.5   88 
 
Table 2. Total growers, surveyed growers and percentage (%) of growers surveyed out of the 
total number of growers in the SSJV MPEP region for citrus, raisin and other growers in 2018 

 % Surveyed out of Total Surveyed Growers Total Growers 
Citrus   9.4 153 1,628 
Raisin 11.9  97    813 
Other1   3.4 282 8,259 
Total   5.0 532 10,7002 

1Other = 147 nuts; 45 other fruits (i.e. stone fruit, olives, pomegranate); 24 table grapes; 40 
annual crops; 8 pasture and 18 crop type unknowns 
 2Total growers in the SSJV region reported in “Management Practices Evaluation Workplan” 
 
Table 3. Percentage (%) response of all growers using well head protection practices and well 
head destruction and abandonment practices during January and February 2018 

Well Head  
Protection Practices 

Elimination of 
Standing Water 

Backflow  
Preventer 

Cement Pad 
Construction 

% Reponse   73.7 69.3 92.0 

    
Well Head Destruction & 
Abandonment Practices 

Yes, I followed 
guidelines 

No, I have no  
abandoned wells 

No, I have not  
done this yet 

% Reponse 27.3 60.6 12.1 
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Figure 1. Demographic characteristics of citrus and raisin grape growers include size of parcel, 
parcel ownership, type of irrigation system and water sources. Significant differences (p < 0.05) 
between citrus and raisin determined by a Chi-squared test are represented by an asterisk (*).  
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Figure 2. Adoption of practices by citrus and raisin grape growers. Fertilizer practices include use 
of a nitrogen (N) budget, split fertilizer N application, leaf N sampling, and accounting for nitrate 
(NO3-) in irrigation water. Soil practices include soil sampling for residual NO3-, use of cover 
crops, and use of organic matter amendments. Irrigation practices include irrigation scheduling by 
evapotranspiration (ET), measuring water stress with a pressure chamber, deployment of soil 
sensors and measuring distribution uniformity. Significant differences (p < 0.05) between citrus 
and raisin determined by a Chi-squared test are represented by an asterisk (*). 
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Figure 3. Challenges for fertilizer, soil and irrigation practices by citrus and raisin grape growers 
include cost of the practice, labor requirements, necessity for supplies, requirement for technical 
knowledge, lack of efficacy and overall uncertainty. Significant differences (p < 0.05) between 
citrus and raisin determined by a Chi-squared test are represented by an asterisk (*). 
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Figure 4. Benefits from fertilizer, soil and irrigation practices by citrus and raisin grape growers 
include improved nitrogen (N) use efficiency, improved water use efficiency, improved soil health, 
satisfaction of regulations, and improved yield or quality. Significant differences (p < 0.05) 
between citrus and raisin determined by a Chi-squared test are represented by an asterisk (*). 
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Figure 5. Information sources for nitrogen (N) management practices by citrus and raisin grape 
growers include county agricultural commissioners, UC cooperative extension, certified crop 
advisors, pesticide crop advisors, water quality coalitions, NRCS/Resource conservation districts 
(RCD), industry associations or grower peers. Significant differences (p < 0.05) between citrus 
and raisin determined by a Chi-squared test are represented by an asterisk (*). 
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Appendix 
 

Grower Survey on Nitrogen Management 
Southern San Joaquin Valley (SSJV) Management Practices Evaluation Program (MPEP) 

About this Survey: This UC Davis survey is part of a large-scale study across the Central Valley to investigate nitrogen (N) 
management in a variety of crops. All data from this survey will be kept anonymous; your privacy is our priority.  

1) What crop do you grow on your largest field? 
� Citrus 
� Table grapes 
� Raisin grapes 

� Nuts 
� Stone fruit 
� Vegetables/ melons 

� Field/ row crops 
 

� Other________ 

2) How many acres is the largest field of your crop type? (Check the best answer)  
� 0-50 acres 
� 51-100 acres 

� 101-250 acres 
� >250 acres 

3) For  the largest field of your crop type do you…(Check all that apply) 
� Own the land � Lease the land � Manage the land 

4) How do you irrigate the largest field of your crop type? (Check all that apply)  
� Surface irrigation 

(furrow, border strip 
and/or level basin) 

� Sprinkler irrigation                  
(hand lines, wheel lines, solid-set, 
linear move and/or big guns) 

� Micro Irrigation                        
(drip, microsprinklers, microspray 
and/or subsurface drip) 

5) What water source(s) do you use to irrigate the largest field of your crop type? (Check all that apply)  
� District surface water delivery  � Groundwater � Riparian water

6) How often do you use the following practices on the largest field of your crop type? (Check the best answer) 

Practices Regularly Use 
when 

appropriate 

Use  
irregularly 

Tried and 
Discontinued 

Considered 
but, never 

Tried 

Never 
Considered 

Nutrient Management      
Use a N budget to determine fertilizer rates �  �  �  �  �  
Split fertilizer applications �  �  �  �  �  
Leaf sampling to verify plant-nutrient status �  �  �  �  �  
Test irrigation water for nitrate �  �  �  �  �  
Soil Fertility Management      
Soil sampling and analysis to determine residual 
soil nitrate 

�  �  �  �  �  

Cover crops �  �  �  �  �  
Use of organic matter (compost or manure) �  �  �  �  �  
Irrigation Management       
Evapotranspiration (ET) to schedule irrigation �  �  �  �  �  
Pressure chamber to measure water stress �  �  �  �  �  
Use of moisture probe or soil sensors �  �  �  �  �  
Test irrigation for distribution uniformity �  �  �  �  �  
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7) For the same set of practices, please indicate if the listed challenges hinder, discourage or inhibit your 

implementation of the practice. (Check all that apply) 

Practices Cost Labor 
Intensive 

Supplies  Technical 
Knowledge 

Lack of 
efficacy 

No  
challenges 

Nutrient Management       
Use a N budget to determine fertilizer rates �  �  �  �  �  �  
Split fertilizer applications �  �  �  �  �  �  
Leaf sampling to verify plant-nutrient status �  �  �  �  �  �  
Test irrigation water for nitrate �  �  �  �  �  �  
Soil Fertility Management       
Soil sampling and analysis to determine residual 
soil nitrate 

�  �  �  �  �  �  

Cover crops �  �  �  �  �  �  
Use of organic matter (compost or manure) �  �  �  �  �  �  
Irrigation Management        
Evapotranspiration (ET) to schedule irrigation �  �  �  �  �  �  
Pressure chamber to measure water stress �  �  �  �  �  �  
Use of moisture probe or soil sensors �  �  �  �  �  �  
Test irrigation for distribution uniformity �  �  �  �  �  �  

8) When making decisions regarding the above practices, what benefits do you consider? (Check all that apply) 

Practices 
 

N use 
efficiency  

Water 
savings 

Improve soil 
health 

Meet  
regulations 

Improve crop 
yield 

Improve crop quality 

Nutrient 
Management 

�  �  �  �  �  �  

Soil Fertility 
Management 

�  �  �  �  �  �  

Irrigation 
Management 

�  �  �  �  �  �  

9) Have you implemented the following well head protection practices? (Check all that apply) 
� Cement Pad 

Construction 
� Elimination of 

Standing Water 
� Backflow 

Preventer 

10) Have you implemented well destruction and abandonment practices? (Check the best answer) 
� Yes, I followed 

guidelines. 
� No, I have no 

abandoned wells. 
� No, I haven’t done 

this yet.

11) Which coalition are you a member of? (Check all that apply) 
� Buena Vista 
� Kern River  
� Tule Basin 

� Cawelo Water District 
� Kings River 
� Westside 

� Kaweah Basin  

12) From what sources do you seek information on nitrogen management practices? (Check all that apply)  
� Ag. Commissioner 
� UC Extension 
� Certified Agronomist 

� PCA 
� CCA 
� Water Quality Coalition 

� NRCS/RCD 
� Industry/Grower assoc. 
� Other growers/Peers
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