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 INTRODUCTION 



Welcome to the 34th Annual Nutrient Management Conference, co-hosted 
by the Fertilizer Research and Education Program (FREP) and Western Plant 
Health (WPH). For over three decades, this conference has provided a premier 
forum for FREP grant recipients to showcase their findings and for industry 
leaders to share vital insights on irrigation and crop nutrition. Our audience 
brings together a diverse group of growers, agricultural consultants, research-
ers, advisors, and students. Since its inception in 1990, FREP has supported 
California’s agricultural sector by investing in research, field demonstrations, 
and outreach projects designed to optimize irrigation and fertilizer use effi-
ciency. At this year’s conference, researchers and industry professionals from 
around the state will share the newest advancements and research findings in 
irrigation and nutrient management. 

Featured on the agenda are presentations highlighting findings from six proj-
ects funded by FREP. The program will also highlight two interactive panel 
discussions: one examining the recommendations from the Second Agricultur-
al Expert Panel and their implications for Central Valley growers, and another 
addressing irrigation management challenges across varying cropping systems 
and irrigation systems common to the Sacramento, San Joaquin, and Imperial 
Valleys. In addition, the conference offers presentations on the uncertainty of 
satellite-based estimates of evapotranspiration used in irrigation scheduling, 
best management practices for stone fruit nutrition, the role of silicon in plant 
nutrition, updates on the Nitrogen and Irrigation Initiative, and recent regula-
tory and research developments regarding biostimulants. 

Overview of Funded Research 
Since 1991, FREP has invested more than $32 million in over 280 projects 
dedicated to research, outreach, and demonstration related to nutrient and 
irrigation management. These projects tackle key management challenges and 
opportunities across various commodities throughout California (Figure 1). 
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Figure 1. Distribution of commodities (left) and research areas (right) represented in FREP-funded projects. 



At present, FREP provides funding for 24 innovative projects designed to 
enhance irrigation and nutrient management practices in California agricul-
ture. These projects enhance our understanding of grower decision-making, 
provide valuable technical training, and contribute to a deeper knowledge 
of nutrient and irrigation management in California crops. The Crop Fertil-
ization Guidelines online portal (cdfa.ca.gov/go/FREPguide) serves as a vital 
tool generated in part by FREP-supported research. The recommendations 
offer valuable information on fertilization for the most prevalent irrigated 
agricultural commodities in the state, depending on the plant growth phase. 
Numerous crop advisors and producers consult these online guidelines when 
making fertilizer application decisions. 

To explore current and completed FREP-funded projects, visit: 
KWWSVZZZFGIDFDJRYLVIIOGUVIUHS5HVHDUFKKWPO 
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“Crop Nutrient Minute” Video Series 
Project Leader 
Parry Klassen 
Executive Director 
Coalition for Urban Rural 
Environmental Stewardship (CURES) 
klassenparry@gmail.com  

Co-PI 
Patrick Brown, Ph.D. 
Professor 
Dept. of Plant Sciences, UC Davis 
phbrown@ucdavis.edu 

Introduction 
The Irrigated Lands Program (ILP) mandates that producers of irrigated 
crops minimize or eliminate excessive nitrate movement beyond the root 
zone where it can pose a risk to drinking water sources. While extensive 
amounts of information have been published on how to accomplish this, 
many growers and crop advisors lack access to easy-to-digest information 
and how-to guides for their specific crop needs in an online video format. The 
goal of this project is to produce two video series in English and Spanish: 
30-minute segments useful for Continuing Education (CE) requirements and
succinct 5-minute videos called “Crop Nutrient Minutes” that enable growers
on a busy schedule access to succinct presentations on information that has
taken years to develop and is currently used in crop production today. The
CE segments help address the lack of online resources for growers who have
completed the Irrigation and Nitrogen Management Plan (INMP) Self Certi-
fication Program. For maintaining their certification, growers must complete
three hours of Continuing Education Units (CEU) in a three-year period. CE
courses are typically in-person meetings, which are always difficult for busy
growers. Online CE courses are instrumental in ensuring growers and CCAs
can fulfill their CE requirements. This project includes seven 30-minute vid-
eos that will be posted on the CURES website and linked to FREP’s Continuing
Education course page for self-certified growers to access and earn CEUs for
maintaining their INMP certification. The videos will also supplement the new
Certified Crop Adviser (CCA) online training and facilitate CCAs in obtaining
CEUs. The videos cover seven crops including almonds, citrus, pistachios,
processing tomatoes, wine grapes (high tonnage), strawberries and lettuce.
This CURES educational video series focusses on California’s major acreage
crops and is accessible to Central Valley and Central Coast growers and crop
advisors.

Objectives 
1 Compile irrigation and nitrogen management information on seven major 

acreage crops in the Central Valley and Central Coast. 
2 Develop and produce seven, 5-minute videos in both English and Spanish 

for the “Crop Nutrient Minute” video series. 

mailto:klassenparry@gmail.com 
mailto:phbrown@ucdavis.edu
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3 Develop and produce seven 30-minute videos in both English and Span-
ish that expand on “Crop Nutrient Minute” video content for Continuing 
Education uses. 

4 Post “Crop Nutrient Minute” videos online and conduct outreach. 
5 Apply for CEU credit for “INMP Continuing Education” and CCA trainings, 

post videos online, fulfill sponsor requirements and conduct outreach. 

Description 
Video content is being developed by the Project Leaders, University of Cali-
fornia Cooperative Extension (UCCE) specialists and University of California 
(UC) personnel in each of seven crop categories. The foundational infor-
mation for the videos is the 4R principles (Right time, Right place, Right 
amount, and Right product) developed by FREP and the UC for California 
crops. Video content also includes information on soil health, nitrogen pro-
cesses in the soil, leaf sampling, crop nutrient tracking and efficient irrigation 
practices, as well as tips gained from crop advisors, UCCE specialists and UC 
personnel who work with the crops featured in a specific video. Scripts for 
each of the seven 30-minute videos are written by the project leaders and 
cooperators using information gathered from the CDFA Crop Nutrient Guide-
lines and findings from past FREP-funded research. The videos are modeled 
off a FREP-funded 4R video produced for walnuts. Each draft script is re-
viewed by a review committee, comprised of project leaders, cooperators, 
and subject matter experts to obtain edits and comments. Once the scripts 
are approved by the review committee, videos are filmed using CURES, UC 
and PCA/CCAs with crop-specific footage recorded in the field. Animation and 
art are used to illustrate technical information.  

Figure 1. 30-minute and 5-minute videos for 8 crops on the CURES Nitrogen Management 
webpage. 
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Videos are recorded and produced in English and Spanish, using English- and 
Spanish-speaking farm advisors and PCAs/CCAs specializing in a specific 
crop. 

After the 30-minute videos are produced and approved by the review com-
mittee, CURES staff condenses the content to create the 5-minute “Crop 
Nutrient Minute” series. Both sets of videos can be viewed on the CURES Ni-
trogen Management webpage (www.curesworks.org/nitrogen-management/, 
see Fig 1 above) or streamed from the CURES Crop Nutrient Minute 4Rs 
Series YouTube video playlist: www.youtube.com/playlist?list=PLx4qPv3N7x-
ZqF_nqqbw5jXWCi8LYsWMRE. The succinct 5-minute videos focus briefly on 
the fundamentals and cover crop-specific tips and techniques to properly 
implement the 4Rs. They are designed to be quick and easily accessible 
references for crop information while in the field. 

Outreach is being conducted to growers, crop advisors, commodity groups, 
water quality coalitions, and other agricultural education entities to notify 
them of the series. In addition to CURES presentations and workshops, the 
crop-specific videos are available to show during Coalition member meetings, 
CCA trainings, UC agronomy classes, commodity group outreach, and other 
events targeting growers and crop advisors that focus on a specific crop. 
Flyers are distributed at crop field days, conferences and events (see Figure 
2). 

Figure 2. Flyer advertising the Crop Nutrient Minute video series and opportunity to earn free 
CE credits 

http://www.curesworks.org/nitrogen-management/
http://www.youtube.com/playlist?list=PLx4qPv3N7xZqF_nqqbw5jXWCi8LYsWMRE
http://www.youtube.com/playlist?list=PLx4qPv3N7xZqF_nqqbw5jXWCi8LYsWMRE
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Once approved to offer CEUs, the finished 30-minute videos are posted on 
the CURES website and linked to CFDA’s Continuing Education (CE) webpage 
(www.cdfa.ca.gov/is/ffldrs/frep/continuing_education.html) as part of the 
Self-Study Video Course List. The CE courses enable participants in the Irri-
gation and Nitrogen Management Training Program to watch, learn and earn 
their required credits to remain eligible for self-certifying INMP Worksheets. 
CDFA, crop industry organizations and water quality coalitions are encour-
aged to send out email blasts, postcards and/or blog posts informing growers 
and crop advisors of the online courses. Quiz questions are developed and 
included with each crop video, in compliance with current INMP CE require-
ments (5 questions per 30 minutes). The mandatory quizzes are automati-
cally graded, results recorded, and Certificates of Completion sent to growers 
who pass. 

Results and Discussion 
Project success is being measured through view counts and audience en-
gagement. The total number of video views are tracked quarterly. These 
videos allow more growers to complete their CEUs, which are tracked and 
recorded through the INMP Self-Certification Program. In the long-term, 
project success will be measured by measurable reductions of nitrate in Cen-
tral Valley and Central Coast groundwater over the next few decades. There 
are many programs and educational efforts being made across the state to 
minimize groundwater leaching. If nitrate levels decrease over the next few 
decades, it would mean this project and the many other efforts contributed 
to the overall success. 

Conclusion 
The research-based information delivered to growers and crop advisors by 
this project supports the reduction of agricultural contributions of nitrate 
to groundwater in the Central Valley and Central Coast. The management 
practice recommendations will be vital to the approximately 25,000 land-
owners/operators in the Central Valley and 2,000 on the Central Coast who 
are affected by requirements to improve nitrogen and irrigation application 
practices for reducing salt and nitrate discharges to ground and surface wa-
ter. Giving growers access to an easily accessible, more efficient source of 
information will advance the knowledge of proper nitrogen stewardship and, 
over time, may improve overall groundwater quality in California. 

Furthermore, this project serves as a conduit to transfer the latest informa-
tion on efficient nitrogen fertilizer applications and the practices that can 
minimize or prevent movement of nitrate to groundwater developed by FREP, 
UCCE and UC. Some new information is likely to come from interviews with 
Certified Crop Advisors, agronomists and farm advisors who have crop-spe-
cific tips, techniques or other knowledge gained through their work in the 
field. 

http://www.cdfa.ca.gov/is/ffldrs/frep/continuing_education.html
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Much knowledge has already been developed through UC, UCCE and FREP 
projects to improve nitrogen efficiency and needs to be disseminated to 
growers and crop advisors who would benefit from the information. This proj-
ect provides another option for communicating this information using media 
that is popular with an increasing number of growers and crop advisors. 

Acknowledgements 
CURES thanks CDFA FREP for supporting this project and on behalf of grow-
ers statewide. CURES acknowledges the project leaders and thanks coop-
erators for their time reviewing scripts and filming videos: Katherine Jar-
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Mendoza (UCCE), Franz Niederholzer, Ph.D. (UCCE), Zheng Wang, Ph.D. 
(UCCE), Michael Cahn, Ph.D. (UCCE), Andre Biscaro, M.S. (UCCE), Doug 
Amaral, Ph.D. (UCCE), George Zhuang, M.S. (UCCE), Richard Smith (UCCE), 
Gabriele Ludwig, Ph.D. (Almond Board of California), Casey Creamer (Cali-
fornia Citrus Mutual), Orvil McKinnis (Westside San Joaquin River Watershed 
Coalition), Michael Wackman (San Joaquin County and Delta Water Quality 
Coalition), Bruce Houdesheldt (Sacramento Valley Water Quality Coalition), 
and Caitie Diemel (East San Joaquin Water Quality Coalition). Additional 
thanks to CURES dedicated staff: Courtney Jallo, Maureen Thompson, Eva 
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Nitrogen Fertilizer and Irrigation Best 
Management Practices for Low Desert 
Sudan Grass Production Systems 

Project Leader 
Oli Bachie 
Director and Agronomy and Weed 
Management Advisor for Imperial, 
San Diego, and Riverside Counties 
University of California Cooperative 
Extension (UCCE) Imperial County 
(442) 265-7700
obachie@ucanr.edu

Collaborators 
Ali Montazar 
Irrigation and Water Management 
Advisor 
UCCE Imperial County 
(442) 265-7700
amontazar@ucanr.edu

Brooke Latack 
Livestock Advisor 
UCCE Imperial County. 
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Introduction 
Sudan grass is an important forage crop in California’s low desert produc-
tion systems, particularly in Imperial Valley. Because the crop grows rapidly 
under hot desert conditions, growers often apply large amounts of irrigation 
water and nitrogen fertilizer to maximize yield. However, excessive inputs 
can reduce water use efficiency (WUE), nitrogen use efficiency (NUE), in-
crease production costs, and contribute to nitrate losses that may affect the 
ecosystem and the quality and safety of the forage crop. Findings presented 
here are based on the first two harvests of the 2026 season. 

Objectives 
1 Determine the optimum level of N and methods of fertilizer delivery for 

luxury or steady-state nutrient consumption of sudan grass with opti-
mum hay biomass and quality. 

2 Assess hay yield and economic benefits of the N fertilization practices 
with efficient use of fertilizer N or crop biomass per lbs of N applied 
(NUE). 

3 Assess N leaching from sudan grass fields as affected by irrigation types 
and fertilizer delivery systems available in crop root zone for uptake. 

4 Develop a robust extension program and effectively communicate to 
growers, agricultural scientific community and interested groups on best 
irrigation and N management for environmental protection, crop quality, 
yield, and economic considerations. 

mailto:obachie@ucanr.edu
mailto:amontazar@ucanr.edu 
mailto:bclatack@ucanr.edu 
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Description 
Experimental Overview 
The study evaluated three irrigation levels (80%, 100%, and 120% evapo-
transpiration replacement) and three nitrogen fertilizer programs (50 lb N/ac, 
80 lb N/ac, and 50 lb N/ac applied in split applications) using a split-plot de-
sign with four replications. The 3 irrigation levels are deficit (3,000 gallons), 
full irrigation (3,500 gallons), and excess irrigation (4,000 gallons) applied 
per irrigation, respectively. All plots received 100 lb N/ac as a pre-plant ap-
plication to ensure uniform establishment. Crop performance was evaluated 
through biomass production, Normalized Difference Vegetation Index (NDVI) 
measurements, nitrate recovery, tail water nitrate, soil pH, and resource 
efficiency indicators. 

Results and Discussion 
Biomass Response to Irrigation and Nitrogen 
Irrigation effects 

Irrigation was the primary factor affecting biomass production throughout 
the study. The first harvest reflected crop response primarily to irrigation 
because all plots had only received the pre-plant fertilizer application. During 
the first harvest, biomass increased substantially when irrigation increased 
from 80% to 100% ET, while additional irrigation to 120% ET provided only a 
small yield increase. The highest yields were observed under the 100% and 
120% ET treatments, demonstrating that severe water deficits reduced pro-
ductivity.  Biomass production increased significantly as irrigation increased 
from 80% to 100% ET (Table 1). Yield under full irrigation (100% ET) was 
approximately 33% greater than under deficit irrigation. However, increasing 
irrigation beyond full crop requirements provided only a small additional yield 
benefit. Biomass under 120% ET was only 3.6% greater than under 100% 
ET, demonstrating diminishing returns from excess irrigation. 

The second harvest confirmed this trend. Biomass increased from 15.6 t/ 
ac at 80% ET to 18.4 and 19.9 t/ac under 100% and 120% ET, respectively. 
Although maximum yield occurred at 120% ET, the gain beyond full irrigation 
was relatively small, indicating diminishing returns from additional water ap-
plication. Biomass increased with irrigation, but differences among nitrogen 
treatments were not significant. These results suggest that irrigation was the 
primary factor influencing biomass production. Applying 80 lb N/ac did not 
significantly improve yield when compared with the 50 lb N/ac treatments, 
indicating opportunities to improve nitrogen-use efficiency through reduced 
fertilizer inputs (Table 3). 
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Nitrogen Effects 

Unlike irrigation, nitrogen fertilizer rate had little effect on biomass pro-
duction. Similar yields were obtained from the 50 lb N/ac and 80 lb N/ac 
treatments, and no significant irrigation × nitrogen interaction was observed. 
These results suggest that Sudan grass can maintain productivity under 
moderate nitrogen inputs and that higher fertilizer rates may not be econom-
ically justified. 

Crop Growth Monitoring Using NDVI 

Normalized Difference Vegetation Index (NDVI) effectively reflected differ-
ences in crop growth among irrigation treatments (Figure 1). NDVI increased 
from 0.629 under 80% ET to approximately 0.74 under both 100% and 
120% ET treatments, indicating improved canopy vigor and crop develop-
ment as water availability increased. 

A moderate positive relationship (r = 0.554) was observed between NDVI 
and biomass production, suggesting that NDVI may serve as a useful, 
non-destructive indicator of forage yield. Nitrogen treatments had minimal 
influence on NDVI, reinforcing the conclusion that irrigation was the domi-
nant driver of crop growth in this study. 
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Nitrogen Recovery, erodibility, and Environmental Implications 

One of the major objectives of the project is to reduce nitrogen losses from 
production fields while maintaining profitable yields. Analysis of nitrate re-
covery within the soil profile revealed significant differences among irrigation 
treatments (Table 2). There were no significant differences in NO3-N within 
soil depths of 0-1, 1-2, 2-3, and 3-4 ft depth. The 80% ET treatment re-
tained the highest overall nitrate concentration within the sampled profile (22 
ppm), while nitrate recovery declined under 100% and 120% ET treatments, 
suggesting that NO3-N, under the latter 2 treatments may have moved 
down (leached) beyond 4 ft of the soil profile (profile beyond the sampled 
zone). Excess irrigation may therefore increase the risk of nitrate leaching 
and groundwater contamination. Because nitrogen rates (within the tested 
rates) have limited effects on yield, irrigation management appears to be a 
more important factor in controlling nitrogen losses under these conditions. 

Efficient irrigation scheduling can help retain nutrients within the crop root 
zone while reducing environmental risks. While irrigation has moved fertiliz-
ers added to tail water (erode), there was no significant difference between 
irrigation levels (Table 2) and the number of added fertilizers. All irrigation 
treatments moved NO3  through irrigation water to the tail water. 

Soil pH Response 

Soil pH remained relatively stable and alkaline across all treatments and 
remained within an alkaline range (Table 2) typical of Imperial Valley soils.  
Soil pH remained relatively stable across treatments, ranging from about 
8.0 to 8.1. Although differences were statistically significant, their practical 
agronomic importance was minimal, indicating that irrigation management 
had little effect on soil chemical conditions during the study period. The slight 
decline in pH with increasing irrigation is unlikely to influence crop productiv-
ity or nutrient availability under the conditions of this study. 

Water and Nitrogen Use Efficiency: 
Water Use Efficiency (WUE) 

Using second-harvest biomass because irrigation effects were statistically 
significant and irrigation amounts were defined as 3,000, 3,500, and 4,000 
gallons per irrigation events, for 80, 100, and 120 ET, respectively: 
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WUE was highest at 100% ET (5.26 t/ac per 1,000 gallons of water), slightly 
greater than 80% ET (5.20), and higher than 120% ET (4.98). Although 
120% ET produced the highest biomass yield, the additional water applied 
generated only a small increase in production (Table 3). As a result, irrigation 
beyond full crop requirements reduced water-use efficiency. 

Nitrogen Use Efficiency (NUE) 

NUE was greatest under the 50 lb N/ac treatment (0.387 t biomass/lb N) 
and the 50 lb N/ac split application (0.362 t biomass/lb N). The conventional 
80 lb N/ac treatment had the lowest NUE (0.206 t biomass/lb N) (Table 3). 
These results indicate that applying additional nitrogen above 50 lb N/ac did 
not increase biomass sufficiently to justify the extra fertilizer input. Together, 
these findings support an irrigated production system that emphasizes effi-
ciency rather than maximum input use. Irrigation near 100% ET and mod-
erate nitrogen rates produced strong yields while maximizing resource-use 
efficiency. 

Reduced Risk of Forage Rejection 

Excess nitrogen fertilization can increase nitrate accumulation in Sudan grass 
tissue (Bachie, et al, 2025). High nitrate forage may be rejected by buyers 
or discounted in the marketplace because of livestock health concerns. Main-
taining consistent forage quality is often as important economically as maxi-
mizing yield. 

Economic and Environmental Significance 

The results suggest substantial opportunities to improve farm profitability. 
Since lower nitrogen rates produced yields comparable to the conventional 
fertilizer program, growers may be able to reduce fertilizer costs without 
affecting production. Similarly, the small yield increase obtained from 120% 
ET irrigation may not justify the additional water, labor, and pumping costs 
associated with over-irrigation. Irrigation near 100% ET is therefore likely 
to provide the most favorable balance between productivity and input costs. 
Environmental benefits are equally important.  
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Efficient irrigation reduces the potential for nitrate movement below the root 
zone, protects groundwater quality, and conserves scarce water resources. 
Improved nitrogen-use efficiency also reduces the likelihood of fertilizer 
losses and nitrate accumulation in forage while supporting more sustainable 
production practices. Our findings further support policies and management 
programs that promote ET-based irrigation scheduling, soil moisture monitor-
ing, moderate nitrogen applications, and routine evaluation of WUE and NUE. 
Such practices can help improve both farm profitability and environmental 
stewardship across the low-desert agricultural region. 

Conclusions 
Results from the first two harvests indicate that irrigation management has 
a greater influence on Sudan grass productivity than nitrogen fertilization 
rate. Biomass production increased markedly between 80% and 100% ET, 
while additional irrigation beyond full crop water requirements produced only 
modest gains. Similarly, nitrogen rates above 50 lb N/ac did not significantly 
increase biomass production. 

The highest WUE occurred at 100% ET, while the highest NUE occurred at 50 
lb N/ac. NDVI successfully reflected treatment differences and showed prom-
ise as a practical crop monitoring tool. Soil nitrate data indicate that exces-
sive irrigation may increase the risk of nitrate movement beyond the crop 
root zone and across the fields. Current evidence supports irrigation near 
100% ET combined with moderate nitrogen applications as the most effective 
strategy for sustaining Sudan grass productivity, improving resource-use 
efficiency, enhancing economic returns, and reducing environmental risk in 
low-desert production systems. Additional harvests and forage-quality data 
will be incorporated into final recommendations as the project continues. 
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Introduction 
California’s $7.68 billion vegetable crop industry is dependent on the use of 
vegetable transplants for efficient plant establishment (CDFA 2021). To pro-
duce high-quality transplants, nutrients are supplied as water soluble fer-
tilizer through irrigation systems. Fertilizer is a low-cost input for vegetable 
transplant production, allowing growers to over-apply nutrients without large 
financial losses. Over-application of nutrients can cause poor shoot growth, 
decreased root growth, or disease susceptibility in vegetable transplants. In 
addition, excessive fertilizer application can have negative environmental 
impacts. 

Currently, nitrogen (N) fertilizer application recommendations for vegetable 
transplant production are extremely broad (ex. 60-600 ppm N), and they do 
not have specific guidelines for the diverse range of vegetable transplants 
produced in California. For example, extension publications have general 
recommendations, such as providing “more” N for solanaceous crops, and 
“less” for cucurbit crops. Therefore, we evaluated N uptake of the top five 
vegetable transplant crops produced in California to provide clear nutrient 
application recommendations. 

Objectives 
1 Determine nitrogen requirements for the top five California vegetable 

transplant crops. 
2 Convey results from this research to transplant growers through publica-

tions and presentations. 

Description 
We applied 50, 200, and 400 ppm N to 5 vegetable transplant crops: broc-
coli, celery, leaf lettuce, processing tomato, and romaine lettuce. We ran the 
trial twice for each crop, collecting data on canopy cover, evapotranspiration, 
dry mass, and percent nutrient content. Originally, we intended to use tran-
spiration and percent nutrient content to calculate a recommended fertilizer 
concentration.  

mailto:evolk@ucanr.edu
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However, due to technical difficulties with lysimeters, this was not a reliable 
method. Instead, our conclusions focus on the 3 N concentration treatments 
and their impact on vegetable transplant growth. 

We shared the results through the UC Nursery and Floriculture Alliance 
newsletter, and we will continue to share the results through other Coopera-
tive Extension outlets and events. The results of this study could potentially 
minimize nitrogen use in vegetable transplant nurseries. This could have 
a positive impact on water quality and minimize input costs for vegetable 
transplant nurseries. We will conduct follow-up conversations with vegetable 
transplant nurseries to determine if they decreased their fertilizer application 
rate. 

Results and Discussion 
The 200 and 400 ppm treatments had similar dry weights in Trials 1 and 2 
for all 5 crops. Dry weights were significantly lower in the 50-ppm treatment, 
compared to the 200 and 400 ppm treatments in Trials 1 and 2 for broccoli 
and celery. We found no difference in dry weights between any treatments 
in Trial 2 romaine lettuce, Trial 2 processing tomato, and Trials 1 and 2 leaf 
lettuce. Based on this data, the recommended fertilizer application rate for 
all crops except leaf lettuce is 200 ppm N. 

Our results differ from previous research that found that broccoli transplant 
dry shoot biomass was maximized at 350 (Tremblay and Senecal, 1988) or 
400 ppm N (Masson et al., 1991a; Masson et al., 1991b). For processing 
tomato transplant production, our results are within the range reported by 
other researchers (Garton and Widders, 1990; Liptay and Nicholls, 1993; 
Masson et al., 1991a; Masson et al., 1991b; Melton and Dufault, 1991; 
Vavrina et al., 1998; Weston and Zandstra, 1989). For celery production, 
our recommended 200 ppm N differs from previous research that found that 
celery transplant dry shoot biomass was maximized at 350 (Tremblay and 
Senecal, 1988) or 400 ppm N (Masson et al., 1991a; Masson et al., 1991b). 
For leaf lettuce, previous research finds that N concentrations up to 1,000 
ppm benefit dry weight in lettuce transplants (Vetrano et al. 2020). There 
are no results in the literature to compare this to because no researchers 
have reported nutrient concentrations of romaine lettuce specifically. 

Overall, our recommendation of 200 ppm N for vegetable transplants is lower 
than the recommended rates provided from previous research. This could be 
due to the large differences between each fertilizer treatment and relatively 
few treatments compared to other studies. That said, our results indicate 
that the overall benefit of applying >200 ppm N has little to no benefit in 
vegetable transplant development. 
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Table 1. Mean values for vegetable transplant crop experiments for trials 1 and 2. Differ-
ent letters within the same column and for individual crops indicate significant differences 
(p<0.05) in the mean values of different fertilizer treatments. 

Conclusions 
Based on the data collected, fertigating vegetable transplants with 200 ppm 
N optimizes root, shoot, and leaf growth. Vegetable transplant growth rates 
do not benefit from additional fertilizer. Applying N at a concentration of 400 
ppm would decrease fertilizer use efficiency, create higher input costs, and 
encourage nutrient runoff for little to no benefit in transplant growth. 
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Introduction 
The Agricultural Order 4.0 regulation in the Central Coast region allows for 
compost and other organic amendments to be included in nutrient man-
agement plans, with a discount factor for nitrogen (N) depending on the 
expected timing of N mineralization. Increased use of organic inputs makes 
paramount the need for site specific recommendations to reduce unintended 
externalities, such as N loss to groundwater. Scientific confidence is still lack-
ing in the ways in which the amount, type, and timing of compost application 
interact with soil properties to improve N use efficiency (NUE) and reduce N 
loss1. While, on average nitrate (NO3 

-) leaching is reduced in systems using 
organic inputs, the variability in N loading is high, highlighting the need to 
account for the heterogeneity across systems and landscapes1. For instance, 
long-term N balance research by Collaborator Brennan showed that compost 
use in an organic vegetable rotation led to >100 kg N/ha/yr that was either 
lost or stored in the soil below 30cm 2. This makes the wide scale adoption 
of compost use challenging. First, our understanding of whether adding 
compost supports crop N demands at the right time to minimize potential for 
groundwater contamination is growing but still incomplete. Second, there is 
emerging evidence that leaching of dissolved organic N (DON) from organic 
inputs could be a considerable, but overlooked, N loss pathway3. DON could 
act as a source of NO3 

- in groundwater as it is mineralized and on its own 
can be harmful to human consumption due to the formation of disinfection 
byproducts4.  
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This project proposes to understand how compost application at varying 
rates interacts with soil edaphic properties to influence both inorganic and 
organic N retention and loss dynamics in agricultural landscapes within Cali-
fornia’s Central Coast. 

Objectives 
This project addresses how compost can be managed to support productivity 
while protecting water quality. We will leverage a long-term experiment and 
sampling from 28 farms in prior related projects. Our specific objectives are: 

1 Conduct a greenhouse experiment to understand how increasing rates of 
compost application influence leaching of different N species (inorganic 
and organic N). 

2 Generate and analyze data on N availability, losses and retention across 
a diversity of farms to inform model development. 

3 Calibrate and validate a crop-ecosystem model, Ecosys, for lettuce pro-
duction in the Central Coast of California. 

4 Develop and test scenarios of compost application rates and timing 
across contrasting soil types to quantify N dynamics and losses to devel-
op guidance on how to apply compost to support both productivity and N 
losses. 

5 Conduct outreach to vegetable growers across the study region (Santa 
Cruz, San Benito, and Monterey counties), as well as to the Central Coast 
Water Quality Control Board, and professional agricultural extension and 
support.  

Description 
We have now completed the greenhouse column experiments testing the 
effect of increasing compost additions on leaching of DON and inorganic N 
from contrasting soil types, a sandy loam (>40% sand) and a clay loam 
(<20% sand) (Obj. 1), analyzed ammonium (NH4 

+), nitrate ( NO3 
-), and 

DON from 28 fields across the Central Coast across three time points, trans-
plant, mid-season, and harvest (1120 samples total) (Obj. 2), determined 
soil texture and carbon (C) and N in minerally associated organic matter 
(MAOM) across the 28 field sites, and conducted deep coring from the long 
term site and subsequently analyzed total C, N, texture, pH, and CEC. This 
helped shed light on whether N surpluses documented in Brennan’s work 
were leached or stored deeper in the soil profile and these data are being 
leveraged to calibrate the Ecosys model (Obj. 3 & 4). Further, we executed 
surveys with the farmers managing the 28 field sites to collect manage-
ment data from the past 5 years (Obj. 2). This allowed for determination of 
how management and soil variability can modulate DON loss from organic 
amendment applications and will help validate the Ecosys model to see if it is 
performing adequately on varying soil types (Obj. 3 & 4).  
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Finally, during the grant we have presented our preliminary findings at many 
farmer outreach and public workshop events, as well as the FREP Conference 
in 2025 (Obj. 5). 

Results and Discussion 
Results from the column experiments suggest that, when management is 
kept the same across soil types, pathways of N loss differ between soil tex-
tures. Sandier soil leached significantly more DON compared to higher clay 
soils (p<0.001) with about six-fold more DON being lost from the sandy loam 
soil (Figure 1). Overall, DON accounted for 21% of total N leached in the col-
umn experiments (Figure 2). There was no significant relationship between 
compost application rate and DON leaching. 

To understand DON production and downward mobility and characterize DON 
leaching risk across 28 lettuce fields, we used two complementary metrics.  
We assessed total DON accumulation using the change in DON (∆DON) 
across 60 cm from transplant to harvest to understand how much DON was 
in the system (Figure 2 B1). We then assessed the ∆DON across the deeper 
depth interval of 30 cm – 60 cm from transplant to harvest to understand 
if DON was moving toward groundwater (Figure 2 B2). DON accumulated 
across 60 cm depth and accounted for 26% of total soil change across the 
entire profile (Figure 2 B1). Further, ∆DON decreased from transplant to 
harvest across the deeper soil profile (30 – 60 cm) and accounted for 26% of 
total N depletion losses (Figure 2 B2).  
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These results confirm significant DON leaching, consistent with van Kessel et 
al. (2009), who found DON accounted for 26% of leaching losses. 

Interestingly, across the 28 fields spanning a texture gradient, no effect of 
texture was found on both metrics of ∆DON, however, management practic-
es were significant in explaining the variation in ∆DON. According to hierar-
chical variance partitioning we found that management explains 2x and 32x 
more variation than texture for deep Soil DON depletion and total DON ac-
cumulation, respectively, with management significantly explaining variance 
(p=0.045) in ∆DON across the 60 cm at significance level of α=0.1 and the 
30 – 60 cm depths (p=0.069). 

Among the management practices surveyed, two emerged as the primary 
predictors of variation for both total DON accumulation and deep soil DON 
depletion: crop diversity (p = 0.010 and 0.038, respectively) and N applica-
tion rates (p = 0.039 and 0.009, respectively), with cover cropping showing 
a marginal directional effect (p = 0.161 and 0.164, respectively) (Figure 3). 
Tillage intensity and frequency did not have a significant effect on ∆DON. 
Further, MAOM-N emerged as the second strongest predictor (α=0.1) af-
ter management, with significant effects on both metrics (p = 0.053 and 
0.057), indicating that greater MAOM-N is associated with reduced total 
DON accumulation and deep soil DON depletion.  

Figure 2. Illustrates nitrogen form distribu-
tion across both the column experiment and 
field sites 

Figure 3. Hierarchical variance partitioning 
analysis for both DON leaching risk metrics, 
with beneficial effects (reduced accumula-
tion/deep-depletion) shown in green and 
detrimental effects in red for specific man-
agement practices. 
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Finally, cover cropping significantly increased the MAOM-N pool (p = 0.005), 
revealing an important potential indirect pathway: cover cropping both di-
rectly reduces DON leaching risks and enhances the MAOM-N pool, which 
itself reduces leaching risks. This will be further explored using a structure 
equation model to elucidate causal relationships between management and 
texture and DON loss. 

Calibration of the Ecosys model has been difficult to achieve given the com-
plexity of the model. Running through one of the long-term trial treatments, 
we were getting unreasonably high N leaching outputs. However, we have 
isolated some issues with the weather data from the CIMIS stations near the 
long-term trial which could have resulted in the unexpected outputs. We are 
continuing to calibrate the model for all 5 treatments at the long-term trial to 
understand how management impacts N species cycling and losses over the 
long term. 

Accomplishments 
We have finished all objectives except for analysis of the modeling results 
and will continue with the modeling through the end of the year. We are 
drafting a manuscript for submission to Agronomy Journal on the column and 
field results which should be submitted by December. 
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Developing Tools and Information 
on Irrigation and Nitrogen Best 
Management Practices in California’s 
Low Desert Lettuce Production 
Systems 

Introduction 
Effective irrigation and N management are crucial to maximizing lettuce yield 
while reducing environmental impacts, particularly in light of water quality 
regulations and water conservation demands in California’s low desert. Little 
Gem lettuce, with its compact growth habit, is well suited to drip-irrigated 
production; however, information on its irrigation and N requirements under 
desert conditions is limited. Previous studies have demonstrated the poten-
tial of CropManage (CM) to improve irrigation and N management for other 
desert lettuce types, but its recommendations need to be evaluated for Little 
Gem production. This study evaluated Little Gem lettuce under different 
irrigation and N levels to determine biomass and N uptake responses and 
assess whether inputs above CM recommendations provide additional bene-
fit. The goal was to develop practical information for improving water and N 
management in drip-irrigated Little Gem lettuce production. 

Objectives 
Provide data and information on crop water use and crop N uptake in desert 
lettuce. 

1 Develop recommendations on best N and water management practices in 
desert lettuce. 
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2 Adapt the CM decision support tool for water and N management in des-
ert lettuce. 

Description 
The field experiment was conducted at the UC Desert Research and Exten-
sion Center in Holtville, CA, on sandy clay loam soil. Little Gem lettuce was 
planted on November 13, 2025, with eight rows grown on 80-in-wide beds 
and irrigated throughout the season using three subsurface drip tapes per 
bed. The study evaluated three N treatments (N1, N2, and N3), representing 
80%, 100%, and 150% of CM-N recommendations, respectively, under two 
irrigation treatments: I1, representing 100% of CM-recommended irrigation, 
and I2, representing 150% of the CM-recommended irrigation. Irrigation was 
the main-plot factor and N management the subplot factor in a randomized 
complete block design with a split-plot arrangement and four replications. 

Crop canopy development was monitored weekly using NDVI imaging. Soil 
nitrate was monitored through laboratory analysis and soil nitrate quick tests 
were conducted approximately every 10 days, with results incorporated into 
CM for in-season N management. Soil matric potential was monitored at 
depths of 6, 12, 18, and 24 inches using Watermark sensors, and applied 
irrigation water was measured using Seametrics flowmeters. 

At crop maturity, biomass yield and plant N uptake were determined for each 
subplot. Biomass yield was estimated using 15 randomly selected heads and 
final plant population. Six additional plants per subplot were composited, 
dried at 60°C to constant weight, ground to 1 mm, and analyzed for total N 
by dry combustion to determine plant N uptake. Biomass yield and N uptake 
were analyzed using the GLIMMIX procedure in SAS 9.4, accounting for the 
split-plot experimental design. Effects were considered significant at p < 
0.05. 

Figure 1. Little Gem lettuce field trial at the UC Desert Research and Extension Center 
during the 2025–26 growing season. Applied irrigation water was measured using magnetic 
flowmeters connected to a datalogger, with measurements automatically recorded and 
integrated into the CM platform for irrigation monitoring and management. 
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Results and Discussion 
Mean biomass yield ranged from 19.8 to 28.8 t/ac across irrigation × N 
treatments (Fig. 2a). Under CM-recommended irrigation (I1), biomass 
increased from 22.6 t/ac at N1 to 28.8 t/ac at N2, a 28% increase, but 
declined to 19.8 t/ac at N3. Thus, I1N2, representing 100% of both CM-rec-
ommended irrigation and N, produced the highest numerical biomass yield. 
Under I2 (150% of I1), biomass increased from 23.5 t/ac at N1 to 26.0 t/ 
ac at N2 and 27.4 t/ac at N3. Despite these numerical differences, biomass 
was not significantly affected by irrigation (p = 0.363) or N treatment (p = 
0.089), and the irrigation × N interaction was also not significant (p = 0.060; 
Table 1). 

Nitrogen uptake showed a stronger response to N management, ranging 
from 98.1 to 164.4 lb N/ac (Fig. 2b). Under I1, N uptake increased from 98.1 
lb/ac at N1 to 164.4 lb/ac at N2, a 68% increase, but declined to 104.3 lb/ 
ac at N3. Under I2, N uptake was 100.5, 119.6, and 102.1 lb/ac at N1, N2, 
and N3, respectively. N treatment significantly affected crop N uptake (p = 
0.0014), whereas irrigation had no significant effect (p = 0.208). The irriga-
tion × N interaction was not significant (p = 0.058; Table 1). 

Considering biomass and N uptake together, the CM-recommended combina-
tion (I1N2) produced the highest numerical biomass yield (28.8 t/ac) and N 
uptake (164.4 lb N/ac) (Fig. 2). Increasing N from the CM recommendation 
(N2) to 150% of the recommendation (N3) under I1 did not provide an addi-
tional benefit; biomass and N uptake were numerically 31% and 37% lower, 
respectively. Similarly, increasing irrigation to 150% of the CM-recommended 
amount (I2) did not significantly increase either biomass or N uptake (Table 
1). These results indicate that additional irrigation or N beyond CM recom-
mendations provided no demonstrated improvement in crop performance 
under the conditions of this study. 

Figure 2. Effects of irrigation and nitrogen treatments on (a) biomass yield and (b) nitrogen 
uptake of Little Gem lettuce during the 2025–26 growing season. Bars represent means 
± SE (n = 4), and points represent individual replicates. I1 and I2 denote irrigation treat-
ments, and N1–N3 denote nitrogen treatments. 
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These findings are consistent with our previous studies of other lettuce types 
grown under drip irrigation in the low desert (Montazar, 2024; Montazar et 
al., 2025), where increasing irrigation or N inputs beyond CM recommenda-
tions did not result in corresponding improvements in crop productivity or 
N use. The consistency of these responses across lettuce types and studies 
provides further evidence that CM recommendations can provide adequate ir-
rigation and N to support high crop performance while avoiding unnecessary 
inputs. Although the irrigation × N interactions for biomass (p = 0.060) and 
N uptake (p = 0.058) were close to the conventional significance threshold, 
they were not statistically significant (Table 1); therefore, the treatment-spe-
cific numerical patterns should be interpreted cautiously. Overall, the results 
provide further support for CM as a practical decision-support tool for im-
proving irrigation and N management in desert lettuce production. 
Table 1. Split-plot analysis of variance for biomass yield and N uptake of Little Gem lettuce. 

Note: Effects were considered significant at p < 0.05. Irrigation was the main-plot factor and 
nitrogen was the subplot factor in the split-plot randomized complete block design. 

Conclusions 
The results provide further support for CM-based irrigation and N manage-
ment for Little Gem lettuce. The CM-recommended treatment (I1N2) pro-
duced the highest numerical biomass yield (28.8 t/ac) and N uptake (164.4 
lb N/ac). Increasing N above the CM recommendation did not improve crop 
performance and, under CM-recommended irrigation, resulted in numerically 
lower biomass and N uptake. N treatment significantly affected crop N up-
take but not biomass yield, while irrigation had no significant effect on either 
response. Overall, CM recommendations supported high crop productivity 
and N uptake without evidence of benefit from additional irrigation or N in-
puts, supporting efficient water and N management in desert lettuce produc-
tion. 
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Introduction 
Increasingly stringent water quality regulations are putting pressure on 
growers to reduce nitrogen (N) inputs and improve N use efficiency. A central 
challenge is determining how much fertilizer N can be reduced without sacri-
ficing crop yield or quality. Doing so requires accounting for N already avail-
able in the production system and understanding how management affects 
whether that N is available to the crop. 

The importance of these N sources differs among crops and production con-
ditions. Broccoli is a deep-rooted crop with a strong ability to scavenge N 
from the soil profile, and growers often apply less fertilizer N than the crop 
takes up (Smith et al., 2016). The difference can be supplied by other sourc-
es, including residual soil N, N mineralized from crop residues and organic 
matter, and nitrate in irrigation water. However, the amount of N available 
from these sources can vary among fields and may be affected by soil condi-
tions and irrigation management. Better accounting for these sources could 
help growers determine when fertilizer N inputs can be reduced while main-
taining yield. 

In this study, we evaluated the effects of fertilizer N rate and irrigation rate 
on broccoli yield, crop N uptake, and soil N dynamics in eight commercial 
conventional and organic fields spanning a range of seasons, soil textures, 
preplant soil N levels, and irrigation-water N inputs. 

Objectives 
The overall goal of this project was to provide guidance on when and by how 
much fertilizer N inputs can be safely reduced in broccoli by accounting for 
other sources of crop-available N and understanding the role of irrigation 
management in making those sources available to the crop. 
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Specifically, we aimed to: 

1 Evaluate the effects of N rate and irrigation rate on broccoli yield and 
aboveground N uptake. 

2 Assess how N rate and irrigation rate affect soil N distribution and reten-
tion through the soil profile. 

3 Compare these responses across commercial conventional and organic 
ranches representing a range of soil textures, seasons, preplant soil N 
availability, and N supplied in irrigation water. 

4 Evaluate how measured soil N at harvest compares with N balances used 
as indicators of potential N loss. 

Description 
We conducted eight controlled on-farm field trials in California’s coastal val-
leys to study the effects of N rate and irrigation management on N dynamics 
and yield in broccoli production. The experiments took place on commercial 
ranches between Spring 2022 and July 2025. Fertilizer rates targeted 0 to 
150% of the grower’s rate, ranged from 0 to 300 lbs N/acre and were ap-
plied by hand mimicking grower practice. Irrigation was applied at either 
the grower-standard (GS) rate or an ET-based rate (ET) recommended by 
CropManage (Cahn et al., 2015), a free online decision support tool calibrat-
ed for local crops and growing conditions. Flow meters tracked water inputs, 
and measurements included yield, plant N uptake, and preplant, midseason 
and postharvest soil N concentrations. In Trials 1 and 2, soil N concentrations 
were measured in the 0–12 and 12–24-inch depth increments, while the 
other six trials included the 0–6, 6–12, 12–24, and 24–36-inch depth incre-
ments. In Trials 6 and 8, the irrigation treatment was lost due to logistical 
issues. 

Table 1: Key characteristics of Trials 1-8. (S = Spring, F = Fall, W = Winter, Conv. = con-
ventional, Org. = organic; Irr. N = irrigation water N concentration). 



34TH ANNUAL FREP/WPH NUJTRIENT MANAGEMENT CONFERENCE | Summaries of Current FREP Projects 37 

Results and Discussion 
Across the six trials with both irrigation treatments, ET-based irrigation used 
6–18% less water than grower-standard irrigation (GS), without reducing 
yield (Fig. 1). Yields and N uptake were higher under ET in Trials 1 and 2, 
and ET retained more N within the root zone in several trials. In Trial 2, max-
imum yield was reached with 50 lbs N/acre less fertilizer under ET than GS, 
consistent with greater retention of N within the root zone. 

Yield response to fertilizer N varied substantially among trials (Fig. 1). Yield 
increased with N rate in Trials 1, 2, 6 and 8, but not in Trials 3, 4, 5 and 7. 
All four trials without a yield response had high preplant soil N in the top 
three feet of the soil profile, indicating that soil N was an important source 
of crop nutrition. Because broccoli can access N deep in the soil profile, 
sampling to three feet can help identify fields where fertilizer N rates may be 
reduced. 

Figure 1. Broccoli yield response to fertilizer N rate under grower-standard (GS) and ET-
based irrigation (ET) in eight commercial field trials.  

Irrigation-water N was also an important N source, but only when available 
to the crop. In Trial 8, irrigation water supplied more N than the crop took 
up yet yield still increased with fertilizer N rate. Irrigation was approximately 
80% above ET-based recommendations and much of the water was applied 
early in the season, before peak crop N demand. These conditions likely 
moved much of the irrigation-water N below the root zone before the crop 
could use it. Irrigation-water N can replace fertilizer N only when irrigation 
rate and timing keep that N available to the crop. 

N balances increased with fertilizer N rate in all trials (Fig. 2), but their rela-
tionship with postharvest available soil N differed between conventional and 
organic systems. In conventional Trials 3-5, postharvest soil N to three feet 
was generally similar to or greater than the N balance. 
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In organic Trials 6-8, postharvest soil N was much lower than the N balance, 
even after accounting for expected mineralization of organic fertilizer N. This 
suggests that N balances may overestimate leaching risk in some organic 
systems, although we did not measure the fate of N after harvest. 

Figure 2. Comparison of N surplus represented by N balance (N applied minus N removed in 
harvested product) with postharvest available soil N to a depth of three feet in Trials 3–8. 

Conclusions  
ET-based irrigation reduced water use without reducing yield and retained 
more N within the root zone in several trials. In one trial, maximum yield was 
reached with 50 lbs N/acre less fertilizer under ET than GS. In four of eight 
trials, high preplant soil N helped explain the lack of yield response to addi-
tional fertilizer, highlighting the value of deep soil sampling when making N 
rate decisions for broccoli. Irrigation-water N can also replace fertilizer N, but 
only when irrigation rate and timing keep that N available to the crop. Finally, 
postharvest available soil N in the organic trials was much lower than indicat-
ed by N balances, suggesting that N balances may overestimate leaching risk 
in some organic systems. 
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Introduction 
Intensive specialty crop rotations in the central coast region depend on re-
current nitrogen inputs and often leave a considerable amount of residual 
nitrogen in the soil, which is highly susceptible to leaching below the root 
zone, especially during winter rains. Losing residual nitrogen is a missed 
cost-savings opportunity and can cause water quality impairment, affecting 
environmental and human health. With good management, residual nitrogen 
can be reused for subsequent crops, lowering input costs and avoiding water 
contamination. Cover cropping is one of several soil management practices 
that can help to recover and recycle nitrogen from crop residue mineraliza-
tion and excessive fertilizer application through ‘nitrogen scavenging’. To 
help growers quantify and demonstrate the recovery (uptake) of residual 
nitrogen, USDA-ARS, UCANR, CLGRB and the RCDs of Monterey and Santa 
Cruz Counties partnered in 2021-2022 to conduct research trials and develop 
simple methods to quantify the cover crop shoot biomass production and its 
associated %N (N uptake) and C:N ratio (Brennan and Smith 2023, Brennan 
2022). This project is facilitating grower adoption of such methods through 
education, outreach, 1:1 technical assistance and cost-share for cover crop 
implementation. 
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Objectives 
1 Educate central coast growers on the practical application of a validated 

method to estimate the biomass and C:N ratio of a winter cereal cover 
crop, based on simple field-based measurements and observations, to 
demonstrate residual nitrogen recovery (scavenging) by winter cover 
crops, in the context of a regional water quality regulation (Ag Order 
4.0). 

2 Facilitate and guide grower adoption of winter cover cropping (with cereal 
cover crops) and the proposed nitrogen scavenging verification method 
to reduce residual nitrogen loss and receive full credit for ‘nitrogen re-
moval’ in the context of Ag Order 4.0’s Applied (A) minus Removed (R) 
nitrogen limits and targets. 

3 Demonstrate and disseminate the proposed methodology and lessons 
learned to a broader community of growers and certified crop advisors 
(CCAs) through outreach events and print materials in multiple languag-
es. 

Description 
The project goal is to facilitate grower adoption of winter cover cropping and 
demonstrate research-validated methods to easily and confidently estimate 
cover crop biomass, C:N ratio, and associated N uptake, helping growers to 
quantify and take advantage of cover crop N scavenging to supplement ni-
trogen inputs for subsequent crops and meet regulatory requirements under 
the irrigated lands program - Ag Order 4.0 (assuming that the current A-R 
credits, limits and targets will still be applicable after the conclusion of the 
current remand process). The project is using outreach, training, and tech-
nical assistance to demonstrate and support grower adoption of winter cover 
cropping for N scavenging on the central coast. Multiple field–scale demon-
strations were implemented on commercial fields during winter of 2024 and 
2025 and will continue in 2026. Participants receive one-on-one technical 
assistance, cover crop seed cost-share, and planting guidelines. Soil N con-
centrations are measured on all fields using the soil nitrate quick test before 
and after each cover crop cycle. Participating growers are trained on how to 
collect simple measurements of a cover crop 3-4 months after planting and 
use a calculator to estimate the amount of nitrogen scavenged. Findings and 
lessons learned from field trials are being shared with other growers and cer-
tified crop advisors (CCAs) in the region through outreach events (field days) 
at different locations in the Salinas and Pajaro valleys, and guidance docu-
ments (accessible in print and electronic formats) that illustrate the protocol 
and benefits of this practice in the context of Ag Order 4.0. Field days are 
tailored to growers of different scales, crops and cropping systems, and focus 
on general education about the Ag Order, practical demonstration of cover 
crop N scavenging credit quantification and reporting, and broader benefits 
associated with the use of cover crops for nitrogen management.  
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Guidance documents will provide a reference on methods for reporting a 
cover crop N credit under Ag Order 4.0, and considerations for effective man-
agement of winter cover crops. These documents will be available in English, 
Spanish and simplified Chinese script (the written language for Cantonese 
speakers) to support a wide range of growers on the Central Coast. 

Results and Accomplishments 
Direct individual assistance to growers: 

• Since the beginning of the project 44 participating farming operations
have signed up to implement cover cropping (receiving cost-share for
seed) and participated in education events and 1:1 training on simple
field-based quantification methods to estimate nitrogen scavenging.

• 32 farming operations planted winter cover crops (Merced Rye cereal
grass) on 36 different fields in 2024 and engaged in nitrogen scaveng-
ing quantification training and practice in early 2025. 27 farms planted
winter cover crops in 2025; 18 of them planted Merced Rye, 2 planted
Pacheco Triticale, and 7 planted a cereal-legume mix (Merced Rye +
Lana Vetch), adding a legume to further boost soil fertility for early
spring vegetable crop plantings. The project team decided to allow this
flexibility to accommodate grower preferences and needs and given the
ongoing uncertainty around new Ag Order 4.0 updates.

• The project team conducted soil nitrate quick tests (SNQTs) to estimate
the soil nitrogen levels before and after each cover crop planting and
documented the duration (no. of days) of each planting and measured
shoot length and Feekes stage to estimate cover crop biomass, C:N
ratio and amount of nitrogen scavenged. In 2026 we also took a sec-
ond SNQT several weeks after cover crop termination (and before any
fertilizer N application) on a subset of sites (mostly sites with cereal-le-
gume mix). These results showed that mineralized nitrogen from the
cover crop residues started to become available (detected as NO3-N)
20-25 days after termination and ranged from 4-7ppm NO3-N even up
to 70 days after termination.
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Education and Outreach: 
During the past 30 months the project team has: 

• Collaborated with central coast ag industry groups, grower and ship-
ping companies and academic researchers to coordinate education and
outreach events on cover cropping and nitrogen management.

• Presented at several farming conferences on the multiple benefits of
cover crops emphasizing nitrogen recovery and management in the
context of Ag Order 4.0 (2024 Latino Farmer Conference, 2026 Eco-
Farm conference).

• Hosted a series of educational field days and classroom trainings (in
Spanish) on the use of cover crops for nitrogen management with a
group of 9 small, diversified farming operations, in partnership with
Kitchen Table Advisors.

• Co-hosted and presented at workshops and educational events for
growers on the central coast, including: a) 2024 California Marine
Sanctuary Foundation’s event “Unlocking the Power of Cover Crops:
Benefits, Risks and Ag Order Updates” (audience included growers,
farm companies, and certified crop advisors); b) 2025 RCDMC work-
shop for Spanish-speaking growers discussing water conservation,
water quality protection and nutrient management aspects of cover
cropping (54 attendees, mostly small diversified farming operations);
c) 2025 Dole Vegetables, cover crop field day; d) 2025 L.A. Hearne
cover crop seed demo field day (attendees included CCAs, growers,
consultants, technical assistance providers, and researchers).

• Collaborated with technical advisor Dr. Eric Brennan from USDA-ARS to
develop a practical guide and calculator to quantify cover crop nitrogen
scavenging.

Figure 1. Cover crop field days hosted by RCD of Santa Cruz and Monterey Counties 
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Conclusions 
Using winter cover crops to recover and recycle end-of-year residual nitro-
gen for crop production during the following growing season is an advisable 
practice for several reasons, including input cost savings, water quality 
protection, soil fertility enhancement and maintaining an active and diverse 
soil microbiome. Using relatively simple measurements and observations of 
a cover crop and tracking the days after planting it is possible to confidently 
estimate the total amount of recovered (scavenged) nitrogen in a field and 
claim it as a “Removed N” credit in the context of Ag Order 4.0 regulatory 
compliance. This project provides training and one-on-one technical assis-
tance for growers to adopt this practice and quantify its benefits. 
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Introduction 
Composts are important sources of nutrients for crops and are increasingly 
popular to maintain or improve soil health. The contribution of compost to 
crop-available nitrogen (N) depends on net N mineralization, which is af-
fected by temperature, moisture, soil texture, composition of the composts, 
and management practices. In Merced County, the application of poultry and 
dairy manure compost to supply part of the N required by crops is commonly 
used in sweetpotatoes and processing tomatoes. 

California is a major producer of sweetpotatoes, with annual production 
around 700 million pounds from 18,500 acres. Most of this production oc-
curs on the sandy soils in Merced and Stanislaus Counties. Both organic and 
conventional growers frequently apply a band of composted poultry manure 
under the surface drip tape, then supplement fertilizer N through the drip 
tape during the growing season. Merced County is also a major producer 
of processing tomatoes, with over 1 million tons annually on about 25,000 
acres. Production generally occurs on clay loam soils using subsurface drip 
irrigation. Compost may be band applied and incorporated in the fall into the 
bed above the buried drip tape.  As with sweetpotatoes, additional N is sup-
plied through the drip system during the growing season.  

Previous research found that less than 30% of the total N applied with poul-
try manure compost is mineralized within six months when incorporated in 
early April under typical climatic conditions of the San Joaquin Valley. Obser-
vations in sweetpotato fields, however, suggest that very high decomposition 
and N mineralization rates occur, as the compost is no longer visible by the 
end of the 120-day season. Therefore, we may underestimate N availability 
from the compost. Consequently, application rates may need further refine-
ment.  
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Objectives 
The objective of the project is to develop N budgets for sweetpotatoes and 
processing tomatoes in Merced County where the crop nutrient sources 
include both compost and mineral fertilizers as fertilizer sources. Specific 
objectives are: 

1 Determine N release of commonly used manure composts in field trials. 
2 Investigate the effects of soil texture on N mineralization. 
3 Determine the accumulation of N in the vines and storage roots of sweet-

potato plants throughout the growing season. 
4 Conduct outreach and develop user-friendly tools for growers and consul-

tants. 

Description 
This report focuses on trials conducted in sweetpotato fields during the first 
two years of the project (2024 and 2025). The trials were in commercial 
fields near Ballico (project sites B1 and B2) and Turlock (project sites T1 and 
T2). At all sites, the soil texture in the top foot was a loamy sand with total 
carbon (C) content < 0.5% (Table 1). 

Table 1: Soil properties at the trial sites. Samples were collected in spring from the top foot 
of the profile. Total nitrogen (N) was determined by dry combustion, while pH and electrical 
conductivity (EC) were measured on a soil water slurry. Values for EC would be approxi-
mately three times higher in a soil paste extract. Potassium was extracted with ammonium 
acetate. 

Composts made from poultry manure, steer manure, and almond hulls were 
surface applied prior to transplanting in a 6-8”-band in the center of the bed, 
20” from the plant row, and not incorporated. Surface drip tape was then 
placed on top of the compost band. The results reported here are from two 
treatments: (i) control plots without compost and (ii) plots with the growers’ 
compost application rate. In-season fertilizer N was applied through the drip 
tape. Compost C to N ratios ranged from 11.0 to 15.4 (Table 2). Plots were 3 
beds wide (20 ft) and 50 ft long with four replications. Sweetpotatoes were 
transplanted between May 1st and May 17. 
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Table 2: Properties of the composts used at the sweetpotato field sites for the 2024 and 
2025 season. Total carbon (C) and nitrogen (N) are shown in percent of dry matter (DM) 
while the application is the measured fresh weight. 

Every three weeks during the growing season, soil samples from the center 
of the bed were collected from the top 2 ft of the profile from both treat-
ments, then analyzed for ammonium-N and nitrate-N. At the same time, 
litter bags were removed and analyzed for total dry matter, carbon, and N 
content. Root and vine biomass samples were collected from beds surround-
ing the trial in areas where compost was applied, then dried and analyzed for 
dry matter and total N content. Irrigation water samples were also collected 
and analyzed for nitrate-N. 

At harvest, storage root yield, plant dry matter and N concentration in the 
vines and roots were determined in all plots.At site B2, however, the vines 
were mowed before samples were collected.   

To address Objective 2, an 18-wk laboratory incubation was set up using the 
composts from each field trial. The soil for the incubation was collected at 
site B1. Samples were incubated at 25 °C and ideal moisture content for N 
mineralization (i.e., 60% of the soil’s water holding capacity). At weeks 1, 3, 
6, 12, and 18, soil samples were analyzed for ammonium-N and nitrate-N. 
Net N mineralization of compost N was calculated as the difference between 
the unamended control and the treated sample at each time step. 

Results and Discussion 
Analyses of the soil samples taken from the center of the bed in 3-week 
intervals suggest minimal impact of compost application on plant-available N 
in the soil. Furthermore, compost treatment had no significant effect on total 
N in the biomass (roots and vines), or marketable yield at any site (Table 3). 
The comparison with results from previous research projects suggests that N 
mineralization from composts is not fundamentally different in the soils and 
cropping systems of the current project. 
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Table 3: Total nitrogen (N) in the biomass (vines and storage roots) at harvest and market-
able root yield. Marketable yield was determined by commercial harvest equipment. Values 
in parentheses are standard error of the mean (n=4). 

During the 18 weeks of incubation under optimal conditions, between 11 and 
18% of the total N in the compost mineralized (Figure 1). Most N mineralized 
within the first three weeks of incorporation. The N uptake curve followed a 
sigmoidal (S-shaped) pattern. (Figure 2). Across the four sites, total biomass 
(vines and storage roots) contained 177 lb N/ac at harvest. The storage 
roots contained 98 lb N/ac, which accounted for 55% of the total. While the 
data collected to date do not support the hypothesis that greater N mineral-
ization occurs under the unique production system found in sweetpotatoes, 
the rapid release of N suggests greater NUE could be achieved with delayed 
compost application timing.  Further research is planned. 

Figure 1: Results of a laboratory incubation of three composts in sandy soil. Data points 
show an average of observed values at every time point, while trend lines were modeled. 
Standard error bars are shown. 
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Figure 2: Measured and modeled N uptake in total sweetpotato biomass (roots + vines) and 
belowground biomass (storage roots). Data points show an average of observed values at 
every time point, while trend lines were modeled. Standard error bars are shown. The length 
of the season ranged between 16 and 19 weeks. 
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Introduction 
To comply with the Central Valley (CV) Irrigated Lands Regulatory Program 
(ILRP) to reduce nitrate leaching, growers use advanced irrigation and fer-
tigation methods, often guided by decision-support tools like CropManage 
(CM). ILRP Coalitions assess the efficacy of these practices on 5.2 million 
acres using specialized models (CV-SWAT and CV-NPSAT) that track water 
and nitrate movement through soil and groundwater, under the condition 
that they be continually refined. CV-NPSAT’s refinement is funded and ongo-
ing; however, CV-SWAT requires validation against new, more detailed field 
data. Project leaders have created an extensive Cal Vadose Zone Monitoring 
Network to study nitrate leaching in key crops, including almonds, oranges, 
and processing tomatoes.  
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This project will leverage existing and new data from this monitoring network 
to ultimately improve the performance of CV-SWAT and encourage the use of 
decision-support tools like CM. 

Objectives 
1 Evaluate and enhance the performance of CV-SWAT in quantifying the ef-

fects of irrigation and nutrient management practices on nitrate leaching. 
2 Evaluate uncertainty in predicted nitrate leaching through inter-model 

comparisons (CV-SWAT, APEX, and HYDRUS) and comparisons with field 
measurements. 

3 Expand the application of CM by adding data and algorithms for orange, 
lemon, and mandarin crop types. 

4 Integrate results from monitoring, management, and modeling efforts to 
inform outreach to water quality stakeholders at multiple in-person and/ 
or virtual events. 

Description 
This project workflow (Figure 1) involves integrating data from three study 
sites, evaluating grower-implemented practices relative to CM’s recommen-
dations, validating process-based models, and quantifying the effects of 
management practices on nitrate leaching. 

Figure 1. Project schematic integrating management data, monitoring data, and modeling 
simulations. 
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This project leverages 3 existing, funded, intensively monitored research 
sites that are uniquely suited to quantifying nitrate leaching using field-scale 
mass balance, vadose zone monitoring, and groundwater monitoring. Data 
collection includes nitrate leaching collected using vadose zone monitoring, 
evapotranspiration collected using eddy covariance flux towers, irrigation and 
fertilizer applications, groundwater observation well networks for water lev-
els, neutron probe for soil moisture, soil sampling, and yield (Raij-Hoffman et 
al., 2024). Using this data, this project is evaluating and verifying CM effica-
cy in minimizing nitrate leaching while maintaining or improving production. 
Monitoring and management data is being integrated into CM to derive rec-
ommendations that are compared against actual practices. This data is also 
used to create CV-SWAT modeling scenarios for each site. First, we compare 
measured leaching against modeled leaching estimates using the “Root-zone 
Library” of existing, calibrated model scenarios. 

Second, we compare measured and modeled water and nitrogen balances 
using CV-SWAT simulations which are customized to reflect site-specific 
management practices. Modeling efforts are underway to compare CV-SWAT 
output with APEX-simulated nitrogen leaching out of the root zone. 

Results and Discussion 
Monitoring Data Collection.The three-tiered monitoring network was main-
tained across the Esparto, Bowman, and Booth sites, with continued field-
scale, vadose-zone, and groundwater monitoring despite challenging winter 
conditions and infrastructure issues. At Esparto, monitoring captured hydro-
logic conditions, including rainfall and ET (Peddinti et al., 2025), vadose-zone 
processes, groundwater conditions, and changes in the adjacent slough. At 
Bowman, monitoring included VMS and lysimeter sampling, neutron probe 
measurements, groundwater well sampling, and post-season and pre-sea-
son soil sampling. At Booth, monitoring continued where feasible following 
vandalism while damaged infrastructure was assessed and recovery options 
evaluated. A cooperating citrus grower has provided a new, more secure site 
with excellent conditions for monitoring nitrate leaching across orchards of 
different ages. Monitoring data, including vadose-zone, groundwater, and soil 
measurements, were also organized and quality-controlled to support analy-
sis of seasonal hydrologic and nitrate trends. 

CropManage Evaluations. Utilization of CM at the 3 study sites is ongoing. 
The grower managing the almond site uses decision-support technology to 
automate site-specific irrigation scheduling based on ET and soil moisture, 
deficit irrigate when appropriate, and implement high-frequency, low-volume 
fertigation practices. As a result, irrigation water is applied very efficiently 
and below the current CM recommendation, though drought stress has not 
historically been observed. To better align CM with grower practices, we 
conducted canopy cover measurements to locally refine crop coefficients. 
The annual cropping system at Esparto’s applied water, measured using 6’’ 
flow meters installed at this site, was comparable to CM recommendations 
throughout the growing season.  
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Similar observations were made at the Bowman almond site. Nitrogen use 
efficiency was relatively high in both systems and consistent with yield-
based N requirement estimates in CM. For the citrus site, an experimental 
model has been set up for use, while a complementary FREP project aims to 
improve CM citrus modules. 

Root-zone Modeling. Local CV-SWAT models representing each site have 
been set up to simulate historical management and crop productivity for the 
annual cropping system and almonds (citrus is forthcoming based on a new 
site that is currently being established). For the almond site, CV-SWAT cur-
rently underestimates crop ET compared to OpenET estimates, but compar-
isons to eddy covariance data are forthcoming, and uncertainty in ET at this 
site has been investigated due to water balance anomalies (Jordan et al., 
2024). Regarding crop growth, N uptake, yield, and N removed, CV-SWAT 
aligns with average conditions for the almond fields, though it does not cap-
ture the year-to-year variability since a single set of crop model parameters 
is used. For the annual cropping system, CV-SWAT aligns more closely from 
year to year as unique crop models are applied for each growing season. The 
SWAT Calibration Uncertainty Program (SWAT-CUP) is being applied to eval-
uate whether local model results can be adjusted to better match measured 
data on moisture content and nitrate concentrations in the vadose zone. 
Preliminary results show that adjustments to crop model ET parameters and 
soil properties improved agreement in in-season ET and soil moisture but did 
not substantially change nitrate leaching estimates or improve agreement in 
nitrate concentrations. When comparing nitrate leaching estimates from the 
custom CV-SWAT models and the “Root-zone Library” approach, there tends 
to be good agreement (see Figure 4b), particularly over multiple growing 
seasons, highlighting the rigor of the ILRP approach applied to the land-
scape. 

Figure 2. Example of output from a customized CV-SWAT model for an almond block show-
ing a) a nitrogen mass balance over 10 years of production and b) a comparison of cumula-
tive nitrate leaching using the “Root-zone Library” lookup approach. 
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Conclusions 
• Monitoring data confirms that stacking conservation practices (e.g.,

cover crops, irrigation nitrogen credit) reduce residual soil N at the end
of the crop season that could leach in the winter.

• Decision support tools for irrigation and N management can help opti-
mize N management.

• Nitrate leaching from agricultural lands is measurable using mass bal-
ance, vadose zone, or groundwater monitoring approaches, but uncer-
tainty varies between approaches, with the highest uncertainty in field
mass balance.

• Deep vadose zone monitoring is a very useful tool to continuously
monitor the fate and transport of nitrates between the root zone and
the groundwater table.

• The new citrus site will provide robust data to improve understanding
of nitrate leaching dynamics across orchards of different ages and
support root-zone modeling.

• Root-zone models integrating crop x soil x climate x management
information can produce robust estimates of nitrate leaching that can
be difficult to measure.

• Preliminary results illustrate consistency in nitrate leaching estimates
between the ILRP modeling approach and more data- and labor-inten-
sive site-specific modeling.
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No-Till Planting of Rice to Conserve 
Water and Ensure the Sustainability 
of Rice Systems 
Project Leader 
Bruce Linquist 
Department of Plant Sciences 
University of California, Davis 
balinquist@ucdavis.edu 

Introduction 
The sustainability of California rice systems is being threatened by ongoing 
rainfall related issues (drought or late rains) with significant reductions in 
rice area due to them. This has both economic and environmental impacts. 
Rice systems use a significant amount of water, but there are limited options 
for reducing water use in California while maintaining an economically viable 
crop. California rice farmers water-seed rice and evaporation losses are high 
during the first month of the season. Dry-seeding is the practice of planting 
rice (broadcasting or drilling) into a dry seedbed (similar to corn). Since 
there is no reliable rain, fields are flush irrigated two or three times during 
the first month, after which fields are permanently flooded. However, water 
use between these two systems is similar (Linquist et al., 2015). One option 
is to dry-seed into a field that has not been tilled (no-till, NT). One of the 
purposes of tillage is to dry the soil in order to prepare a good seedbed. With 
NT, soil moisture in the soil is conserved. In fact, water conservation is one of 
the big benefits of NT in other cropping systems (Busari et al., 2015). In rice 
systems, NT is not widely practiced; but given the promise of the NT system 
for water conservation, it is an important area to investigate. If successful, 
such a practice will help ensure continued rice production and still provide 
the other valuable ecosystem services that the rice system provides. 

There are many challenges to developing NT systems. Complicating the 
challenge are a wide range of potential field conditions before planting, 
which relates to how fields were managed the previous year. This includes 
where fields were fallowed in the previous year and tilled (common follow-
ing drought years) or, where rice was grown, straw may have been left on 
surface, removed for off-site use or burned. Our goal is to develop the agro-
nomic information required to make these systems viable and sustainable. 

mailto:balinquist@ucdavis.edu
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Objectives 
1 Develop robust fertility practices (examining different rates and timings 

of fertilizer applications). 
2 Test options to optimize stand establishment (i.e. settings on no-till 

drills). 
3 Quantify water inputs to develop a water budget and estimate evapo-

transpiration losses. 
4 Monitor weed populations and develop weed control methods. 

In all study years, research occurred at the Rice Experiment Station (RES). 
In the 2nd and 3rd years, we included on-farm trials. Throughout, we en-
gaged with farmers, CCAs and PCAs through field-days, winter grower meet-
ings and informal meetings. 

Description 
In 2024 through 2026, we conducted a replicated field experiment at the 
RES to evaluate three NT drill seeded systems. The treatments were NT drill 
seeding into three different seed beds: (1) a seedbed that was fallowed and 
worked the previous year, (2) a seedbed that had rice in the previous year 
and the straw was removed, and (3) a seedbed that had rice in the previous 
year and the straw was chopped and left on the surface. These NT systems 
were compared to a water-seeded conventional control. In all treatments we 
compared different N rates and different N sources/timing. We also quanti-
fied water use in each system. In 2025 and 2026, we had two on-farm trials 
(one in Colusa County and the other in Butte County) where an N trail (simi-
lar to RES) was set up. 

Results and Discussion 
The 2024 and 2025 results will be discussed (2026 trials have not yet been 
harvested). 

Yield potential and response to N: There were significant differences in yield 
as a result of both system and N rate. The WS treatment had the highest 
yield in 2024 and in 2025 the NT Fallow was the highest (Figure 1). The yield 
potential between WS and NT-Fallow may be similar; however, the annual 
differences in yields may be due to differences in planting date. For example, 
2025 July temperatures were the hottest on record. The NT treatments were 
all flowering in July which can cause sterility and reduced yields (Espe et al., 
2017) while the WS treatment (planted 3 weeks later), flowered in mid-Au-
gust and avoided that extreme heat. In all cases, the lowest yields were in 
the strict NT treatments. The optimal N rate to achieve the highest yields in 
each treatment was 175 for the WS and between 190 and 210 for the vari-
ous NT treatments.  
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The higher N requirement for the NT treatment is likely because the urea 
fertilizer is being surface applied and is more susceptible to N loss. 

Figure 1. Yield response to N rate in water seeded (WS), Previous year fallow with summer 
prep stale seedbed (Fallow) and rice the year before with straw chopped and straw removed. 
Data is for 2024 (left) and 2025 (right). 

Response to N source and split: We evaluated four N sources (urea, Anvol, 
SuperU and manure) and a split N application of N. This was compared to 
zero N being applied. There was not a significant interaction between sys-
tems and N source/management. All N treatments resulted in a significant 
yield increase, although the yield increase was lowest when manure was 
applied (Figure 2). For the other N treatments, the yield response was similar 
among them in both years. This suggests that a single preflood application 
of urea is the best option as it is the cheapest option and requires only one 
pass (as opposed to a split application). 

Figure 2. Yield response to varying N sources and management practices (2024 on left and 
2025 on right). All N was applied at a rate of 125 lb N/ac. 
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On-farm trail: In 2025 we had an on-farm trial in Colusa county. The field 
had been in tomato the previous year. After tomato harvest, a seedbed was 
prepared similar to the NT-Fallow treatment. Results were very similar to 
what was seen at the RES. The optimal N rate was 175 lb N/ac and the pre-
flood single application of urea provided similar results to the other N treat-
ments, with the exception of the manure treatment which had the lowest 
yields (Figure 3). 

Figure 3. 2025 on-farm (Colusa county) yield response to N rate applied as urea (left) and N 
source (right). All N was applied at a rate of 125 lb N/ac. 

Water savings: Consumptive water use (or ET) was determined for each 
system. The differences in ET between the NT systems was not significant; 
however, the NT systems reduced ET by 100 mm (13%) and 58 mm (8%) 
compared to the water-seeded conventional treatment in 2024 and 2025, 
respectively (Table 1). Roughly half of the water savings was due to reduce 
ET during the first month of establishment. In water seeded systems, the 
fields are flooded during the first month and evaporative losses are very 
high. The other savings were the result of using existing soil moisture. In NT 
systems, rice is planted into a soil with some soil moisture. In conventional 
tilled systems, the soils are tilled and dried in order to make a good seedbed. 
There is also a small reduction in the amount of irrigation water lost through 
percolation. 
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Table 1. Consumptive water use (ET) and percolation for each system. Savings refers to the 
difference between the NT treatment and the water-seeded (WS) conventional treatment. 
Differences between NT treatments were not significant. Percolation is an estimate based on 
average percolation rates for CA rice fields when flooded 

Conclusions 
These systems have the potential to conserve water and allow farmers to 
plant earlier as we had suspected. Our results suggest the yield potential of 
the NT-Fallow is similar to the conventional water seeded system; however, 
the strict NT treatments had lower yields. These early findings suggest that 
strict NT may not be economically viable but the NT following the fallow 
(NT-Fallow) has promise. Preliminary results show that the N requirement is 
higher for the NT systems by 15-30 lb N/ac. Applying all the N preflood as 
urea is the best and most economical N management practice. 
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Amendment and Off-Ground Harvest 

Project Leaders 
Sat Darshan S. Khalsa 
Assistant Professional Researcher 
Department of Plant Sciences, 
University of California Davis 
sdskhalsa@ucdavis.edu 

Ranjith Karunakaran 
Postdoc Researcher 
Department of Plant Sciences 
University of California Davis 
rkarunakaran@ucdavis.edu 

Patrick H. Brown 
Professor 
Department of Plant Sciences 
University of California Davis 
phbrown@ucdavis.edu 

Cooperator 
Kirk Pumphrey 
President 
Westwind Farms 
kirk@westwindfarmsinc.com 

Introduction 
California almond orchards remove substantial nitrogen (N) and potassium 
(K) in harvested fruit each year. Most hulls and shells leave the orchard
during harvest and processing. Prime hulls have an established feed market,
but hull and shell mixtures and shells can have lower-value outlets, especial-
ly where processors are distant from dairies. Returning these materials to
orchards could recycle nutrients and maintain soil cover, but clear nutrient
credits and management guidance are still lacking.

Potassium in almond residues is released rapidly under rainfall and irriga-
tion. Nitrogen cycling is more complex because fresh material has a high 
carbon-to-nitrogen ratio. Harvest method also matters because on-ground 
sweeping can remove partially decomposed residues, while off-ground har-
vest can preserve the surface layer. 

This project evaluates changes in soil N and K, residue retention, tree nutri-
tion, and yield. It also examines when nutrient and soil-cover benefits can 
justify handling, transport, and spreading costs. 

Objectives 
1 Characterize N release and retention and associated K, calcium, magne-

sium, and sodium dynamics. 
2 Determine how off-ground harvest affects amendment retention, nutri-

ent cycling, and soil moisture. 
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3 Assess treatment effects on tree nutrition, vegetative growth, and yield. 
4 Evaluate economic feasibility and practical barriers to grower adoption. 

Description 
At Westwind Farms near Woodland, a randomized complete block trial com-
pared an unamended on-ground control with hull and shell amended treat-
ments under on-ground and off-ground harvest. Each treatment had four 
40-tree plots; approximately 2.8 tons per acre were applied. Measurements
included amendment, soil, leaf, moisture, growth, and yield data.

Results and Discussion 
Nutrient Release and Soil Distribution 
Fresh material contained 0.8% N and 1.95% K, with a carbon-to-nitrogen 
ratio of 55:1. Potassium concentration declined by as much as 80% within 
six weeks, confirming rapid K release. By ten months after application, the 
carbon-to-nitrogen ratio had decreased to 39:1. Amendment N concentration 
increased after fertigation, showing that the residue layer interacted with 
applied N as decomposition progressed. 

The 2025 soil results showed a continued treatment response. At 0-4 inches 
on February 21, nitrate-N averaged 59.0 ppm in the control, 98.9 ppm in 
amended off-ground plots, and 66.1 ppm in amended on-ground plots. At 
4-12 inches on August 6, nitrate-N averaged 15.0, 8.1, and 11.0 ppm, re-
spectively. This pattern is consistent with altered nitrate retention and distri-
bution, but it does not directly measure leaching below the root zone.

Exchangeable K at 0-4 inches on February 21 averaged 195.7 ppm in the 
control, 571.8 ppm in amended off-ground plots, and 516.1 ppm in amended 
on-ground plots. The amended treatments therefore contained approximately 
2.6 to 2.9 times more exchangeable K than the control at this sampling date 
(Figure 1). 

Figure 1. Soil N and K response in 2025. A. Nitrate-N at 0-4 inches on February 21. B. Ni-
trate-N at 4-12 inches on August 6. C. Exchangeable K at 0-4 inches on February 21. Control 
= unamended on-ground harvest; A-Off = amended off-ground harvest; A-On = amended 
on-ground harvest. Bars show means and standard deviations for four plots. 
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Harvest Method and Residue Retention 

Harvest method changed how much amendment remained on the orchard 
floor. Ten months after application and before harvest, amended on-ground 
plots retained approximately 1.39 tons per acre, while amended off-ground 
plots retained 2.28 tons per acre. Off-ground harvest retained about 64% 
more material. Soil moisture was also consistently higher in amended plots 
during 2024 monitoring. Preserving the layer retains soil cover and partially 
decomposed nutrients that can otherwise be disturbed or removed during 
sweeping. 

Tree Nutrient Status, Growth, and Yield 

Higher soil K was reflected in the trees. July 2025 leaf K averaged 1.60% 
in the control, 2.07% in amended off-ground plots, and 2.18% in amended 
on-ground plots. Leaf N showed no consistent treatment response, while leaf 
calcium and magnesium were modestly lower in amended plots. 

August 2025 dry kernel yield averaged 14.1 pounds per tree in the control, 
14.3 pounds per tree in amended off-ground plots, and 12.4 pounds per tree 
in amended on-ground plots (Figure 2). Earlier measurements also showed 
greater trunk circumference and leaf area in amended plots. However, yield 
is affected by prior-year production, alternate bearing, bloom overlap, and 
pollinizer distribution. These results do not establish that K alone caused 
yield differences. They do show that repeated amendment-derived K did not 
provide a consistent yield advantage. 

Figure 2. Tree K status and yield in 2025. A. July leaf K concentration. B. August dry kernel 
yield. Control = unamended on-ground harvest; A-Off = amended off-ground harvest; A-On 
= amended on-ground harvest. Bars show means and standard deviations for four plots. 
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Economic Feasibility and Adoption 

Related economic analysis examined a shell return pathway. It estimated a 
fertilizer-equivalent value of approximately $35 to $38 per delivered ton of 
shells based on K content. At 4.5 tons per acre, hauling and spreading at 
$25 per ton would cost about $113 per acre before payment for the material. 
Nutrient value can therefore offset part of the delivered-and-applied cost, but 
hauling distance, spreading equipment, material quality, and existing residue 
markets determine whether the practice pencils out. Statewide shell supply 
could treat about 14% of bearing almond acreage at this rate, making local 
targeting and processor-grower coordination important (Khalsa, Zilberman, 
and Brown, 2026). 

The 2026 outreach phase will test these assumptions with growers and ag-
ricultural advisors. Draft questionnaires address transportation, spreading, 
harvest compatibility, material quality, application timing, and confidence in 
nutrient credits. 

Conclusions 
• Hull and shell amendments are a substantial K source. Rapid K release

increased exchangeable soil K and leaf K. Amendment-derived K should
be credited in orchard nutrient budgets rather than added to a full
conventional K program.

• The N response is more complex. Higher surface nitrate after spring
fertigation and lower nitrate at 4-12 inches in August indicate changed
nitrate distribution, but these measurements do not independently
demonstrate reduced groundwater leaching.

• Off-ground harvest better preserved the amendment layer. Retaining
partially decomposed material can maintain soil cover, moisture, and
nutrients that would otherwise be disturbed or removed during sweep-
ing.

• Higher tree K did not consistently improve yield. Growers using hulls
and shells should monitor soil and leaf K and reduce supplemental K
when orchard status is already sufficient.

The final project year will complete cost-benefit scenarios, deploy the adop-
tion questionnaire, and develop guidance on nutrient credits, rates, timing, 
and harvest management. The practical goal is to use recycled nutrients 
where they replace inputs, preserve soil cover, and remain operationally 
feasible. 
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Introduction 
Potassium (K) is the most important nutrient for almond trees after nitrogen. 
Almonds have an unusually high K demand: a high-yielding orchard removes 
roughly 168 pounds of K per ton of kernel yield (76 kg/ton), for a total sea-
sonal uptake of 221 to 346 pounds K per acre (248 to 388 kg/ha). 

Although K is abundant in most soils, only 1 to 3 percent of the total is avail-
able for root uptake at a given time, and soil texture, clay mineralogy, organ-
ic matter, pH, and moisture all interact to determine how much is available at 
any spot in an orchard. This can create large differences in K availability even 
within a single, uniformly managed block. 

Because current testing protocols were not designed to capture this variabil-
ity, growers have generally relied on a single average soil or leaf test and 
applied one uniform, often generous, K rate across the whole orchard. With 
the sharp rise in potash fertilizer prices, this approach is no longer economi-
cally sound, and it still does not solve the underlying problem: some parts of 
an orchard may be over-fertilized while others remain deficient. 

This project characterizes how much soil and leaf K vary within almond or-
chards, identifies what drives that variability, and tests whether affordable 
sensing tools and improved leaf-sampling protocols can help growers manage 
K more precisely and cost-effectively. 

Objectives 
1 Characterize the extent of spatial and temporal potassium variability 

within almond orchards. 
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2 Identify the soil factors most responsible for differences in K availability 
among and within orchards, and evaluate electromagnetic induction and 
gamma-ray sensing as tools to guide and improve soil sampling and 
mapping. 

3 Describe how leaf K concentration varies within the tree canopy and over 
the course of the day, and identify the plant physiological factors associ-
ated with these differences. 

4 Develop improved leaf-sampling protocols that more reliably reflect true 
tree K status. 

5 Share findings with growers, advisors, and researchers through outreach, 
training materials, and publications. 

Description 
The research is being conducted in two commercial almond orchards that 
differ in soil type: Westwind Farms near Woodland, California, and KG Olam 
Farms near Madera, California. In each orchard, roughly 125 trees distributed 
across the block were selected for repeated soil and leaf sampling, with 12 
monitored more intensively. 

Traditional soil and leaf sampling was combined with electromagnetic induc-
tion (EMI) and gamma-ray spectroscopy (GRS) sensors that rapidly charac-
terize soil properties across large areas, allowing the team to target sampling 
and build higher-resolution K maps. A field trial comparing three K fertilizer 
rates was established in two areas of Westwind Farms with contrasting soil 
texture and K status. Leaf samples were also collected at three canopy 
heights and multiple times of day across two growing seasons. Results are 
being shared with the almond industry through grower meetings, conference 
presentations, and upcoming outreach and training materials. 

Results and Discussion 
Even within a single, uniformly managed orchard, both exchangeable K (EK) 
and soil solution K (SSK) varied widely from tree to tree. The drivers of this 
variability differed by site: at Westwind Farms, EK was positively correlated 
with clay content, calcium, magnesium, cation exchange capacity (CEC), and 
organic matter, and negatively correlated with boron and sodium, while at 
KG Olam Farms these same relationships were weak or absent. This confirms 
that a single soil model, or a single fertilizer recommendation, cannot be 
applied uniformly across different orchards or even across zones within the 
same orchard. 

Soil texture emerged as the strongest overall driver of K availability: EK 
tended to be higher in areas with more clay, while SSK was higher in sandier 
areas. The EMI and GRS sensors, while not a substitute for laboratory test-
ing, helped identify zones of similar soil character that improved the accuracy 
of K distribution maps, particularly at Westwind Farms.  
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In the field K-rate trial, the same fertilizer rate raised soil K by different 
amounts depending on the soil texture and starting K level of the area, re-
inforcing that a single blanket rate cannot be expected to correct K status 
evenly across an orchard. 

Leaf K sampled in July, the standard timing for almond leaf testing, was 
highly variable among individual trees at both sites and in both years of sam-
pling, with many trees clustering close to, or below, the widely used critical 
value of 1.4 percent (Figure 1). This confirms that a single orchard average 
can mask considerable tree-to-tree variability that matters for fertilization 
decisions. 

Figure 1. Leaf potassium concentration (%) by cultivar at Site 1 (Westwind Farms) and Site 
2 (KG Olam Farms) in two sampling years. The red dashed line marks the 1.4% critical value 
commonly used to diagnose K deficiency in almond. 

Within the canopy, leaf K was consistently highest at the bottom of the can-
opy and lowest at the top, and tended to decline somewhat from morning to 
afternoon (Figure 2). The difference associated with just five to six hours of 
sampling time was large enough to shift a reading meaningfully, underscor-
ing the importance of sampling within a tight, consistent time window. This 
canopy pattern tracked with differences in leaf water content, osmotic poten-
tial, and starch accumulation between top and bottom leaves, although the 
underlying physiological cause is not yet fully resolved. 
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Figure 2. Leaf potassium concentration (%) at bottom, middle, and top canopy positions, 
sampled at four times of day across four sampling dates at Westwind Farms. Letters denote 
statistically significant differences among canopy positions within each date (LSD test, alpha 
= 0.05). 

This has a practical implication for growers exploring drone- or satel-
lite-based canopy imagery as a nutrient monitoring tool: those platforms 
sense mostly the upper canopy, where leaf K runs highest, while standard 
hand sampling targets lower, non-bearing shoots, where K runs lowest. 
Growers should be cautious about directly comparing remote-sensing-based 
K estimates with traditional leaf-testing critical values until the relationship 
between the two is better defined. 

Conclusions 
No single soil model, and no single fertilizer rate, fits every almond orchard. 
Growers and their pest control advisers (PCAs) or crop consultants should 
expect real, measurable within-orchard variability in K availability, driven 
mainly by soil texture, and should be cautious about applying one blanket K 
rate across an entire block. 

Pairing traditional soil sampling with affordable sensing tools, such as EMI 
and gamma-ray spectroscopy, can meaningfully improve the accuracy and 
cost-effectiveness of K distribution maps and help target soil sampling to 
where it matters most. 
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Leaf K testing should be conducted within a narrow, consistent time window 
and should account for canopy position, since bottom, middle, and top leaves 
can give meaningfully different readings on the same day. Growers adopting 
drone- or satellite-based canopy monitoring should be aware that these tools 
primarily capture the upper canopy, where leaf K runs higher than in the 
lower canopy targeted by standard hand sampling.  

Together, these findings support a shift away from single, orchard-wide K 
applications toward site- and zone-specific K management. The team plans 
to refine these protocols and continue grower outreach through the remain-
der of the project. 
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Introduction 
Nutrient management in organic systems is complex and can be challenging 
because organic growers predominantly apply nutrients with organic inputs, 
such as composts, organic fertilizers, and cover crops. Most of the nitrogen 
(N) in these materials is not directly crop-available and needs to be miner-
alized first by soil microorganisms. How much is mineralized and when N is
mineralized depends strongly on the properties of the material, especially its
carbon (C) to N ratio, but also on environmental conditions such as soil tem-
perature and moisture.

Many fertilizers, composts, and amendments are available for organic agri-
culture. The availability of the N applied with these materials can range from 
zero to up to 90%. Some plant-based composts may even immobilize N, 
which means that crop-available N in soil solution is tied up temporarily. Ac-
curate data to estimate N availability is crucial for achieving high N use effi-
ciency, decreasing losses with potentially harmful environmental effects, and 
making organic production economically viable. Furthermore, composts and 
most organic amendments contain many different macro- and micronutrients. 
Finding amendments or combinations of materials that match the crops’ 
demand for different nutrients is more challenging than using single-nutrient 
fertilizers. 

Since their creation some ten years ago, the online California Fertilization 
Guidelines (https://www.cdfa.ca.gov/is/ffldrs/frep/FertilizationGuidelines/) 
have become an important source of information for growers and crop con-
sultants in California. 

The guidelines are a summary of the research done in California and other 
regions with comparable conditions. The focus of the guidelines is on nutrient 
management in conventional agriculture. 

In the current project we aim to make relevant information about nutrient 
management in organic systems available online. The website will comple-
ment the California Fertilization Guidelines and will include webpages that 
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summarize the available literature on nutrient availability from different 
sources in organic systems and an interactive N, phosphorus (P) and potas-
sium (K) budget calculator for major annual crops grown organically in Cali-
fornia. The website shall contribute to the efficient use of nutrients in organic 
crop production by helping growers and consultants find relevant information 
and supporting their decisions when planning nutrient management for their 
crops. 

Objectives 
The objective of the proposed project is to develop webpages and an online 
interactive nutrient calculator for organic growers and consultants where 
they can access science-based information on organic nutrient management 
and develop nutrient budgets for organically grown annual crops. Specific 
objectives are: 

1 Summarize the available literature with a focus on studies from California 
and create webpages for organic nutrient management. 

2 Develop an interactive tool to calculate field-specific N, P and K budgets. 
3 Fill knowledge gaps and validate the estimates of the calculator in field 

trials. 
4 Conduct outreach to growers, consultants, and other stakeholders. 

Description 
The project started in January 2025. During the second year we continued 
reviewing and summarizing the available literature and developing the online 
calculator (Objectives 1 and 2). 

This report focuses on a field trial that was conducted to address Objective 3. 

In fall 2025, we initiated a replicated trial at UC Davis investigating the inter-
actions between cover crop residues and organic amendments with respect 
to N availability. The field site was not certified organic, but crop manage-
ment followed organic practices. The trial included four cover crop treat-
ments, namely (i) oats, (ii) legume mix (bell beans, winter peas and vetch), 
(iii) oats and legume mix, and (iv) control. Cover crops were planted on
November 3, 2025, and terminated on March 24, 2026 (Figure 1). On April
8, 2026, a pelleted organic 6-6-2 fertilizer (numbers referring to the percents
of N, P2O5  and K2O) was applied at 3 rates to subplots within each main plot.
The application rates were 0, 75 and 150 lb/ac of plant available N. Sweet
corn was planted ten days later and harvested on July 23, 2026 (Figure 1).
Soil samples from the top 2 ft were collected at harvest and analyzed for
mineral N (ammonium-N and nitrate-N). Aboveground corn biomass was col-
lected in burlap bags for oven-drying. Once dry, it will be analyzed for total
dry matter and N in the biomass.
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Figure 1: Left: The oats-legume mix cover crop in March 2026 before it was terminated. 
Center and right: Sweet corn before the harvest on June 23, 2026. 

Results and Discussion 
Cover crop dry matter yields ranged from 2.4 t/ac for the oats and legume 
mix to 3.3 t/ac for the oat treatment (Table 1). The weeds growing in the 
control plots produced a biomass of 1.4 t/ac. Cover crops and the weeds in 
the control plots had N contents in the dry matter ranging from 2.9 to 3.6% 
and C:N ratios between 11.1 and 13.4. These C:N ratios are favorable to net 
N mineralization, so that N immobilization after incorporation was not expect-
ed. 

Table 1: Cover crop biomass and N content when terminated. 

The fresh market sweet corn yield averaged 188 cwt/ac (Figure 2). Yield was 
increased in the cover crop treatments compared to the control; however, 
the difference was not statistically significant (p = 0.058). While the appli-
cation of 75 lb/ac of plant available N did not increase yield, 150 lb/ac of 
plant-available N increased yield. However, the increase was not statistically 
significant (p = 0.053). There was no interaction between cover crop and N 
rate treatments. 
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Figure 2: Sweet corn ear yield. Error bars are standard errors. 0, 75 and 150 refer to lb/ac 
of plant available N applied pre-plant with an organic fertilizer. 

The mineral N left in the top 2 ft of the soil profile was lowest in the control 
plots compared to the plots with a cover crop, but the differences across 
treatments were not significant. However, residual mineral N increased sig-
nificantly with increasing N application rates (Figure 3). As was the case with 
yield, there was no interaction between cover crop treatments and N rates. 

Figure 3: Mineral N (ammonium 
and nitrate) in the soil profile 
at corn harvest. Error bars are 
standard errors. 
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Introduction 
Nitrogen (N) balances are an important component of nutrient management 
and reporting under California’s Irrigated Lands Regulatory Program. Crop 
N-removal coefficients are needed to estimate the amount of N removed
from a field in harvested products based on crop yield. Although reliable
coefficients have been developed or updated for several commodities in
other agricultural regions of California, locally derived information remains
limited for the Imperial, Coachella, and Palo Verde Valleys. The distinctive
climate, soils, irrigation practices, and cropping systems of the low desert
may influence crop N concentration and removal. This project is developing
locally representative N-removal coefficients for major regional commodities
to support growers, agricultural advisors, and Irrigated Lands Coalitions in
evaluating field- and regional-scale N balances.

Objectives 
The specific objectives of this study are: 

1 Develop N-removal coefficients for harvested products of major commod-
ities grown in the Imperial, Coachella, and Palo Verde Valleys. 

2 Evaluate variability in N-removal coefficients among fields and harvested 
products using locally collected samples. 

mailto:amontazar@ucanr.edu
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3 Disseminate project findings and locally derived N-removal information to 
growers, agricultural advisors, and the Irrigated Lands Coalitions serving 
the Imperial, Coachella, and Palo Verde Valleys. 

Description 
Field sampling has been conducted across commercial agricultural opera-
tions in the Imperial, Coachella, and Palo Verde Valleys. The current dataset 
represents 281 field samples or harvest observations across 21 harvest-
ed-product categories, including forage crops, vegetables, field crops, and 
perennial fruit crops. Multiple fields, harvests, production areas, and growing 
conditions were sampled to capture the variability encountered in commer-
cial production. Samples were collected from representative locations within 
each field at the time of commercial harvest following grower practices. 
Composite samples were used to determine the N concentration of harvested 
plant material. For commodities marketed on a fresh-weight basis, samples 
were oven-dried to a constant weight to determine percent solids, and the 
dried samples were ground and analyzed for total N. Percent solids and N 
concentration were then used to calculate N concentration on a fresh-weight 
basis. For hay, seed, lint, and similar harvested products, coefficients were 
calculated using the N concentration of the harvested material on the appli-
cable commercial yield basis. The resulting N-removal coefficient represents 
the amount of N removed per unit weight of harvested product. Field-level N 
removal can therefore be estimated by multiplying the crop-specific coeffi-
cient by actual harvested yield expressed in pounds. This provides a practical 
approach for incorporating harvested N removal into field N-balance calcula-
tions. 

Results and Discussion 
Crop N-removal coefficients and their ranges are summarized in Table 1. The 
expanded dataset demonstrates substantial differences among commodi-
ties. Mean coefficients ranged from 0.001120 for table grapes to 0.044708 
for alfalfa seed, representing approximately a 40-fold difference among the 
harvested products evaluated. These differences largely reflect variation in 
the N concentration and, for fresh commodities, the proportion of solids in 
the harvested product. 

Forage and seed products generally had relatively high N-removal coeffi-
cients. Mean coefficients were 0.033295 for alfalfa hay, 0.044708 for alfalfa 
seed, 0.017581 for bermudagrass hay, 0.013967 for bermudagrass seed, 
and 0.019630 for kleingrass hay. Durum wheat seed also had a relatively 
high mean coefficient of 0.028374. These harvested products generally have 
greater dry matter and/or N concentration per unit of marketed weight than 
fresh vegetables and fruits and therefore remove more N per pound of har-
vested product. 
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Fresh vegetable crops had substantially lower coefficients because water 
constitutes a large proportion of their harvested weight. Mean coefficients 
ranged from 0.001233 for fresh onion to 0.004872 for broccoli. Lettuce coef-
ficients differed among market types, averaging 0.001398 for head lettuce, 
0.001862 for romaine lettuce, and 0.002213 for green leaf lettuce. Broccoli 
had the highest mean coefficient among the vegetables evaluated and had a 
relatively high mean tissue N concentration of 5.52%. 

The expanded dataset also provides N-removal information for several har-
vested products not included in the previous year’s summary. Mean coeffi-
cients were 0.038140 for Pima cotton seed and 0.012020 for Pima cotton 
lint. For perennial fruit crops, mean coefficients were 0.002229 for lemon and 
0.001120 for table grapes. The addition of these commodities broadens the 
applicability of the project beyond annual vegetables and forage crops and 
provides initial locally derived values for other important cropping systems in 
the low desert region. 

Considerable variability was also observed within individual commodities. 
For example, the alfalfa hay coefficient ranged from 0.017800 to 0.045200 
across 28 field observations, while kleingrass hay ranged from 0.011200 to 
0.033600 across 19 observations. Among fresh commodities, variation in 
both percent solids and tissue N concentration contributed to differences in 
the calculated coefficients. This variability likely reflects differences in crop 
variety, maturity at harvest, growing conditions, soil characteristics, irrigation 
and nutrient management, and other commercial production factors. 

The increasing number of observations has strengthened the estimates for 
several major crops. The current dataset includes 28 observations for alfalfa 
hay, 22 for head lettuce, 21 for romaine lettuce, 15 for broccoli and cauliflow-
er, and 14 for green leaf lettuce. Continued sampling across fields and pro-
duction conditions improves representation of the variability encountered in 
commercial agriculture and provides a stronger basis for establishing locally 
relevant N-removal coefficients. 

The practical application of these coefficients is straightforward. The N-re-
moval coefficient can be multiplied by actual harvested yield in pounds 
per acre to estimate the amount of N removed in the harvested product in 
pounds N per acre. For example, the mean coefficient of 0.033295 for alfalfa 
hay represents approximately 0.0333 lb N removed per pound of harvested 
hay. Applying locally derived coefficients in this manner can improve esti-
mates of harvested N removal and strengthen field-level N-balance assess-
ments. 

Conclusions 
This project has substantially expanded the locally derived database of crop 
N-removal coefficients for the Imperial, Coachella, and Palo Verde Valleys.
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The current dataset includes 281 field samples or harvest observations rep-
resenting 21 harvested-product categories and demonstrates that N-removal 
coefficients vary widely among commodities, from 0.001120 for table grapes 
to 0.044708 for alfalfa seed. The results demonstrate the importance of us-
ing commodity-specific coefficients. Hay and seed products generally remove 
substantially more N per pound of harvested products than fresh vegetables 
and fruits, while meaningful variability can also occur among fields producing 
the same commodity. The larger number of samples collected during this 
project provides an increasingly robust representation of this variability un-
der commercial production conditions. 

The primary practical outcome of this work is a set of locally derived coeffi-
cients that can be multiplied by actual harvested yield to estimate N removed 
from individual fields. These values can support growers, agricultural ad-
visors, and Irrigated Lands Coalitions in developing more representative N 
balances and improving nutrient-management assessment across the Impe-
rial, Coachella, and Palo Verde Valleys. 
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Introduction 
Optimizing nutrient management in almond orchards is crucial for maximiz-
ing yield, reducing costs, and protecting groundwater sources and the envi-
ronment. Current monitoring methods rely on limited leaf sampling, which 
cannot capture fine-scale variability or rapid changes in nutrient status, 
limiting timely, site-specific decisions. Hyperspectral imagery, combined with 
artificial intelligence, offers an opportunity to monitor nutrient status remote-
ly, accurately, and at scale (Berger et al., 2020; Liu et al., 2021), including 
recent almond-specific work on leaf- and canopy-scale nitrogen sensing 
(Chakraborty et al., 2025; Oswald et al., 2025); however, its operational 
use for almond nutrient management remains undeveloped. This project is 
developing an integrated remote sensing and AI approach using proximal, 
airborne, and spaceborne hyperspectral sensing to assess spatial and tem-
poral nutrient variability, link it to soil and yield patterns, and guide efficient 
sampling strategies, improving productivity, fertilizer efficiency, and environ-
mental outcomes across California. 

This year’s work builds on the initial single-orchard pilot phase, using a mut-
li-year, multi-orchard leaf dataset to advance three efforts reported here: 
a statistical framework describing how sixteen leaf traits vary with canopy 
position, season, orchard, and cultivar; continued development of a hyper-
spectral deep learning model, shaped by patterns identified in the statistical 
analysis; and ongoing work exploring how to scale these leaf-level models 
using multi-year drone imagery collected alongside ground sampling. 
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Objectives 
The specific objectives for this phase are: 

1 Collect comprehensive ground-truth data by sampling almond leaves for 
chemical analysis across multiple canopy heights, varieties, and orchard 
locations, and over different time periods to capture maximum variability 
in nutrient status. 

2 Obtain hyperspectral measurements from leaves to establish direct 
relationships between leaf-level spectral signatures, drone and satel-
lite-based imagery, and laboratory-derived nutrient concentrations. 

3 Acquire and process aerial imagery from drone-based multispectral and 
thermal sensors to generate high-resolution spatial information. 

4 Integrate multi-source datasets (leaf chemical analysis, drone imagery, 
hyperspectral leaf data, and satellite imagery) to develop and validate 
an AI-driven framework for large-scale monitoring of nutrient status in 
almond orchards. 

Description 
The combined leaf dataset now includes 565 samples from four almond or-
chards across the 2021–2026 growing seasons in California’s Sacramento 
and San Joaquin Valleys, including a new Davis orchard added in 2026 (20 
trees, middle canopy, sampled three times between May and late July). 
The most complete multi-trait dataset spans 2023–2025, sampled from the 
top, middle, and bottom canopy. Leaves were scanned with a hyperspectral 
spectroradiometer, weighed, measured for leaf area, dried, and sent for 
laboratory nutrient analysis. The resulting dataset includes ten macro- and 
micronutrients (nitrogen, phosphorus, potassium, calcium, magnesium, zinc, 
manganese, iron, copper, boron), two physical traits (leaf mass per area, 
equivalent water thickness), and four pigment and structural traits (chloro-
phyll, carotenoids, anthocyanins, and a leaf structural parameter) derived 
from the spectral data using PROSPECT-PRO (Féret et al., 2021). 

Drone imagery was also collected during field sampling in 2026 to begin scal-
ing leaf-level measurements to whole trees and orchards, including RGB and 
multispectral imagery (red, green, blue, red-edge, and near-infrared bands). 
The leaf level tissue analysis will be used as an indication of nutrient levels 
in target trees (Figure 1) when we scale up the modeling approach from leaf 
level to canopy level. 
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Figure 1. Drone imagery of the Davis orchard. Red arrows show the 20 Nonpareil 
trees sampled across the growing season. 

The 2023 to 2026 dataset is being analyzed using mixed-effects models 
to determine how leaf traits vary within canopy, phenology, location, and 
cultivar. In parallel, we trained a preliminary hyperspectral deep learning 
model, based on a convolutional neural network long short-term memory 
(CNN-LSTM) architecture adapted from a grapevine trait-prediction model 
(Farajpoor et al., 2025). The statistical results are being used to guide model 
development, particularly how phenological stage and canopy position can 
be incorporated alongside spectral information. Fine-tuning of the CNN-LSTM 
and development of three additional AI model variants are ongoing. 

Results and Discussion 
The statistical analysis showed a clear temporal shift: early-season leaves 
were higher in nitrogen, phosphorous, chlorophyll, and carotenoids, while 
later-season leaves had more calcium, magnesium, leaf mass per area, and 
structural development. Seasonal progression was the strongest influence, 
affecting nearly every trait with very high confidence. Orchard location also 
produced strong differences for most traits, and within canopy position pro-
duced a smaller, but still significant effect for many traits. 

A multivariate ordination of all 16 traits together (Figure 2), illustrates 
correlated shifts across multiple leaf traits: a group of traits (calcium, mag-
nesium, leaf mass, leaf structure) that rise together as leaves mature, a 
mobile-nutrient group (nitrogen, phosphorus) that declines together early 
in the season, and a pigment group following a similar decline, with orchard 
forming a second axis. 
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Figure 2. Redundancy analysis (RDA) ordination of the 16 leaf traits, Point shape indicates 
canopy layer (bottom, middle, and top), color indicates growing degree days (GDD) from 
bloom, and shaded regions indicate orchard location. Samples separate primarily along the 
season axis (RDA1). 

The canopy effect varied by trait. Magnesium, boron, and chlorophyll showed 
strong canopy effects consistent across all three orchards. Potassium, cop-
per, nitrogen, calcium, and zinc values also varied significantly with canopy 
position, but the strength of these effects differed meaningfully by orchard 
location. Manganese did not have a significant canopy effect, but its seasonal 
trajectory varied by orchard, possibly due to differences in soil or manage-
ment between sites. 

Nitrogen, phosphorus, and copper decline predictably from bloom onward. 
Because nitrogen and phosphorus are phloem-mobile, this may reflect the 
tree redistributing them away from leaves toward reproductive tissues and 
new growth as leaves mature. Calcium, on the other hand, moves only 
through the xylem in one direction, so it accumulates over time. 
Micronutrient patterns (zinc, manganese, iron, and copper) are consistent 
with reduced availability in alkaline or poorly drained soils, both documented 
conditions in California almond orchards (Connel, 2017).  
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Boron has a more complex seasonal pattern, which varied by orchard, and 
is consistent with soil boron availability or irrigation water quality, a known 
driver of boron toxicity and deficiency locally. We did not test soil or water 
directly, so these remain plausible explanations rather than confirmed caus-
es. Potassium showed one of the most consistent canopy patterns, with gen-
erally higher concentrations in the lower canopy. 

Once the laboratory results are complete from the final 2026 data acqui-
sition, we will test whether treating orchard as a random effect improves 
our ability to separate general nutrient patterns from orchard-specific dif-
ferences. These statistical patterns are being used directly to inform which 
variables and relationships the deep learning model should incorporate to 
improve its reliability across orchards and seasons. 

This year, a CNN-LSTM, along with three architecture variants, is being de-
veloped to predict these traits directly from leaf reflectance. Current work is 
focused on making the most of the data we have — filling gaps across years 
and orchards, data processing, and methods to use our complete hyper-
spectral dataset to further improve accuracy and robustness of the model 
— alongside direct testing of how well the model generalizes to orchards it 
has not seen before. Incorporating GDD and canopy height directly into the 
model has shown promising results in our experiments and we are continuing 
to test the best way to build the statistical findings into the final architecture. 

Conclusions 
This year’s analytic results quantify how almond leaf nutrient status varies 
with season, canopy position, and orchard location, with growing degree 
days as the most consistent driver and canopy height effects that differ by 
site. These patterns matter for interpreting conventional leaf sampling for 
improving hyperspectral trait prediction across orchards. The project is also 
moving from leaf-scale prediction toward tree- (drone) and orchard-scale 
(satellite) monitoring, combining multi-year RGB, multispectral, and thermal 
drone imagery, and hyperspectral satellite data with field measurements. 
This will support the practical, remote-sensing-based mapping of within-field 
nutrient variability for more precise management. The data collected this 
year will also allow us to test more general models that account for or-
chard-to-orchard variability, with the goal of improving transfer to new sites.  
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Introduction 
As citrus growers in California’s Central Valley grapple with significant water 
quality and quantity issues and associated regulations, the need for precise 
fertilization and irrigation practices is more critical than ever. Currently, citrus 
growers farm over 200,000 acres in the valley but lack access to a special-
ized, free decision-support tool that could guide them in making informed 
in-season decisions about irrigation and fertilizer applications. The crops’ 
physiological characteristics are unique amongst commodities grown in the 
valley, adding a layer of complexity to developing such a tool. 

The goal of this project is to build a decision-support tool to address this 
need. This project builds off years of research, experimentation, and soft-
ware development efforts and will culminate in the development of three new 
citrus-specific modules for the University of California’s (UC) CropManage 
(CM) online platform, namely oranges, mandarins, and lemons. CM is a free
publicly available irrigation and nitrogen (N) application decision support tool
developed by UC researchers with funding from FREP, CDFA, USDA, UC Agri-
culture and Natural Resources, and the Department of Water Resources.

mailto:kmiller@formationenv.com
mailto:rdodd@ppeng.com 
mailto:mdcahn@ucanr.edu 
mailto:mansing@ucanr.edu  
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The tool integrates crop, water, and N use data and models with local weath-
er information from the California Irrigation Management Information System 
(CIMIS), soil information from the NRCS and other sources, grower manage-
ment, and soil/plant sample data to make in-season recommendations for a 
variety of horticultural crops. The tool was originally developed for Central 
Coast vegetable and berry cropping systems and later expanded to include 
predominant crops in other regions like the Central Valley. This project sup-
ports this expansion. 

The potential impacts of this initiative are significant. By providing citrus 
growers and advisors with access to a refined decision-support tool, this 
project can lead to increased adoption rates of CM and the management 
practices embedded within it, resulting in more efficient fertilizer and water 
use. This, in turn, enhances the likelihood of regulatory success while main-
taining and enhancing a productive and diverse agricultural landscape. 

Objectives 
The overall objective of this project is to develop CM modules for orange, 
mandarin, and lemon varieties.  Specific objectives include the following: 

1 Improve the understanding of N and water use dynamics in micro-irri-
gated citrus orchards grown under the atmospheric conditions of the San 
Joaquin Valley and Tulare Lake Basin, through field measurements, moni-
toring, and data-driven modeling. 

2 Refine the experimental version of three citrus modules within CM with 
knowledge gained from field studies and modeling. 

3 Ground-truth CM recommendations for N and water applications at heav-
ily monitored citrus study orchards. 

4 Conduct outreach and training on the developed modules to citrus grow-
ers and advisors. 

Description 
This project consists of 1) identifying cooperating growers to establish moni-
toring sites and receive critical input on module development/refinement, 2) 
collecting necessary water and N data (soil N, tissue N, applied water, N in 
water) across space and time from multiple study sites to refine experimen-
tal modules and verify CM recommendations, 3) finetuning CM citrus mod-
ules based on collected data and grower feedback, and 4) conveying findings 
and offering outreach and training opportunities to the citrus grower and 
advisor community. Through these steps, this project will deliver a needed 
free, accurate, and reliable tool for citrus growers to farm efficiently and with 
confidence. 
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Results and Discussion 
During the second year of the project, efforts have been focused on contin-
ued monitoring and data collection at 9 commercial orchards across Fresno, 
Tulare, and Kern counties, including three sites each with navel orange, man-
darin, and lemon. Additionally, a literature review of California-based citrus N 
studies has been completed to support refinement of N uptake models in CM 
and the plant N data collection strategy. Below describes preliminary findings 
of work completed to date. 

First, unmanned aerial vehicle (UAV) flights are being conducted to monitor 
changes in canopy cover and compare them to satellite based-estimates 
from SIMS (Satellite Irrigation Management Support). This is needed be-
cause canopy cover is a key input into CM to generate irrigation recommen-
dations and the software will default to using satellite-based estimates if 
none are provided by the user. Across the 2025 growing season, UAV data 
showed relatively stable values through spring, summer, and fall across 
sites and varieties (Figure 1). However, satellite-based estimates showed 
a decrease from spring to summer and a recovery in the fall (Figure 1). 
This trend was confirmed by randomly selecting 225 citrus fields across the 
Central Valley and extracting estimates from satellite imagery, and similar 
findings were reported by Dhungel et al., 2024 confirming our study sites 
are not anomalous in this regard. While canopy management practices (e.g., 
hedging, thinning) have an effect on canopy cover, they do not explain the 
difference between UAV data (direct high-resolution measurements) and 
satellite-based estimates. The differences suggest that the satellite estimates 
may have an artefact (e.g., due to changes in citrus leaf color or leaf angle 
during the summer), but additional investigation is needed. This discrepancy 
will be addressed to ensure reliable irrigation recommendations for citrus are 
generated by CM. 

Second, flow meters installed to track grower irrigation applications through 
CM show that cumulative applied irrigation generally parallels CM recommen-
dation patterns, but that current CM recommendations consistently exceed 
grower applications across all sites and years (2025 and 2026 to date), even 
when the satellite-based estimates of canopy cover were used that resulted 
in lower estimates of crop ET in summer months. Intentional deficit irrigation 
has been confirmed in some cases, which can be customized in CM and will 
be done in collaboration with participating growers. Soil moisture sensor data 
show a draw down of soil moisture in some sites, confirming deficit irriga-
tion, while other sites are relatively stable (which does not necessarily rule 
out that full crop ET is not achieved). Eddy-covariance towers are installed 
at three of the study sites to measure actual ET and the data will be used to 
better quantify the water balance, verify site specific crop coefficients, and 
refine CM.  
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Figure 1. Mean and standard error of canopy cover estimates for 2025 across nine study 
sites derived from UAV flights and SIMS satellite-based estimates. 

Third, a literature review of California specific N cycling studies in citrus 
orchards suggests that the majority of N uptake in both navel orange and 
mandarin occurs over a span of approximately 120 days from post-bloom 
through late summer/early fall in a relatively linear fashion (Brown et al., 
2020), followed by a period of N translocation within trees, as the fruit 
matures and the trees undergo seasonal physiological processes (Krueger 
2005). Moreover, fruit are the major N sink for mature trees. Crop N demand 
can be determined with yield estimates and recently published N removal 
coefficients from Geisseler (data for all studied crops presented in http:// 
geisseler.ucdavis.edu/Geisseler_Report_U4_2026_04_03.pdf) along with N 
required for tree growth/maintenance estimated at 0.1-0.15 lbs N/tree/year 
(Brown et al, 2020 and personal communication with D. Amaral). With this 
information, preliminary N uptake models have been developed for CM to 
generate timely N fertilization recommendations. Additional sampling work is 
planned to help verify these assumptions through the remainder of the proj-
ect. 

Conclusion 
Strategies and tools are needed to support growers in coping with mounting 
pressures to protect and conserve water resources. CM is a free and prac-
tical option for making informed in-season decisions about when and how 
much N and water to apply to efficiently produce a full crop. When managed 
together, the utilization of these inputs can be optimized. Through research 
projects such as this, CM recommendations are able to be refined to increase 
their reliability and grower confidence in them. 

https://geisseler.ucdavis.edu/Geisseler_Report_U4_2026_04_03.pdf
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Introduction 
The Agriculture and Land-Based Training Association (ALBA), a 501(c)(3) 
nonprofit based in the Salinas Valley, is in the second year of a three-year 
project focused on improving access to practical nutrient and irrigation man-
agement education on California’s Central Coast. The project responds to the 
region’s ongoing challenge of nitrate contamination in groundwater and to 
the need for beginning and small-scale farmers to have practical, bilingual 
information and technical support they can apply in commercial production. 
By combining classroom instruction, hands-on field learning, and individu-
alized technical assistance, the project aims to improve nutrient and water 
management while strengthening the capacity of local organizations to sup-
port growers. 

Objectives 
1 Educate 175+ farmers, 30 college students, and 25 agricultural profes-

sionals and service providers on soil fertility and plant nutrition manage-
ment techniques. 

2 Provide direct technical assistance to 60+ farmers on innovative and 
proven conservation practices that protect groundwater resources. 

3 Conduct outreach to 500+ farmers, college students, and agricultural 
professionals on project results and CDFA, UCCE, and other agency tools 
and resources for nutrient management best practices. 

Description 
ALBA integrated the project into its existing bilingual farmer education and 
incubation programs. Its annual Farmer Education Course provides more 
than 250 hours of experiential learning for aspiring organic farmers, including 
instruction in plant nutrition, irrigation principles, nutrient budgeting, cover 
crops, compost, crop rotation, and other soil and crop management topics. 
Field days reinforce classroom concepts through activities such as soil nitrate 
quick testing and irrigation system evaluations. 

mailto:nathan@albafarmers.org
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The Organic Farm Incubator provides beginning farmers with subsidized 
access to land, equipment, and irrigation infrastructure, along with ongoing 
technical assistance from ALBA staff and project partners. ALBA’s office and 
classroom are located at the center of its 100-acre training site, where ap-
proximately 35 to 40 start-up farmers operate each year. This setting allows 
nutrient and irrigation management education to be connected directly to 
commercial production decisions throughout the growing season. 

The Resource Conservation District of Monterey County (RCDMC) provides 
regular on-site assistance with soil fertility and irrigation management and 
works closely with ALBA staff to coordinate and deliver technical support. The 
Resource Conservation District of San Benito County (RCDSBC) has begun to 
extend similar assistance in San Benito and Santa Clara counties. The project 
also uses ALBA’s one-acre demonstration field for field-based learning and 
outreach to farmers, students, agricultural professionals, and other visitors. 

Results and Discussion 
During the second year, the project delivered more than 20 workshops and 
20 field days and reached approximately 50 beginning farmers, 22+ ag pro-
fessionals, and 35+ college students through classroom instruction, hands-on 
demonstrations, and individualized technical assistance. Training emphasized 
practical nutrient and irrigation management strategies, including nutrient 
budgeting, cover cropping, compost use, crop rotation, irrigation principles, 
soil fertility management, and efficient water use. 

Hands-on learning was a central component. All first- and second-year farm-
ers in ALBA’s Organic Farm Incubator participated in soil nitrate quick testing 
and irrigation system distribution uniformity evaluations. Weekly nutrient 
and irrigation management meetings gave farmers recurring opportunities to 
review field conditions, discuss production challenges, interpret test results, 
and receive individualized recommendations during the growing season. 
Some farmers also used tools such as telemetric flow meters, CropManage, 
and tensiometers to better understand irrigation timing and water use. 

These activities helped connect nutrient management concepts to day-to-day 
farm decisions. Nutrient budgeting gave participants a framework for match-
ing fertilizer applications more closely to crop needs, while soil nitrate test-
ing and irrigation evaluations provided field-level information that could be 
discussed with advisors. The combination of recurring meetings and on-farm 
demonstrations also allowed technical assistance to respond to changing crop 
and field conditions rather than being limited to one-time workshops. 

The project also increased regional technical assistance capacity. RCDSBC 
staff participated in substantial cross-training with RCDMC to build knowl-
edge and experience in nutrient and irrigation management, and RCDSBC 
hired a three-quarter-time employee to expand grower support.  
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This investment in partner capacity increases the number of growers who 
can receive practical assistance beyond ALBA’s training site and strengthens 
coordination among organizations serving farmers across the Central Coast. 

As an education and technical assistance project rather than experimental 
research, its second-year results are primarily implementation and outreach 
outcomes. Experience to date indicates that practical, bilingual instruction is 
most useful when farmers can pair classroom concepts with field measure-
ments, repeated advisor contact, and opportunities to apply the information 
in their own operations. The final project year will continue these activities 
while documenting participation, technical assistance, and adoption of nutri-
ent and irrigation management practices. 

Conclusions 
The second year demonstrated the value of combining bilingual classroom 
education, on-farm demonstrations, and recurring technical assistance for 
beginning farmers. Soil nitrate quick testing, irrigation system evaluations, 
nutrient budgeting, and weekly management meetings gave participants 
multiple ways to connect nutrient management concepts with commercial 
farm decisions. For agricultural advisors and practitioners, a key takeaway 
is that repeated, field-based engagement can make nutrient and irrigation 
management information more accessible and actionable for beginning and 
small-scale growers. 

The project also strengthened the regional technical assistance network 
through cross-training and added staffing at RCDSBC. Continued collabo-
ration among ALBA, RCDMC, RCDSBC, and other partners will help expand 
access to practical nutrient management support and conservation resources 
across the Central Coast. 
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Introduction 
Young orchard blocks are disproportionate sources of nitrate leaching to 
groundwater. When an old almond orchard is removed, the soil deep-ripped, 
and organic amendments and fertilizer incorporated ahead of replanting, a 
large nitrogen pool is placed in a profile with no crop to use it: newly planted 
almonds take up less than 50 lbs N per acre in their first year, so winter rain 
on the bare, freshly ripped soil can move nitrate below the root zone before 
young trees can reach it. Our study site, a 140-acre commercial almond 
orchard west of Modesto managed with high-frequency low-concentration 
(HFLC) fertigation since 2018, has recorded this pattern once already: after 
the SW1 block (Block 5) was replanted in 2019, nitrate in that block’s shal-
low monitoring wells rose sharply within one to five years. When the ranch’s 
oldest block (SW2, Block 3, planted in 2000) was removed in fall 2025 and 
replanted on February 27, 2026, we measured the soil nitrogen pool created 
by standard orchard-recycling and replanting practices and tracked its move-
ment through the profile across the first winter. 

Objectives 
1 Quantify the soil inorganic nitrogen pool created in the Block 3 root zone 

and deep profile by orchard removal, soil ripping, and pre-plant amend-
ments (almond bark chips, compost, and fertilizer pellets). 

mailto:thharter@ucdavis.edu


34TH ANNUAL FREP/WPH NUJTRIENT MANAGEMENT CONFERENCE | Summaries of Current FREP Projects 95 

2 Compare post-amendment soil nitrogen with the block’s own 2018-2025 
history and with the four planted blocks sampled on the same dates. 

3 Track nitrate redistribution through the 0-6 ft profile across the 2025-
2026 winter rains, from the pre-rain sampling (November 21, 2025) to 
the post-rain sampling at planting (February 28, 2026). 

4 Evaluate nitrate leaching potential during orchard establishment, using 
the monitoring-well record from the 2019 replanting of Block 5 as a field-
scale analog. 

Description 
Soil inorganic nitrogen has been monitored in all five orchard blocks since 
2018 at 0-30 cm (0-1 ft) and 30-60 cm (1-2 ft), with periodic deeper sam-
pling. Samples are extracted with 2M KCl, analyzed for nitrate-N (NO3-N) and 
ammonium-N (NH4-N), and converted to lbs N per acre using NRCS SSURGO 
bulk densities. For the replant study, Block 3 sampling was intensified: five 
deep cores to 10 ft in November 2024 (old orchard standing), then twelve 
locations sampled in 1-ft increments to 6 ft on November 21, 2025 (after 
removal, ripping, and amendments, before the winter rains) and again on 
February 28, 2026, one day after replanting, following 6.9 inches of rain 
recorded at the Modesto City-County Airport in three storm periods (late 
December, New Year’s week, and mid-February). Twenty shallow monitoring 
wells sampled since 2015 provide the groundwater record. 

Results and Discussion 
Replanting practices created a large nitrogen pool. Under the old orchard, 
Block 3 root-zone (0-60 cm) inorganic N was stable near 20-50 lbs N per 
acre for five years (Figure 1), and the whole 0-6 ft profile held only about 46 
lbs NO3-N per acre in November 2024 (Table 1). After removal, ripping, and 
amendment incorporation, the November 21, 2025 sampling found 182 lbs 
inorganic N per acre in the top 2 ft alone (over 90 percent as nitrate) and 
290 lbs NO3-N per acre in the 0-6 ft profile, about six times the pre-remov-
al total and four to ten times the root-zone N in the orchard’s four planted 
blocks that same day (17-48 lbs per acre). Nitrate was concentrated at 1-2 
ft, the depth of ripping and amendment incorporation (Figure 2). 
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Figure 1. Block 3 (SW2) root-zone (0-60 cm) inorganic nitrogen, December 2020 through 
February 2026. Points are means of 3 sampling locations (12 for the last two dates); bars 
are standard errors. 

One winter of rain moved the nitrate pool 1 to 2 feet deeper. By planting day, 
root-zone (0-60 cm) inorganic N had fallen 64 percent, from 182 to 66 lbs 
per acre. That nitrogen was not gone: it had moved downward. Nitrate at 
3-4, 4-5, and 5-6 ft roughly doubled to tripled (Table 1, Figure 2), the nitrate
center of mass moved from about 2.2 to 3.3 ft deep, and the 0-6 ft inventory
was statistically unchanged (290 versus 260 lbs NO3-N per acre; paired com-
parison across the twelve locations, not significant). The 6.9 inches of winter
rain displaced the nitrate front 1 to 2 feet, below the reach of first-year roots
but still above 6 ft.

Figure 2. Block 3 soil nitrate-N by depth (lbs NO3-N per acre per foot): November 2024 un-
der the old orchard (5 cores), November 21, 2025 after amendments and before the rains, 
and February 28, 2026 after 6.9 inches of rain, one day after replanting (12 locations; bars 
are standard errors). 
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Table 1. Block 3 mean soil nitrate-N by depth (lbs NO3-N per acre per foot of soil) 

The 2019 replanting of Block 5 shows where this nitrogen can end up. After 
the adjacent SW1 block (Block 5) was replanted in 2019, nitrate-N in its four 
monitoring wells rose sharply: MW13 climbed from about 55-60 mg/L to a 
2020 peak above 100 mg/L, and MW18 rose from about 16 mg/L in 2017 to 
about 90 mg/L by 2024-2026, nine times the 10 mg/L drinking water stan-
dard, while the mean of the sixteen wells elsewhere in the orchard moved 
only from about 22 to 31 mg/L (Figure 3). The question for Block 3 is there-
fore not whether leachate will reach groundwater but how much nitrogen the 
replant year adds. The roughly 260 lbs NO3-N per acre still in the profile at 
planting, minus modest first-year tree uptake, is the pool available to repeat 
the Block 5 pattern. 

Continued displacement at that rate under irrigation and future winters 
would carry it toward the water table (20-30 ft) within several seasons. 

Figure 3. Nitrate-N in the four shallow monitoring wells in Block 5 (SW1), replanted in 2019, 
compared with the mean of the sixteen wells in the rest of the orchard (three-sample run-
ning means). 
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Conclusions 
Standard replanting practice loaded this soil profile with about 300 lbs inor-
ganic N per acre before a single tree was planted, and one moderate winter 
(6.9 inches of rain) pushed that nitrate 1 to 2 feet deeper before planting 
day. Because first-year almonds take up less than about 50 lbs N per acre, 
most of this pool is at risk of leaching, and the well record from the 2019 re-
plant next door shows the outcome: multi-year nitrate increases of 50 mg/L 
or more in shallow groundwater. For growers replanting on recycled orchard 
ground: (1) credit the nitrogen already supplied by compost, amendments, 
and mineralizing residue before adding pre-plant or first-year fertilizer, since 
the profile may already hold several years of young-tree demand; (2) where 
possible, favor low-N, slow-release amendments (such as bark chips alone) 
over N-rich pre-plant blends; and (3) budget first-year fertigation conser-
vatively and confirm need with soil tests rather than applying by calendar. 
We will continue quarterly soil, vadose-zone, and groundwater monitoring in 
Block 3 through the establishment years to quantify how much of this pool 
reaches groundwater and how quickly. 
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Introduction 
Nitrogen (N) application rates in container nursery production can be very 
high, ranging from roughly 1,000 to 7,000 lbs. N per acre annually, because 
growers rely heavily on controlled-release fertilizer (CRF) and water-soluble 
fertilizer (WSF) to meet plant demand. Fertilizer is also one of the largest 
input costs for nursery operations, so nitrogen that is lost from the produc-
tion system represents both an economic loss and an environmental concern, 
particularly for groundwater quality. 

Under the state Irrigated Lands Regulatory Program’s Irrigation and Nitrogen 
Management Plan (INMP) reporting requirements, growers must estimate 
the nitrogen removed by the crop to help calculate how much nitrogen could 
potentially leach to groundwater. For traditional row and orchard crops, this 
removal coefficient is straightforward because it is tied directly to harvest-
ed yield. For container nursery production, it is far more complicated: the 
soilless substrate and any unused fertilizer leave the nursery along with 
the plant, and California nurseries grow thousands of different plant taxa in 
a wide range of container sizes, substrates, and irrigation and fertilization 
strategies. 

Two irrigation methods, drip and overhead, and two fertilizer strategies, 
CRF and WSF, are both common across California nurseries, often used in 
combination. Substrates also vary widely in their carbon-to-nitrogen (C:N) 
ratio, from about 58:1 for peat moss to 1,000:1 for sawdust, which affects 
how much nitrogen is immobilized by microbes rather than lost in runoff or 
leachate. Most prior research on WSF and CRF leaching has relied on drip 
irrigation and individual container studies even though overhead irrigation is 
more common, and often the only economically feasible method for smaller 
containers. As a result, existing data do not fully capture the aqueous nitro-
gen losses most representative of commercial nursery operations. 

mailto:cjshogren@ucanr.edu
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This project was developed to fill that gap by directly comparing nitrogen loss-
es across the substrate, irrigation, and fertilizer combinations most common 
on California nurseries, generating information that can help growers reduce 
nitrogen loss and support a more workable, science-based alternative to the 
current INMP reporting requirement for the nursery industry. 

Objectives 
1 Compare nitrogen losses from soilless substrates with different car-

bon-to-nitrogen ratios, using a single fertilizer and irrigation method. 
2 Measure the percentage of applied nitrogen lost through leaching and 

runoff for controlled-release and water-soluble fertilizer applications. 
3 Compare nitrogen losses between overhead and drip irrigation methods, 

applied in combination with controlled-release and water-soluble fertilizer. 

Description 
To capture nitrogen losses under realistic nursery conditions, the project 
team is constructing an experimental container nursery at the University of 
California South Coast Research and Extension Center (SCREC) in Irvine, 
California, a location representative of the climate found across much of Cal-
ifornia’s nursery industry. The system consists of sixteen experimental beds 
designed to mimic the graveled surfaces and irrigation infrastructure common 
at commercial wholesale nurseries. Each bed is approximately two feet deep, 
lined with pond liner, backfilled with a gravel layer, and topped with compact-
ed native soil. Leachate that moves through the soil profile is captured in a 
below-ground tank, while surface runoff is collected separately, allowing the 
team to measure both volume and nitrogen concentration for each pathway. 

The first experiment will use eight of the sixteen beds to compare nitrogen 
leaching and runoff from two soilless substrates that differ in carbon-to-nitro-
gen ratio, with four beds allocated to each substrate. A single container size, 
plant species, irrigation method, and fertilizer type will be held constant so 
that substrate is the only variable being tested. The second experiment, con-
ducted on all sixteen beds, will use a two-by-two factorial design comparing 
CRF and WSF fertilizers across overhead and drip irrigation, with four beds per 
treatment combination. For both experiments, irrigation, rainfall, and runoff or 
leachate samples will be analyzed for nitrogen concentration, and plant bio-
mass and tissue nitrogen content will be measured at the end of each produc-
tion cycle to calculate an overall nitrogen mass balance and nitrogen use effi-
ciency for each treatment. Results will be shared with growers and regulators 
through UC Cooperative Extension outreach, including field days, workshops, 
trade publications, and bilingual (English/Spanish) programming. 
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Results and Discussion 
This is the first interpretive summary for the project, reporting on progress 
during year one. Construction is currently underway on the first eight exper-
imental nursery beds, including installation of the pond liner, gravel base, 
compacted native soil, and irrigation infrastructure needed to support the 
first experiment comparing nitrogen losses between soilless substrates of 
different C:N ratios. Site preparation and bed construction are proceeding 
according to the timeline established in the project work plan, and the proj-
ect remains on schedule. 

Because data collection has not yet begun, no nitrogen loss results are avail-
able for this reporting period. Once construction of the first eight beds is 
complete, the project team will finalize substrate selection and begin the first 
experiment, with irrigation, rainfall, and runoff water sampling to follow. 

Conclusions 
While it is too early to report nitrogen loss results, the project has estab-
lished the experimental infrastructure needed to directly compare nitrogen 
losses across the substrate, irrigation, and fertilizer combinations most 
commonly used in California container nursery production. Growers and 
regulators can expect the first substantive results, comparing nitrogen losses 
between low and high C:N ratio substrates, once the first experiment con-
cludes. In the meantime, this project’s long-term goal is to translate direct 
measurements of nitrogen loss into practical, science-based recommenda-
tions and a more workable alternative to the current Irrigation and Nitrogen 
Management Plan requirement for nursery producers. 
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Introduction 
Melon production is significant in Southern California, with 4,800 and 3,045 
acres of cultivation in Imperial and Riverside counties, respectively. Excess 
irrigation and nitrogen application threaten the sustainability of agricultural 
production in the region. Agricultural drainage can transport fertilizers, salts, 
and other contaminants to the Salton Sea, an impaired water body in Cal-
ifornia. Growers need management practices that reduce nitrogen exports 
and improve air quality while maintaining competitive yields and excellent 
produce quality. With the adoption of pressurized irrigation systems in melon 
production, there is a need to compute nutrient requirements accurately for 
the region’s conditions. 

Since 2023, growers in Imperial County have been required to report nitro-
gen fertilizer applications. Overirrigation negatively impacts nitrogen use 
efficiency because it causes nitrogen leaching into deeper soil layers and in-
creases the risk of groundwater contamination. Consequently, science-based 
irrigation and nitrogen recommendations should be developed for the major 
soil types in the region to support farm productivity and environmental stew-
ardship. The overall goal of this project is to enhance the sustainability of 
cantaloupe production in Southern California. 

mailto:Amir.verdi@ucr.edu
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Objectives 
1 Evaluate the response of cantaloupe to different irrigation and nitrogen 

amounts in heavy- and coarse-textured soils in Southern California. 
2 Develop recommendations for irrigation and nitrogen management of 

cantaloupe in the region. 
3 Develop and evaluate remote sensing-based statistical models for yield 

prediction using drone and satellite data. 

Description 
Field trials were established at two locations with different soil types: the UC 
Riverside Agricultural Experiment Station (UCR AES) in Riverside and the UC 
ANR Desert Research and Extension Center (UC DREC) in Holtville, CA. Table 
1 shows the first irrigation and harvest dates for both sites. 

Table 1. First irrigation and harvest dates for UCR AES (UCR Agricultural Experiment Station) 
and UC DREC (UC ANR Desert Research and Extension Center) sites. 

UCR AES site 
The soil at this site ranges from loam to sandy loam. The experiment was 
established as a split-plot design, with irrigation treatments as the main-
plot factor and nitrogen treatments as the subplot factor. Treatments were 
randomly assigned to plots, with four replicates. Three irrigation treatments 
were based on crop evapotranspiration (ETc): (i) 100% ETc (I1), (ii) 150% 
ETc (I2), and (iii) 50% ETc (I3). Each plot consisted of five 5-ft-wide beds, 
30 ft long. One drip tape per bed was buried about 5 cm below the soil 
surface. Irrigation treatments began 32-34 days after planting and crop 
establishment. The nitrogen treatments represented three N budgets: (i) a 
grower-recommended rate; (ii) a rate based on the California Fertilization 
Guidelines (CFG) without accounting for residual soil nitrate or nitrate in 
irrigation water; and (iii) a CFG-based rate adjusted for preplant residual soil 
nitrate in the top foot and nitrate in irrigation water. The resulting N budgets 
were 175 lb/acre (N1), 130 lb/acre (N2), and 30 lb/acre (N3). All plots re-
ceived 55 lb N/acre preplant. For treatments with N budgets greater than 55 
lb/acre, the difference was fertigated through the drip system at three crop 
stages. For N3, whose calculated budget was below the common preplant 
application, no additional N was applied during the growing season; thus, N3 
received only the 55-lb/acre preplant application. 
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Soil and biomass sampling and remote sensing data collection were con-
ducted at different growth stages. Preplant and final-harvest soil sam-
ples were collected at three depths (0-30 cm, 30-60 cm, and 60-90 cm), 
whereas in-season soil samples were collected only from the top 30 cm. 
Drone-mounted cameras collected thermal and multispectral imagery. Hand-
held sensors were used to measure surface temperature, NDVI (normalized 
difference vegetation index), LAI (leaf area index), chlorophyll index, sto-
matal conductance, and leaf petiole nitrate content. Biomass samples were 
analyzed for total leaf nitrogen and leaf petiole nitrate. Fruit samples at final 
harvest were analyzed for Brix (a measure of fruit sweetness) and total ni-
trogen. 

Melons were harvested in two phases based on fruit appearance. All melons 
picked from the inner three rows of each plot were weighed for yield esti-
mation. Fruits were classified as marketable or unmarketable and weighed 
separately. 

UC DREC site 
The site was affected by Cucurbit yellow stunting disorder (CYSD), transmit-
ted by the silverleaf whitefly, which has affected crop performance and yield. 
Soil, biomass, and yield data are still being processed and analyzed. There-
fore, results from this site are not included in this preliminary interpretive 
summary. 

Results and Discussion 
Preliminary first-year results from UCR AES are presented here; soil, bio-
mass, and remote-sensing analyses are ongoing, and UC DREC results are 
not yet included. Marketable yield differed significantly among irrigation 
treatments (p < 0.05), with 100% and 150% ETc producing statistically 
similar yields and both exceeding 50% ETc. Neither N budget nor the irriga-
tion-by-N interaction significantly affected marketable yield (Table 2); treat-
ment-combination means are shown in Table 3. These preliminary data show 
no statistically significant difference in marketable yield between 100% and 
150% ETc and no significant marketable-yield response to N budget. Further 
interpretation of N availability, uptake, and movement will depend on ongo-
ing soil and plant analyses. 
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Table 2. Analysis of variance showing the main and interaction effects of irrigation and N 
budget on crop yield. Values are mean ± standard error (N=4). 

[a] The ANOVA table presents significance levels for the main effects of irrigation and N
budget and their interaction. * indicates significance at p < 0.05.

Table 3. Marketable and unmarketable yield by irrigation and N-budget treatment combina-
tion. Values are mean ± standard error (N=4). 

*Within each column, means followed by the same letter are not significantly different at
α = 0.05.
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Melons with mold, cracking, or softness were classified as unmarketable. 
Unmarketable yield differed significantly among irrigation treatments (p < 
0.05), with 150% ETc producing the highest unmarketable yield. This pat-
tern suggests that overirrigation may have contributed to conditions favor-
ing fruit rot or cracking; however, these preliminary data do not establish a 
causal mechanism. Additional data and analyses are needed before drawing 
conclusions about effects on fruit quality or economic returns. 

Future Analysis 
Soil and biomass samples are being analyzed for nutrients to assess the fate 
of applied nitrogen at different growth stages. Thermal and multispectral 
drone imagery collected at different growth stages will be used to evaluate 
crop responses to the treatments. Soil moisture sensors installed at 5, 15, 
25, 40, and 60 cm depths will be used to track soil water movement follow-
ing irrigation events. Soil moisture and reference evapotranspiration (ET₀) 
data will be used to derive site-specific crop coefficients (Kc) using a soil wa-
ter balance. Yield-prediction models will be developed using drone imagery. 

Conclusions 
These first-year UCR AES results are preliminary and represent only part 
of the project dataset. Marketable yield was statistically similar between 
100% and 150% ETc, whereas 50% ETc produced lower yield. N budget 
did not significantly affect marketable yield in this trial. Unmarketable yield 
was higher at 150% ETc, but the underlying cause and practical implications 
require further analysis. Soil, plant, remote-sensing, and UC DREC data 
remain under analysis; therefore, no final management recommendations or 
conclusions regarding optimal irrigation or N rates are given at this stage. 
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Introduction 
Agriculture is a high value component of the overall economy in San Diego 
County and is primarily composed of specialty crop production. The agri-
cultural community is comprised of mostly small farms, with 69% of farms 
between 1-9 acres. San Diego agriculture is unique and includes considerable 
variability in crops and topography, grower experience and knowledge, lan-
guages spoken, race, heritage and age. 

Agriculture in the San Diego area has long grappled with water quality regu-
lations, particularly those focusing on nitrate contamination of surface water. 
Groundwater is relatively sparse in San Diego County. Growers in the area 
are regulated under both the MS4 program and the General Agricultural Or-
der, with many overlapping requirements. The San Diego Region Irrigated 
Lands Group (SDRILG) (1) was developed to assist with grower monitoring 
requirements and required grower education; approximately 1100 irrigated 
agricultural producers pay fees for group membership. 

Recently, the San Diego Regional Water Quality Control Board (Regional 
Board) worked to establish a new Ag Order, including the required statewide 
implementation of the “Eastern San Joaquin Order” (ESJ Order) (2) as a 
condition for San Diego agriculture. The ESJ Order was adopted by the State 
Water Board in 2018 with a primary focus on nitrate management in ground-
water. The State Water Board determined that portions of the ESJ Order were 
precedential and directed all Regional Boards to revise their irrigated lands 
regulatory programs to be consistent with the ESJ Order during the following 
five years. 

mailto:val@sdfarmbureau.org
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Most of the precedential requirements of the ESJ Order proved to be very 
problematic for agriculture in San Diego as the Order was developed for a 
more homogenous, larger-scale crop production system that has well-estab-
lished fertilizer and irrigation needs, harvests one crop once per year, and 
occurs on relatively flat land. None of this is found in San Diego agriculture, 
which has more farms than any other county in the nation. Agriculture is 
intensive, small-scale, extremely diverse, and most of the minor, specialized 
crops grown here do not have standardized data to guide growers as to how 
much fertilizer to use, how much irrigation is optimum, or how to manage 
pests on their crops. Also, San Diego has more nurseries than any other 
county in the United States; many grow over 250 different species, each with 
differing growth and input requirements and with multiple crops per year. Re-
porting requirements in the ESJ Order would have required several thousand 
pages of data for many nurseries in the area. 

The topography and location of agricultural production operations is also 
quite variable. Many of the farms are located in areas with multiple land 
uses. Farmed areas in San Diego are generally hilly, and growers who farm 
downhill of other land uses often accommodate runoff from those uphill 
uses, many of which apply the same nutrients and other materials to their 
property as the farming operations do. It is normal to find farming operations 
and nurseries surrounded by horse facilities, golf courses, parks, schools and 
residential areas. This complexity makes it difficult to accurately assign the 
source of the nutrient and other runoff issues. In addition, groundwater is 
extremely scarce with many growers using district water to irrigate crops. 

After much collaboration between the SDRILG and the Regional Board, staff 
ultimately found the application of the Eastern San Joaquin Ag Order to be 
unworkable for the San Diego Region. As a result, the unusual decision was 
made by the Regional Board staff to shift the effort from adoption of the 
Eastern San Joaquin Order to a focus on Best Management Practices (BMPs) 
for water quality management at this time. This project will: 1) analyze the 
specific BMP needs collaboratively with regulatory program staff and 2) sup-
port the SDRILG in providing data-driven outreach and education to its mem-
bers. This will allow for implementation of the most effective BMPs for the 
unique agricultural operations in our area and for education of the growers 
as to their effective use. 
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Objectives 

Table 1: Objectives and Methods of Information Delivery to Clientele Groups 

Description 
The above table describes the general timeline and tasks and activities for 
each objective. It should be noted that any workshops or materials are avail-
able to both members and non-members of the San Diego Region irrigated 
Lands Group. Educational meetings and workshops are the core of the pro-
grammatic outreach. 
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The program will be divided by crop type, with educational efforts focused on 
tree and vine crops the first year and horticulture, nursery and row crops the 
second year.  All meeting and other educational materials will be available as 
they are developed and after program completion through the SDRILG. 

Results and Discussion 
Tasks 1.1 and 1.2 
Collect, review and organize agricultural data collected by the Regional 
Board, the County of San Diego Ag, Weights, and Measures Ag Water Qual-
ity Program, and water quality programs of other jurisdictions regarding 
violations when inspecting farming operations under the MS4 and other pro-
grams. 

This initial task has been completed. We were able to receive data from the 
AWQP, which manages the MS4 program for programs located under the 
County’s jurisdiction, from the Regional Board Ag Order Program, and from 
several cities with agricultural production within the city limits. The AWQP 
conducts over 400 inspections each year, by far the highest number of any 
jurisdiction The most common infraction that kept growers out of compli-
ance with any program was the failure to complete their paperwork, other 
documentation and educational hours. Other infractions that occurred with 
frequency included “non-stormwater entering the stormwater channels”, 
“erosion and sediment being discharged off the property”, “spills and leaks” 
and “improper storage of hazardous materials, including fertilizer materials” 
as the top five.  We have already provided an online presentation on properly 
filling out documentation and other paperwork for members of the SDRILG 
and will orient the rest of the educational materials around these items. 

Task 2.1  
Develop and deliver educational meetings and demonstrations focused on 
Tree and Vine Crops. We began our educational meetings by providing a pro-
gram for the Ramona Valley Vineyard Association (RVVA) on April 28th. The 
meeting was well-attended by growers from the area.  We are scheduling 
additional field-based Tree and Vine crop meetings for this fall. 

Figure 1. Presentation 
to the RVVA 
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Task 3.1 
Outreach to the self-identified “low tech” members of the SDRILG through al-
ternative methods. We reviewed the membership of the SDRILG (1100 mem-
bers) and determined that approximately 20% of the members did not have 
sufficient computer skills to participate in online presentations and document 
management. We are providing specific workshops, mailed information, and 
hard copies of other educational documents for their use. In addition, we 
have elected to produce a guidebook to staying in compliance and taking care 
of reporting and other paperwork as a hard copy for these members. 

Task 4.1 
Development of a resource collection will continue throughout the project. 

Conclusions 
We have developed some interesting and useful information regarding grower 
needs and compliance with the water quality regulatory programs, and we 
will incorporate these things into our program going forward. We also under-
stand the needs of the clientele and how we can work with that to make the 
educational components a success. We are just getting started on the de-
livery of the education and outreach programs and look forward to reaching 
more of the groups needing this information, as well as continuing to work 
with the regulatory agencies to address their programs structures and up-
dates. 
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Completed FREP Projects 

The following is a chronological list of final reports for FREP-funded research. Following the 
title is the name of the principal investigator and the project reference number. We invite you 
to view the full final reports by visiting  https://www.cdfa.ca.gov/is/ffldrs/frep/Research.html  
You may also contact the program at frep@cdfa.ca.gov. 

Development of Precision Yield Monitor for 
Almond • Patrick H. Brown and Stavros 
Vougioukas,  22-1455 

Nutrient Management and Irrigation 
Efficiency Outreach and Education for Latino 
and Southeast Asian Farmers •Deborah 
Nares, 21-0573 

Nitrogen Response of Industrial Hemp 
Cultivars Grown for CBD, Essential Oils, and 
Fiber • Robert B. Hutmacher, 20-0964 

University of California Nursery and 
Floriculture Alliance Fertilizers and Plant 
Nutrition Workshops for Greenhouse and 
Nursery Growers •Lorence Oki, 20-0963 

Outreach and Revenue Generation for 
Sustaining CropManage Irrigation and 
Nutrient Management Decision Support Tool  
•Michael Cahn, 20-0962

Certification and Distance Learning for 
Fertigation •Stuart Styles, 20-0961 

Enhancing Nitrogen and Water Use Efficiency 
in California Carrot Production Through 
Management Tools and Practices •Ali 
Montazar, 20-0960 

Development of Site-Specific Nitrogen 
Fertilization Recommendations for Annual 
Crops •Daniel Geisseler, 20-0880 

Nitrogen Content of the Harvested Portion 
of Specialty Crops to Estimate Crop Nitrogen 
Removal and Improve Nitrogen Management 
in Crops •Richard Smith, 20-0250 

Techniques to Minimize Nitrate Loss from the 
Root Zone During Managed Aquifer Recharge 
•Toby O’Geen, 20-1019

Irrigation and Nitrogen Management, 
Monitoring, and Assessment to Improve 
Nut Production While Minimizing Nitrate 
Leaching to Groundwater •Thomas Harter, 
19-0968

Immobilization of Nitrate in Winter-Fallow 
Vegetable Production Beds to Reduce Nitrate 
Leaching •Richard Smith, 19-0955 

Development of Nutrient Budget and 
Nutrient Demand Model for Nitrogen 
Management in Cherry •Patrick Brown,    
19-0954

Achieving Efficient Nitrogen Fertilizer 
Management in California Wheat •Mark 
Lundy, 19-0953 
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Promoting The Adoption Of Cropmanage To 
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MicroIrrigation • Patrick Brown, 18-0549 
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on Strawberry Ranches in Santa Cruz and 
Monterey Counties, •Gerry Spinelli, 18- 
0535 

A System Nitrogen Balance for Container 
Plant Production •Lorence Oki, 17-0516 

Evaluation of Nitrogen Uptake and Applied 
Irrigation Water in Asian Vegetables Bok 
Choy, Water Spinach, Garlic Chives, Moringa, 
and Lemongrass •Aparna Gazula, 17-0515 

Training on Crop Management and 
Integrated Climate, Soil and Irrigation System 
Data to Minimize Nutrient Loss and Optimize 
Irrigation Efficiency •Trina Walley, 17-0489 

Assessment of Harvested and Sequestered 
Nitrogen Content to Improve Nitrogen 
Management in Perennial Crops •Charlotte 
Gallock, 17-0488 

Online Decision Support Tools for Irrigation 
and Nitrogen Management of Central Valley 
Crops •Michael Cahn, 16-0710 

Demonstration Of A Combined New Leaf 
Sampling Technique For Nitrogen Analysis 
And Nitrogen Applications Approach In 
Almonds •Patrick Brown, 16-0708 

Develop Nutrient Budget and Early Spring 
Nutrient Prediction Model for Nutrient 
Management in Citrus •Patrick Brown, 16- 
0707 

Developing a Review Process for Continuing 
Education Courses for Growers who 
Complete the Nitrogen Management Plan 
Training Course, •Parry Klassen, 16-0703 

University of California Nursery and 
Floriculture Alliance Fertilizers and Plant 
Nutrition Education Program •Lorence Oki, 
16-0678

Evaluation of Certified Organic Fertilizers 
for Long-Term Nutrient Planning •William 
Horwath and Xia Zhu-Barker, 16-0670 
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Evaluation of Biochar for On-Farm Soil 
Management in California •Sanjai Parikh, 
16-0662

Understanding Influences on Grower 
Decision-Making and Adoption of Improved 
Nitrogen Management Practices •Mark 
Lubell, 16-0620 

Expanding the California Fertilization 
Guidelines to Support Nutrient Management 
Decisions for Minor Crops •Daniel Geisseler, 
16-0610

California Certified Crop Adviser FREP 
Education Project •Ruthann Anderson,    16-
0076 

Soil Biochar Amendment To Improve Nitrogen 
And Water Management •Suduan Gao, 15-
0597 

Improving Nitrate and Salinity Management 
Strategies for Almond Grown under Micro-
irrigation •Patrick Brown, 15-0523 

N And P Management In Organic Leafy 
Greens •Richard Smith, 15-0522 

Prediction of Summer Leaf Nitrogen 
Concentration from Early Season Samples 
to Better Manage Nitrogen Inputs at the 
Right Time in Walnuts, Prunes, and Pears     
•Patrick Brown, 15-0492

Nitrogen Fertilizer Loading to Groundwater in 
the Central Valley •Thomas Harter, 15-0454 

Developing A Decision Support Tool For 
Processing Tomato Irrigation And Fertilization 
In The Central Valley Based On CropManage 
•Daniel Geisseler, 15-0410

New Fertigation Book •Charles Burt, 15-
0393 

Evaluation of the Multiple Benefits of 
Nitrogen Management Practices in Walnuts  
•Parry Klassen, 15-0360

Train the Trainer: A Nitrogen Management 
Training Program for Growers •Terry Prichard 
and Parry Klassen, 15-0392 

Quantifying N2O Emissions under Different 
On-farm Irrigation and Nutrient Management 
BMPs that Reduce Groundwater Nitrate 
Loading and Applied Water •Arlene Haffa 
and WIlliam Horwath, 15-0356 

Online Fertilization Guidelines for Agricultural 
Crops in California •Daniel Geisseler,  
15-0231

Development of Management Training 
Curriculum for Use in Grower Training 
for Self-Certification of Regional Water 
Board Nitrogen Management Plans •Terry 
Prichard, 14-0585 

Field Evaluation and Demonstration of 
Controlled Resease N Fertilizers in the 
Western United States •Charles Sanchez 
and Richard Smith, 14-0508 

Plant Nutrients in the Classroom •Judy 
Culbertson, 14-0481 

A Data Driven Nitrate Leaching Hazard Index 
and BMP Assessment Tool •Toby O’Geen, 
14-0452

Improving Nitrogen Use Efficiency in Cool 
Season Vegetable Production Systems with 
Broccoli Rotations •Richard Smith, Michael 
Cahn and Tim Hartz, 13-0268 
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Phosphorus and Boron Fertilizer Impacts 
on Sweetpotato Production and Long-Term 
Storage •Scott Stoddard, 13-0266 

Developing Testing Protocols to Assure the 
Quality of Fertilizer Materials for Organic 
Agriculture •William Horwath and Sanjai 
Parikh, 13-0223 

Nitrogen Management Training for Certified 
Crop Advisors •Doug Parker, 13-0241 

Provide Nitrogen Training Program for CDFA 
•Ruthann Anderson, 13-0145

Determining the Fertilizer Value of Ambient 
Nitrogen in Irrigation Water •Michael Cahn, 
Richard Smith and Tim Hartz, 12-0455 

Optimizing the Use of Groundwater Nitrogen 
for Nut Crops •David Smart, 12-0454 

Measuring and Modeling Nitrous 
Oxide Emissions from California Cotton 
and Vegetable Cropping Systems         
•Dave Goorahoo, 12-0452

Development of Economically Viable Variable 
Rate P Application Protocols for Desert 
Vegetable Production Systems •Charles 
Sanchez and Pedro Andrade-Sanchez,  
12-0386

Characterizing N Fertilizer Requirements of 
Crops Following Alfalfa •Dan Putnam and 
Stu Pettygrove, 12-0385 

Evaluation of N Uptake and Water Use of 
Leafy Greens Grown in High-Density 80-inch 
Bed Plantings and Demonstration of Best 
Management Practices •Richard Smith and 
Michael Cahn, 12-0362 

Phosphorus and Boron Fertilizer Impacts 
on Sweet Potato Production and Long-Term 
Storage •C. Scott Stoddard, 13-0266 

Developing Testing Protocols to Assure the 
Quality of Fertilizer Materials for Organic 
Agriculture •William Horwath, 13-0223 

Interagency Task Force on Nitrogen Tracking 
and Reporting System •Suzanne Swartz, 
13-0054

Assessment of Baseline Nitrous Oxide 
Emissions in Response to a Range of 
Nitrogen Fertilizer Application Rates in Corn 
Systems •Martin Burger and William Orloff, 
12-0453

Improving Pomegranate Fertigation and 
Nitrogen Use Efficiency with Drip Irrigation 
Systems •James E. Ayars  
and Claude J. Phene, 12-0387 

Evaluation of a 24 Hour Soil CO2 Test For 
Estimating Potential N-Mineralization To 
Reassess Fertilizer N •William R. Horwath 
and Jeffery Mitchell, 12-0384 

Fertigation Education for the San Joaquin 
Valley •William Green and Kaomine Vang, 
12-0390

Survey of Nitrogen Uptake and Applied 
Irrigation Water in Broccoli, Cauliflower and 
Cabbage Production in the Salinas Valley     
•Richard Smith and Michael Cahn, 11-0558

Improved Methods for Nutrient Tissue 
Testing in Alfalfa •Steve Orloff and Dan 
Putnam, 11-0469 

Remediation of Tile Drain Water Using 
Denitrification Bioreactors •T.K. Hartz and 
Mike Cahn, 11-0462 

Determination of Root Distribution, 
Dynamics, Phenology and Physiology of 
Almonds to Optimize Fertigation Practices    
•Patrick Brown, 11-0461
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Assessment of Plant Fertility and Fertilizer 
Requirements for Agricultural Crops in 
California •William Horwath and Daniel 
Geisseler, 11-0485 

California Certified Crop Adviser FREP 
Educational Project •Daniel H. Putnam, 
11-0470

Optimization of Organic Fertilizer Schedules 
•David Crohn, 11-0456

Updating Prior Curriculum for Grades 5-8     
•Judy Culbertson, 11-0454

Management Tools for Fertilization of the 
‘Hass’ Avocado •Richard Rosecrance and 
Carol J. Lovatt, 11-0437 

Nitrogen Fertilizer Loading to Groundwater in 
the Central Valley •Thomas Harter, 11-0301 

European Pear Growth and Cropping: 
Optimizing Fertilizer Practices Based on 
Seasonal Demand and Supply with Emphasis 
on Nitrogen Management •Kitren Glozer 
and Chuck Ingels, 10-0105 

Development of a Nutrient Budget Approach 
to Fertilizer Management in Almond              
•Patrick Brown, 10-0039

Development of Leaf Sampling and 
Interpretation Methods for Almond and 
Pistachio •Patrick Brown, 10-0015 

Relationship of Soil K Fixation and Other 
Soil Properties to Fertilizer K Requirement  
•G. Stuart Pettygrove, 10-0012

Nitrogen Research and Groundwater             
•Renee Pinel, 10-0011

Chemistry, Fertilizer and the Environment 
– A Comprehensive Unit •Judy Culbertson,
Shaney Emerson, and Lyn Hyatt, 10-0010

Adjustable-Rate Fertigation for Site-Specific 
Management to Improve Fertilizer Use 
Efficiency •Michael Delwiche, 10-0004 

Towards Development of Foliar Fertilization 
Strategies for Pistachio to Increase 
Total Yield and Nut Size and Protect the 
Environment - A Proof-Of-Concept Project     
•Carol J. Lovatt and Robert H. Beede,
09-0584

Improving Pomegranate Fertigation and 
Nitrogen Use Efficiency with Drip Irrigation 
Systems •James E. Ayars and Claude J. 
Phene, 09-0583 

Developing Testing Protocols to Assure the 
Quality of Fertilizer Materials for Organic 
Agriculture •W.R. Horwath, 09-0582 

Citrus Yield and Fruit Size Can Be Sustained 
for Trees Irrigated with 25% or 50% Less 
Water by Supplementing Tree Nutrition with 
Foliar Fertilization •Lovatt, 09-0581 

Measuring And Modeling Nitrous Oxide 
Emissions From California Cotton, Corn, 
And Vegetable Cropping Systems •Dave 
Goorahoo, 09-0001 

Development of a Comprehensive Nutrient 
Management Website for the California 
Horticultural Industry •Timothy K. Hartz, 08-
0629 

Evaluation of Low-Residue Cover Crops to 
Reduce Nitrate Leaching, and Nitrogen and 
Phosphorous Losses from Winter Fallow 
Vegetable Production Fields in the Salinas 
Valley •Richard Smith, 08-0628 

California Certified Crop Adviser FREP 
Educational Project •Dan Putnam, 08-0627 

Western Fertilizer Handbook Turf & 
Ornamental Edition •Renee Pinel, 08-0007 
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Comparing the Efficiency of Different 
Foliarly-Applied Zinc Formulations on Peach 
and Pistachio Trees by Using 68Zn Isotope      
•R. Scott Johnson, 07-0669

New Standard for the Effectiveness of Foliar 
Fertilizers •Carol Lovatt, 07-0667 

Optimizing Nitrogen Availability in Cherry 
Growth to Obtain High Yield and Fruit Quality 
•Kitren Glozer, 07-0666

Development of Certified Crop Adviser 
Specialty Certification and Continuing 
Education in Manure Nutrient Management 
•Stuart Pettygrove, 07-0405

California Certified Crop Adviser FREP 
Educational Project • Dan Putnam, 07-0352 

Development and Implementation of Online, 
Accredited Continuing Education Classes 
on Proper Sampling and Application of 
Nitrogen/ Crop Nutrients •Renee Pinel,  
07-0223

Evaluation of Humic Substances Used in 
Commercial Fertilizer Formulations •T.K. 
Hartz, 07-0174 

Fertilizer Education Equals Clean Water        
•Kay Mercer, 07-0120

Can a Better Tool for Assessing ‘Hass’ 
Avocado Tree Nutrient Status be Developed? 
A Feasibility Study •Carol Lovatt, 07-0002 

Development of Practical Fertility Monitoring 
Tools for Drip-Irrigated Vegetable Production 
•Timothy K. Hartz, 06-0626

Updating Our Knowledge and Planning for 
Future Research, Education and Outreach 
Activities to Optimize the Management of 
Nutrition in Almond and Pistachio Production 
•Patrick Brown, 06-0625

Development of a Model System for Testing 
Foliar Fertilizers, Adjuvants and Growth 
Stimulants •Patrick Brown, 06-0624 

Site-specific Fertilizer Application in 
Orchards, Nurseries and Landscapes             
•Michael Delwiche, 06-0600

Fertilization Techniques for Conservation 
Tillage Production Systems in California         
•J Mitchell, 04-0808

Exploring Agrotechnical and Genetic 
Approaches to Increase the Efficiency of Zinc 
Recovery in Peach and Pistachio Orchards    
•R. Scott Johnson, Steven A. Weinbaum and
Robert H. Beede, 04-0770

Improving Water-Run Nitrogen Fertilizer 
Practices in Furrow and Border Check– 
Irrigated Field Crops •Stuart Pettygrove, 
04-0747

Fertility Management in Rice •Chris Van 
Kessel, 04-0704 

Detecting and Correcting Calcium Limitations 
•Timothy K. Hartz, 04-0701

Potassium Fertility Management for 
Optimum Tomato Yield and Fruit Color          
•Tim Hartz, 03-0661

Precision Fertigation in Orchards: 
Development of a Spatially Variable 
Microsprinkler System •Michael Delwiche  
et al., 03-0655 

Increasing Yield of the ‘Hass’ Avocado by 
Adding P and K to Properly Timed Soil N 
Applications •Carol J. Lovatt,  
03-0653

Improving the Procedure for Nutrient 
Sampling in Stone Fruit Trees •R. Scott 
Johnson, 03-0652 
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Reevaluating Tissue Analysis as a 
Management Tool for Lettuce and Cauliflower 
• Timothy K. Hartz, 03-0650

Soil-Solution Partitioning of Trace Elements 
in Cropland Soils of California: Estimating 
the Plant Uptake Factors of As, Cd, and Pb    
•Chang, 03-0088

Environmental Compliance and Best 
Management Practice Education for Fertilizer 
Distributors •Renee Pinel, 03-0005 

Evaluation of Polyacrylamide (Pam) 
for Reducing Sediment and Nutrient 
Concentration in Tailwater from Central 
Coast Vegetable Fields •Michael Cahn, 
02-0781

Practical Soil Test Methods for Predicting Net 
N Mineralization•William Horwath, 02-0653 

Determination of Nursery Crops Yields, 
Nutrient Content, and Water Use for 
Improvement of Water and Fertilizer Use 
Efficiency •Crum/Stark, 02-0651 

California Certified Crop Advisor •Evans, 02-
0331 

California State Fair Farm Upgrade Project 
•Michael Bradley, Joe Brengle, and Teresa
Winovitch, 01-0640

Evaluating the Impact of Nutrient 
Management on Groundwater Quality in 
the Presence of Deep Unsaturated Alluvial 
Sediment •Thomas Harter, 01-0584 

Crop Nitrate Availability and Nitrate 
Leaching under Micro-Irrigation for Different 
Fertigation Strategies •Blaine Hanson and 
Jan W. Hopmans, 01-0545 

Development of Lime Recommendations for 
California Soils • Miller, 01-0511 

Development of a Leaf Color Chart for 
California Rice •Randal Mutters, 01-0510 

Efficient Phosphorus Management in Coastal 
Vegetable Production •Timothy K. Hartz, 01-
0509 

Development of BMPs for Fertilizing Lawns 
to Optimize Plant Performance and Nitrogen 
Uptake While Reducing the Potential for 
Nitrate Leaching •Robert Green et al., 01-
0508  

Site-Specific Fertilizer Application in Cotton  
•Richard Plant, 01-0507

Effects of Cover Cropping and Conservation 
Tillage on Sediment and Nutrient Losses 
to Runoff in Conventional and Alternative 
Farming Systems •William R. Horwath  
et al., 01-0473 

Fertilization Technologies for Conservation 
Tillage Production Systems in California        
•Jeffrey Mitchell, 01-0123

Long Term Rice Straw Incorporation: Does It 
Impact Maximum Yield? •Chris Van Kessel & 
William Horwath, 00-0651 

Seasonal Patterns of Nutrient Uptake and 
Partitioning as a Function of Crop Load of the 
‘Hass’ Avocado •Rosencrance, 00-0621 

Field Evaluations and Refinement of New 
Nitrogen Management Guidelines for Upland 
Cotton: Plant Mapping, Soil and Plant Tissue 
Tests •Robert Hutmacher, 00-0604 

California Certified Crop Advisor 
Management Project •Hank Giclas, 
00-0516

Improving the Diagnostic Capabilities for 
Detecting Molybdenum Deficiency in Alfalfa 
and Avoiding Toxic Concentrations for 
Animals •Meyer, 00-516 
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Ammonia Emission from Nitrogen Fertilizer 
Application •Charles Krauter, 00-0515 

Reducing Fertilizer Needs of Potato with New 
Varieties and New Clonal Strains of Existing 
Varieties •Ronald Voss, 00-0514 

Minimizing Nitrogen Runoff and Improving 
Use Efficiency in Containerized Woody 
Ornamentals through Management of Nitrate 
and Ammonium •Donald J. Merhaut, 00-
0509 

Location of Potassium-Fixing Soils in the San 
Joaquin Valley and a New, Practical Soil K 
Test Procedure •Stuart Pettygrove, 00-0508 

Effect of Different Rates of N and K on Drip-
Irrigated Beauregard Sweet Potatoes •Bill 
Weir, 00-0507 

Evaluation of Controlled-Release Fertilizers 
for Cool Season Vegetable Production in the 
Salinas Valley •Richard Smith, 00-0506 

Site-Specific Variable Rate Fertilizer 
Application in Rice and Sugar Beets              
•Plant, 00-0505

Precision Horticulture: Technology 
Development and Research and 
Management Applications •Patrick Brown, 
00-0497

From the Ground Up: A Step-By-Step Guide 
to Growing a School Garden •Jennifer 
Lombardi, 00-0072 

On-Farm Monitoring and Management 
Practice Tracking for Central Coast 
Watershed Working Groups •Kelly Huff,  
00-0071

Teach the Teachers: Garden-Based 
Education about Fertility and Fertilizers        
•Peggy S. McLaughlin, 00-0070

Pajaro Valley Nutrient Management 
Education & Outreach Project• Win,  
99-0764

Nitrogen Budgeting Workshops •Jim Tischer, 
99-0757

Evaluating and Demonstrating the 
Effectiveness of In-Field Nitrate Testing in 
Drip- and Sprinkler-Irrigated Vegetables        
•Marc Buchanan, 99-0756

The Role of Inorganic Chemical Fertilizers 
and Soil Amendments on Trace Element 
Contents of Cropland Soils in California        
•Chang, 99-0533

Air Quality and Fertilization Practices: 
Establishing a Calendar of Nitrogen Fertilizer 
Application Timing Practices for Major Crops 
in the San Joaquin Valley •King, 98-0471 

Demonstration of Pre-Sidedress Soil Nitrate 
Testing as a Nitrogen Management Tool       
•Timothy K. Hartz, 98-0513

Efficient Irrigation for Reduced Non-Point 
Source Pollution from Low Desert Vegetables 
•Charles Sanchez, Dawit Zerrihun, and
Khaled Bali, 98-0423

Effect of Cover Crop or Compost on 
Potassium Deficiency and Uptake, and 
on Yield and Quality in French Prunes    
•Rosencrance, 98-0422

Winter Cover Crops Before Late-Season 
Processing Tomatoes for Soil Quality and 
Production Benefits •Gene Miyao & Paul 
Robins, 97-0365 M99-11 

Nitrogen Mineralization Rate of Biosolids 
and Biosolids Compost •Tim Hartz, 97-0365 
M99-10 

Precision Agriculture in California: 
Developing Analytical Methods to Assess 
Underlying Cause and Effect within Field 
Yield Variability •Chris Van Kessel, 97-0365 
M99-08 

Development of an Educational Handbook 
on Fertigation for Grape Growers •Glenn T. 
McGourty, 97-0365 M99-07 
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Relationship between Fertilization and 
Pistachio Diseases •Themis J. Michailides, 
97-0365 M99-06

The Effect of Nutrient Deficiencies on Stone 
Fruit Production and Quality - Part II • Scott 
Johnson, 97-0365 M99-05 

Nitrogen Fertilization and Grain Protein 
Content in California Wheat •Lee Jackson, 
97-0365 M99-04

Development of Fertilization and Irrigation 
Practices for Commercial Nurseries
•Richard Evans, 97-0365 M99-03

Irrigation and Nutrient Management 
Conference and Trade Fair • Sonya Varea 
Hammond, 97-0365 M99-02 

Agricultural Baseline Monitoring and BMP 
Implementation: Steps Towards Meeting 
TMDL Compliance Deadlines within the 
Newport Bay/San Diego Creek Watershed    
•Laosheg Wu & John Kabashima, 97-0365
M99-01

Interaction of Nitrogen Fertility Practices 
and Cotton Aphid Population Dynamics in 
California Cotton •Larry Godfrey & Robert 
Hutmacher, 97-0365 M98-04 

Potassium Responses in California Rice 
Fields as Affected by Straw Management 
Practices •Chris Van Kessel, 97-0365  
M98 03 

Development and Demonstration of Nitrogen 
Best Management Practices for Sweet Corn 
in the Low Desert •Jose Aguiar, 97-0365 
M98-02 

Development of Nitrogen Best Management 
Practices for the “Hass” Avocado •Carol 
Lovatt, 97-0365 M98-01 

Nitrogen Budget in California Cotton 
Cropping Systems •William Rains, Robert 
Travis, and Robert Hutmacher,  
97-0365 M97-09

Uniformity of Chemigation in Micro-irrigated 
Permanent Crops •Larry Schwankl and Terry 
Prichard, 97-0365 M97-08B 

Development of Irrigation and Nitrogen 
Fertilization Programs on Tall Fescue to 
Facilitate Irrigation Water Savings and 
Fertilizer-Use Efficiency •Robert Green and 
Victor Gibeault, 97-0365 M97-07 

Development and Testing of Application 
Systems for Precision Variable Rate 
Fertilization •Ken Giles, 97-0365 M97-06A 

Site-Specific Farming Information Systems in 
a Tomato-Based Rotation in the Sacramento 
Valley •Stuart Pettygrove, 97-0365 M97-05 
2002 

Long-Term Nitrate Leaching Below the 
Root Zone in California Tree Fruit Orchards  
•Thomas Harter, 97-0365 M97-04

Soil Testing to Optimize Nitrogen 
Management for Processing Tomatoes 
•Jeffrey Mitchell, Don May, and Henry
Krusekopf, 97-0365 M97-03

Drip Irrigation and Fertigation Scheduling for 
Celery Production •Timothy K. Hartz,  
97-0365 M97-02

Agriculture and Fertilizer Education for K-12 
• Pamela Emery & Richard Engel, 97-0365

Integrating Agriculture and Fertilizer 
Education into California’s Science 
Framework Curriculum •Mark Linder & 
Pamela Emery, 97-0361 
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Water and Fertilizer Management for 
Garlic: Productivity, Nutrient and Water Use 
Efficiency and Postharvest Quality •Marita 
Cantwell, Ron Voss, and Blaine Hansen,  
97-0207

Improving the Fertilization Practices of 
Southeast Asians in Fresno and Tulare 
Counties •Richard Molinar and Manuel 
Jimenez, 96-0405 

Management of Nitrogen Fertilization in 
Sudangrass for Optimum Production, Forage 
Quality and Environmental Protection •Dan 
Putnam, 96-0400 

Fertilizer Use Efficiency and Influence 
of Rootstocks on Uptake and Nutrient 
Accumulation in Winegrapes •Larry 
Williams, 96-0399 

Survey of Changes in Irrigation Methods and 
Fertilizer Management Practices in California 
•John Letey, Jr., 96-0371

Development of a Nitrogen Fertilizer 
Recommendation Model to Improve N-Use 
Efficiency and Alleviate Nitrate Pollution 
to Groundwater from Almond Orchards         
•Patrick Brown, 96-0367

On-Farm Demonstration and Education to 
Improve Fertilizer Management •Danyal 
Kasapligil, Eric Overeem, and Dale Handley, 
96-0312

Nitrogen Management in Citrus under Low 
Volume Irrigation •Arpaia, 96-0280 

Evaluation of Pre-Sidedress Soil Nitrate 
Testing to Determine N Requirements of Cool 
Season Vegetables •Timothy Hartz, 95-
0583 

Development and Promotion of Nitrogen 
Quick Tests for Determining Nitrogen 
Fertilizer Needs of Vegetables •Kurt 
Schulbach and Richard Smith, 95-0582 

Guide to Nitrogen Quick-Tests for Vegetables 
with the ‘Cardy’ Nitrate Meter •Kurt 
Schulbach and Richard Smith, 95-0582b 

Western States Agricultural Laboratory 
Proficiency Testing Program •Janice Kotuby-
Amacher and Robert O Miller, 95-0568 

Avocado Growers Can Reduce Soil Nitrate 
Groundwater Pollution and Increase Yield and 
Profit •Carol Lovatt, 95-0525 

Determining Nitrogen Best Management 
Practices for Broccoli Production in the San 
Joaquin Valley •Michelle Lestrange, Jeffrey 
Mitchell, and Louise Jackson, 95-0520 

Effects of Irrigation Non-Uniformity on 
Nitrogen and Water Use Efficiencies in 
Shallow-Rooted Vegetable Cropping Systems 
•Blake Sanden, Jeffrey Mitchell, and
Laosheng Wu, 95-0519

Developing Site-Specific Farming Information 
for Cropping Systems in California •G. Stuart 
Pettygrove, et.al., 95-0518 

Relationship Between Nitrogen Fertilization 
and Bacterial Canker Disease in French Prune 
•Steven Southwick, Bruce Kirkpatrick, and
Becky Westerdahl, 95-0478

Best Management Practices (BMPs) 
for Nitrogen and Water Use in Irrigated 
Agriculture: A Video •Danyal Kasapligil, 
Charles Burt, and Klaas, 95-0463 

Practical Irrigation Management and 
Equipment Maintenance Workshops
•Danyal Kasapligil, Charles Burt, & Eric
Zilbert, 95-0419

Evaluation of Controlled Release Fertilizers 
and Fertigation in Strawberries and 
Vegetables •Warren Bendixen, 95-0418 

Diagnostic Tools for Efficient Nitrogen 
Management of Vegetables Produced in the 
Low Desert •Charles Sanchez, 95-0222 
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Using High Rates of Foliar Urea to Replace 
Soil-Applied Fertilizers in Early Maturing 
Peaches •R. Scott Johnson & Richard 
Rosecrance, 95-0214 

Education through Radio •Patrick 
Cavanaugh, 94-0517 

Effects of Four Levels of Applied Nitrogen 
on Three Fungal Diseases of Almond Trees  
•Beth Teviotdale, 94-0513

Use of Ion Exchange Resin Bags to Monitor 
Soil Nitrate in Tomato Cropping Systems         
•Robert Miller, 94-0512

Nutrient Recommendation Training in Urban 
Markets: A Video•Jenks, 94-0463b 

Best Management Practices for Tree Fruit 
and Nut Production: A Video •Doerge,  
94-0463

Effects of Various Phosphorus Placements on 
No-Till Barley Production •Michael J. Smith, 
94-0450

Nitrogen Management through Intensive On-
Farm Monitoring •Timothy K. Hartz,  
94-0362

Establishing Updated Guidelines for Cotton 
Nutrition •Bill Weir and Robert Travis,  
94-0193

Development of Nitrogen Fertilizer 
Recommendation Model for California 
Almond Orchards •Patrick Brown and Steven 
A. Weinbaum, 3-0613

Extending Information on Fertilizer Best 
Management Practices and Recent Research 
Findings for Crops in Tulare County •Carol 
Frate, 93-0570 

Western States Agricultural Laboratory Sample 
Exchange Program •Miller, 93-0568 

Nitrogen Efficiency in Drip-Irrigated Almonds   
•Robert J. Zasoski, 93-0551

Citrus Growers Can Reduce Nitrate Groundwater 
Pollution and Increase Profits by Using Foliar 
Urea Fertilization •Carol J. Lovatt, 93-0530 

Drip Irrigation and Nitrogen Fertigation 
Management for California Vegetable Growers: 
Videotape •Timothy Hartz, 93-Hartz 

Educating California’s Small and Ethnic Minority 
Farmers: Ways to Improve Fertilizer Use 
Efficiency through the Use of Best Management 
Practices (BMPs) •Ronald Voss, 1993 

Development of Diagnostic Measures of Tree 
Nitrogen Status to Optimize Nitrogen Fertilizer 
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	 INTRODUCTION 
	34th Annual FREP/WPH Nutrient Management Conference 
	Welcome to the 34th Annual Nutrient Management Conference, co-hosted by the Fertilizer Research and Education Program (FREP) and Western Plant Health (WPH). For over three decades, this conference has provided a premier leaders to share vital insights on irrigation and crop nutrition. Our audience brings together a diverse group of growers, agricultural consultants, researchers, advisors, and students. Since its inception in 1990, FREP has supported ciency. At this year’s conference, researchers and industr
	forum for FREP grant recipients to showcase their findings and for industry 
	-
	California’s agricultural sector by investing in research, field demonstrations, and outreach projects designed to optimize irrigation and fertilizer use effi
	-
	around the state will share the newest advancements and research findings in 

	ects funded by FREP. The program will also highlight two interactive panel discussions: one examining the recommendations from the Second Agricultural Expert Panel and their implications for Central Valley growers, and another addressing irrigation management challenges across varying cropping systems and irrigation systems common to the Sacramento, San Joaquin, and Imperial satellite-based estimates of evapotranspiration used in irrigation scheduling, best management practices for stone fruit nutrition, th
	Featured on the agenda are presentations highlighting findings from six proj
	-
	-
	Valleys. In addition, the conference offers presentations on the uncertainty of 
	-

	Overview of Funded Research 
	Since 1991, FREP has invested more than $32 million in over 280 projects dedicated to research, outreach, and demonstration related to nutrient and irrigation management. These projects tackle key management challenges and opportunities across various commodities throughout California (Figure 1). 
	Figure
	Figure
	Figure 1. Distribution of commodities (left) and research areas (right) represented in FREP-funded projects. 
	At present, FREP provides funding for 24 innovative projects designed to enhance irrigation and nutrient management practices in California agriculture. These projects enhance our understanding of grower decision-making, provide valuable technical training, and contribute to a deeper knowledge of nutrient and irrigation management in California crops. The Crop Fertil-ization Guidelines online portal () serves as a vital tool generated in part by FREP-supported research. The recommendations agricultural comm
	-
	cdfa.ca.gov/go/FREPguide
	cdfa.ca.gov/go/FREPguide
	cdfa.ca.gov/go/FREPguide


	offer valuable information on fertilization for the most prevalent irrigated 

	To explore current and completed FREP-funded projects, visit: 
	KWWSVZZZFGIDFDJRYLVIIOGUVIUHS5HVHDUFKKWPO
	KWWSVZZZFGIDFDJRYLVIIOGUVIUHS5HVHDUFKKWPO

	 
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	Introduction 
	The Irrigated Lands Program (ILP) mandates that producers of irrigated crops minimize or eliminate excessive nitrate movement beyond the root zone where it can pose a risk to drinking water sources. While extensive amounts of information have been published on how to accomplish this, many growers and crop advisors lack access to easy-to-digest information goal of this project is to produce two video series in English and Spanish: 30-minute segments useful for Continuing Education (CE) requirements and succi
	and how-to guides for their specific crop needs in an online video format. The 
	-
	fication Program. For maintaining their certification, growers must complete 
	courses are typically in-person meetings, which are always difficult for busy 
	can fulfill their CE requirements. This project includes seven 30-minute vid
	-
	Education course page for self-certified growers to access and earn CEUs for maintaining their INMP certification. The videos will also supplement the new Certified Crop Adviser (CCA) online training and facilitate CCAs in obtaining 

	Objectives 
	1
	1
	1
	Compile irrigation and nitrogen management information on seven major acreage crops in the Central Valley and Central Coast. 
	 


	2
	2
	Develop and produce seven, 5-minute videos in both English and Spanish for the “Crop Nutrient Minute” video series. 
	 


	3
	3
	Develop and produce seven 30-minute videos in both English and Spanish that expand on “Crop Nutrient Minute” video content for Continuing Education uses. 
	 
	-


	4
	4
	Post “Crop Nutrient Minute” videos online and conduct outreach. 
	 


	5
	5
	Apply for CEU credit for “INMP Continuing Education” and CCA trainings, 
	 
	post videos online, fulfill sponsor requirements and conduct outreach. 



	Description 
	Video content is being developed by the Project Leaders, University of California Cooperative Extension (UCCE) specialists and University of California (UC) personnel in each of seven crop categories. The foundational information for the videos is the 4R principles (Right time, Right place, Right amount, and Right product) developed by FREP and the UC for California crops. Video content also includes information on soil health, nitrogen propractices, as well as tips gained from crop advisors, UCCE specialis
	-
	-
	-
	cesses in the soil, leaf sampling, crop nutrient tracking and efficient irrigation 
	personnel who work with the crops featured in a specific video. Scripts for 
	-
	lines and findings from past FREP-funded research. The videos are modeled off a FREP-funded 4R video produced for walnuts. Each draft script is re
	-
	are approved by the review committee, videos are filmed using CURES, UC and PCA/CCAs with crop-specific footage recorded in the field. Animation and 

	Figure
	Figure 1. 30-minute and 5-minute videos for 8 crops on the CURES Nitrogen Management webpage. 
	Videos are recorded and produced in English and Spanish, using English- and crop. 
	Spanish-speaking farm advisors and PCAs/CCAs specializing in a specific 

	After the 30-minute videos are produced and approved by the review comNutrient Minute” series. Both sets of videos can be viewed on the CURES Nitrogen Management webpage (, see Fig 1 above) or streamed from the CURES Crop Nutrient Minute 4Rs Series YouTube video playlist: implement the 4Rs. They are designed to be quick and easily accessible 
	-
	mittee, CURES staff condenses the content to create the 5-minute “Crop 
	-
	www.curesworks.org/nitrogen-management/
	www.curesworks.org/nitrogen-management/
	www.curesworks.org/nitrogen-management/


	www.youtube.com/playlist?list=PLx4qPv3N7x-
	www.youtube.com/playlist?list=PLx4qPv3N7x-
	www.youtube.com/playlist?list=PLx4qPv3N7x-

	ZqF_nqqbw5jXWCi8LYsWMRE
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	. The succinct 5-minute videos focus briefly on the fundamentals and cover crop-specific tips and techniques to properly 
	references for crop information while in the field. 

	Outreach is being conducted to growers, crop advisors, commodity groups, water quality coalitions, and other agricultural education entities to notify them of the series. In addition to CURES presentations and workshops, the CCA trainings, UC agronomy classes, commodity group outreach, and other 2). 
	crop-specific videos are available to show during Coalition member meetings, 
	events targeting growers and crop advisors that focus on a specific crop. Flyers are distributed at crop field days, conferences and events (see Figure 

	Figure
	Figure 2. Flyer advertising the Crop Nutrient Minute video series and opportunity to earn free CE credits 
	the CURES website and linked to CFDA’s Continuing Education (CE) webpage () as part of the Self-Study Video Course List. The CE courses enable participants in the Irrigation and Nitrogen Management Training Program to watch, learn and earn their required credits to remain eligible for self-certifying INMP Worksheets. CDFA, crop industry organizations and water quality coalitions are encouraged to send out email blasts, postcards and/or blog posts informing growers and crop advisors of the online courses. Qu
	Once approved to offer CEUs, the finished 30-minute videos are posted on 
	www.cdfa.ca.gov/is/ffldrs/frep/continuing_education.html
	www.cdfa.ca.gov/is/ffldrs/frep/continuing_education.html
	www.cdfa.ca.gov/is/ffldrs/frep/continuing_education.html


	-
	-
	-
	-
	cally graded, results recorded, and Certificates of Completion sent to growers 

	Results and Discussion 
	Project success is being measured through view counts and audience engagement. The total number of video views are tracked quarterly. These videos allow more growers to complete their CEUs, which are tracked and project success will be measured by measurable reductions of nitrate in Central Valley and Central Coast groundwater over the next few decades. There minimize groundwater leaching. If nitrate levels decrease over the next few to the overall success. 
	-
	recorded through the INMP Self-Certification Program. In the long-term, 
	-
	are many programs and educational efforts being made across the state to 
	decades, it would mean this project and the many other efforts contributed 

	Conclusion 
	The research-based information delivered to growers and crop advisors by this project supports the reduction of agricultural contributions of nitrate to groundwater in the Central Valley and Central Coast. The management practice recommendations will be vital to the approximately 25,000 land-owners/operators in the Central Valley and 2,000 on the Central Coast who practices for reducing salt and nitrate discharges to ground and surface wainformation will advance the knowledge of proper nitrogen stewardship 
	are affected by requirements to improve nitrogen and irrigation application 
	-
	ter. Giving growers access to an easily accessible, more efficient source of 

	tion on efficient nitrogen fertilizer applications and the practices that can Certified Crop Advisors, agronomists and farm advisors who have crop-specific tips, techniques or other knowledge gained through their work in the field. 
	Furthermore, this project serves as a conduit to transfer the latest informa
	-
	minimize or prevent movement of nitrate to groundwater developed by FREP, UCCE and UC. Some new information is likely to come from interviews with 
	-

	Much knowledge has already been developed through UC, UCCE and FREP ect provides another option for communicating this information using media that is popular with an increasing number of growers and crop advisors. 
	projects to improve nitrogen efficiency and needs to be disseminated to growers and crop advisors who would benefit from the information. This proj
	-
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	Introduction 
	Sudan grass is an important forage crop in California’s low desert production systems, particularly in Imperial Valley. Because the crop grows rapidly under hot desert conditions, growers often apply large amounts of irrigation water and nitrogen fertilizer to maximize yield. However, excessive inputs ecosystem and the quality and safety of the forage crop. Findings presented 
	-
	can reduce water use efficiency (WUE), nitrogen use efficiency (NUE), in
	-
	crease production costs, and contribute to nitrate losses that may affect the 
	here are based on the first two harvests of the 2026 season. 

	Objectives 
	1
	1
	1
	Determine the optimum level of N and methods of fertilizer delivery for luxury or steady-state nutrient consumption of sudan grass with optimum hay biomass and quality. 
	 
	-


	2
	2
	Assess hay yield and economic benefits of the N fertilization practices with efficient use of fertilizer N or crop biomass per lbs of N applied 
	 
	(NUE). 


	3
	3
	Assess N leaching from sudan grass fields as affected by irrigation types 
	 
	and fertilizer delivery systems available in crop root zone for uptake. 


	4
	4
	Develop a robust extension program and effectively communicate to growers, agricultural scientific community and interested groups on best 
	 
	irrigation and N management for environmental protection, crop quality, yield, and economic considerations. 



	Description 
	Experimental Overview 
	The study evaluated three irrigation levels (80%, 100%, and 120% evapo-transpiration replacement) and three nitrogen fertilizer programs (50 lb N/ac, 80 lb N/ac, and 50 lb N/ac applied in split applications) using a split-plot defull irrigation (3,500 gallons), and excess irrigation (4,000 gallons) applied per irrigation, respectively. All plots received 100 lb N/ac as a pre-plant application to ensure uniform establishment. Crop performance was evaluated measurements, nitrate recovery, tail water nitrate, 
	-
	sign with four replications. The 3 irrigation levels are deficit (3,000 gallons), 
	-
	through biomass production, Normalized Difference Vegetation Index (NDVI) 
	efficiency indicators. 

	Results and Discussion 
	Biomass Response to Irrigation and Nitrogen 
	Irrigation effects 
	Irrigation was the primary factor affecting biomass production throughout the study. The first harvest reflected crop response primarily to irrigation the first harvest, biomass increased substantially when irrigation increased 120% ET treatments, demonstrating that severe water deficits reduced productivity.  Biomass production increased significantly as irrigation increased approximately 33% greater than under deficit irrigation. However, increasing benefit. Biomass under 120% ET was only 3.6% greater tha
	because all plots had only received the pre-plant fertilizer application. During 
	from 80% to 100% ET, while additional irrigation to 120% ET provided only a small yield increase. The highest yields were observed under the 100% and 
	-
	from 80% to 100% ET (Table 1). Yield under full irrigation (100% ET) was 
	irrigation beyond full crop requirements provided only a small additional yield 
	ET, demonstrating diminishing returns from excess irrigation. 

	The second harvest confirmed this trend. Biomass increased from 15.6 t/ plication. Biomass increased with irrigation, but differences among nitrogen treatments were not significant. These results suggest that irrigation was the primary factor influencing biomass production. Applying 80 lb N/ac did not significantly improve yield when compared with the 50 lb N/ac treatments, indicating opportunities to improve nitrogen-use efficiency through reduced 
	ac at 80% ET to 18.4 and 19.9 t/ac under 100% and 120% ET, respectively. Although maximum yield occurred at 120% ET, the gain beyond full irrigation was relatively small, indicating diminishing returns from additional water ap
	-
	fertilizer inputs (Table 3). 

	Figure
	Nitrogen Effects 
	duction. Similar yields were obtained from the 50 lb N/ac and 80 lb N/ac These results suggest that Sudan grass can maintain productivity under moderate nitrogen inputs and that higher fertilizer rates may not be econom
	Unlike irrigation, nitrogen fertilizer rate had little effect on biomass pro
	-
	treatments, and no significant irrigation × nitrogen interaction was observed. 
	-
	ically justified. 

	Crop Growth Monitoring Using NDVI 
	ences in crop growth among irrigation treatments (Figure 1). NDVI increased from 0.629 under 80% ET to approximately 0.74 under both 100% and 120% ET treatments, indicating improved canopy vigor and crop development as water availability increased. 
	Normalized Difference Vegetation Index (NDVI) effectively reflected differ
	-
	-

	A moderate positive relationship (r = 0.554) was observed between NDVI and biomass production, suggesting that NDVI may serve as a useful, non-destructive indicator of forage yield. Nitrogen treatments had minimal nant driver of crop growth in this study. 
	influence on NDVI, reinforcing the conclusion that irrigation was the domi
	-

	Figure
	Nitrogen Recovery, erodibility, and Environmental Implications 
	One of the major objectives of the project is to reduce nitrogen losses from -N within soil depths of 0-1, 1-2, 2-3, and 3-4 ft depth. The 80% ET treatment reppm), while nitrate recovery declined under 100% and 120% ET treatments, suggesting that NO-N, under the latter 2 treatments may have moved zone). Excess irrigation may therefore increase the risk of nitrate leaching and groundwater contamination. Because nitrogen rates (within the tested more important factor in controlling nitrogen losses under these
	production fields while maintaining profitable yields. Analysis of nitrate re
	-
	covery within the soil profile revealed significant differences among irrigation treatments (Table 2). There were no significant differences in NO
	3
	-
	tained the highest overall nitrate concentration within the sampled profile (22 
	3
	down (leached) beyond 4 ft of the soil profile (profile beyond the sampled 
	rates) have limited effects on yield, irrigation management appears to be a 

	Figure
	zone while reducing environmental risks. While irrigation has moved fertilizirrigation levels (Table 2) and the number of added fertilizers. All irrigation treatments moved NO through irrigation water to the tail water. 
	Efficient irrigation scheduling can help retain nutrients within the crop root 
	-
	ers added to tail water (erode), there was no significant difference between 
	3 

	Soil pH Response 
	Soil pH remained relatively stable and alkaline across all treatments and remained within an alkaline range (Table 2) typical of Imperial Valley soils.  Soil pH remained relatively stable across treatments, ranging from about agronomic importance was minimal, indicating that irrigation management ity or nutrient availability under the conditions of this study. 
	8.0 to 8.1. Although differences were statistically significant, their practical 
	had little effect on soil chemical conditions during the study period. The slight decline in pH with increasing irrigation is unlikely to influence crop productiv
	-

	Water and Nitrogen Use Efficiency: 
	Water Use Efficiency (WUE) 
	Using second-harvest biomass because irrigation effects were statistically significant and irrigation amounts were defined as 3,000, 3,500, and 4,000 
	gallons per irrigation events, for 80, 100, and 120 ET, respectively: 

	WUE was highest at 100% ET (5.26 t/ac per 1,000 gallons of water), slightly greater than 80% ET (5.20), and higher than 120% ET (4.98). Although 120% ET produced the highest biomass yield, the additional water applied generated only a small increase in production (Table 3). As a result, irrigation 
	beyond full crop requirements reduced water-use efficiency. 

	Figure
	Nitrogen Use Efficiency (NUE) 
	NUE was greatest under the 50 lb N/ac treatment (0.387 t biomass/lb N) and the 50 lb N/ac split application (0.362 t biomass/lb N). The conventional 80 lb N/ac treatment had the lowest NUE (0.206 t biomass/lb N) (Table 3). These results indicate that applying additional nitrogen above 50 lb N/ac did ciency rather than maximum input use. Irrigation near 100% ET and moderate nitrogen rates produced strong yields while maximizing resource-use 
	not increase biomass sufficiently to justify the extra fertilizer input. Together, these findings support an irrigated production system that emphasizes effi
	-
	-
	efficiency. 

	Reduced Risk of Forage Rejection 
	Excess nitrogen fertilization can increase nitrate accumulation in Sudan grass tissue (Bachie, et al, 2025). High nitrate forage may be rejected by buyers or discounted in the marketplace because of livestock health concerns. Maintaining consistent forage quality is often as important economically as maximizing yield. 
	-
	-

	Economic and Environmental Significance 
	Since lower nitrogen rates produced yields comparable to the conventional fertilizer program, growers may be able to reduce fertilizer costs without ET irrigation may not justify the additional water, labor, and pumping costs associated with over-irrigation. Irrigation near 100% ET is therefore likely to provide the most favorable balance between productivity and input costs.  
	The results suggest substantial opportunities to improve farm profitability. 
	affecting production. Similarly, the small yield increase obtained from 120% 
	Environmental benefits are equally important. 

	zone, protects groundwater quality, and conserves scarce water resources. losses and nitrate accumulation in forage while supporting more sustainable programs that promote ET-based irrigation scheduling, soil moisture monitoring, moderate nitrogen applications, and routine evaluation of WUE and NUE. stewardship across the low-desert agricultural region. 
	Efficient irrigation reduces the potential for nitrate movement below the root 
	Improved nitrogen-use efficiency also reduces the likelihood of fertilizer 
	production practices. Our findings further support policies and management 
	-
	Such practices can help improve both farm profitability and environmental 

	Conclusions 
	Results from the first two harvests indicate that irrigation management has a greater influence on Sudan grass productivity than nitrogen fertilization modest gains. Similarly, nitrogen rates above 50 lb N/ac did not significantly 
	rate. Biomass production increased markedly between 80% and 100% ET, while additional irrigation beyond full crop water requirements produced only 
	increase biomass production. 

	The highest WUE occurred at 100% ET, while the highest NUE occurred at 50 ise as a practical crop monitoring tool. Soil nitrate data indicate that excessive irrigation may increase the risk of nitrate movement beyond the crop strategy for sustaining Sudan grass productivity, improving resource-use low-desert production systems. Additional harvests and forage-quality data 
	lb N/ac. NDVI successfully reflected treatment differences and showed prom
	-
	-
	root zone and across the fields. Current evidence supports irrigation near 100% ET combined with moderate nitrogen applications as the most effective 
	efficiency, enhancing economic returns, and reducing environmental risk in 
	will be incorporated into final recommendations as the project continues. 
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	Introduction 
	California’s $7.68 billion vegetable crop industry is dependent on the use of duce high-quality transplants, nutrients are supplied as water soluble fertilizer through irrigation systems. Fertilizer is a low-cost input for vegetable transplant production, allowing growers to over-apply nutrients without large decreased root growth, or disease susceptibility in vegetable transplants. In addition, excessive fertilizer application can have negative environmental impacts. 
	vegetable transplants for efficient plant establishment (CDFA 2021). To pro
	-
	-
	financial losses. Over-application of nutrients can cause poor shoot growth, 

	Currently, nitrogen (N) fertilizer application recommendations for vegetable transplant production are extremely broad (ex. 60-600 ppm N), and they do produced in California. For example, extension publications have general recommendations, such as providing “more” N for solanaceous crops, and vegetable transplant crops produced in California to provide clear nutrient application recommendations. 
	not have specific guidelines for the diverse range of vegetable transplants 
	“less” for cucurbit crops. Therefore, we evaluated N uptake of the top five 

	Objectives 
	1
	1
	1
	Determine nitrogen requirements for the top five California vegetable 
	 
	transplant crops. 


	2
	2
	Convey results from this research to transplant growers through publications and presentations. 
	 
	-



	Description 
	We applied 50, 200, and 400 ppm N to 5 vegetable transplant crops: broccoli, celery, leaf lettuce, processing tomato, and romaine lettuce. We ran the trial twice for each crop, collecting data on canopy cover, evapotranspiration, dry mass, and percent nutrient content. Originally, we intended to use transpiration and percent nutrient content to calculate a recommended fertilizer concentration.  
	-
	-

	method. Instead, our conclusions focus on the 3 N concentration treatments and their impact on vegetable transplant growth. 
	However, due to technical difficulties with lysimeters, this was not a reliable 

	We shared the results through the UC Nursery and Floriculture Alliance newsletter, and we will continue to share the results through other Cooperative Extension outlets and events. The results of this study could potentially minimize nitrogen use in vegetable transplant nurseries. This could have a positive impact on water quality and minimize input costs for vegetable transplant nurseries. We will conduct follow-up conversations with vegetable transplant nurseries to determine if they decreased their ferti
	-

	Results and Discussion 
	The 200 and 400 ppm treatments had similar dry weights in Trials 1 and 2 compared to the 200 and 400 ppm treatments in Trials 1 and 2 for broccoli in Trial 2 romaine lettuce, Trial 2 processing tomato, and Trials 1 and 2 leaf lettuce. Based on this data, the recommended fertilizer application rate for all crops except leaf lettuce is 200 ppm N. 
	for all 5 crops. Dry weights were significantly lower in the 50-ppm treatment, 
	and celery. We found no difference in dry weights between any treatments 

	dry shoot biomass was maximized at 350 (Tremblay and Senecal, 1988) or 400 ppm N (Masson et al., 1991a; Masson et al., 1991b). For processing tomato transplant production, our results are within the range reported by other researchers (Garton and Widders, 1990; Liptay and Nicholls, 1993; Masson et al., 1991a; Masson et al., 1991b; Melton and Dufault, 1991; Vavrina et al., 1998; Weston and Zandstra, 1989). For celery production, celery transplant dry shoot biomass was maximized at 350 (Tremblay and Senecal, 
	Our results differ from previous research that found that broccoli transplant 
	our recommended 200 ppm N differs from previous research that found that 
	For leaf lettuce, previous research finds that N concentrations up to 1,000 ppm benefit dry weight in lettuce transplants (Vetrano et al. 2020). There 
	have reported nutrient concentrations of romaine lettuce specifically. 

	Overall, our recommendation of 200 ppm N for vegetable transplants is lower than the recommended rates provided from previous research. This could be few treatments compared to other studies. That said, our results indicate vegetable transplant development. 
	due to the large differences between each fertilizer treatment and relatively 
	that the overall benefit of applying >200 ppm N has little to no benefit in 

	Table 1. Mean values for vegetable transplant crop experiments for trials 1 and 2. Different letters within the same column and for individual crops indicate significant differences (p<0.05) in the mean values of different fertilizer treatments. 
	-

	Figure
	Conclusions 
	do not benefit from additional fertilizer. Applying N at a concentration of 400 ppm would decrease fertilizer use efficiency, create higher input costs, and encourage nutrient runoff for little to no benefit in transplant growth. 
	Based on the data collected, fertigating vegetable transplants with 200 ppm N optimizes root, shoot, and leaf growth. Vegetable transplant growth rates 
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	Introduction 
	The Agricultural Order 4.0 regulation in the Central Coast region allows for compost and other organic amendments to be included in nutrient management plans, with a discount factor for nitrogen (N) depending on the expected timing of N mineralization. Increased use of organic inputs makes ing in the ways in which the amount, type, and timing of compost application loss. While, on average nitrate (NO) leaching is reduced in systems using organic inputs, the variability in N loading is high, highlighting the
	-
	paramount the need for site specific recommendations to reduce unintended externalities, such as N loss to groundwater. Scientific confidence is still lack
	-
	interact with soil properties to improve N use efficiency (NUE) and reduce N 
	1
	3 
	-
	1
	use in an organic vegetable rotation led to >100 kg N/ha/yr that was either 
	2
	3
	3 
	-
	4

	This project proposes to understand how compost application at varying organic N retention and loss dynamics in agricultural landscapes within California’s Central Coast. 
	rates interacts with soil edaphic properties to influence both inorganic and 
	-

	Objectives 
	This project addresses how compost can be managed to support productivity while protecting water quality. We will leverage a long-term experiment and 
	sampling from 28 farms in prior related projects. Our specific objectives are: 

	1
	1
	1
	Conduct a greenhouse experiment to understand how increasing rates of and organic N). 
	 
	compost application influence leaching of different N species (inorganic 


	2
	2
	Generate and analyze data on N availability, losses and retention across a diversity of farms to inform model development. 
	 


	3
	3
	Calibrate and validate a crop-ecosystem model, Ecosys, for lettuce production in the Central Coast of California. 
	 
	-


	4
	4
	Develop and test scenarios of compost application rates and timing across contrasting soil types to quantify N dynamics and losses to develop guidance on how to apply compost to support both productivity and N losses. 
	 
	-


	5
	5
	Conduct outreach to vegetable growers across the study region (Santa Cruz, San Benito, and Monterey counties), as well as to the Central Coast Water Quality Control Board, and professional agricultural extension and support.  
	 



	Description 
	We have now completed the greenhouse column experiments testing the (<20% sand) (Obj. 1), analyzed ammonium (NH), nitrate ( NO), and plant, mid-season, and harvest (1120 samples total) (Obj. 2), determined soil texture and carbon (C) and N in minerally associated organic matter term site and subsequently analyzed total C, N, texture, pH, and CEC. This helped shed light on whether N surpluses documented in Brennan’s work leveraged to calibrate the Ecosys model (Obj. 3 & 4). Further, we executed ment data fro
	effect of increasing compost additions on leaching of DON and inorganic N from contrasting soil types, a sandy loam (>40% sand) and a clay loam 
	4 
	+
	3 
	-
	DON from 28 fields across the Central Coast across three time points, trans
	-
	(MAOM) across the 28 field sites, and conducted deep coring from the long 
	were leached or stored deeper in the soil profile and these data are being 
	surveys with the farmers managing the 28 field sites to collect manage
	-

	farmer outreach and public workshop events, as well as the FREP Conference in 2025 (Obj. 5). 
	Finally, during the grant we have presented our preliminary findings at many 

	Figure
	Results and Discussion 
	Results from the column experiments suggest that, when management is soils (p<0.001) with about six-fold more DON being lost from the sandy loam soil (Figure 1). Overall, DON accounted for 21% of total N leached in the colcompost application rate and DON leaching. 
	kept the same across soil types, pathways of N loss differ between soil tex
	-
	tures. Sandier soil leached significantly more DON compared to higher clay 
	-
	umn experiments (Figure 2). There was no significant relationship between 

	To understand DON production and downward mobility and characterize DON across 60 cm from transplant to harvest to understand how much DON was depth interval of 30 cm – 60 cm from transplant to harvest to understand if DON was moving toward groundwater (Figure 2 B2). DON accumulated across 60 cm depth and accounted for 26% of total soil change across the total N depletion losses (Figure 2 B2).  
	leaching risk across 28 lettuce fields, we used two complementary metrics.  We assessed total DON accumulation using the change in DON (∆DON) 
	in the system (Figure 2 B1). We then assessed the ∆DON across the deeper 
	entire profile (Figure 2 B1). Further, ∆DON decreased from transplant to harvest across the deeper soil profile (30 – 60 cm) and accounted for 26% of 

	Figure
	Figure 2. Illustrates nitrogen form distribution across both the column experiment and 
	-
	field sites 

	Figure
	Figure 3. Hierarchical variance partitioning analysis for both DON leaching risk metrics, -tion/deep-depletion) shown in green and agement practices. 
	with beneficial effects (reduced accumula
	detrimental effects in red for specific man
	-

	These results confirm significant DON leaching, consistent with van Kessel et 
	al. (2009), who found DON accounted for 26% of leaching losses. 

	Interestingly, across the 28 fields spanning a texture gradient, no effect of texture was found on both metrics of ∆DON, however, management practices were significant in explaining the variation in ∆DON. According to hierarcumulation, respectively, with management significantly explaining variance (p=0.045) in ∆DON across the 60 cm at significance level of α=0.1 and the 
	-
	-
	chical variance partitioning we found that management explains 2x and 32x more variation than texture for deep Soil DON depletion and total DON ac
	-
	30 – 60 cm depths (p=0.069). 

	Among the management practices surveyed, two emerged as the primary predictors of variation for both total DON accumulation and deep soil DON depletion: crop diversity (p = 0.010 and 0.038, respectively) and N application rates (p = 0.039 and 0.009, respectively), with cover cropping showing 0.057), indicating that greater MAOM-N is associated with reduced total DON accumulation and deep soil DON depletion.  
	-
	a marginal directional effect (p = 0.161 and 0.164, respectively) (Figure 3). Tillage intensity and frequency did not have a significant effect on ∆DON. Further, MAOM-N emerged as the second strongest predictor (α=0.1) af
	-
	ter management, with significant effects on both metrics (p = 0.053 and 

	revealing an important potential indirect pathway: cover cropping both directly reduces DON leaching risks and enhances the MAOM-N pool, which itself reduces leaching risks. This will be further explored using a structure equation model to elucidate causal relationships between management and texture and DON loss. 
	Finally, cover cropping significantly increased the MAOM-N pool (p = 0.005), 
	-

	plexity of the model. Running through one of the long-term trial treatments, we were getting unreasonably high N leaching outputs. However, we have isolated some issues with the weather data from the CIMIS stations near the long-term trial which could have resulted in the unexpected outputs. We are continuing to calibrate the model for all 5 treatments at the long-term trial to understand how management impacts N species cycling and losses over the long term. 
	Calibration of the Ecosys model has been difficult to achieve given the com
	-

	Accomplishments 
	and will continue with the modeling through the end of the year. We are drafting a manuscript for submission to Agronomy Journal on the column and 
	We have finished all objectives except for analysis of the modeling results 
	field results which should be submitted by December. 
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	Introduction 
	while reducing environmental impacts, particularly in light of water quality regulations and water conservation demands in California’s low desert. Little Gem lettuce, with its compact growth habit, is well suited to drip-irrigated production; however, information on its irrigation and N requirements under desert conditions is limited. Previous studies have demonstrated the potential of CropManage (CM) to improve irrigation and N management for other desert lettuce types, but its recommendations need to be 
	Effective irrigation and N management are crucial to maximizing lettuce yield 
	-
	Gem production. This study evaluated Little Gem lettuce under different 
	-
	fit. The goal was to develop practical information for improving water and N 

	Objectives 
	Provide data and information on crop water use and crop N uptake in desert lettuce. 
	1
	1
	1
	Develop recommendations on best N and water management practices in desert lettuce. 
	 


	2
	2
	Adapt the CM decision support tool for water and N management in desert lettuce. 
	 
	-



	Description 
	sion Center in Holtville, CA, on sandy clay loam soil. Little Gem lettuce was planted on November 13, 2025, with eight rows grown on 80-in-wide beds and irrigated throughout the season using three subsurface drip tapes per bed. The study evaluated three N treatments (N1, N2, and N3), representing 80%, 100%, and 150% of CM-N recommendations, respectively, under two irrigation treatments: I1, representing 100% of CM-recommended irrigation, and I2, representing 150% of the CM-recommended irrigation. Irrigation
	The field experiment was conducted at the UC Desert Research and Exten
	-

	Crop canopy development was monitored weekly using NDVI imaging. Soil nitrate was monitored through laboratory analysis and soil nitrate quick tests were conducted approximately every 10 days, with results incorporated into CM for in-season N management. Soil matric potential was monitored at depths of 6, 12, 18, and 24 inches using Watermark sensors, and applied 
	irrigation water was measured using Seametrics flowmeters. 

	At crop maturity, biomass yield and plant N uptake were determined for each subplot. Biomass yield was estimated using 15 randomly selected heads and dried at 60°C to constant weight, ground to 1 mm, and analyzed for total N by dry combustion to determine plant N uptake. Biomass yield and N uptake were analyzed using the GLIMMIX procedure in SAS 9.4, accounting for the 0.05. 
	final plant population. Six additional plants per subplot were composited, 
	split-plot experimental design. Effects were considered significant at p < 

	Figure
	Figure 1. Little Gem lettuce field trial at the UC Desert Research and Extension Center flowmeters connected to a datalogger, with measurements automatically recorded and 
	during the 2025–26 growing season. Applied irrigation water was measured using magnetic 
	integrated into the CM platform for irrigation monitoring and management. 

	Results and Discussion 
	treatments (Fig. 2a). Under CM-recommended irrigation (I1), biomass increased from 22.6 t/ac at N1 to 28.8 t/ac at N2, a 28% increase, but declined to 19.8 t/ac at N3. Thus, I1N2, representing 100% of both CM-recommended irrigation and N, produced the highest numerical biomass yield. Under I2 (150% of I1), biomass increased from 23.5 t/ac at N1 to 26.0 t/ Table 1). 
	Mean biomass yield ranged from 19.8 to 28.8 t/ac across irrigation × N 
	-
	ac at N2 and 27.4 t/ac at N3. Despite these numerical differences, biomass was not significantly affected by irrigation (p = 0.363) or N treatment (p = 0.089), and the irrigation × N interaction was also not significant (p = 0.060; 

	Nitrogen uptake showed a stronger response to N management, ranging from 98.1 to 164.4 lb N/ac (Fig. 2b). Under I1, N uptake increased from 98.1 lb/ac at N1 to 164.4 lb/ac at N2, a 68% increase, but declined to 104.3 lb/ ac at N3. Under I2, N uptake was 100.5, 119.6, and 102.1 lb/ac at N1, N2, 
	and N3, respectively. N treatment significantly affected crop N uptake (p = 0.0014), whereas irrigation had no significant effect (p = 0.208). The irriga
	-
	tion × N interaction was not significant (p = 0.058; Table 1). 

	Considering biomass and N uptake together, the CM-recommended combination (I1N2) produced the highest numerical biomass yield (28.8 t/ac) and N uptake (164.4 lb N/ac) (Fig. 2). Increasing N from the CM recommendation (N2) to 150% of the recommendation (N3) under I1 did not provide an addirespectively. Similarly, increasing irrigation to 150% of the CM-recommended 1). These results indicate that additional irrigation or N beyond CM recommendations provided no demonstrated improvement in crop performance unde
	-
	-
	tional benefit; biomass and N uptake were numerically 31% and 37% lower, 
	amount (I2) did not significantly increase either biomass or N uptake (Table 
	-

	Figure
	uptake of Little Gem lettuce during the 2025–26 growing season. Bars represent means ± SE (n = 4), and points represent individual replicates. I1 and I2 denote irrigation treatments, and N1–N3 denote nitrogen treatments. 
	Figure 2. Effects of irrigation and nitrogen treatments on (a) biomass yield and (b) nitrogen 
	-

	grown under drip irrigation in the low desert (Montazar, 2024; Montazar et al., 2025), where increasing irrigation or N inputs beyond CM recommendations did not result in corresponding improvements in crop productivity or N use. The consistency of these responses across lettuce types and studies provides further evidence that CM recommendations can provide adequate irrigation and N to support high crop performance while avoiding unnecessary provide further support for CM as a practical decision-support tool
	These findings are consistent with our previous studies of other lettuce types 
	-
	-
	inputs. Although the irrigation × N interactions for biomass (p = 0.060) and N uptake (p = 0.058) were close to the conventional significance threshold, they were not statistically significant (Table 1); therefore, the treatment-spe
	-
	cific numerical patterns should be interpreted cautiously. Overall, the results 
	-

	Table 1. Split-plot analysis of variance for biomass yield and N uptake of Little Gem lettuce. 
	Note: Effects were considered significant at p < 0.05. Irrigation was the main-plot factor and nitrogen was the subplot factor in the split-plot randomized complete block design. 
	Conclusions 
	The results provide further support for CM-based irrigation and N management for Little Gem lettuce. The CM-recommended treatment (I1N2) produced the highest numerical biomass yield (28.8 t/ac) and N uptake (164.4 lb N/ac). Increasing N above the CM recommendation did not improve crop performance and, under CM-recommended irrigation, resulted in numerically response. Overall, CM recommendations supported high crop productivity tion. 
	-
	-
	lower biomass and N uptake. N treatment significantly affected crop N up
	-
	take but not biomass yield, while irrigation had no significant effect on either 
	and N uptake without evidence of benefit from additional irrigation or N in
	-
	puts, supporting efficient water and N management in desert lettuce produc
	-
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	Introduction 
	growers to reduce nitrogen (N) inputs and improve N use efficiency. A central ficing crop yield or quality. Doing so requires accounting for N already available in the production system and understanding how management affects 
	Increasingly stringent water quality regulations are putting pressure on 
	challenge is determining how much fertilizer N can be reduced without sacri
	-
	-
	whether that N is available to the crop. 

	ditions. Broccoli is a deep-rooted crop with a strong ability to scavenge N es, including residual soil N, N mineralized from crop residues and organic matter, and nitrate in irrigation water. However, the amount of N available tions and irrigation management. Better accounting for these sources could help growers determine when fertilizer N inputs can be reduced while maintaining yield. 
	The importance of these N sources differs among crops and production con
	-
	from the soil profile, and growers often apply less fertilizer N than the crop takes up (Smith et al., 2016). The difference can be supplied by other sourc
	-
	from these sources can vary among fields and may be affected by soil condi
	-
	-

	In this study, we evaluated the effects of fertilizer N rate and irrigation rate conventional and organic fields spanning a range of seasons, soil textures, 
	on broccoli yield, crop N uptake, and soil N dynamics in eight commercial 
	preplant soil N levels, and irrigation-water N inputs. 

	Objectives 
	The overall goal of this project was to provide guidance on when and by how much fertilizer N inputs can be safely reduced in broccoli by accounting for other sources of crop-available N and understanding the role of irrigation management in making those sources available to the crop. 
	Specifically, we aimed to: 
	1
	1
	1
	Evaluate the effects of N rate and irrigation rate on broccoli yield and 
	 
	aboveground N uptake. 


	2
	2
	Assess how N rate and irrigation rate affect soil N distribution and retention through the soil profile. 
	 
	-


	3
	3
	Compare these responses across commercial conventional and organic ranches representing a range of soil textures, seasons, preplant soil N availability, and N supplied in irrigation water. 
	 


	4
	4
	Evaluate how measured soil N at harvest compares with N balances used as indicators of potential N loss. 
	 



	Description 
	and yield in broccoli production. The experiments took place on commercial ranches between Spring 2022 and July 2025. Fertilizer rates targeted 0 to 150% of the grower’s rate, ranged from 0 to 300 lbs N/acre and were applied by hand mimicking grower practice. Irrigation was applied at either the grower-standard (GS) rate or an ET-based rate (ET) recommended by CropManage (Cahn et al., 2015), a free online decision support tool calibrated for local crops and growing conditions. Flow meters tracked water inpu
	We conducted eight controlled on-farm field trials in California’s coastal val
	-
	leys to study the effects of N rate and irrigation management on N dynamics 
	-
	-
	-

	Table 1: Key characteristics of Trials 1-8. (S = Spring, F = Fall, W = Winter, Conv. = conventional, Org. = organic; Irr. N = irrigation water N concentration). 
	-

	Figure
	Results and Discussion 
	Across the six trials with both irrigation treatments, ET-based irrigation used 6–18% less water than grower-standard irrigation (GS), without reducing yield (Fig. 1). Yields and N uptake were higher under ET in Trials 1 and 2, and ET retained more N within the root zone in several trials. In Trial 2, maximum yield was reached with 50 lbs N/acre less fertilizer under ET than GS, consistent with greater retention of N within the root zone. 
	-

	Yield response to fertilizer N varied substantially among trials (Fig. 1). Yield increased with N rate in Trials 1, 2, 6 and 8, but not in Trials 3, 4, 5 and 7. All four trials without a yield response had high preplant soil N in the top reduced. 
	three feet of the soil profile, indicating that soil N was an important source of crop nutrition. Because broccoli can access N deep in the soil profile, sampling to three feet can help identify fields where fertilizer N rates may be 

	Figure
	Figure 1. Broccoli yield response to fertilizer N rate under grower-standard (GS) and ET-based irrigation (ET) in eight commercial field trials.  
	Irrigation-water N was also an important N source, but only when available to the crop. In Trial 8, irrigation water supplied more N than the crop took up yet yield still increased with fertilizer N rate. Irrigation was approximately 80% above ET-based recommendations and much of the water was applied early in the season, before peak crop N demand. These conditions likely moved much of the irrigation-water N below the root zone before the crop could use it. Irrigation-water N can replace fertilizer N only w
	N balances increased with fertilizer N rate in all trials (Fig. 2), but their relaorganic systems. In conventional Trials 3-5, postharvest soil N to three feet was generally similar to or greater than the N balance. 
	-
	tionship with postharvest available soil N differed between conventional and 

	In organic Trials 6-8, postharvest soil N was much lower than the N balance, even after accounting for expected mineralization of organic fertilizer N. This suggests that N balances may overestimate leaching risk in some organic systems, although we did not measure the fate of N after harvest. 
	Figure
	Figure 2. Comparison of N surplus represented by N balance (N applied minus N removed in harvested product) with postharvest available soil N to a depth of three feet in Trials 3–8. 
	Conclusions  
	ET-based irrigation reduced water use without reducing yield and retained more N within the root zone in several trials. In one trial, maximum yield was reached with 50 lbs N/acre less fertilizer under ET than GS. In four of eight trials, high preplant soil N helped explain the lack of yield response to additional fertilizer, highlighting the value of deep soil sampling when making N rate decisions for broccoli. Irrigation-water N can also replace fertilizer N, but only when irrigation rate and timing keep 
	-
	-
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	Introduction 
	Intensive specialty crop rotations in the central coast region depend on recurrent nitrogen inputs and often leave a considerable amount of residual nitrogen in the soil, which is highly susceptible to leaching below the root zone, especially during winter rains. Losing residual nitrogen is a missed environmental and human health. With good management, residual nitrogen can be reused for subsequent crops, lowering input costs and avoiding water contamination. Cover cropping is one of several soil management
	-
	cost-savings opportunity and can cause water quality impairment, affecting 
	-

	Objectives 
	1
	1
	1
	Educate central coast growers on the practical application of a validated method to estimate the biomass and C:N ratio of a winter cereal cover demonstrate residual nitrogen recovery (scavenging) by winter cover crops, in the context of a regional water quality regulation (Ag Order 4.0). 
	 
	crop, based on simple field-based measurements and observations, to 


	2
	2
	Facilitate and guide grower adoption of winter cover cropping (with cereal to reduce residual nitrogen loss and receive full credit for ‘nitrogen removal’ in the context of Ag Order 4.0’s Applied (A) minus Removed (R) nitrogen limits and targets. 
	 
	cover crops) and the proposed nitrogen scavenging verification method 
	-


	3
	3
	Demonstrate and disseminate the proposed methodology and lessons (CCAs) through outreach events and print materials in multiple languages. 
	 
	learned to a broader community of growers and certified crop advisors 
	-



	Description 
	The project goal is to facilitate grower adoption of winter cover cropping and cover crop biomass, C:N ratio, and associated N uptake, helping growers to quantify and take advantage of cover crop N scavenging to supplement nitrogen inputs for subsequent crops and meet regulatory requirements under the irrigated lands program - Ag Order 4.0 (assuming that the current A-R credits, limits and targets will still be applicable after the conclusion of the current remand process). The project is using outreach, tr
	demonstrate research-validated methods to easily and confidently estimate 
	-
	-
	cropping for N scavenging on the central coast. Multiple field–scale demon
	-
	strations were implemented on commercial fields during winter of 2024 and 
	-
	centrations are measured on all fields using the soil nitrate quick test before 
	lessons learned from field trials are being shared with other growers and cer
	-
	tified crop advisors (CCAs) in the region through outreach events (field days) at different locations in the Salinas and Pajaro valleys, and guidance docu
	-
	and benefits of this practice in the context of Ag Order 4.0. Field days are tailored to growers of different scales, crops and cropping systems, and focus 
	crop N scavenging credit quantification and reporting, and broader benefits 

	Guidance documents will provide a reference on methods for reporting a agement of winter cover crops. These documents will be available in English, speakers) to support a wide range of growers on the Central Coast. 
	cover crop N credit under Ag Order 4.0, and considerations for effective man
	-
	Spanish and simplified Chinese script (the written language for Cantonese 

	Results and Accomplishments 
	Direct individual assistance to growers: 
	•
	•
	•
	 Since the beginning of the project 44 participating farming operations have signed up to implement cover cropping (receiving cost-share for seed) and participated in education events and 1:1 training on simple 
	field-based quantification methods to estimate nitrogen scavenging. 


	•
	•
	 32 farming operations planted winter cover crops (Merced Rye cereal winter cover crops in 2025; 18 of them planted Merced Rye, 2 planted Pacheco Triticale, and 7 planted a cereal-legume mix (Merced Rye + Lana Vetch), adding a legume to further boost soil fertility for early spring vegetable crop plantings. The project team decided to allow this ongoing uncertainty around new Ag Order 4.0 updates. 
	grass) on 36 different fields in 2024 and engaged in nitrogen scaveng
	-
	ing quantification training and practice in early 2025. 27 farms planted 
	flexibility to accommodate grower preferences and needs and given the 


	•
	•
	 The project team conducted soil nitrate quick tests (SNQTs) to estimate the soil nitrogen levels before and after each cover crop planting and documented the duration (no. of days) of each planting and measured shoot length and Feekes stage to estimate cover crop biomass, C:N ratio and amount of nitrogen scavenged. In 2026 we also took a second SNQT several weeks after cover crop termination (and before any fertilizer N application) on a subset of sites (mostly sites with cereal-legume mix). These results 
	 The project team conducted soil nitrate quick tests (SNQTs) to estimate the soil nitrogen levels before and after each cover crop planting and documented the duration (no. of days) of each planting and measured shoot length and Feekes stage to estimate cover crop biomass, C:N ratio and amount of nitrogen scavenged. In 2026 we also took a second SNQT several weeks after cover crop termination (and before any fertilizer N application) on a subset of sites (mostly sites with cereal-legume mix). These results 
	-
	-

	Figure



	Education and Outreach: 
	During the past 30 months the project team has: 
	•
	•
	•
	 Collaborated with central coast ag industry groups, grower and shipping companies and academic researchers to coordinate education and outreach events on cover cropping and nitrogen management. 
	-


	•
	•
	 cover crops emphasizing nitrogen recovery and management in the context of Ag Order 4.0 (2024 Latino Farmer Conference, 2026 Eco-Farm conference). 
	Presented at several farming conferences on the multiple benefits of 


	•
	•
	Hosted a series of educational field days and classroom trainings (in group of 9 small, diversified farming operations, in partnership with 
	 
	Spanish) on the use of cover crops for nitrogen management with a 
	Kitchen Table Advisors. 


	•
	•
	 Co-hosted and presented at workshops and educational events for growers on the central coast, including: a) 2024 California Marine Sanctuary Foundation’s event “Unlocking the Power of Cover Crops: shop for Spanish-speaking growers discussing water conservation, water quality protection and nutrient management aspects of cover 
	 Co-hosted and presented at workshops and educational events for growers on the central coast, including: a) 2024 California Marine Sanctuary Foundation’s event “Unlocking the Power of Cover Crops: shop for Spanish-speaking growers discussing water conservation, water quality protection and nutrient management aspects of cover 
	Benefits, Risks and Ag Order Updates” (audience included growers, farm companies, and certified crop advisors); b) 2025 RCDMC work
	-
	cropping (54 attendees, mostly small diversified farming operations); 

	c)
	c)
	c)
	 2025 Dole Vegetables, cover crop field day; d) 2025 L.A. Hearne cover crop seed demo field day (attendees included CCAs, growers, 
	consultants, technical assistance providers, and researchers). 





	•
	•
	 Collaborated with technical advisor Dr. Eric Brennan from USDA-ARS to develop a practical guide and calculator to quantify cover crop nitrogen scavenging. 


	Figure
	Figure 1. Cover crop field days hosted by RCD of Santa Cruz and Monterey Counties 
	Conclusions 
	Using winter cover crops to recover and recycle end-of-year residual nitrogen for crop production during the following growing season is an advisable practice for several reasons, including input cost savings, water quality protection, soil fertility enhancement and maintaining an active and diverse soil microbiome. Using relatively simple measurements and observations of claim it as a “Removed N” credit in the context of Ag Order 4.0 regulatory compliance. This project provides training and one-on-one tech
	-
	a cover crop and tracking the days after planting it is possible to confidently estimate the total amount of recovered (scavenged) nitrogen in a field and 
	-
	tance for growers to adopt this practice and quantify its benefits. 
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	Introduction 
	Composts are important sources of nutrients for crops and are increasingly popular to maintain or improve soil health. The contribution of compost to crop-available nitrogen (N) depends on net N mineralization, which is affected by temperature, moisture, soil texture, composition of the composts, and management practices. In Merced County, the application of poultry and dairy manure compost to supply part of the N required by crops is commonly used in sweetpotatoes and processing tomatoes. 
	-

	California is a major producer of sweetpotatoes, with annual production around 700 million pounds from 18,500 acres. Most of this production occurs on the sandy soils in Merced and Stanislaus Counties. Both organic and conventional growers frequently apply a band of composted poultry manure under the surface drip tape, then supplement fertilizer N through the drip tape during the growing season. Merced County is also a major producer of processing tomatoes, with over 1 million tons annually on about 25,000 
	-
	-

	Previous research found that less than 30% of the total N applied with poultry manure compost is mineralized within six months when incorporated in early April under typical climatic conditions of the San Joaquin Valley. Obserand N mineralization rates occur, as the compost is no longer visible by the end of the 120-day season. Therefore, we may underestimate N availability ment.  
	-
	-
	vations in sweetpotato fields, however, suggest that very high decomposition 
	from the compost. Consequently, application rates may need further refine
	-

	Objectives 
	The objective of the project is to develop N budgets for sweetpotatoes and processing tomatoes in Merced County where the crop nutrient sources objectives are: 
	include both compost and mineral fertilizers as fertilizer sources. Specific 

	1
	1
	1
	Determine N release of commonly used manure composts in field trials. 
	 


	2
	2
	Investigate the effects of soil texture on N mineralization. 
	 


	3
	3
	Determine the accumulation of N in the vines and storage roots of sweet-potato plants throughout the growing season. 
	 


	4
	4
	Conduct outreach and develop user-friendly tools for growers and consultants. 
	 
	-



	Description 
	two years of the project (2024 and 2025). The trials were in commercial T2). At all sites, the soil texture in the top foot was a loamy sand with total carbon (C) content < 0.5% (Table 1). 
	This report focuses on trials conducted in sweetpotato fields during the first 
	fields near Ballico (project sites B1 and B2) and Turlock (project sites T1 and 

	Table 1: Soil properties at the trial sites. Samples were collected in spring from the top foot conductivity (EC) were measured on a soil water slurry. Values for EC would be approximately three times higher in a soil paste extract. Potassium was extracted with ammonium acetate. 
	of the profile. Total nitrogen (N) was determined by dry combustion, while pH and electrical 
	-

	Figure
	Composts made from poultry manure, steer manure, and almond hulls were surface applied prior to transplanting in a 6-8”-band in the center of the bed, 20” from the plant row, and not incorporated. Surface drip tape was then placed on top of the compost band. The results reported here are from two treatments: (i) control plots without compost and (ii) plots with the growers’ compost application rate. In-season fertilizer N was applied through the drip tape. Compost C to N ratios ranged from 11.0 to 15.4 (Tab
	2025 season. Total carbon (C) and nitrogen (N) are shown in percent of dry matter (DM) while the application is the measured fresh weight. 
	Table 2: Properties of the composts used at the sweetpotato field sites for the 2024 and 

	Figure
	Every three weeks during the growing season, soil samples from the center ments, then analyzed for ammonium-N and nitrate-N. At the same time, litter bags were removed and analyzed for total dry matter, carbon, and N content. Root and vine biomass samples were collected from beds surrounding the trial in areas where compost was applied, then dried and analyzed for dry matter and total N content. Irrigation water samples were also collected and analyzed for nitrate-N. 
	of the bed were collected from the top 2 ft of the profile from both treat
	-
	-

	At harvest, storage root yield, plant dry matter and N concentration in the vines and roots were determined in all plots.At site B2, however, the vines were mowed before samples were collected.   
	To address Objective 2, an 18-wk laboratory incubation was set up using the site B1. Samples were incubated at 25 °C and ideal moisture content for N mineralization (i.e., 60% of the soil’s water holding capacity). At weeks 1, 3, 6, 12, and 18, soil samples were analyzed for ammonium-N and nitrate-N. the unamended control and the treated sample at each time step. 
	composts from each field trial. The soil for the incubation was collected at 
	Net N mineralization of compost N was calculated as the difference between 

	Results and Discussion 
	Analyses of the soil samples taken from the center of the bed in 3-week intervals suggest minimal impact of compost application on plant-available N N in the biomass (roots and vines), or marketable yield at any site (Table 3). The comparison with results from previous research projects suggests that N cropping systems of the current project. 
	in the soil. Furthermore, compost treatment had no significant effect on total 
	mineralization from composts is not fundamentally different in the soils and 

	Table 3: Total nitrogen (N) in the biomass (vines and storage roots) at harvest and marketable root yield. Marketable yield was determined by commercial harvest equipment. Values in parentheses are standard error of the mean (n=4). 
	-

	Figure
	During the 18 weeks of incubation under optimal conditions, between 11 and 18% of the total N in the compost mineralized (Figure 1). Most N mineralized sigmoidal (S-shaped) pattern. (Figure 2). Across the four sites, total biomass (vines and storage roots) contained 177 lb N/ac at harvest. The storage roots contained 98 lb N/ac, which accounted for 55% of the total. While the data collected to date do not support the hypothesis that greater N mineralization occurs under the unique production system found in
	within the first three weeks of incorporation. The N uptake curve followed a 
	-

	Figure
	Figure 1: Results of a laboratory incubation of three composts in sandy soil. Data points show an average of observed values at every time point, while trend lines were modeled. Standard error bars are shown. 
	Figure
	Figure 2: Measured and modeled N uptake in total sweetpotato biomass (roots + vines) and belowground biomass (storage roots). Data points show an average of observed values at every time point, while trend lines were modeled. Standard error bars are shown. The length of the season ranged between 16 and 19 weeks. 
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	Introduction 
	To comply with the Central Valley (CV) Irrigated Lands Regulatory Program (ILRP) to reduce nitrate leaching, growers use advanced irrigation and fer-tigation methods, often guided by decision-support tools like CropManage acres using specialized models (CV-SWAT and CV-NPSAT) that track water and nitrate movement through soil and groundwater, under the condition data. Project leaders have created an extensive Cal Vadose Zone Monitoring Network to study nitrate leaching in key crops, including almonds, orange
	(CM). ILRP Coalitions assess the efficacy of these practices on 5.2 million 
	that they be continually refined. CV-NPSAT’s refinement is funded and ongo
	-
	ing; however, CV-SWAT requires validation against new, more detailed field 

	This project will leverage existing and new data from this monitoring network to ultimately improve the performance of CV-SWAT and encourage the use of decision-support tools like CM. 
	Objectives 
	1
	1
	1
	Evaluate and enhance the performance of CV-SWAT in quantifying the effects of irrigation and nutrient management practices on nitrate leaching. 
	 
	-


	2
	2
	Evaluate uncertainty in predicted nitrate leaching through inter-model measurements. 
	 
	comparisons (CV-SWAT, APEX, and HYDRUS) and comparisons with field 


	3
	3
	Expand the application of CM by adding data and algorithms for orange, lemon, and mandarin crop types. 
	 


	4
	4
	inform outreach to water quality stakeholders at multiple in-person and/ or virtual events. 
	 
	Integrate results from monitoring, management, and modeling efforts to 



	Description 
	This project workflow (Figure 1) involves integrating data from three study dations, validating process-based models, and quantifying the effects of 
	sites, evaluating grower-implemented practices relative to CM’s recommen
	-
	management practices on nitrate leaching. 

	Figure
	Figure 1. Project schematic integrating management data, monitoring data, and modeling simulations. 
	This project leverages 3 existing, funded, intensively monitored research mass balance, vadose zone monitoring, and groundwater monitoring. Data collection includes nitrate leaching collected using vadose zone monitoring, fertilizer applications, groundwater observation well networks for water levcy in minimizing nitrate leaching while maintaining or improving production. Monitoring and management data is being integrated into CM to derive recommendations that are compared against actual practices. This dat
	sites that are uniquely suited to quantifying nitrate leaching using field-scale 
	evapotranspiration collected using eddy covariance flux towers, irrigation and 
	-
	els, neutron probe for soil moisture, soil sampling, and yield (Raij-Hoffman et al., 2024). Using this data, this project is evaluating and verifying CM effica
	-
	-

	using CV-SWAT simulations which are customized to reflect site-specific management practices. Modeling efforts are underway to compare CV-SWAT 
	Second, we compare measured and modeled water and nitrogen balances 
	output with APEX-simulated nitrogen leaching out of the root zone. 

	Results and Discussion 
	.The three-tiered monitoring network was mainscale, vadose-zone, and groundwater monitoring despite challenging winter conditions and infrastructure issues. At Esparto, monitoring captured hydro-logic conditions, including rainfall and ET (Peddinti et al., 2025), vadose-zone processes, groundwater conditions, and changes in the adjacent slough. At Bowman, monitoring included VMS and lysimeter sampling, neutron probe measurements, groundwater well sampling, and post-season and pre-season soil sampling. At Bo
	Monitoring Data Collection
	-
	tained across the Esparto, Bowman, and Booth sites, with continued field-
	-
	different ages. Monitoring data, including vadose-zone, groundwater, and soil 
	-

	automate site-specific irrigation scheduling based on ET and soil moisture, deficit irrigate when appropriate, and implement high-frequency, low-volume fertigation practices. As a result, irrigation water is applied very efficiently conducted canopy cover measurements to locally refine crop coefficients. flow meters installed at this site, was comparable to CM recommendations 
	CropManage Evaluations
	. Utilization of CM at the 3 study sites is ongoing. The grower managing the almond site uses decision-support technology to 
	and below the current CM recommendation, though drought stress has not historically been observed. To better align CM with grower practices, we 
	The annual cropping system at Esparto’s applied water, measured using 6’’ 
	throughout the growing season.  

	Similar observations were made at the Bowman almond site. Nitrogen use based N requirement estimates in CM. For the citrus site, an experimental model has been set up for use, while a complementary FREP project aims to improve CM citrus modules. 
	efficiency was relatively high in both systems and consistent with yield-

	. Local CV-SWAT models representing each site have been set up to simulate historical management and crop productivity for the annual cropping system and almonds (citrus is forthcoming based on a new site that is currently being established). For the almond site, CV-SWAT currently underestimates crop ET compared to OpenET estimates, but comparisons to eddy covariance data are forthcoming, and uncertainty in ET at this site has been investigated due to water balance anomalies (Jordan et al., 2024). Regarding
	Root-zone Modeling
	-
	-
	aligns with average conditions for the almond fields, though it does not cap
	-
	-
	-

	Figure
	Figure 2. Example of output from a customized CV-SWAT model for an almond block showtive nitrate leaching using the “Root-zone Library” lookup approach. 
	-
	ing a) a nitrogen mass balance over 10 years of production and b) a comparison of cumula
	-

	Conclusions 
	•
	•
	•
	 cover crops, irrigation nitrogen credit) reduce residual soil N at the end of the crop season that could leach in the winter. 
	Monitoring data confirms that stacking conservation practices (e.g., 


	•
	•
	 Decision support tools for irrigation and N management can help optimize N management. 
	-


	•
	•
	 Nitrate leaching from agricultural lands is measurable using mass balance, vadose zone, or groundwater monitoring approaches, but uncermass balance. 
	-
	-
	tainty varies between approaches, with the highest uncertainty in field 


	•
	•
	 Deep vadose zone monitoring is a very useful tool to continuously monitor the fate and transport of nitrates between the root zone and the groundwater table. 

	•
	•
	 The new citrus site will provide robust data to improve understanding support root-zone modeling. 
	of nitrate leaching dynamics across orchards of different ages and 


	•
	•
	 Root-zone models integrating crop x soil x climate x management information can produce robust estimates of nitrate leaching that can 
	be difficult to measure. 


	•
	•
	 Preliminary results illustrate consistency in nitrate leaching estimates between the ILRP modeling approach and more data- and labor-inten
	-
	sive site-specific modeling. 
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	Introduction 
	The sustainability of California rice systems is being threatened by ongoing rice area due to them. This has both economic and environmental impacts. for reducing water use in California while maintaining an economically viable crop. California rice farmers water-seed rice and evaporation losses are high rice (broadcasting or drilling) into a dry seedbed (similar to corn). Since use between these two systems is similar (Linquist et al., 2015). One option purposes of tillage is to dry the soil in order to pr
	rainfall related issues (drought or late rains) with significant reductions in 
	Rice systems use a significant amount of water, but there are limited options 
	during the first month of the season. Dry-seeding is the practice of planting 
	there is no reliable rain, fields are flush irrigated two or three times during the first month, after which fields are permanently flooded. However, water 
	is to dry-seed into a field that has not been tilled (no-till, NT). One of the 
	the big benefits of NT in other cropping systems (Busari et al., 2015). In rice 

	challenge are a wide range of potential field conditions before planting, which relates to how fields were managed the previous year. This includes where fields were fallowed in the previous year and tilled (common followsurface, removed for off-site use or burned. Our goal is to develop the agro
	There are many challenges to developing NT systems. Complicating the 
	-
	ing drought years) or, where rice was grown, straw may have been left on 
	-
	nomic information required to make these systems viable and sustainable. 

	Objectives 
	1
	1
	1
	Develop robust fertility practices (examining different rates and timings 
	 
	of fertilizer applications). 


	2
	2
	Test options to optimize stand establishment (i.e. settings on no-till drills). 
	 


	3
	3
	Quantify water inputs to develop a water budget and estimate evapo-transpiration losses. 
	 


	4
	4
	Monitor weed populations and develop weed control methods. 
	 



	In all study years, research occurred at the Rice Experiment Station (RES). In the 2nd and 3rd years, we included on-farm trials. Throughout, we enings and informal meetings. 
	-
	gaged with farmers, CCAs and PCAs through field-days, winter grower meet
	-

	Description 
	RES to evaluate three NT drill seeded systems. The treatments were NT drill worked the previous year, (2) a seedbed that had rice in the previous year and the straw was removed, and (3) a seedbed that had rice in the previous year and the straw was chopped and left on the surface. These NT systems were compared to a water-seeded conventional control. In all treatments we (one in Colusa County and the other in Butte County) where an N trail (similar to RES) was set up. 
	In 2024 through 2026, we conducted a replicated field experiment at the 
	seeding into three different seed beds: (1) a seedbed that was fallowed and 
	compared different N rates and different N sources/timing. We also quanti
	-
	fied water use in each system. In 2025 and 2026, we had two on-farm trials 
	-

	Results and Discussion 
	The 2024 and 2025 results will be discussed (2026 trials have not yet been harvested). 
	as a result of both system and N rate. The WS treatment had the highest yield in 2024 and in 2025 the NT Fallow was the highest (Figure 1). The yield potential between WS and NT-Fallow may be similar; however, the annual 2025 July temperatures were the hottest on record. The NT treatments were gust and avoided that extreme heat. In all cases, the lowest yields were in the strict NT treatments. The optimal N rate to achieve the highest yields in each treatment was 175 for the WS and between 190 and 210 for t
	Yield potential and response to N: There were significant differences in yield 
	differences in yields may be due to differences in planting date. For example, 
	all flowering in July which can cause sterility and reduced yields (Espe et al., 2017) while the WS treatment (planted 3 weeks later), flowered in mid-Au
	-
	-

	The higher N requirement for the NT treatment is likely because the urea fertilizer is being surface applied and is more susceptible to N loss. 
	Figure
	Figure 1. Yield response to N rate in water seeded (WS), Previous year fallow with summer prep stale seedbed (Fallow) and rice the year before with straw chopped and straw removed. Data is for 2024 (left) and 2025 (right). 
	Response to N source and split: We evaluated four N sources (urea, Anvol, SuperU and manure) and a split N application of N. This was compared to yield increase, although the yield increase was lowest when manure was applied (Figure 2). For the other N treatments, the yield response was similar of urea is the best option as it is the cheapest option and requires only one pass (as opposed to a split application). 
	zero N being applied. There was not a significant interaction between sys
	-
	tems and N source/management. All N treatments resulted in a significant 
	among them in both years. This suggests that a single preflood application 

	Figure
	Figure 2. Yield response to varying N sources and management practices (2024 on left and 2025 on right). All N was applied at a rate of 125 lb N/ac. 
	had been in tomato the previous year. After tomato harvest, a seedbed was prepared similar to the NT-Fallow treatment. Results were very similar to what was seen at the RES. The optimal N rate was 175 lb N/ac and the pre-ments, with the exception of the manure treatment which had the lowest yields (Figure 3). 
	On-farm trail: In 2025 we had an on-farm trial in Colusa county. The field 
	flood single application of urea provided similar results to the other N treat
	-

	Figure
	Figure 3. 2025 on-farm (Colusa county) yield response to N rate applied as urea (left) and N source (right). All N was applied at a rate of 125 lb N/ac. 
	Water savings: Consumptive water use (or ET) was determined for each however, the NT systems reduced ET by 100 mm (13%) and 58 mm (8%) compared to the water-seeded conventional treatment in 2024 and 2025, respectively (Table 1). Roughly half of the water savings was due to reduce high. The other savings were the result of using existing soil moisture. In NT systems, rice is planted into a soil with some soil moisture. In conventional tilled systems, the soils are tilled and dried in order to make a good see
	system. The differences in ET between the NT systems was not significant; 
	ET during the first month of establishment. In water seeded systems, the fields are flooded during the first month and evaporative losses are very 

	difference between the NT treatment and the water-seeded (WS) conventional treatment. Differences between NT treatments were not significant. Percolation is an estimate based on average percolation rates for CA rice fields when flooded 
	Table 1. Consumptive water use (ET) and percolation for each system. Savings refers to the 

	Figure
	Conclusions 
	These systems have the potential to conserve water and allow farmers to plant earlier as we had suspected. Our results suggest the yield potential of the NT-Fallow is similar to the conventional water seeded system; however, strict NT may not be economically viable but the NT following the fallow (NT-Fallow) has promise. Preliminary results show that the N requirement is urea is the best and most economical N management practice. 
	the strict NT treatments had lower yields. These early findings suggest that 
	higher for the NT systems by 15-30 lb N/ac. Applying all the N preflood as 

	Acknowledgements 
	The authors would like to acknowledge FREP for supporting this research. 
	Improving Nitrogen and Potassium Management in Almond Orchards with Hulls and Shells as a Soil 
	Amendment and Off-Ground Harvest 

	Project Leaders 
	Assistant Professional Researcher Department of Plant Sciences, University of California Davis 
	Sat Darshan S. Khalsa 
	sdskhalsa@ucdavis.edu 
	sdskhalsa@ucdavis.edu 
	sdskhalsa@ucdavis.edu 



	Ranjith Karunakaran 
	Postdoc Researcher Department of Plant Sciences University of California Davis 
	Postdoc Researcher Department of Plant Sciences University of California Davis 
	rkarunakaran@ucdavis.edu 
	rkarunakaran@ucdavis.edu 
	rkarunakaran@ucdavis.edu 



	Patrick H. Brown 
	Patrick H. Brown 
	Professor 
	Department of Plant Sciences 


	University of California Davis  
	phbrown@ucdavis.edu
	phbrown@ucdavis.edu
	phbrown@ucdavis.edu



	Cooperator 
	Kirk Pumphrey 
	Kirk Pumphrey 
	President 

	Westwind Farms 
	Westwind Farms 
	kirk@westwindfarmsinc.com 
	kirk@westwindfarmsinc.com 
	kirk@westwindfarmsinc.com 



	Introduction 
	California almond orchards remove substantial nitrogen (N) and potassium (K) in harvested fruit each year. Most hulls and shells leave the orchard during harvest and processing. Prime hulls have an established feed market, but hull and shell mixtures and shells can have lower-value outlets, especially where processors are distant from dairies. Returning these materials to orchards could recycle nutrients and maintain soil cover, but clear nutrient credits and management guidance are still lacking. 
	-

	Potassium in almond residues is released rapidly under rainfall and irrigation. Nitrogen cycling is more complex because fresh material has a high carbon-to-nitrogen ratio. Harvest method also matters because on-ground vest can preserve the surface layer. 
	-
	sweeping can remove partially decomposed residues, while off-ground har
	-

	This project evaluates changes in soil N and K, residue retention, tree nutrijustify handling, transport, and spreading costs. 
	-
	tion, and yield. It also examines when nutrient and soil-cover benefits can 

	Objectives 
	1
	1
	1
	Characterize N release and retention and associated K, calcium, magnesium, and sodium dynamics. 
	 
	-


	2
	2
	Determine how off-ground harvest affects amendment retention, nutri
	 
	-
	ent cycling, and soil moisture. 


	3
	3
	Assess treatment effects on tree nutrition, vegetative growth, and yield. 
	 


	4
	4
	Evaluate economic feasibility and practical barriers to grower adoption. 
	 



	Description 
	At Westwind Farms near Woodland, a randomized complete block trial compared an unamended on-ground control with hull and shell amended treat40-tree plots; approximately 2.8 tons per acre were applied. Measurements included amendment, soil, leaf, moisture, growth, and yield data. 
	-
	-
	ments under on-ground and off-ground harvest. Each treatment had four 

	Results and Discussion 
	Nutrient Release and Soil Distribution 
	Fresh material contained 0.8% N and 1.95% K, with a carbon-to-nitrogen ratio of 55:1. Potassium concentration declined by as much as 80% within carbon-to-nitrogen ratio had decreased to 39:1. Amendment N concentration increased after fertigation, showing that the residue layer interacted with applied N as decomposition progressed. 
	six weeks, confirming rapid K release. By ten months after application, the 

	The 2025 soil results showed a continued treatment response. At 0-4 inches on February 21, nitrate-N averaged 59.0 ppm in the control, 98.9 ppm in 4-12 inches on August 6, nitrate-N averaged 15.0, 8.1, and 11.0 ppm, respectively. This pattern is consistent with altered nitrate retention and distribution, but it does not directly measure leaching below the root zone. 
	amended off-ground plots, and 66.1 ppm in amended on-ground plots. At 
	-
	-

	Exchangeable K at 0-4 inches on February 21 averaged 195.7 ppm in the on-ground plots. The amended treatments therefore contained approximately 2.6 to 2.9 times more exchangeable K than the control at this sampling date (Figure 1). 
	control, 571.8 ppm in amended off-ground plots, and 516.1 ppm in amended 

	Figure
	Figure 1. Soil N and K response in 2025. A. Nitrate-N at 0-4 inches on February 21. B. Nitrate-N at 4-12 inches on August 6. C. Exchangeable K at 0-4 inches on February 21. Control on-ground harvest. Bars show means and standard deviations for four plots. 
	-
	= unamended on-ground harvest; A-Off = amended off-ground harvest; A-On = amended 

	Harvest Method and Residue Retention 
	Harvest method changed how much amendment remained on the orchard more material. Soil moisture was also consistently higher in amended plots during 2024 monitoring. Preserving the layer retains soil cover and partially decomposed nutrients that can otherwise be disturbed or removed during sweeping. 
	floor. Ten months after application and before harvest, amended on-ground plots retained approximately 1.39 tons per acre, while amended off-ground plots retained 2.28 tons per acre. Off-ground harvest retained about 64% 

	Tree Nutrient Status, Growth, and Yield 
	Higher soil K was reflected in the trees. July 2025 leaf K averaged 1.60% in the control, 2.07% in amended off-ground plots, and 2.18% in amended 
	on-ground plots. Leaf N showed no consistent treatment response, while leaf calcium and magnesium were modestly lower in amended plots. 

	August 2025 dry kernel yield averaged 14.1 pounds per tree in the control, in amended on-ground plots (Figure 2). Earlier measurements also showed greater trunk circumference and leaf area in amended plots. However, yield pollinizer distribution. These results do not establish that K alone caused provide a consistent yield advantage. 
	14.3 pounds per tree in amended off-ground plots, and 12.4 pounds per tree 
	is affected by prior-year production, alternate bearing, bloom overlap, and 
	yield differences. They do show that repeated amendment-derived K did not 

	Figure
	Figure 2. Tree K status and yield in 2025. A. July leaf K concentration. B. August dry kernel = amended on-ground harvest. Bars show means and standard deviations for four plots. 
	yield. Control = unamended on-ground harvest; A-Off = amended off-ground harvest; A-On 

	Economic Feasibility and Adoption 
	Related economic analysis examined a shell return pathway. It estimated a fertilizer-equivalent value of approximately $35 to $38 per delivered ton of shells based on K content. At 4.5 tons per acre, hauling and spreading at $25 per ton would cost about $113 per acre before payment for the material. hauling distance, spreading equipment, material quality, and existing residue markets determine whether the practice pencils out. Statewide shell supply could treat about 14% of bearing almond acreage at this ra
	Nutrient value can therefore offset part of the delivered-and-applied cost, but 

	The 2026 outreach phase will test these assumptions with growers and agricultural advisors. Draft questionnaires address transportation, spreading, nutrient credits. 
	-
	harvest compatibility, material quality, application timing, and confidence in 

	Conclusions 
	•
	•
	•
	 Hull and shell amendments are a substantial K source. Rapid K release increased exchangeable soil K and leaf K. Amendment-derived K should be credited in orchard nutrient budgets rather than added to a full conventional K program. 

	•
	•
	 The N response is more complex. Higher surface nitrate after spring fertigation and lower nitrate at 4-12 inches in August indicate changed nitrate distribution, but these measurements do not independently demonstrate reduced groundwater leaching. 

	•
	•
	 partially decomposed material can maintain soil cover, moisture, and nutrients that would otherwise be disturbed or removed during sweeping. 
	Off-ground harvest better preserved the amendment layer. Retaining 
	-


	•
	•
	 Higher tree K did not consistently improve yield. Growers using hulls and shells should monitor soil and leaf K and reduce supplemental K 
	when orchard status is already sufficient. 



	tion questionnaire, and develop guidance on nutrient credits, rates, timing, and harvest management. The practical goal is to use recycled nutrients where they replace inputs, preserve soil cover, and remain operationally feasible. 
	The final project year will complete cost-benefit scenarios, deploy the adop
	-
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	Introduction 
	Potassium (K) is the most important nutrient for almond trees after nitrogen. Almonds have an unusually high K demand: a high-yielding orchard removes roughly 168 pounds of K per ton of kernel yield (76 kg/ton), for a total seasonal uptake of 221 to 346 pounds K per acre (248 to 388 kg/ha). 
	-

	Although K is abundant in most soils, only 1 to 3 percent of the total is available for root uptake at a given time, and soil texture, clay mineralogy, organic matter, pH, and moisture all interact to determine how much is available at within a single, uniformly managed block. 
	-
	-
	any spot in an orchard. This can create large differences in K availability even 

	Because current testing protocols were not designed to capture this variability, growers have generally relied on a single average soil or leaf test and applied one uniform, often generous, K rate across the whole orchard. With the sharp rise in potash fertilizer prices, this approach is no longer economically sound, and it still does not solve the underlying problem: some parts of 
	-
	-
	an orchard may be over-fertilized while others remain deficient. 

	This project characterizes how much soil and leaf K vary within almond orsensing tools and improved leaf-sampling protocols can help growers manage 
	-
	chards, identifies what drives that variability, and tests whether affordable 
	K more precisely and cost-effectively. 

	Objectives 
	1
	1
	1
	Characterize the extent of spatial and temporal potassium variability within almond orchards. 
	 


	2
	2
	among and within orchards, and evaluate electromagnetic induction and gamma-ray sensing as tools to guide and improve soil sampling and mapping. 
	 
	Identify the soil factors most responsible for differences in K availability 


	3
	3
	Describe how leaf K concentration varies within the tree canopy and over the course of the day, and identify the plant physiological factors associ
	 
	-
	ated with these differences. 


	4
	4
	Develop improved leaf-sampling protocols that more reliably reflect true 
	 
	tree K status. 


	5
	5
	Share findings with growers, advisors, and researchers through outreach, 
	 
	training materials, and publications. 



	Description 
	The research is being conducted in two commercial almond orchards that Farms near Madera, California. In each orchard, roughly 125 trees distributed across the block were selected for repeated soil and leaf sampling, with 12 monitored more intensively. 
	differ in soil type: Westwind Farms near Woodland, California, and KG Olam 

	Traditional soil and leaf sampling was combined with electromagnetic induction (EMI) and gamma-ray spectroscopy (GRS) sensors that rapidly characterize soil properties across large areas, allowing the team to target sampling rates was established in two areas of Westwind Farms with contrasting soil texture and K status. Leaf samples were also collected at three canopy heights and multiple times of day across two growing seasons. Results are being shared with the almond industry through grower meetings, conf
	-
	-
	and build higher-resolution K maps. A field trial comparing three K fertilizer 

	Results and Discussion 
	Even within a single, uniformly managed orchard, both exchangeable K (EK) and soil solution K (SSK) varied widely from tree to tree. The drivers of this with clay content, calcium, magnesium, cation exchange capacity (CEC), and organic matter, and negatively correlated with boron and sodium, while at that a single soil model, or a single fertilizer recommendation, cannot be same orchard. 
	variability differed by site: at Westwind Farms, EK was positively correlated 
	KG Olam Farms these same relationships were weak or absent. This confirms 
	applied uniformly across different orchards or even across zones within the 

	Soil texture emerged as the strongest overall driver of K availability: EK tended to be higher in areas with more clay, while SSK was higher in sandier areas. The EMI and GRS sensors, while not a substitute for laboratory testing, helped identify zones of similar soil character that improved the accuracy of K distribution maps, particularly at Westwind Farms.  
	-

	amounts depending on the soil texture and starting K level of the area, reinforcing that a single blanket rate cannot be expected to correct K status evenly across an orchard. 
	In the field K-rate trial, the same fertilizer rate raised soil K by different 
	-

	Leaf K sampled in July, the standard timing for almond leaf testing, was highly variable among individual trees at both sites and in both years of sampling, with many trees clustering close to, or below, the widely used critical can mask considerable tree-to-tree variability that matters for fertilization decisions. 
	-
	value of 1.4 percent (Figure 1). This confirms that a single orchard average 

	Figure
	Figure 1. Leaf potassium concentration (%) by cultivar at Site 1 (Westwind Farms) and Site 2 (KG Olam Farms) in two sampling years. The red dashed line marks the 1.4% critical value 
	commonly used to diagnose K deficiency in almond. 

	Within the canopy, leaf K was consistently highest at the bottom of the canopy and lowest at the top, and tended to decline somewhat from morning to sampling time was large enough to shift a reading meaningfully, underscoring the importance of sampling within a tight, consistent time window. This tial, and starch accumulation between top and bottom leaves, although the underlying physiological cause is not yet fully resolved. 
	-
	afternoon (Figure 2). The difference associated with just five to six hours of 
	-
	canopy pattern tracked with differences in leaf water content, osmotic poten
	-

	Figure
	Figure 2. Leaf potassium concentration (%) at bottom, middle, and top canopy positions, sampled at four times of day across four sampling dates at Westwind Farms. Letters denote = 0.05). 
	statistically significant differences among canopy positions within each date (LSD test, alpha 

	This has a practical implication for growers exploring drone- or satellite-based canopy imagery as a nutrient monitoring tool: those platforms sense mostly the upper canopy, where leaf K runs highest, while standard hand sampling targets lower, non-bearing shoots, where K runs lowest. Growers should be cautious about directly comparing remote-sensing-based K estimates with traditional leaf-testing critical values until the relationship 
	-
	between the two is better defined. 

	Conclusions 
	Growers and their pest control advisers (PCAs) or crop consultants should expect real, measurable within-orchard variability in K availability, driven mainly by soil texture, and should be cautious about applying one blanket K rate across an entire block. 
	No single soil model, and no single fertilizer rate, fits every almond orchard. 

	Pairing traditional soil sampling with affordable sensing tools, such as EMI cost-effectiveness of K distribution maps and help target soil sampling to 
	and gamma-ray spectroscopy, can meaningfully improve the accuracy and 
	where it matters most. 

	Leaf K testing should be conducted within a narrow, consistent time window and should account for canopy position, since bottom, middle, and top leaves drone- or satellite-based canopy monitoring should be aware that these tools primarily capture the upper canopy, where leaf K runs higher than in the lower canopy targeted by standard hand sampling.  
	can give meaningfully different readings on the same day. Growers adopting 

	Together, these findings support a shift away from single, orchard-wide K applications toward site- and zone-specific K management. The team plans to refine these protocols and continue grower outreach through the remain
	-
	der of the project. 
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	Introduction 
	Nutrient management in organic systems is complex and can be challenging because organic growers predominantly apply nutrients with organic inputs, such as composts, organic fertilizers, and cover crops. Most of the nitrogen (N) in these materials is not directly crop-available and needs to be minermineralized depends strongly on the properties of the material, especially its carbon (C) to N ratio, but also on environmental conditions such as soil temperature and moisture. 
	-
	alized first by soil microorganisms. How much is mineralized and when N is 
	-

	Many fertilizers, composts, and amendments are available for organic agriculture. The availability of the N applied with these materials can range from zero to up to 90%. Some plant-based composts may even immobilize N, which means that crop-available N in soil solution is tied up temporarily. Acmaking organic production economically viable. Furthermore, composts and Finding amendments or combinations of materials that match the crops’ fertilizers. 
	-
	-
	curate data to estimate N availability is crucial for achieving high N use effi
	-
	ciency, decreasing losses with potentially harmful environmental effects, and 
	most organic amendments contain many different macro- and micronutrients. 
	demand for different nutrients is more challenging than using single-nutrient 

	Since their creation some ten years ago, the online California Fertilization Guidelines () have become an important source of information for growers and crop consultants in California. 
	https://www.cdfa.ca.gov/is/ffldrs/frep/FertilizationGuidelines/
	https://www.cdfa.ca.gov/is/ffldrs/frep/FertilizationGuidelines/
	https://www.cdfa.ca.gov/is/ffldrs/frep/FertilizationGuidelines/


	-

	The guidelines are a summary of the research done in California and other regions with comparable conditions. The focus of the guidelines is on nutrient management in conventional agriculture. 
	In the current project we aim to make relevant information about nutrient management in organic systems available online. The website will complement the California Fertilization Guidelines and will include webpages that 
	-

	summarize the available literature on nutrient availability from different fornia. The website shall contribute to the efficient use of nutrients in organic crop production by helping growers and consultants find relevant information 
	sources in organic systems and an interactive N, phosphorus (P) and potas
	-
	sium (K) budget calculator for major annual crops grown organically in Cali
	-
	and supporting their decisions when planning nutrient management for their crops. 

	Objectives 
	The objective of the proposed project is to develop webpages and an online interactive nutrient calculator for organic growers and consultants where they can access science-based information on organic nutrient management objectives are: 
	and develop nutrient budgets for organically grown annual crops. Specific 

	1
	1
	1
	Summarize the available literature with a focus on studies from California and create webpages for organic nutrient management. 
	 


	2
	2
	Develop an interactive tool to calculate field-specific N, P and K budgets. 
	 


	3
	3
	Fill knowledge gaps and validate the estimates of the calculator in field 
	 
	trials. 


	4
	4
	Conduct outreach to growers, consultants, and other stakeholders. 
	 



	Description 
	The project started in January 2025. During the second year we continued reviewing and summarizing the available literature and developing the online calculator (Objectives 1 and 2). 
	This report focuses on a field trial that was conducted to address Objective 3. 
	In fall 2025, we initiated a replicated trial at UC Davis investigating the interactions between cover crop residues and organic amendments with respect ment followed organic practices. The trial included four cover crop treatments, namely (i) oats, (ii) legume mix (bell beans, winter peas and vetch), (iii) oats and legume mix, and (iv) control. Cover crops were planted on November 3, 2025, and terminated on March 24, 2026 (Figure 1). On April 8, 2026, a pelleted organic 6-6-2 fertilizer (numbers referring 
	-
	to N availability. The field site was not certified organic, but crop manage
	-
	-
	2
	5 
	2
	-

	Figure
	Figure 1: Left: The oats-legume mix cover crop in March 2026 before it was terminated. Center and right: Sweet corn before the harvest on June 23, 2026. 
	Results and Discussion 
	Cover crop dry matter yields ranged from 2.4 t/ac for the oats and legume mix to 3.3 t/ac for the oat treatment (Table 1). The weeds growing in the control plots produced a biomass of 1.4 t/ac. Cover crops and the weeds in the control plots had N contents in the dry matter ranging from 2.9 to 3.6% and C:N ratios between 11.1 and 13.4. These C:N ratios are favorable to net N mineralization, so that N immobilization after incorporation was not expected. 
	-

	Table 1: Cover crop biomass and N content when terminated. 
	Figure
	The fresh market sweet corn yield averaged 188 cwt/ac (Figure 2). Yield was increased in the cover crop treatments compared to the control; however, cation of 75 lb/ac of plant available N did not increase yield, 150 lb/ac of plant-available N increased yield. However, the increase was not statistically rate treatments. 
	the difference was not statistically significant (p = 0.058). While the appli
	-
	significant (p = 0.053). There was no interaction between cover crop and N 

	Figure
	Figure 2: Sweet corn ear yield. Error bars are standard errors. 0, 75 and 150 refer to lb/ac 
	of plant available N applied pre-plant with an organic fertilizer. 

	The mineral N left in the top 2 ft of the soil profile was lowest in the control plots compared to the plots with a cover crop, but the differences across treatments were not significant. However, residual mineral N increased significantly with increasing N application rates (Figure 3). As was the case with 
	-
	yield, there was no interaction between cover crop treatments and N rates. 

	Figure
	Figure 3: Mineral N (ammonium at corn harvest. Error bars are standard errors. 
	and nitrate) in the soil profile 
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	Introduction 
	Nitrogen (N) balances are an important component of nutrient management and reporting under California’s Irrigated Lands Regulatory Program. Crop other agricultural regions of California, locally derived information remains limited for the Imperial, Coachella, and Palo Verde Valleys. The distinctive climate, soils, irrigation practices, and cropping systems of the low desert to support growers, agricultural advisors, and Irrigated Lands Coalitions in 
	N-removal coefficients are needed to estimate the amount of N removed from a field in harvested products based on crop yield. Although reliable coefficients have been developed or updated for several commodities in 
	may influence crop N concentration and removal. This project is developing locally representative N-removal coefficients for major regional commodities 
	evaluating field- and regional-scale N balances. 

	Objectives 
	The specific objectives of this study are: 
	1
	1
	1
	Develop N-removal coefficients for harvested products of major commod
	 
	-
	ities grown in the Imperial, Coachella, and Palo Verde Valleys. 


	2
	2
	Evaluate variability in N-removal coefficients among fields and harvested 
	 
	products using locally collected samples. 


	3
	3
	growers, agricultural advisors, and the Irrigated Lands Coalitions serving the Imperial, Coachella, and Palo Verde Valleys. 
	 
	Disseminate project findings and locally derived N-removal information to 



	Description 
	Field sampling has been conducted across commercial agricultural operations in the Imperial, Coachella, and Palo Verde Valleys. The current dataset conditions were sampled to capture the variability encountered in commercial production. Samples were collected from representative locations within Composite samples were used to determine the N concentration of harvested plant material. For commodities marketed on a fresh-weight basis, samples were oven-dried to a constant weight to determine percent solids, a
	-
	represents 281 field samples or harvest observations across 21 harvest
	-
	ed-product categories, including forage crops, vegetables, field crops, and perennial fruit crops. Multiple fields, harvests, production areas, and growing 
	-
	each field at the time of commercial harvest following grower practices. 
	basis. For hay, seed, lint, and similar harvested products, coefficients were 
	-
	cable commercial yield basis. The resulting N-removal coefficient represents 
	removal can therefore be estimated by multiplying the crop-specific coeffi
	-
	approach for incorporating harvested N removal into field N-balance calcula
	-

	Results and Discussion 
	Crop N-removal coefficients and their ranges are summarized in Table 1. The expanded dataset demonstrates substantial differences among commodities. Mean coefficients ranged from 0.001120 for table grapes to 0.044708 for alfalfa seed, representing approximately a 40-fold difference among the harvested products evaluated. These differences largely reflect variation in 
	-
	the N concentration and, for fresh commodities, the proportion of solids in the harvested product. 

	seed, 0.017581 for bermudagrass hay, 0.013967 for bermudagrass seed, and 0.019630 for kleingrass hay. Durum wheat seed also had a relatively greater dry matter and/or N concentration per unit of marketed weight than fresh vegetables and fruits and therefore remove more N per pound of harvested product. 
	Forage and seed products generally had relatively high N-removal coeffi
	-
	cients. Mean coefficients were 0.033295 for alfalfa hay, 0.044708 for alfalfa 
	high mean coefficient of 0.028374. These harvested products generally have 
	-

	Fresh vegetable crops had substantially lower coefficients because water constitutes a large proportion of their harvested weight. Mean coefficients ficients differed among market types, averaging 0.001398 for head lettuce, had the highest mean coefficient among the vegetables evaluated and had a 
	ranged from 0.001233 for fresh onion to 0.004872 for broccoli. Lettuce coef
	-
	0.001862 for romaine lettuce, and 0.002213 for green leaf lettuce. Broccoli 
	relatively high mean tissue N concentration of 5.52%. 

	The expanded dataset also provides N-removal information for several harcients were 0.038140 for Pima cotton seed and 0.012020 for Pima cotton 0.001120 for table grapes. The addition of these commodities broadens the applicability of the project beyond annual vegetables and forage crops and provides initial locally derived values for other important cropping systems in the low desert region. 
	-
	vested products not included in the previous year’s summary. Mean coeffi
	-
	lint. For perennial fruit crops, mean coefficients were 0.002229 for lemon and 

	For example, the alfalfa hay coefficient ranged from 0.017800 to 0.045200 across 28 field observations, while kleingrass hay ranged from 0.011200 to both percent solids and tissue N concentration contributed to differences in the calculated coefficients. This variability likely reflects differences in crop 
	Considerable variability was also observed within individual commodities. 
	0.033600 across 19 observations. Among fresh commodities, variation in 
	variety, maturity at harvest, growing conditions, soil characteristics, irrigation and nutrient management, and other commercial production factors. 

	The increasing number of observations has strengthened the estimates for several major crops. The current dataset includes 28 observations for alfalfa duction conditions improves representation of the variability encountered in commercial agriculture and provides a stronger basis for establishing locally 
	hay, 22 for head lettuce, 21 for romaine lettuce, 15 for broccoli and cauliflow
	-
	er, and 14 for green leaf lettuce. Continued sampling across fields and pro
	-
	relevant N-removal coefficients. 

	The practical application of these coefficients is straightforward. The N-removal coefficient can be multiplied by actual harvested yield in pounds pounds N per acre. For example, the mean coefficient of 0.033295 for alfalfa hay. Applying locally derived coefficients in this manner can improve estimates of harvested N removal and strengthen field-level N-balance assess
	-
	per acre to estimate the amount of N removed in the harvested product in 
	hay represents approximately 0.0333 lb N removed per pound of harvested 
	-
	-
	ments. 

	Conclusions 
	This project has substantially expanded the locally derived database of crop 
	N-removal coefficients for the Imperial, Coachella, and Palo Verde Valleys. 

	resenting 21 harvested-product categories and demonstrates that N-removal to 0.044708 for alfalfa seed. The results demonstrate the importance of ussubstantially more N per pound of harvested products than fresh vegetables the same commodity. The larger number of samples collected during this project provides an increasingly robust representation of this variability under commercial production conditions. 
	The current dataset includes 281 field samples or harvest observations rep
	-
	coefficients vary widely among commodities, from 0.001120 for table grapes 
	-
	ing commodity-specific coefficients. Hay and seed products generally remove 
	and fruits, while meaningful variability can also occur among fields producing 
	-

	cients that can be multiplied by actual harvested yield to estimate N removed visors, and Irrigated Lands Coalitions in developing more representative N balances and improving nutrient-management assessment across the Imperial, Coachella, and Palo Verde Valleys. 
	The primary practical outcome of this work is a set of locally derived coeffi
	-
	from individual fields. These values can support growers, agricultural ad
	-
	-

	Figure
	Acknowledgements 
	Funding for this study was provided by the California Department of Food and Agriculture (CDFA) Fertilizer Research and Education Program (FREP). The research team gratefully acknowledges the cooperating growers and agricultural partners in Imperial, Coachella, and Palo Verde Valleys whose 
	participation and assistance made the field sampling possible. 

	References 
	Montazar, A. (2024). Nitrogen uptake variations in desert lettuce: recent 
	research findings. Agricultural Briefs, 27 (8): 93-97. 

	reveal exceptional nitrogen removal with minimal inputs. Agricultural Briefs, 29 (1): 9-14. 
	Montazar, A. (2026). Alfalfa’s regional value in the low desert: field data 

	Monitoring and Assessing Variability of Nutrient Status in Almond Orchards with Remote Sensing Intelligence 
	Imagery Empowered by Artificial 

	Project Leader 
	Yufang Jin  
	Professor of Remote Sensing and  
	Ecosystem Change 
	UC Davis 
	UC Davis 
	yujin@ucdavis.edu
	yujin@ucdavis.edu
	yujin@ucdavis.edu


	 

	Introduction 
	Co-PIs 
	Alireza Pourreza   
	Alireza Pourreza   
	Associate Professor of Extension and 
	Director of Digital Agriculture 

	UC Davis 
	UC Davis 
	apourreza@ucdavis.edu
	apourreza@ucdavis.edu
	apourreza@ucdavis.edu


	  

	Patrick H Brown 
	Patrick H Brown 
	Distinguished Professor of Plant 
	Sciences 

	UC Davis 
	UC Davis 
	phbrown@ucdavis.edu 
	phbrown@ucdavis.edu 
	phbrown@ucdavis.edu 



	Optimizing nutrient management in almond orchards is crucial for maximizing yield, reducing costs, and protecting groundwater sources and the environment. Current monitoring methods rely on limited leaf sampling, which ly, accurately, and at scale (Berger et al., 2020; Liu et al., 2021), including (Chakraborty et al., 2025; Oswald et al., 2025); however, its operational use for almond nutrient management remains undeveloped. This project is developing an integrated remote sensing and AI approach using proxi
	-
	-
	cannot capture fine-scale variability or rapid changes in nutrient status, limiting timely, site-specific decisions. Hyperspectral imagery, combined with artificial intelligence, offers an opportunity to monitor nutrient status remote
	-
	recent almond-specific work on leaf- and canopy-scale nitrogen sensing 
	-
	poral nutrient variability, link it to soil and yield patterns, and guide efficient sampling strategies, improving productivity, fertilizer efficiency, and environ
	-

	This year’s work builds on the initial single-orchard pilot phase, using a mut-a statistical framework describing how sixteen leaf traits vary with canopy position, season, orchard, and cultivar; continued development of a hyper-analysis; and ongoing work exploring how to scale these leaf-level models using multi-year drone imagery collected alongside ground sampling. 
	li-year, multi-orchard leaf dataset to advance three efforts reported here: 
	spectral deep learning model, shaped by patterns identified in the statistical 

	Objectives 
	The specific objectives for this phase are: 
	1
	1
	1
	Collect comprehensive ground-truth data by sampling almond leaves for chemical analysis across multiple canopy heights, varieties, and orchard in nutrient status. 
	 
	locations, and over different time periods to capture maximum variability 


	2
	2
	Obtain hyperspectral measurements from leaves to establish direct relationships between leaf-level spectral signatures, drone and satellite-based imagery, and laboratory-derived nutrient concentrations. 
	 
	-


	3
	3
	Acquire and process aerial imagery from drone-based multispectral and thermal sensors to generate high-resolution spatial information. 
	 


	4
	4
	Integrate multi-source datasets (leaf chemical analysis, drone imagery, hyperspectral leaf data, and satellite imagery) to develop and validate an AI-driven framework for large-scale monitoring of nutrient status in almond orchards. 
	 



	Description 
	The combined leaf dataset now includes 565 samples from four almond orchards across the 2021–2026 growing seasons in California’s Sacramento and San Joaquin Valleys, including a new Davis orchard added in 2026 (20 trees, middle canopy, sampled three times between May and late July). The most complete multi-trait dataset spans 2023–2025, sampled from the top, middle, and bottom canopy. Leaves were scanned with a hyperspectral spectroradiometer, weighed, measured for leaf area, dried, and sent for laboratory 
	-
	-

	 ing leaf-level measurements to whole trees and orchards, including RGB and multispectral imagery (red, green, blue, red-edge, and near-infrared bands). The leaf level tissue analysis will be used as an indication of nutrient levels in target trees (Figure 1) when we scale up the modeling approach from leaf level to canopy level. 
	Drone imagery was also collected during field sampling in 2026 to begin scal
	-

	Figure
	Figure 1. Drone imagery of the Davis orchard. Red arrows show the 20 Nonpareil trees sampled across the growing season. 
	to determine how leaf traits vary within canopy, phenology, location, and cultivar. In parallel, we trained a preliminary hyperspectral deep learning model, based on a convolutional neural network long short-term memory (CNN-LSTM) architecture adapted from a grapevine trait-prediction model (Farajpoor et al., 2025). The statistical results are being used to guide model development, particularly how phenological stage and canopy position can be incorporated alongside spectral information. Fine-tuning of the 
	The 2023 to 2026 dataset is being analyzed using mixed-effects models 

	Results and Discussion 
	structural development. Seasonal progression was the strongest influence, affecting nearly every trait with very high confidence. Orchard location also produced strong differences for most traits, and within canopy position produced a smaller, but still significant effect for many traits. 
	The statistical analysis showed a clear temporal shift: early-season leaves were higher in nitrogen, phosphorous, chlorophyll, and carotenoids, while later-season leaves had more calcium, magnesium, leaf mass per area, and 
	-

	A multivariate ordination of all 16 traits together (Figure 2), illustrates correlated shifts across multiple leaf traits: a group of traits (calcium, magnesium, leaf mass, leaf structure) that rise together as leaves mature, a mobile-nutrient group (nitrogen, phosphorus) that declines together early in the season, and a pigment group following a similar decline, with orchard forming a second axis. 
	-

	Figure
	Figure 2. Redundancy analysis (RDA) ordination of the 16 leaf traits, Point shape indicates canopy layer (bottom, middle, and top), color indicates growing degree days (GDD) from bloom, and shaded regions indicate orchard location. Samples separate primarily along the season axis (RDA1). 
	The canopy effect varied by trait. Magnesium, boron, and chlorophyll showed strong canopy effects consistent across all three orchards. Potassium, copper, nitrogen, calcium, and zinc values also varied significantly with canopy position, but the strength of these effects differed meaningfully by orchard location. Manganese did not have a significant canopy effect, but its seasonal trajectory varied by orchard, possibly due to differences in soil or manage
	-
	-
	ment between sites. 

	Nitrogen, phosphorus, and copper decline predictably from bloom onward. tree redistributing them away from leaves toward reproductive tissues and new growth as leaves mature. Calcium, on the other hand, moves only through the xylem in one direction, so it accumulates over time. Micronutrient patterns (zinc, manganese, iron, and copper) are consistent with reduced availability in alkaline or poorly drained soils, both documented conditions in California almond orchards (Connel, 2017).  
	Because nitrogen and phosphorus are phloem-mobile, this may reflect the 

	Boron has a more complex seasonal pattern, which varied by orchard, and is consistent with soil boron availability or irrigation water quality, a known es. Potassium showed one of the most consistent canopy patterns, with generally higher concentrations in the lower canopy. 
	driver of boron toxicity and deficiency locally. We did not test soil or water directly, so these remain plausible explanations rather than confirmed caus
	-
	-

	Once the laboratory results are complete from the final 2026 data acquisition, we will test whether treating orchard as a random effect improves our ability to separate general nutrient patterns from orchard-specific dif
	-
	-
	ferences. These statistical patterns are being used directly to inform which variables and relationships the deep learning model should incorporate to improve its reliability across orchards and seasons. 

	This year, a CNN-LSTM, along with three architecture variants, is being deand orchards, data processing, and methods to use our complete hyper-spectral dataset to further improve accuracy and robustness of the model — alongside direct testing of how well the model generalizes to orchards it has not seen before. Incorporating GDD and canopy height directly into the model has shown promising results in our experiments and we are continuing 
	-
	veloped to predict these traits directly from leaf reflectance. Current work is focused on making the most of the data we have — filling gaps across years 
	to test the best way to build the statistical findings into the final architecture. 

	Conclusions 
	This year’s analytic results quantify how almond leaf nutrient status varies with season, canopy position, and orchard location, with growing degree site. These patterns matter for interpreting conventional leaf sampling for improving hyperspectral trait prediction across orchards. The project is also moving from leaf-scale prediction toward tree- (drone) and orchard-scale (satellite) monitoring, combining multi-year RGB, multispectral, and thermal nutrient variability for more precise management. The data 
	days as the most consistent driver and canopy height effects that differ by 
	drone imagery, and hyperspectral satellite data with field measurements. This will support the practical, remote-sensing-based mapping of within-field 
	-
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	Introduction 
	quality and quantity issues and associated regulations, the need for precise fertilization and irrigation practices is more critical than ever. Currently, citrus growers farm over 200,000 acres in the valley but lack access to a specialized, free decision-support tool that could guide them in making informed in-season decisions about irrigation and fertilizer applications. The crops’ physiological characteristics are unique amongst commodities grown in the valley, adding a layer of complexity to developing 
	As citrus growers in California’s Central Valley grapple with significant water 
	-

	The goal of this project is to build a decision-support tool to address this (CM) online platform, namely oranges, mandarins, and lemons. CM is a free publicly available irrigation and nitrogen (N) application decision support tool developed by UC researchers with funding from FREP, CDFA, USDA, UC Agriculture and Natural Resources, and the Department of Water Resources.  
	need. This project builds off years of research, experimentation, and soft
	-
	ware development efforts and will culminate in the development of three new citrus-specific modules for the University of California’s (UC) CropManage 
	-

	The tool integrates crop, water, and N use data and models with local weather information from the California Irrigation Management Information System (CIMIS), soil information from the NRCS and other sources, grower management, and soil/plant sample data to make in-season recommendations for a variety of horticultural crops. The tool was originally developed for Central Coast vegetable and berry cropping systems and later expanded to include predominant crops in other regions like the Central Valley. This 
	-
	-
	-

	The potential impacts of this initiative are significant. By providing citrus growers and advisors with access to a refined decision-support tool, this practices embedded within it, resulting in more efficient fertilizer and water 
	project can lead to increased adoption rates of CM and the management 
	use. This, in turn, enhances the likelihood of regulatory success while main
	-
	taining and enhancing a productive and diverse agricultural landscape. 

	Objectives 
	The overall objective of this project is to develop CM modules for orange, 
	mandarin, and lemon varieties.  Specific objectives include the following: 

	1
	1
	1
	Improve the understanding of N and water use dynamics in micro-irrigated citrus orchards grown under the atmospheric conditions of the San toring, and data-driven modeling. 
	 
	-
	Joaquin Valley and Tulare Lake Basin, through field measurements, moni
	-


	2
	2
	Refine the experimental version of three citrus modules within CM with knowledge gained from field studies and modeling. 
	 


	3
	3
	Ground-truth CM recommendations for N and water applications at heavily monitored citrus study orchards. 
	 
	-


	4
	4
	Conduct outreach and training on the developed modules to citrus growers and advisors. 
	 
	-



	Description 
	toring sites and receive critical input on module development/refinement, 2) water) across space and time from multiple study sites to refine experimental modules and verify CM recommendations, 3) finetuning CM citrus modules based on collected data and grower feedback, and 4) conveying findings and offering outreach and training opportunities to the citrus grower and free, accurate, and reliable tool for citrus growers to farm efficiently and with confidence. 
	This project consists of 1) identifying cooperating growers to establish moni
	-
	collecting necessary water and N data (soil N, tissue N, applied water, N in 
	-
	-
	advisor community. Through these steps, this project will deliver a needed 

	Results and Discussion 
	ued monitoring and data collection at 9 commercial orchards across Fresno, Tulare, and Kern counties, including three sites each with navel orange, mandarin, and lemon. Additionally, a literature review of California-based citrus N of work completed to date. 
	During the second year of the project, efforts have been focused on contin
	-
	-
	studies has been completed to support refinement of N uptake models in CM and the plant N data collection strategy. Below describes preliminary findings 

	changes in canopy cover and compare them to satellite based-estimates from SIMS (Satellite Irrigation Management Support). This is needed because canopy cover is a key input into CM to generate irrigation recommendations and the software will default to using satellite-based estimates if none are provided by the user. Across the 2025 growing season, UAV data showed relatively stable values through spring, summer, and fall across sites and varieties (Figure 1). However, satellite-based estimates showed a dec
	First, unmanned aerial vehicle (UAV) flights are being conducted to monitor 
	-
	-
	This trend was confirmed by randomly selecting 225 citrus fields across the 
	findings were reported by Dhungel et al., 2024 confirming our study sites 
	hedging, thinning) have an effect on canopy cover, they do not explain the difference between UAV data (direct high-resolution measurements) and satellite-based estimates. The differences suggest that the satellite estimates 

	CM show that cumulative applied irrigation generally parallels CM recommendation patterns, but that current CM recommendations consistently exceed grower applications across all sites and years (2025 and 2026 to date), even when the satellite-based estimates of canopy cover were used that resulted be done in collaboration with participating growers. Soil moisture sensor data tion, while other sites are relatively stable (which does not necessarily rule out that full crop ET is not achieved). Eddy-covariance
	Second, flow meters installed to track grower irrigation applications through 
	-
	in lower estimates of crop ET in summer months. Intentional deficit irrigation has been confirmed in some cases, which can be customized in CM and will 
	show a draw down of soil moisture in some sites, confirming deficit irriga
	-
	better quantify the water balance, verify site specific crop coefficients, and refine CM.  

	Figure
	Figure 1. Mean and standard error of canopy cover estimates for 2025 across nine study 
	sites derived from UAV flights and SIMS satellite-based estimates. 

	orchards suggests that the majority of N uptake in both navel orange and mandarin occurs over a span of approximately 120 days from post-bloom through late summer/early fall in a relatively linear fashion (Brown et al., 2020), followed by a period of N translocation within trees, as the fruit matures and the trees undergo seasonal physiological processes (Krueger 2005). Moreover, fruit are the major N sink for mature trees. Crop N demand can be determined with yield estimates and recently published N remova
	Third, a literature review of California specific N cycling studies in citrus 
	coefficients from Geisseler (data for all studied crops presented in http:// 
	geisseler.ucdavis.edu/Geisseler_Report_U4_2026_04_03.pdf
	geisseler.ucdavis.edu/Geisseler_Report_U4_2026_04_03.pdf

	-

	Conclusion 
	Strategies and tools are needed to support growers in coping with mounting pressures to protect and conserve water resources. CM is a free and practical option for making informed in-season decisions about when and how together, the utilization of these inputs can be optimized. Through research 
	-
	much N and water to apply to efficiently produce a full crop. When managed 
	projects such as this, CM recommendations are able to be refined to increase their reliability and grower confidence in them. 
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	Introduction 
	The Agriculture and Land-Based Training Association (ALBA), a 501(c)(3) project focused on improving access to practical nutrient and irrigation management education on California’s Central Coast. The project responds to the region’s ongoing challenge of nitrate contamination in groundwater and to the need for beginning and small-scale farmers to have practical, bilingual information and technical support they can apply in commercial production. alized technical assistance, the project aims to improve nutri
	nonprofit based in the Salinas Valley, is in the second year of a three-year 
	-
	By combining classroom instruction, hands-on field learning, and individu
	-
	-

	Objectives 
	1
	1
	1
	Educate 175+ farmers, 30 college students, and 25 agricultural professionals and service providers on soil fertility and plant nutrition management techniques. 
	 
	-
	-


	2
	2
	Provide direct technical assistance to 60+ farmers on innovative and proven conservation practices that protect groundwater resources. 
	 


	3
	3
	Conduct outreach to 500+ farmers, college students, and agricultural professionals on project results and CDFA, UCCE, and other agency tools and resources for nutrient management best practices. 
	 



	Description 
	ALBA integrated the project into its existing bilingual farmer education and incubation programs. Its annual Farmer Education Course provides more than 250 hours of experiential learning for aspiring organic farmers, including instruction in plant nutrition, irrigation principles, nutrient budgeting, cover crops, compost, crop rotation, and other soil and crop management topics. Field days reinforce classroom concepts through activities such as soil nitrate quick testing and irrigation system evaluations. 
	The Organic Farm Incubator provides beginning farmers with subsidized access to land, equipment, and irrigation infrastructure, along with ongoing classroom are located at the center of its 100-acre training site, where approximately 35 to 40 start-up farmers operate each year. This setting allows nutrient and irrigation management education to be connected directly to commercial production decisions throughout the growing season. 
	technical assistance from ALBA staff and project partners. ALBA’s office and 
	-

	The Resource Conservation District of Monterey County (RCDMC) provides regular on-site assistance with soil fertility and irrigation management and Resource Conservation District of San Benito County (RCDSBC) has begun to extend similar assistance in San Benito and Santa Clara counties. The project outreach to farmers, students, agricultural professionals, and other visitors. 
	works closely with ALBA staff to coordinate and deliver technical support. The 
	also uses ALBA’s one-acre demonstration field for field-based learning and 

	Results and Discussion 
	During the second year, the project delivered more than 20 workshops and fessionals, and 35+ college students through classroom instruction, hands-on demonstrations, and individualized technical assistance. Training emphasized practical nutrient and irrigation management strategies, including nutrient budgeting, cover cropping, compost use, crop rotation, irrigation principles, 
	20 field days and reached approximately 50 beginning farmers, 22+ ag pro
	-
	soil fertility management, and efficient water use. 

	ers in ALBA’s Organic Farm Incubator participated in soil nitrate quick testing and irrigation system distribution uniformity evaluations. Weekly nutrient and irrigation management meetings gave farmers recurring opportunities to and receive individualized recommendations during the growing season. and tensiometers to better understand irrigation timing and water use. 
	Hands-on learning was a central component. All first- and second-year farm
	-
	review field conditions, discuss production challenges, interpret test results, 
	Some farmers also used tools such as telemetric flow meters, CropManage, 

	These activities helped connect nutrient management concepts to day-to-day farm decisions. Nutrient budgeting gave participants a framework for matching fertilizer applications more closely to crop needs, while soil nitrate testdiscussed with advisors. The combination of recurring meetings and on-farm demonstrations also allowed technical assistance to respond to changing crop 
	-
	-
	ing and irrigation evaluations provided field-level information that could be 
	and field conditions rather than being limited to one-time workshops. 

	The project also increased regional technical assistance capacity. RCDSBC edge and experience in nutrient and irrigation management, and RCDSBC hired a three-quarter-time employee to expand grower support.  
	staff participated in substantial cross-training with RCDMC to build knowl
	-

	This investment in partner capacity increases the number of growers who can receive practical assistance beyond ALBA’s training site and strengthens coordination among organizations serving farmers across the Central Coast. 
	As an education and technical assistance project rather than experimental research, its second-year results are primarily implementation and outreach outcomes. Experience to date indicates that practical, bilingual instruction is ments, repeated advisor contact, and opportunities to apply the information while documenting participation, technical assistance, and adoption of nutrient and irrigation management practices. 
	most useful when farmers can pair classroom concepts with field measure
	-
	in their own operations. The final project year will continue these activities 
	-

	Conclusions 
	The second year demonstrated the value of combining bilingual classroom education, on-farm demonstrations, and recurring technical assistance for beginning farmers. Soil nitrate quick testing, irrigation system evaluations, nutrient budgeting, and weekly management meetings gave participants multiple ways to connect nutrient management concepts with commercial farm decisions. For agricultural advisors and practitioners, a key takeaway management information more accessible and actionable for beginning and s
	is that repeated, field-based engagement can make nutrient and irrigation 

	The project also strengthened the regional technical assistance network ration among ALBA, RCDMC, RCDSBC, and other partners will help expand access to practical nutrient management support and conservation resources across the Central Coast. 
	through cross-training and added staffing at RCDSBC. Continued collabo
	-

	Acknowledgements 
	ALBA acknowledges support from the California Department of Food and Agriculture Fertilizer Research and Education Program (CDFA FREP), the Resource Conservation District of Monterey County, and the Resource Conservation District of San Benito County. 
	-

	Soil Nitrogen and Nitrate Leaching Potential During Young Orchard Replanting: First-Year Observations from a Modesto Almond Orchard 
	Project Leader 
	Thomas Harter 
	Thomas Harter 
	Professor and Specialist in 
	Cooperative Extension for 
	Groundwater Hydrology 

	UC, Davis 
	UC, Davis 
	thharter@ucdavis.edu 
	thharter@ucdavis.edu 
	thharter@ucdavis.edu 



	Co-PIs 
	Isaya Kisekka 
	Isaya Kisekka 
	Professor of Agricultural Water 
	Management and Irrigation 
	UC, Davis 

	Helen Dahlke 
	Professor in Integrated Hydrologic Sciences 
	UC, Davis   
	Felix Ogunmokun 
	Assistant Professor in Soil Physics Tennessee State University 
	Introduction 
	Young orchard blocks are disproportionate sources of nitrate leaching to groundwater. When an old almond orchard is removed, the soil deep-ripped, and organic amendments and fertilizer incorporated ahead of replanting, a on the bare, freshly ripped soil can move nitrate below the root zone before young trees can reach it. Our study site, a 140-acre commercial almond orchard west of Modesto managed with high-frequency low-concentration (HFLC) fertigation since 2018, has recorded this pattern once already: af
	large nitrogen pool is placed in a profile with no crop to use it: newly planted almonds take up less than 50 lbs N per acre in their first year, so winter rain 
	-
	low monitoring wells rose sharply within one to five years. When the ranch’s 
	-
	ment through the profile across the first winter. 

	Objectives 
	1
	1
	1
	Quantify the soil inorganic nitrogen pool created in the Block 3 root zone ments (almond bark chips, compost, and fertilizer pellets). 
	 
	and deep profile by orchard removal, soil ripping, and pre-plant amend
	-


	2
	2
	Compare post-amendment soil nitrogen with the block’s own 2018-2025 history and with the four planted blocks sampled on the same dates. 
	 


	3
	3
	2026 winter rains, from the pre-rain sampling (November 21, 2025) to the post-rain sampling at planting (February 28, 2026). 
	 
	Track nitrate redistribution through the 0-6 ft profile across the 2025-


	4
	4
	Evaluate nitrate leaching potential during orchard establishment, using scale analog. 
	 
	the monitoring-well record from the 2019 replanting of Block 5 as a field-



	Description 
	2018 at 0-30 cm (0-1 ft) and 30-60 cm (1-2 ft), with periodic deeper sampling. Samples are extracted with 2M KCl, analyzed for nitrate-N (NO-N) and ammonium-N (NH-N), and converted to lbs N per acre using NRCS SSURGO deep cores to 10 ft in November 2024 (old orchard standing), then twelve locations sampled in 1-ft increments to 6 ft on November 21, 2025 (after removal, ripping, and amendments, before the winter rains) and again on February 28, 2026, one day after replanting, following 6.9 inches of rain rec
	Soil inorganic nitrogen has been monitored in all five orchard blocks since 
	-
	3
	4
	bulk densities. For the replant study, Block 3 sampling was intensified: five 

	Results and Discussion 
	Replanting practices created a large nitrogen pool. Under the old orchard, Block 3 root-zone (0-60 cm) inorganic N was stable near 20-50 lbs N per lbs NO-N per acre in November 2024 (Table 1). After removal, ripping, and amendment incorporation, the November 21, 2025 sampling found 182 lbs inorganic N per acre in the top 2 ft alone (over 90 percent as nitrate) and 290 lbs NOal total and four to ten times the root-zone N in the orchard’s four planted blocks that same day (17-48 lbs per acre). Nitrate was con
	acre for five years (Figure 1), and the whole 0-6 ft profile held only about 46 
	3
	3
	-N per acre in the 0-6 ft profile, about six times the pre-remov
	-

	Figure
	February 2026. Points are means of 3 sampling locations (12 for the last two dates); bars are standard errors. 
	Figure 1. Block 3 (SW2) root-zone (0-60 cm) inorganic nitrogen, December 2020 through 

	Figure
	Figure 2. Block 3 soil nitrate-N by depth (lbs NO3-N per acre per foot): November 2024 under the old orchard (5 cores), November 21, 2025 after amendments and before the rains, and February 28, 2026 after 6.9 inches of rain, one day after replanting (12 locations; bars are standard errors). 
	-

	One winter of rain moved the nitrate pool 1 to 2 feet deeper. By planting day, root-zone (0-60 cm) inorganic N had fallen 64 percent, from 182 to 66 lbs per acre. That nitrogen was not gone: it had moved downward. Nitrate at 3-4, 4-5, and 5-6 ft roughly doubled to tripled (Table 1, Figure 2), the nitrate center of mass moved from about 2.2 to 3.3 ft deep, and the 0-6 ft inventory was statistically unchanged (290 versus 260 lbs NO-N per acre; paired combut still above 6 ft.  
	3
	-
	parison across the twelve locations, not significant). The 6.9 inches of winter rain displaced the nitrate front 1 to 2 feet, below the reach of first-year roots 

	Continued displacement at that rate under irrigation and future winters would carry it toward the water table (20-30 ft) within several seasons. 
	Table 1. Block 3 mean soil nitrate-N by depth (lbs NO-N per acre per foot of soil) 
	3

	Figure
	The 2019 replanting of Block 5 shows where this nitrogen can end up. After the adjacent SW1 block (Block 5) was replanted in 2019, nitrate-N in its four monitoring wells rose sharply: MW13 climbed from about 55-60 mg/L to a 2020 peak above 100 mg/L, and MW18 rose from about 16 mg/L in 2017 to about 90 mg/L by 2024-2026, nine times the 10 mg/L drinking water standard, while the mean of the sixteen wells elsewhere in the orchard moved only from about 22 to 31 mg/L (Figure 3). The question for Block 3 is there
	-
	-
	3
	-N per acre still in the profile at planting, minus modest first-year tree uptake, is the pool available to repeat 

	Figure
	Figure 3. Nitrate-N in the four shallow monitoring wells in Block 5 (SW1), replanted in 2019, compared with the mean of the sixteen wells in the rest of the orchard (three-sample running means). 
	-

	Conclusions 
	ganic N per acre before a single tree was planted, and one moderate winter (6.9 inches of rain) pushed that nitrate 1 to 2 feet deeper before planting most of this pool is at risk of leaching, and the well record from the 2019 replant next door shows the outcome: multi-year nitrate increases of 50 mg/L or more in shallow groundwater. For growers replanting on recycled orchard ground: (1) credit the nitrogen already supplied by compost, amendments, possible, favor low-N, slow-release amendments (such as bark
	Standard replanting practice loaded this soil profile with about 300 lbs inor
	-
	day. Because first-year almonds take up less than about 50 lbs N per acre, 
	-
	and mineralizing residue before adding pre-plant or first-year fertilizer, since the profile may already hold several years of young-tree demand; (2) where 
	over N-rich pre-plant blends; and (3) budget first-year fertigation conser
	-
	vatively and confirm need with soil tests rather than applying by calendar. 

	Acknowledgements 
	We thank the California Department of Food and Agriculture Fertilizer Research and Education Program (FREP) for supporting this project, the Almond Board of California for co-funding the long-term site, and the coopDillon McMenomy (UC Davis) performed the soil sampling and laboratory analyses summarized here. 
	-
	erating grower for field access and operations records. Teena Armstrong and 

	Nitrogen Runoff and Leaching Loss 
	from Container Nursery Production 

	Project Leader 
	Christopher Shogren 
	Christopher Shogren 
	Environmental Horticulture Advisor 
	UC, Cooperative Extension 

	cjshogren@ucanr.edu 
	cjshogren@ucanr.edu 
	cjshogren@ucanr.edu 
	cjshogren@ucanr.edu 



	Bruno Pitton 
	Bruno Pitton 
	Environmental Horticulture Advisor 
	UC Cooperative Extension 

	Co-PI 
	Introduction 
	Nitrogen (N) application rates in container nursery production can be very high, ranging from roughly 1,000 to 7,000 lbs. N per acre annually, because growers rely heavily on controlled-release fertilizer (CRF) and water-soluble fertilizer (WSF) to meet plant demand. Fertilizer is also one of the largest input costs for nursery operations, so nitrogen that is lost from the production system represents both an economic loss and an environmental concern, particularly for groundwater quality. 
	-

	Under the state Irrigated Lands Regulatory Program’s Irrigation and Nitrogen Management Plan (INMP) reporting requirements, growers must estimate the nitrogen removed by the crop to help calculate how much nitrogen could potentially leach to groundwater. For traditional row and orchard crops, this ed yield. For container nursery production, it is far more complicated: the soilless substrate and any unused fertilizer leave the nursery along with a wide range of container sizes, substrates, and irrigation and
	removal coefficient is straightforward because it is tied directly to harvest
	-
	the plant, and California nurseries grow thousands of different plant taxa in 

	Two irrigation methods, drip and overhead, and two fertilizer strategies, CRF and WSF, are both common across California nurseries, often used in combination. Substrates also vary widely in their carbon-to-nitrogen (C:N) leachate. Most prior research on WSF and CRF leaching has relied on drip irrigation and individual container studies even though overhead irrigation is more common, and often the only economically feasible method for smaller containers. As a result, existing data do not fully capture the aq
	ratio, from about 58:1 for peat moss to 1,000:1 for sawdust, which affects how much nitrogen is immobilized by microbes rather than lost in runoff or 
	-

	es across the substrate, irrigation, and fertilizer combinations most common on California nurseries, generating information that can help growers reduce nitrogen loss and support a more workable, science-based alternative to the current INMP reporting requirement for the nursery industry. 
	This project was developed to fill that gap by directly comparing nitrogen loss
	-

	Objectives 
	1
	1
	1
	bon-to-nitrogen ratios, using a single fertilizer and irrigation method. 
	 
	Compare nitrogen losses from soilless substrates with different car
	-


	2
	2
	runoff for controlled-release and water-soluble fertilizer applications. 
	 
	Measure the percentage of applied nitrogen lost through leaching and 


	3
	3
	Compare nitrogen losses between overhead and drip irrigation methods, applied in combination with controlled-release and water-soluble fertilizer. 
	 



	Description 
	To capture nitrogen losses under realistic nursery conditions, the project team is constructing an experimental container nursery at the University of California South Coast Research and Extension Center (SCREC) in Irvine, California, a location representative of the climate found across much of California’s nursery industry. The system consists of sixteen experimental beds designed to mimic the graveled surfaces and irrigation infrastructure common at commercial wholesale nurseries. Each bed is approximate
	-
	lined with pond liner, backfilled with a gravel layer, and topped with compact
	-
	ed native soil. Leachate that moves through the soil profile is captured in a below-ground tank, while surface runoff is collected separately, allowing the 

	gen ratio, with four beds allocated to each substrate. A single container size, plant species, irrigation method, and fertilizer type will be held constant so that substrate is the only variable being tested. The second experiment, conducted on all sixteen beds, will use a two-by-two factorial design comparing CRF and WSF fertilizers across overhead and drip irrigation, with four beds per leachate samples will be analyzed for nitrogen concentration, and plant biomass and tissue nitrogen content will be meas
	The first experiment will use eight of the sixteen beds to compare nitrogen leaching and runoff from two soilless substrates that differ in carbon-to-nitro
	-
	-
	treatment combination. For both experiments, irrigation, rainfall, and runoff or 
	-
	-
	tion cycle to calculate an overall nitrogen mass balance and nitrogen use effi
	-
	through UC Cooperative Extension outreach, including field days, workshops, 

	Results and Discussion 
	This is the first interpretive summary for the project, reporting on progress during year one. Construction is currently underway on the first eight experfirst experiment comparing nitrogen losses between soilless substrates of different C:N ratios. Site preparation and bed construction are proceeding 
	-
	imental nursery beds, including installation of the pond liner, gravel base, compacted native soil, and irrigation infrastructure needed to support the 
	according to the timeline established in the project work plan, and the proj
	-
	ect remains on schedule. 

	able for this reporting period. Once construction of the first eight beds is complete, the project team will finalize substrate selection and begin the first experiment, with irrigation, rainfall, and runoff water sampling to follow. 
	Because data collection has not yet begun, no nitrogen loss results are avail
	-

	Conclusions 
	While it is too early to report nitrogen loss results, the project has established the experimental infrastructure needed to directly compare nitrogen losses across the substrate, irrigation, and fertilizer combinations most commonly used in California container nursery production. Growers and cludes. In the meantime, this project’s long-term goal is to translate direct measurements of nitrogen loss into practical, science-based recommendations and a more workable alternative to the current Irrigation and N
	-
	regulators can expect the first substantive results, comparing nitrogen losses between low and high C:N ratio substrates, once the first experiment con
	-
	-

	Acknowledgements 
	The authors gratefully acknowledge CDFA FREP for supporting this research, the University of California South Coast Research and Extension Center for hosting the experimental nursery, and Gerry Spinelli (Fullerton College) for his collaboration on the project. 
	References 
	Cox, D.A. (1993). Reducing nitrogen leaching-losses from containerized Nutrition 16, 533-545. 
	plants – the effectiveness of controlled-release fertilizers. Journal of Plant 

	Fulcher, A., LeBude, A.V., Owen, J.S., White, S.A., and Beeson, R.C. (2016). The Next Ten Years: Strategic Vision of Water Resources for Nursery Producers. Horttechnology 26, 121-132. 
	-

	Harter, T., and Lund, J. (2012). Addressing Nitrate in California’s Drinking Water: Executive Summary. In Addressing Nitrates in California’s Drinking Water. 
	Jackson, B.E., Wright, R.D., and Alley, M.M. (2009). Comparison of Fertilizer Nitrogen Availability, Nitrogen Immobilization, Substrate Carbon Dioxide EfHortScience 44, 781. 
	-
	flux, and Nutrient Leaching in Peat-lite, Pine Bark, and Pine Tree Substrates. 

	ization strategy on nitrogen balance in an outdoor potted crop of Viburnum tinus L. Spanish Journal of Agricultural Research 10, 471-481. 
	Narvaez, L., Caceres, R., and Marfa, O. (2012). Effects of climate and fertil
	-

	strategies on nitrogen balance in an outdoor potted crop of Osteospermum ecklonis (DC.) Norl. ‘Purple Red’ under Mediterranean climate conditions. Spanish Journal of Agricultural Research 11, 833-841. 
	Narvaez, L., Caceres, R., and Marfa, O. (2013). Effect of different fertilization 

	Pitton, B.J.L., Oki, L.R., Sisneroz, J., and Evans, R.Y. (2022). A nursery system nitrogen balance for production of a containerized woody ornamental plant. Scientia Horticulturae 291, 110569. 
	-

	Ristvey, A.G., Lea-Cox, J.D., and Ross, D.S. (2004). Nutrient uptake, partitioning and leaching losses from container-nursery production systems. In Nursery Crops Development, Evaluation, Production and Use, T. Fernandez, and C.G. Davidson, eds., pp. 321-328. 
	-

	Wilson, P.C., and Albano, J.P. (2011). Impact of Fertigation versus Controlled-release Fertilizer Formulations on Nitrate Concentrations in Nursery Drainage Water. Horttechnology 21, 176-180. 
	-

	Advancing Irrigation and Nitrogen Management of Cantaloupe in Southern California Using Field Experiments and Remote Sensing 
	Project Leader 
	Amir Verdi 
	Amir Verdi 
	Associate Professor in Environmental 
	Sciences 

	UC Riverside 
	UC Riverside 
	Amir.verdi@ucr.edu 
	Amir.verdi@ucr.edu 
	Amir.verdi@ucr.edu 
	Amir.verdi@ucr.edu 




	Co-PIs 
	Jairo Diaz-Ramirez 
	Jairo Diaz-Ramirez 
	Director of Desert Research and 
	Extension Center 
	UC Cooperative Extension 

	Elia Scudiero 
	Associate Professor in Environmental Sciences 
	UC Riverside 
	Daniel Geisseler 
	Cooperative Extension Specialist UC Davis 
	Introduction 
	acres of cultivation in Imperial and Riverside counties, respectively. Excess irrigation and nitrogen application threaten the sustainability of agricultural production in the region. Agricultural drainage can transport fertilizers, salts, and other contaminants to the Salton Sea, an impaired water body in California. Growers need management practices that reduce nitrogen exports and improve air quality while maintaining competitive yields and excellent produce quality. With the adoption of pressurized irri
	Melon production is significant in Southern California, with 4,800 and 3,045 
	-

	Since 2023, growers in Imperial County have been required to report nitrogen fertilizer applications. Overirrigation negatively impacts nitrogen use creases the risk of groundwater contamination. Consequently, science-based irrigation and nitrogen recommendations should be developed for the major soil types in the region to support farm productivity and environmental stewardship. The overall goal of this project is to enhance the sustainability of cantaloupe production in Southern California. 
	-
	efficiency because it causes nitrogen leaching into deeper soil layers and in
	-
	-

	Objectives 
	1
	1
	1
	Evaluate the response of cantaloupe to different irrigation and nitrogen 
	 
	amounts in heavy- and coarse-textured soils in Southern California. 


	2
	2
	Develop recommendations for irrigation and nitrogen management of cantaloupe in the region. 
	 


	3
	3
	Develop and evaluate remote sensing-based statistical models for yield prediction using drone and satellite data. 
	 



	Description 
	Riverside Agricultural Experiment Station (UCR AES) in Riverside and the UC ANR Desert Research and Extension Center (UC DREC) in Holtville, CA. Table 
	Field trials were established at two locations with different soil types: the UC 
	1 shows the first irrigation and harvest dates for both sites. 

	Table 1. First irrigation and harvest dates for UCR AES (UCR Agricultural Experiment Station) and UC DREC (UC ANR Desert Research and Extension Center) sites. 
	Figure
	UCR AES site 
	The soil at this site ranges from loam to sandy loam. The experiment was established as a split-plot design, with irrigation treatments as the main-plot factor and nitrogen treatments as the subplot factor. Treatments were randomly assigned to plots, with four replicates. Three irrigation treatments were based on crop evapotranspiration (ETc): (i) 100% ETc (I1), (ii) 150% 30 ft long. One drip tape per bed was buried about 5 cm below the soil surface. Irrigation treatments began 32-34 days after planting and
	ETc (I2), and (iii) 50% ETc (I3). Each plot consisted of five 5-ft-wide beds, 
	-
	lb/acre, the difference was fertigated through the drip system at three crop 

	Soil and biomass sampling and remote sensing data collection were conples were collected at three depths (0-30 cm, 30-60 cm, and 60-90 cm), whereas in-season soil samples were collected only from the top 30 cm. Drone-mounted cameras collected thermal and multispectral imagery. Handheld sensors were used to measure surface temperature, NDVI (normalized -matal conductance, and leaf petiole nitrate content. Biomass samples were harvest were analyzed for Brix (a measure of fruit sweetness) and total nitrogen. 
	-
	ducted at different growth stages. Preplant and final-harvest soil sam
	-
	-
	difference vegetation index), LAI (leaf area index), chlorophyll index, sto
	analyzed for total leaf nitrogen and leaf petiole nitrate. Fruit samples at final 
	-

	Melons were harvested in two phases based on fruit appearance. All melons picked from the inner three rows of each plot were weighed for yield estiseparately. 
	-
	mation. Fruits were classified as marketable or unmarketable and weighed 

	UC DREC site 
	Soil, biomass, and yield data are still being processed and analyzed. Therefore, results from this site are not included in this preliminary interpretive summary. 
	The site was affected by Cucurbit yellow stunting disorder (CYSD), transmit
	-
	ted by the silverleaf whitefly, which has affected crop performance and yield. 
	-

	Results and Discussion 
	mass, and remote-sensing analyses are ongoing, and UC DREC results are treatments (p < 0.05), with 100% and 150% ETc producing statistically similar yields and both exceeding 50% ETc. Neither N budget nor the irrigament-combination means are shown in Table 3. These preliminary data show interpretation of N availability, uptake, and movement will depend on ongoing soil and plant analyses. 
	Preliminary first-year results from UCR AES are presented here; soil, bio
	-
	not yet included. Marketable yield differed significantly among irrigation 
	-
	tion-by-N interaction significantly affected marketable yield (Table 2); treat
	-
	no statistically significant difference in marketable yield between 100% and 150% ETc and no significant marketable-yield response to N budget. Further 
	-

	Table 2. Analysis of variance showing the main and interaction effects of irrigation and N 
	budget on crop yield. Values are mean ± standard error (N=4). 

	Figure
	[a] The ANOVA table presents significance levels for the main effects of irrigation and N budget and their interaction. * indicates significance at p < 0.05. 
	Table 3. Marketable and unmarketable yield by irrigation and N-budget treatment combination. Values are mean ± standard error (N=4). 
	-

	Figure
	*Within each column, means followed by the same letter are not significantly different at α = 0.05. 
	0.05), with 150% ETc producing the highest unmarketable yield. This pattern suggests that overirrigation may have contributed to conditions favoring fruit rot or cracking; however, these preliminary data do not establish a causal mechanism. Additional data and analyses are needed before drawing 
	Melons with mold, cracking, or softness were classified as unmarketable. Unmarketable yield differed significantly among irrigation treatments (p < 
	-
	-
	conclusions about effects on fruit quality or economic returns. 

	Future Analysis 
	of applied nitrogen at different growth stages. Thermal and multispectral drone imagery collected at different growth stages will be used to evaluate ing irrigation events. Soil moisture and reference evapotranspiration (ET₀) data will be used to derive site-specific crop coefficients (Kc) using a soil wa
	Soil and biomass samples are being analyzed for nutrients to assess the fate 
	crop responses to the treatments. Soil moisture sensors installed at 5, 15, 25, 40, and 60 cm depths will be used to track soil water movement follow
	-
	-
	ter balance. Yield-prediction models will be developed using drone imagery. 

	Conclusions 
	of the project dataset. Marketable yield was statistically similar between 100% and 150% ETc, whereas 50% ETc produced lower yield. N budget was higher at 150% ETc, but the underlying cause and practical implications require further analysis. Soil, plant, remote-sensing, and UC DREC data conclusions regarding optimal irrigation or N rates are given at this stage. 
	These first-year UCR AES results are preliminary and represent only part 
	did not significantly affect marketable yield in this trial. Unmarketable yield 
	remain under analysis; therefore, no final management recommendations or 
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	Introduction 
	Agriculture is a high value component of the overall economy in San Diego County and is primarily composed of specialty crop production. The agricultural community is comprised of mostly small farms, with 69% of farms between 1-9 acres. San Diego agriculture is unique and includes considerable variability in crops and topography, grower experience and knowledge, languages spoken, race, heritage and age. 
	-
	-

	Agriculture in the San Diego area has long grappled with water quality regulations, particularly those focusing on nitrate contamination of surface water. Groundwater is relatively sparse in San Diego County. Growers in the area are regulated under both the MS4 program and the General Agricultural Order, with many overlapping requirements. The San Diego Region Irrigated Lands Group (SDRILG) (1) was developed to assist with grower monitoring requirements and required grower education; approximately 1100 irri
	-
	-

	Recently, the San Diego Regional Water Quality Control Board (Regional Board) worked to establish a new Ag Order, including the required statewide implementation of the “Eastern San Joaquin Order” (ESJ Order) (2) as a condition for San Diego agriculture. The ESJ Order was adopted by the State Water Board in 2018 with a primary focus on nitrate management in groundwater. The State Water Board determined that portions of the ESJ Order were precedential and directed all Regional Boards to revise their irrigate
	-
	five years. 

	Most of the precedential requirements of the ESJ Order proved to be very problematic for agriculture in San Diego as the Order was developed for a more homogenous, larger-scale crop production system that has well-established fertilizer and irrigation needs, harvests one crop once per year, and which has more farms than any other county in the nation. Agriculture is intensive, small-scale, extremely diverse, and most of the minor, specialized crops grown here do not have standardized data to guide growers a
	-
	occurs on relatively flat land. None of this is found in San Diego agriculture, 
	county in the United States; many grow over 250 different species, each with differing growth and input requirements and with multiple crops per year. Re
	-

	The topography and location of agricultural production operations is also quite variable. Many of the farms are located in areas with multiple land uses. Farmed areas in San Diego are generally hilly, and growers who farm uses, many of which apply the same nutrients and other materials to their and nurseries surrounded by horse facilities, golf courses, parks, schools and extremely scarce with many growers using district water to irrigate crops. 
	downhill of other land uses often accommodate runoff from those uphill 
	property as the farming operations do. It is normal to find farming operations 
	residential areas. This complexity makes it difficult to accurately assign the source of the nutrient and other runoff issues. In addition, groundwater is 

	ultimately found the application of the Eastern San Joaquin Ag Order to be unworkable for the San Diego Region. As a result, the unusual decision was Eastern San Joaquin Order to a focus on Best Management Practices (BMPs) for water quality management at this time. This project will: 1) analyze the port the SDRILG in providing data-driven outreach and education to its memunique agricultural operations in our area and for education of the growers 
	After much collaboration between the SDRILG and the Regional Board, staff 
	made by the Regional Board staff to shift the effort from adoption of the 
	specific BMP needs collaboratively with regulatory program staff and 2) sup
	-
	-
	bers. This will allow for implementation of the most effective BMPs for the 
	as to their effective use. 

	Objectives 
	Table 1: Objectives and Methods of Information Delivery to Clientele Groups 
	Figure
	Description 
	The above table describes the general timeline and tasks and activities for each objective. It should be noted that any workshops or materials are available to both members and non-members of the San Diego Region irrigated Lands Group. Educational meetings and workshops are the core of the programmatic outreach. 
	-
	-

	The program will be divided by crop type, with educational efforts focused on tree and vine crops the first year and horticulture, nursery and row crops the 
	second year.  All meeting and other educational materials will be available as they are developed and after program completion through the SDRILG. 

	Results and Discussion 
	Tasks 1.1 and 1.2
	 

	Collect, review and organize agricultural data collected by the Regional Board, the County of San Diego Ag, Weights, and Measures Ag Water Quality Program, and water quality programs of other jurisdictions regarding violations when inspecting farming operations under the MS4 and other programs. 
	-
	-

	This initial task has been completed. We were able to receive data from the AWQP, which manages the MS4 program for programs located under the County’s jurisdiction, from the Regional Board Ag Order Program, and from several cities with agricultural production within the city limits. The AWQP conducts over 400 inspections each year, by far the highest number of any jurisdiction The most common infraction that kept growers out of compliance with any program was the failure to complete their paperwork, other 
	-
	“erosion and sediment being discharged off the property”, “spills and leaks” 
	as the top five.  We have already provided an online presentation on properly filling out documentation and other paperwork for members of the SDRILG 

	Figure
	Figure 1. Presentation to the RVVA 
	Task 2.1 
	 

	Develop and deliver educational meetings and demonstrations focused on Tree and Vine Crops. We began our educational meetings by providing a program for the Ramona Valley Vineyard Association (RVVA) on April 28th. The meeting was well-attended by growers from the area.  We are scheduling 
	-
	additional field-based Tree and Vine crop meetings for this fall. 

	Task 3.1
	 

	ternative methods. We reviewed the membership of the SDRILG (1100 members) and determined that approximately 20% of the members did not have hard copies of other educational documents for their use. In addition, we have elected to produce a guidebook to staying in compliance and taking care of reporting and other paperwork as a hard copy for these members. 
	Outreach to the self-identified “low tech” members of the SDRILG through al
	-
	-
	sufficient computer skills to participate in online presentations and document management. We are providing specific workshops, mailed information, and 

	Task 4.1
	 

	Development of a resource collection will continue throughout the project. 
	Conclusions 
	We have developed some interesting and useful information regarding grower needs and compliance with the water quality regulatory programs, and we will incorporate these things into our program going forward. We also understand the needs of the clientele and how we can work with that to make the educational components a success. We are just getting started on the delivery of the education and outreach programs and look forward to reaching more of the groups needing this information, as well as continuing to
	-
	-
	-
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