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B. Executive Summary
1. Problem. As a greenhouse gas (GHG), nitrous oxide (N20O) is 300 times more effective than
carbon dioxide at warming the atmosphere, while 75% of N,O emissions in the U.S. are emitted
by agriculture soil management, namely through nitrogen (N) fertilizer application (Denman et
al., 2007). Thus, this sector is the largest contributor to non-CO, emissions, and N,O output as a
result of increased agricultural activity is expected to increase 5% by 2020 (US Dept. of State,
2007). In Mediterranean climates, such as California (CA), row crop production and soil
management account for a majority of the total N,O emissions (ARB, 2010), making agriculture
a vital sector for potential GHG abatement.

Common agronomic practices that enhance N,O production include fertilizer
application, irrigation management, and tillage (Mosier and Hutchinson 1981; Smith and
Conen 2004; DeGryze et al., 2009; Lee et al. 2009; Kallenbach et al., 2010), but researchers
lack a fundamental understanding of how management changes can be implemented in
localized agroecosystems to achieve effective N,O abatement. Most soil GHG studies in the
U.S. are from the Midwestern corn-belt region and focus on direct N,O emissions from soil
(e.g. Parkin and Kaspar 2006; Petersen et al. 2006; Chapuis-Lardy et al. 2009; Venterea et al.
2010). Very few have assessed both direct and indirect N,O emissions due to row crop soil
management (Mosier and Zhaoliang, 2000; Maharjan et al., 2014), and none represent CA
growing conditions. Current IPPC estimates of indirect N,O emissions from row-crops are
determined by using an estimation of soil nitrate (NO3") leachate to gaseous N,O conversion
factor (De Klein et al., 2007). There is potential for evapotranspiration-based (ET-based)
irrigation to mitigate direct and indirect N,O emissions as a result of improved crop nitrogen
uptake and reductions in N application, groundwater nutrient loading, and reduced tile drain
effluent. Nearly 60% of the 369,187 cropped acres in Monterey County utilize drip irrigation
to control the delivery of crop water and nitrogen (N) fertilizer application. Through the
integration of low-cost nutrient and irrigation co-management, Suddick et al., (2011) estimates
cumulative direct emission N,O emissions in California can be reduced by 0.5 of the ~6 Tg
N,O-N yr™.

The co-benefits of reduced applied water and NO3™ leaching present both economic
and environmental implications for best management practice (BMPs) implementation in CA
and beyond. Monterey and Santa Cruz counties alone secured $5.1 billion in farm receipts in
2013, but faced challenges associated with nutrient and cultivation-intensive production of
diverse specialty crops (MCCR, 2013). There is a significant need within each region and the
state for cost-effective BMPs to protect air and water quality for agricultural sustainability
improvements and for long term resource availability (Letey and Vaghan, 2013).

To maximize the understanding and effectiveness of BMPs, the proposed N,O field-scale
demonstration studies will be concurrently run with annual NO3™ leaching pathway analysis and
tile drain effluent studies quantifying the benefits of on-farm BMPs for reduction in N losses
from agricultural systems. The vadose zone flux and subsurface flow study has been partly
supported through NLGCA (PI: Melton, Co-PL Post). Study co-location will advance our ability
to further understand the driving processes of N,O emissions as they relate to soil water content,
drainage and tile drain effluent, and will allow for precise documentation of the annual
groundwater loading reductions under the BMP irrigation treatment. The current literature lacks
studies that robustly characterize direct N,O emissions in drip irrigated fields in correlation with
NOj3" losses below the root zone, and our study should help improve BMPs aimed at reducing
N,O emissions in conjunction with less NO3™ leaching and surface runoff (Viers et al., 2012).
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2. Objectives, Approach, and Evaluation. The primary objective of this project is to quantify
N,O emission rates from Central CA’s commodity crops and examine the key biophysical
drivers to ammonia (NH3) oxidation as percent O, is reduced. These data will be used in
conjunction with data obtained from other projects that are evaluating alternative management
practices aiming to reduce total applied irrigation and NO3 leaching to improve N-cycle models
that can be integrated into low cost management tool applications (e.g. Satellite Irrigation
Management Support (SIMS) and CropManage (CM)). To accomplish these goals, we intend to:
1) establish standard and alternative irrigation management treatments in split-block designed
lettuce-broccoli crop rotations (including the winter idle period following the broccoli harvest);
2) measure direct soil N,O emissions and total applied water from these cropping systems for 2
years; 3) estimate annual direct and indirect N,O emissions in conjunction with NO3" leaching
data obtained from NLGCA and SIMS funded studies, as well as their respective reduction
potential, from the alternative irrigation treatment; 4) measure yield and total water applied to
compare treatment effects on economics, and estimate yield and irrigation-based direct and
indirect N,O emissions; 5) characterize N,O emissions based on environmental factors; 6)
analyze the pathway of N transformation in soil through physical NH3 oxidation due to water
and oxic/pH conditions; 7) engage in outreach activities to disseminate our findings to growers,
outreach and extension groups and other interested members of the public; and 8) prepare reports
as required by CDFA FREP.

Field sites will be selected from one of the multiple collaborating commercial growers
working with CSUMB and UCCE on existing projects. Irrigation and nutrient management at the
site will follow BMPs for nutrient management and ET-based irrigation scheduling using CM. In
addition, a USDA-NIFA Non-Land Grant Colleges of Agriculture award (P Melton) will be
supporting research to quantify annual NO3™ leaching, and NOj3™ effluent discharge on these
fields using irrigation BMPs and under standard practice, and quantify the benefits of on-farm
BMPS for reduction of N losses from agricultural systems.

Project success will be evaluated in terms of: 1) improvements in overall N-cycle
understanding due to the acquisition of N,O emission data in concert with studies of irrigation,
fertigation, crop canopy development and vadose zone leaching data collected by other studies;
2) field validation of NH3 oxidation pathway findings; 3) improvements in BMPs for nutrient
and water management that take into account N,O emissions; and 4) understanding of the
implications of the results as assessed by grower survey/feedback. Core project beneficiaries will
be growers who currently do not use, or make full use of, weather-based irrigation scheduling or
soil moisture monitoring sensors, and companies using sustainability as a value added facet of
their business model.

3._Audience. Following analysis of crop specific and seasonal field data, we will be organize
stakeholder meetings in collaboration with UCCE, Agricultural Water Quality Alliance —
AWQA, Driscolls, Dole, Tanimura & Antle and other industry partners throughout California to
discuss preliminary findings. Project results will be disseminated more broadly to farm advisors,
extension specialists, crop consultants, commodity boards, Grower-Shipper Association, and the
scientific community. As appropriate, findings will be presented at field days, workshops, and
continuing education events held by Cooperative Extension, such as the annual Irrigation &
Nutrient Management Workshop/Continuing Education Class, and ongoing hands-on
CropManage and AWQA Workshops. Written exposure will be gained through available trade
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publications within technical publication for growers. Professional industry meetings will be
selected to reach a broad stakeholder spectrum.

C. Justification
1. Problem. As described above, N, O is a potent and significant greenhouse gas (GHG), and
emissions are mainly attributed to anthropogenic management of agricultural lands (Denman et
al., 2007). This makes agriculture an important sector for potential GHG abatement. Grower
management decisions affect soil N,O emissions through a number of common agronomic
practices including N fertilizer application, irrigation techniques, and tillage (Mosier and
Hutchinson 1981; Smith and Conen 2004; De Gryze et al. 2009; Lee et al. 2009; Kallenbach et
al. 2010), but researchers lack a fundamental understanding of how management changes can be
implemented in localized agroecosystems to achieve effective N,O abatement. Most soil GHG
studies in the U.S. are from the Midwestern corn-belt region and focus on direct N,O emissions
from soil (e.g. Parkin and Kaspar 2006; Petersen et al. 2006; Chapuis-Lardy et al. 2009;
Venterea et al. 2010), with only a paucity of studies that have assessed direct and indirect N,O
emissions as a result of row crop soil management (Mosier and Zhaoliang, 2000; Maharjan et al.,
2014). None characterize CA specialty crops and growing conditions. An important measure of
indirect emissions from row-crop agriculture is from conversion of soil NO3 leachate to gaseous
N,O in downstream aquatic environments, and is represented in current IPPC estimates as
emissions factors based on cumulative NO3™ leaching.

Because elevated N, O flux is positively correlated to water-filled pore space (WFPS)
>60% (Zhu et al. 2013), there is potential for ET-based irrigation to mitigate direct and indirect
N,O emissions as a result of improved crop N uptake, applied N source reductions,
groundwater nutrient loading and subsequent tile drain effluent. To maximize the
understanding and effectiveness of irrigation and nutrient management BMPs, the proposed
N,O field-scale demonstration studies will be concurrently run with annual NO3" leaching
pathway analysis and tile drain effluent studies quantifying the benefits of on-farm BMPs for
reduction in N losses. The vadose zone flux and subsurface flow study has been partly
supported through NLGCA (PI: Melton, Co-PL Post). Study co-location will advance our
understanding of the driving process of N,O emissions as they relate to these other
measurements. The co-benefits of reduced applied water, N,O emissions, and NO3™ leaching
could have important implications for grower management decisions and BMP
implementation in CA and beyond.

2. FEREP Mission and Research Priorities/Objectives.
Nitrous Oxide Research This project will expand N,O research by addressing mitigation
practices for direct and indirect N,O emissions through irrigation and nutrient BMPs from
standard and alternative irrigation management practices for some of CA’s top 10 crops by
economic value, including lettuce and broccoli. Findings will be used to improve CA GHG
emissions inventories, testing predictive models of N,O emissions, and to address inconsistencies
in the literature concerning direct and indirect N.O emission factors based on total N applied and
indirect losses through NO," leaching. Research by Co-PL Horwath will leverage on-farm
irrigation treatments to examine the N,O production pathway of previously measured differences
in soil O, as influenced by soil water content.

By conducting our study on actual field plots with commercial growers we will assess
adoption feasibility for integrative management tools, such as CropManage, SIMS, and NO,’
quick tests that have the potential to reduce N,O emissions through applied fertilizer source
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reductions. This work will support the advancement of environmentally safe and agronomically
sound use of fertilizer and water by quantifying the benefits of reduced N and applied irrigation
in terms of reducing N,O emissions in conjunction with less NO3 leaching. Findings will be
disseminated in both academic and non-academic outreach venues to support collaborative and
stakeholder supported mitigation practices which are beneficial, amenable, and environmentally
and economically sustainable.

In partnership with NLGCA and SIMS funded research personnel, N,O and vadose zone
leaching instrumentation will be co-located to maximize understanding of soil, fertilizer and
irrigation dependencies. This will allow for detailed parameterization of complex N.O and
drainage models during future work or for other research groups. Paired studies will allow us to
quantify movement and distribution of vadose zone NO, leaching and quantify the N pathway
relationship between leaching and N,O emissions under ET and grower standard practices.

3. Impact. This project will provide agronomic, economic, instructive and environmental
benefits by providing growers with knowledge of how their irrigation and fertilizer management
decisions affect N,O emissions. Specifically, our work will provide N,O emission data for
CM/SIMS management tools versus standard practice for irrigation and fertigation efficiency in
fields that are rotated with broccoli or other cole crops and lettuce. Given, the relative economic
benefits from leaf lettuce, Monterey County’s second crop in 2013 with head lettuce 3rd and
broccoli 4™ indicates the local and national importance of these crops. Together, the gross
commaodity crop value of the three crops exceeded $1.6 billion and accounted for over 175,000
acres (MCCR 2013). In addition, all crops are among the leading vegetable crops in terms of N
fertilizer application, accounting for 10% of annual statewide N fertilizer use in 2005
(Rosenstock et al., 2014). Recent research in the Salinas Valley by Supporter M. Cahn has
shown that the use of BMPs for irrigation and nutrient management can lead to substantial
reductions in applications of both irrigation and nitrogen, on the order of 15-30% or more, which
amounts to $42-$99 per acre (Bottoms, Smith, Cahn et al., 2012; Cahn et al., 2014). In addition,
research on lettuce and broccoli (Johnson et al. 2015, in prep) have demonstrated that irrigation
schedules based on crop evapotranspiration (ET) can reduce total applied irrigation by 23-34%
relative to grower standard practice without reductions in crop yields in lettuce and broccoli
(Johnson et al., 20144, b). Because elevated N,O flux is positively correlated to water-filled pore
space (WFPS) >60% (Zhu et al. 2013), we predict that implementing these BMPs will reduce
N,O emissions. Additionally, because ET-based irrigation trials have shown consistent
reductions in the length of time in which WFPS exceeds 60%, implementing these BMPs can
potentially reduce N,O emissions.

Data from the demonstration trials may also help the environment as they will allow us to
understand N cycle dynamics and how they are related to irrigation, season, and soil. Use of N
fertilizers increases nitrous oxide (N,O) emissions from soil through nitrification/denitrification
processes. By also monitoring NO3” leaching, and performing some laboratory measurements on
microbial dynamics, a more complete model for all processes will be obtained. Preliminary data
indicates that NO3 leaching below the root zone was substantially reduced under the ET-based
irrigation treatments based on CM and SIMS, with reductions of up to 50% in total NO3" load
while Co-PL W. Howath found decreasing emissions under decreasing soil volumetric water
content (Zhu et al. 2013).

Despite these benefits, the most recent USDA Farm and Ranch Irrigation Survey
indicated that only 12% of growers in California currently utilize reports on daily crop ET in
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scheduling irrigation (USDA-NASS 2013). These practices have the potential to address a
substantial portion of the N and water related environmental problems, with the potential to help
growers and communities save millions of dollars of irrigation, fertigation, mitigation and
treatment costs.

4. Long-Term Solutions. This project will assist in expanding N,O inventory management,
development of GHG secondary markets and significant N source reduction if the irrigation-
related BMPs are adopted. By leveraging ongoing research by the NASA-CSUMB Cooperative
this project has the potential to improve easy to use technologies for field scale management of
irrigation and nutrients through the use of integrated using CropManage and SIMS systems. It is
important for growers to 1) understand these GHG and N budget benefits at a block, ranch and
regional scale; 2) have the benefits quantified; 3) through monitoring, growers should obtain
appropriate credit for use of these BMPs when working to comply with evolving regulations.

5. Related Research.

Unpublished data from S. Kortman and M. Los Huertos show that surface drip irrigation has as
much as 4 times less N,O emissions compared to sprinkler on 3 different farms in Monterey Bay
within lettuce and broccoli rotations (Figure 1). These data suggest potential substantial
reductions in N,O production under drip-irrigation; however the study sites were organic farms
with different soil types, and used compost applications and winter cover cropping for N-
management, which does not represent the majority of row crop management in the Central
Coast.
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Figure 1. Hourly N,O emissions from surface drip and sprinkler irrigated farms in Monterey Bay. Emissions were
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crops (CDFA #18077). Other relevant projects include CDFA #11-0485 “Assessment of Plant
Fertility and Fertilizer Requirements for Agricultural Crops in California” and #12-0384
“Evaluation of a 24-Hour Soil CO, Test for Estimating Potential N Mineralization to Reassess
Fertilizer N Recommendations”. Project #22660 (on-going) is characterizing root systems and
modeling water and NO3~ movement in subsurface drip-irrigated systems. Other ongoing related
research includes two USDA National Institute of Food and Agriculture funded studies: 1) Rice
culture in the Sacramento-San Joaquin Delta to mitigate past agricultural impacts, improve water
quality and sequester Carbon, Award No. 2011-67003-30371, and; 2) Defining and
Implementing Agricultural Management Practices to Mitigate and Adapt to Climate Change
Award No. 2012-68002-20251. Both of these projects deal with assessing the global warming
potential of agricultural restoration and management practices meant to mitigate GHG emissions.

Past work by Cahn (Cahn et al., 2014) has shown that simple, cost-effective BMPs
including the use of ET-based irrigation management, distribution uniformity and nitrate quick
tests for managing fertilizer decisions can reduce total applied irrigation by 22-34% relative to
standard practice (Johnson et al., 2014) without reducing crop yield in lettuce and broccoli, and
initial results indicate reductions in modeled nitrate leaching of as much as 50%. Importantly,
these BMPs do not require specialized hardware or software on the part of the grower, and
require only a small investment in training and careful monitoring of irrigation and nutrient
applications. Increasing consensus exists that improvements in on-farm water management are
important and cost effective components of any strategy to address risks to the sustainability of
agriculture water supplies in the western U.S. BMPs for irrigation and nutrient management can
increase irrigation efficiency, reduce applied water and/or increase yields to maximize “crop per
drop”, and reduce direct N,O, NO3" leaching and other water quality impacts (CDWR, 2012,
2013).

Co-PLs Melton and Post are currently working on the Satellite Information Management
System (SIMS) developed in collaboration among NASA's Earth Science Program, California
State University, California Dept. Water Resources, and USDA-Agricultural Research Service
(Melton et al., 2012). Results to-date show mean absolute error (MAE) 66 mm, or about 11%,
for uncorrected SIMS estimates on unstressed crops (Melton et al., in-prep). Similar results were
seen for all crops, both stressed and unstressed, after adjustment by Ke and Ks via the soil water
balance model (87 mm, ~10%). Additional ground-based ET estimates were made by an energy-
balance approach involving flux measurement by micro-meteorological methods (eddy
covariance, surface renewal), on peach and non-deficit-irrigated grape. Simultaneously NO3"
leaching under irrigation BMPs can be significantly reduced through the implementation of ET-
based irrigation practices. Pilot studies by K. Post et al. 2014 unpublished assessing the impact
of irrigation management strategies on yield and vadose zone NO3™ leaching suggest the co-
management impacts of irrigation and fertilizer (Proof of Concepts in BMP Challenge yield trials
and Phase 1 of L. Johnson Specialty Crop Block Grant) indicate leaching reductions in total
loads of ~ 20-35% of total applied N.

6. Contribution to Knowledge Base. Maharjan et al. (2014) used the IPPC emissions factors to
determine indirect emissions may account for 5 to 80% of total N,O emissions in irrigated corn
over sandy soil, which suggests estimating overall GHG budgets without accounting for indirect
N.O contributions could lead to inaccurate model conclusions or regional estimates if NO3"
movement is not accurately quantified within the root profile. Additionally, no studies to our
knowledge that characterize direct and indirect N,O emissions in California’s intensively
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managed heavy soils, which are known to contribute significant groundwater NO, pollution, nor
have there been published results for the influence of ET-based irrigation management on
emissions of this potent greenhouse gas.

Previous research on soil N,O production pathways nitrification and denitrification has
identified soil moisture, plant material, soil C concentration, soil N availability and microbial
activity as main factors affecting nitrification and denitrification rates (Bengtsson et al., 2003). It
has generally been accepted that the emission of N,O through NH3 oxidation is positively
related to soil gross nitrification, and that denitrification is the major pathway responsible for the
increased N,O production under limited O, availability (Bateman and Baggs, 2005). However, a
potential different set of pathways under conditions normally associated with denitrification can
lead to significant N, O production. Using a *>N-'20 dual isotope approach, it has been shown
that as soil O, concentration decreases, nitrification rate decreased as expected, but the N,O
emitted through ammonia oxidation pathways increased significantly (Figure 2, above, Zhu et al,
2013). Pathway analysis was performed in loam, clay loam, and sandy loam soils containing ample
nitrate which reflects proposed study site characteristics within the Salinas and Aromas Valleys.
Study results suggest that weather-based irrigation management, especially within soils of low
hydraulic conductivity or where oxygen is limited due to excessive irrigation; will facilitate
decreased N,O production in elevated O, soils depending on the site specific physical and
chemical soil characteristics. The current study will help to determine if this is true.

7. Grower Use. Grower adoption of proposed ET-based irrigation management practices
could provide both economic and environmental benefits including reduced N,O mitigation and
reduced NO3" leaching through decreased applied water and fertilizer application, all while
maintaining viable crop yield. Additionally, growers would benefit from enhanced understanding
of the impact of different management practices on N processes, particularly through
demonstration trials. In light of the on-going drought and increasing scarcity of water resources
in CA, there is an incentive for growers to adopt effective and affordable adaptation strategies
that do not compromise CA’s agricultural contributions to the state’s economy. There is also
potential for these practices to help growers obtain appropriate credit from regulatory agencies
for use of these BMPs. Impending implementation of AB 32 will make funds available to
support greenhouse gas emissions reductions; growers recently sent a letter to lawmakers in
support of investing a portion of the funds toward agricultural activities that reduce
GHG emissions. Thus there is an expressed interest in the agriculture community to compensate
management practices that mitigate N,O emissions, and growers can use the results of this study
to inform agronomic changes that achieve maximum benefit.

CropManage, SIMS and other online database-driven tools assist growers and farm
managers in scheduling water and N fertilizer applications on a field-by-field basis through
intuitive web applications designed to maximize crop production through weather and ET-based
irrigation scheduling. The objective of CM is to help growers match nitrogen applications to the
uptake pattern of the crop, and through use of CM growers could potentially reduce fertilizer use
and address water quality concerns. Once logged on to CM, users can view a list of
ranches/farms that they have and can view a list of all active plantings associated with the ranch.
Each planting has a summary of the ranch name, lettuce type, ET, applied irrigation and
fertilizer, planting configuration as well as soil type, field name and planting and harvest dates.
The software automates steps required to calculate crop water needs from CIMIS ET data, and
estimates fertilizer N needs for leafy greens, cole crops and some berries using quick N test data
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and models of crop N uptake. The web application also helps growers track irrigation schedules
and nitrogen fertilizer applications on multiple fields and allows users from the same farming
operations to view and share data. Management practices aimed at achieving sustainability
objectives may present monetary benefits for growers using these tools within value added
markets such as Whole Foods, Trader Joes, Farmers Markets etc. In addition, documentation of
irrigation and nutrient BMPs can be used to justify decreased regulatory requirements and
develop secondary GHG emission markets which can provide monetary incentives for growers to
use these integrated tools.

D. Objectives

Specific Objectives: We propose to answer the following scientific agronomic, economic and
social science research questions:

1) Estimate annual direct and indirect N,O emissions in conjunction with NO3" leaching data
obtained from NLGCA study, and assess their respective N system loss under the BMPs
relative to standard practice.

2) Quantify idle period direct and indirect N,O flux to improve annual GHG estimates under
standard and alternative management practices given measured meteorological conditions.

3) Quantify yields and input costs under the BMPs relative to standard practice to provide
demonstration projects conducted with leading industry partners to evaluate the effectiveness
of the BMPs for reducing N, O and nitrate losses and sustaining yields while potentially
reducing production costs.

4) Characterize cultivation, cropped and idle period N,O emissions under BMPs relative to
standard practice to provide linkages between crop biomass status, biophysical parameters
and emission rates during both cropped and idle periods.

5) Quantify N,O from NHj3 oxidation as a function of O, concentration under standard versus
BMPs for the purpose of fine tuning irrigation and fertigation management.

6) Engage in outreach and education activities and education

E. Work Plans and Methods
1. Work Plan.

Timetable A project schedule overview is included below listing major project activities and
milestones. The project start date is anticipated to be July 1, 2015, and the project end date is
anticipated to be June 30, 2018.

Y1: 7/15-6/16 Y2:7/16-6/17 Y3:7/17-6/18
Task Q1]Q2| Q3 [Q4[Q1| Q2 [Q3]Q4|Q1|Q2|Q3| Q4

1. Planning. Meet with other project team, growers and
cooperators to coordinate work plan and field logistics.
Evaluation of crop rotation and field research sited. 2 sites
each year over 2 crop rotations and a fallow period.

2. Field Preparation — deployment and installation of data
collection equipment

3. Lettuce growing season: direct and indirect N,O
emission sampling

4. Broccoli growing season: direct and indirect N,O
emission sampling
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5. Fallow period sampling

6. GHG and soils laboratory processing g |

7. Outreach presentation of plans & then results at
conferences and grower meetings (3/yr. minimum)*

8. Analysis and Processing of Field Data

9. Milestone 1: Report summarizing Y1 completed
research

10. Milestone 2: Completion of report summarizing Y1 &
Y2 findings from field data

11. Milestone 3: Final project report completed and
submitted to CDFA.

*Qutreach activities in timeline:
Y1: Q3- UCCE Irrigation and Nutrient Management Workshop; Cal-CAN Summit
Y2: Q1- Ecological Society of America Meeting

Q2- American Geophysical Union

Q3- UCCE Irrigation and Nutrient Management Workshop; Cal-CAN Summit
Y3: Q1- Ecological Society of America Meeting

Q2- American Geophysical Union

Q3- UCCE Irrigation and Nutrient Management Workshop; Cal-CAN Summit

2. Methods.

Experimental Design Commercial farm locations will be selected so both alternative (ET-based)
and grower standard irrigation treatments can be established as a split block design on the same
soil type. For this demonstration study, we will not be able to implement a control treatment with
no fertilizer applied due to the loss of viable crop commercial growers would suffer. Soil N,O
emission monitoring of broccoli/lettuce rotations, including fallow periods will be conducted for
two years at a frequency according to expected N,O activity, and within the constraints of
budgeting and staff. We will measure emissions more intensively around activities that enhance
N,O production, i.e. irrigation, fertilization, precipitation, and residue incorporation (Mosier and
Hutchinson 1981; Smith and Conen 2004; Chapuis-Lardy et al. 2009; Lee et al. 2009), and less
frequently, but at minimum weekly, during times when emissions are expected to be lower, but
still contribute to more accurate annual emissions estimates (Parkin, 2008). Environmental
variables and NO3" leaching will be measured simultaneously with N,O monitoring, and
continuously where applicable (i.e. soil moisture sensors, lysimeters, soil temperature, EC). We
aim to capture 75% or more of all applied irrigation events to have a robust data set from which
to compare treatment effects on NO3™ leaching and N,O emissions. Experimental design has
been explicitly developed to assess potential treatment differences in N,O emissions using
repeated measures analysis (Kravchenko and Robertson, 2015).

Direct N,O Flux Measurements and Gas Chromatograph Analysis Direct N,O emissions will
be measured using portable, vented non-flow through non-steady-state gas chamber methods
described by Parkin and Venterea (2010) and Rochette and Eriksen-Hammel (2008). Following
the recommendations from Morris et al. (2013), we will install replicate chambers in each
treatment replicated plot. Gas chambers are made of 25 cm diameter PVVC, with a 15 cm base and
10 cm cap and cover a total surface area of 0.05 m?. Chamber bases will be driven into the soil to
a depth of 8 cm and left in place during the growing season unless farm activities require
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temporary removal. During sampling, chamber caps are attached to the bases with a rubber
sleeve, making for a total above ground height of 16 cm. The caps are wrapped in reflective
mylar tape and have septum-lined vent ports fitted with tubes (4.8 mm dia., 10 cm long). We will
collect 4 discrete headspace gas samples at regular intervals over 45 minutes (0, 15, 30, 45 mins)
by inserting a needle attached to a 20-mL polypropylene syringe (Becton Dickinson, Rutherford,
NJ) into the port. Samples will be immediately transferred to 12 mL pre-evacuated glass
Exetainer vials (Labco Ltd., High Wycombe, UK) and stored until analysis by gas
chromatograph within 2 weeks. Several ambient air samples will be collected during each
sampling event to be used as a quality control to assess potential soil disturbance during initial
chamber cap placement (Rochette and Eriksen-Hammel 2008).

We will analyze N,O samples at our CSUMB lab with a Shimadzu GC-2014 gas
chromatograph equipped with an electron capture detector and integrated with a headspace
autosampler (AOC 5000). The GC will be calibrated during each sample batch with analytical-
grade gas standards (Air Liquide Gases LLC, Plumsteadville, PA). Gas sample analysis will be
assessed for quality by including in each GC batch a standard sample that was transported and
stored with field samples. These field sampling and GC analysis methods have been developed
and used for previous research supported by ARI, CARB, and USDA.

Gas flux is determined from the rate of change of chamber gas concentration, chamber
volume, and soil surface area. The change in chamber headspace N,O gas concentration as a
function of time will be represented by regression analysis, where the slope of the line is the flux
rate (Parkin and Venterea, 2010; Rochette and Bertrand, 2008). We will use the HMR package
(Pedersen et al. 2001) available on the R open-source statistical program (R Development Core
Team) to determine the type of regression from which the GHG flux should be calculated (e.g.
linear or non-linear). The HMR package uses a best-fit model selection process to recommend a
specific data analysis to calculate gas flux: non-linear regression (Hutchinson-Mosier
Regression, or HMR), linear regression, or zero flux. HMR results are given in mass per volume
per time units (WL N m? s™), and the Ideal Gas Law and air temperatures taken during sampling
will be used to convert from volumetric to mass based units (ug N m? s™).

Environmental Variables At each gas sampling event we will measure and record environmental
variables that are known to influence N,O production. We will collect soil for inorganic N, pH,
and redox using a 19 mm i.d. soil core sampler inserted to a 15-cm depth at ten random locations
throughout each treatment. Soil will be bulked, homogenized, and processed immediately or
refrigerated until analysis. Inorganic N will be determined periodically by field-extraction of 5 g
of soil in a 40-mL solution of 2 M KClI, shaken at 130 rpm for 30 minutes, then filtered
(Whatman no. 42) in the lab within 24 hours; filtrates will be stored in a freezer until analysis on
a Lachat flow-through injection analyzer 8500 (Lachat, Loveland, CO) for NH," and NO,™ +
NOj". Standard curves are generated with each run and third party QC standards (at least 2
concentrations) and matrix spikes are loaded with each run to ensure accuracy and reliability.
Inorganic N will be calculated on a dry-soil basis. We will use the remaining portions of the soil
samples to measure soil pH (saturated paste method), and redox. Soil moisture sensor networks,
flow meters and MET stations will provide in-situ soil data, and allow for applied water, air
temperature and precipitation to be monitored. We will collect bulk density samples to 0-15cm
depth with 10cm x 10cm cores, and oven dry soil at 105°C. Soil water-filled pore space will be
calculated from bulk density measurements and soil moisture values. Soil temperature will be
measured with temperature probes inserted 5 cm into the soil within 0.5m of each chamber, and

11



15-07

air temperatures (in chamber and ambient) will be measured with thermocouples. These data will
be used to characterize the factors that control N,O emissions in the Central Coast growing
region, and will contribute to enhanced parameterization of GHG models.

Soil Water Nitrate Concentrations To advance the understanding of how water movement
through the vadose zone is related to N,O emissions and N cycling we will obtain NO3™-N
concentrations, total load, quantifying spatially variable vadose-zone NO3™-N flux, and drainage
accuracy and precision data that is being obtained by existing grants awarded to CSUMB on
samples taken concurrently with our gas sampling regime.

Yield and Plant Nitrogen Content Other funding sources supporting the full scope of this
proposal will also assess crop yields and biomass for each treatment to determine total N

removal and uptake by the crop, as well as to calculate N use efficiency. We will add yield-
scaled direct and indirect N,O emissions to this dataset. Yields for lettuce and broccoli crops will
also be recorded at harvest by weight, carton, and count for each crop grown, following protocols
developed by UCCE for ongoing research. Sub-samples of each field will be selected for careful
collection and measurement, and will be compared against overall yield recorded by the
commercial grower.

Data Analysis and Statistics We will determine direct N,O emissions based on cumulative area-
based fluxes for alternative and standard irrigation treatments, and according to crop yield. We
will calculate mean cumulative area-based N, O fluxes for each sampling date and time from the
arithmetic mean of measurements made from each replicate chamber in a treatment. Growing
season and annual emissions estimates for each treatment will also be determined by trapezoidal
integration between mean field measurements, where fluxes are assumed to change linearly
between measurements. We will calculate yield-based N,O emissions by dividing cumulative
area-based emissions by harvestable crop yield for each crop type.

We will estimate indirect N,O emissions from NOj3™ leaching using established IPCC
emissions factors (De Klein et al., 2006). These emissions factors estimate the percent of leached
NO3" converted to gaseous N, O and transported into groundwater and surface drainage, rivers,
and estuaries (EFs=0.05, 0.75, and 2.5% nitrate leached). Indirect emissions are calculated by
multiplying the N,O emissions factors by cumulative N,O emissions for each treatment and
crop. Combined direct and indirect emissions will be calculated by summing those two estimates
for each treatment, crop, season, and year.

We will test potential treatment differences in N,O emissions using repeated measures
analysis, a statistical model that best describes the relationship between repeated measurements
taken from the same experimental unit (chamber) over time, and incorporates knowledge of the
relationship between measurements and the temporal component into the statistical model
(Kravchenko and Robertson, 2015). We will estimate N,O emissions reduction potential by
calculating the difference in seasonal and annual N,O emissions between standard and
alternative irrigation management, and test the relationships between environmental variables
and N,O emissions with mixed-effects modeling. We will assess management impacts on
treatment-specific direct, indirect, and total emissions by comparing BMPs and standard
practices.
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Microbial Nitrification and Denitrification We will determine the role of soil O, concentration
in evoking discreet N,O production pathways to understand how field irrigation and fertigation
practices behave in a range of soil textures. We will use methodology proposed in Zhu et al.,
(2013) to differentiate the different ammonia oxidation and denitrification pathways leading to
N,O production. Key to understanding the role of soil O, is to incubate soils under a range of O,
contents to understand the effet of texture in controlling both soil O, and substrate (fertilizer N)
diffusion. The results will be used to understand field observations and to predict specific
pathways of N,O production across a broad range soil types and management practices not
possible to address in the limited field studies proposed in this project. Once established, our
results will be used to inform existing and proposed practices to reduce soil N,O emissions.

3. Experimental Site. Trials for lettuce and broccoli will be conducted in paired trials similar to
preliminary work on irrigation trials conducted by Co-PLs Post and Melton with Collaborator
Cahn and industry partners in the Salinas Valley. The site will be selected in consultation with
multiple current industry collaborators. A site where lettuce followed by broccoli is planned will
be selected and divided, with half of the field irrigated under standard practice, and part of the
field managed using the BMPs for irrigation and nutrient management. To provide an initial
dataset for analysis, we will select a commercial field where head lettuce or broccoli will be
planted for the August-November growing period. We will select the field from one of the
multiple collaborating commercial growers working with CSUMB and UCCE in the region on
existing projects, including Dole, Tanimura and Antle, D’ Arrigo Bros., and Fresh Express.
Irrigation and nutrient management at the site will follow BMPs for nutrient management and
ET-based irrigation scheduling using the UCCE CropManage tool.

F. Project Management, Evaluation, and Outreach

1. Management. Project activities will be coordinated through bi-monthly project team
meetings. PL Haffa will maintain the project schedule and track progress towards project
milestones, and mentor and support the students on the project. During project meetings,
progress will be reported on each project component and schedule delays will be identified and
resolved by the project team. PL Haffa will also be responsible for project reporting, as well
tracking the project budget and ensuring the project funds are costed in a timely manner by all
project partners. Co-PL Post will design and direct the project evaluation component, including
templates for assessing grower buy-in and likely future participation. Co-PL-Horwath will
coordinate any stable isotope experiments conducted in his laboratory, and Co-PL Melton will be
responsible for integrating any relevant components of this special RFP into relevant aspects of
his SIMS efforts.

2. Evaluation. Project success will be evaluated in terms of: 1) improvements in overall N-cycle
understanding due to the acquisition of N,O emission data in concert with studies of irrigation,
fertigation and vadose zone leaching data collected by other studies; 2) field validation of
ammonia oxidation pathway findings; 3) improvements in BMPs for nutrient and water
management that take into account N,O emissions; and 4) understanding of the implications of
the results as assessed by grower survey/feedback. Main project beneficiaries will be growers
who currently do not use, or make full use of, weather-based irrigation scheduling or soil
moisture monitoring sensors, companies using sustainability as a value added facet of their
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business model. If the data also leads to reductions in GHG emissions, then there could be global
benefits in terms of mitigating climate change. An additional goal is to perform outreach to
specialty-crop stakeholders via oral and written communications, the efficacy of which will be
monitored by such metrics as number of presentations, audience size/attendance sheets,
circulation numbers, on-line downloads, and survey comments. Results from information
collected on each of these metrics will be summarized and reported to the CDFA FREP program.

3. Outreach. Following analysis of data collected in each field season, we will organize
stakeholder meetings in Monterey County (in collaboration with UCCE, AWQA and other
industry partners) and stakeholder meetings in Fresno County at CIT in collaboration with
industry partners to share results of the research. Project results will be also disseminated more
broadly to farm advisors, extension specialists, crop consultants, water/irrigation districts, water
resource agencies (e.g., CDWR), commodity boards, and the scientific community. As
appropriate, findings will be presented at field days, workshops, and continuing education events
held by Cooperative Extension, such as the annual Irrigation & Nutrient Management
Workshop/Continuing Education Class, and ongoing hands-on CropManage Workshops. Written
exposure will be gained through available trade publications such as Water & Land Resource
Manager and Crop Notes. The aforementioned outreach events will take place throughout the
year. Details of the time of year these events take place are shown below the timeline on pages 9
and 10.

Professional industry meetings such as California Irrigation Institute will be selected to
reach a broad stakeholder spectrum. Additionally, findings will be presented at various annual
state/national technical symposia such as the Irrigation Association, CalGI1S/Agricultural Natural
Resources Symposium, ASCE Environmental & Water Resources Institute, American
Geophysical Union, American Society of Agricultural and Biological Engineers, Ecological
Society of America, and the U.S. Council on Irrigation and Drainage. We will publish research
papers in scientific journals such as Irrigation Science, HortScience, Agriculture and Forest
Meteorology, and Remote Sensing of Environment.

Interim and final reports submitted to CDFA will be available to the public. Interim
reports documenting progress made towards the completion of each task will include study
design, methodology, measurements, data analyses, and conclusions. The final report will
include a complete description of methodology used for data collection and analyses, field tests
conducted, irrigation and nutrient applications, agronomic and environmental data, statistical and
economic analyses, and conclusions

G. Budget Narrative
a. Personnel Expenses. Total CDFA FREP funds of $270,000 are requested to conduct this
research project over a 3-year period, as follows: A total of $186,000 is requested for CSUMB
personnel over the project term for partial salary, wages, and benefits of the Project Leader and
Research and Lab Technicians. Project Leader Haffa is a state-funded faculty member requesting
additional employment wages** (12%). Other key personnel are grant-funded employees of the
University Corporation at Monterey Bay, a nonprofit 501(c)(3) public benefit corporation and
recognized CSU auxiliary. Research/Lab Technicians request portions of their salaries to be
reimbursed by this grant as follows: Kirk Post (19% Yr 1; 13% Yr 2-3); Stefanie Kortman (49%
Yr 1-2; 75% Yr 3); and Erin Stanfield (3%). Co-PL Melton (no salary requested) is a Senior
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Research Scientist, and both he and Post are Adjunct Faculty within the Division of Science &
Environmental Policy.

b. Operating Expenses. We estimate 160 trips per year at 60 miles round trip at the rate of
1.58/mile, for the 2 years of the field work for a total of travel budget of $30,336. Funds of
$21,190 are requested for materials and supplies, including gases costs and rental fees for the GC
at estimated at ~ $5,782 per year (Hydrogen $174.12/year, Nitrogen $133.05/year, P5
$353.92/year, Compressed Air $1,108.20/year, Rental fees $1680/year, and Standard Gases for
Calibration $2,332/year), chemicals and supplies for the soil analysis work, and related expenses
(sampling supplies, filters for the RO water system, replacement parts on instruments, fees
associated with certifying the radioactive component of the GC is safe, etc). A subaward of
$14,000 ($7,000 in Year 1 and 3) will fund Co-PL Horvath at UC Davis to support research on
microbial nitrogen pathways. Unless otherwise stated in the award notice, University
Corporation understands issuance of an award will constitute the state’s approval of this
subaward.

**Pursuant to the California State University’s Additional Employment (A/E) Policy, faculty
members are entitled to earn additional compensation for externally sponsored activities they
engage in, over and above their full-time academic responsibilities. Such additional
compensation, when allowed, is considered part of the faculty members’ regular academic year
compensation. The University Corporation understands that issuance of the award notice will
constitute CDFA’s approval of this additional employment for purposes of budgeting and
reimbursement under this grant, unless otherwise stated in the award notice.

c. Other Funding Sources. In kind matching funds will be provided by USDA NIFA 2014-
38422-22085, PD Arlene Haffa, CSUMB, 100 Campus Center, Seaside, CA 93955, (831) 582-
4695, ahaffa@csumb.edu. The purpose of this grant funding is to provide experiential learning
opportunities for students in USDA Mission Critical areas of interest. The match will be in the
form of a graduate student salary and 3 undergraduate student assistants to help with field and
laboratory work. This in-kind match amounts to $11,293 for each of the first 2 years of the grant
($22,586).
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I. Appendices
Arlene Lucille Maki Haffa, MS, PhD
Division of Science and Environmental Policy
California State University Monterey Bay
Seaside, CA 93955-8001

Earned Degrees

B.S. Molecular Biology, University of WI-Madison, with Honors 1986 Lipoprotein Profiles
and Turnover Rates of LDL & HDL in Canines Before and After DHEA Treatment,
Advisors Alan Attie, PhD and E. Gregory MacEwen, VMD (deceased)

M.S. Veterinary Science (renamed Comparative Biomedical Sciences) University of WIMadison
1990 Hypocholesterolemic Effects of DHEA in the Rhesus Monkey, Advisor, E.
Gregory MacEwen, VMD (deceased)

Ph.D. Molecular and Cellular Biology Program, Department of Chemistry and Biochemistry,
Arizona State University, Tempe, AZ 2002 Energetics and Mechanism in Primary
Electron Transfer of Bacterial Reaction Centers, Advisor, Neal Woodbury, PhD

Employment History

2011- Assistant Professor, Div. of Sci. & Envi.Policy, CSU Monterey Bay, Seaside, CA
2007-2011 Assistant Professor, Biochemistry, UW-Oshkosh Dept. of Chemistry, Oshkosh, W1
2005-2008 Adjunct Instructor, Life Sciences, Monterey Peninsula College, Monterey, CA
2003-2007 Postdoctoral Fellow, MBARI, Moss Landing, CA

2003 Faculty Research Assoc., Dept. of Chem. & Biochem., AZ State University, Tempe, AZ
1998-2002 Graduate Research Assistant, Teaching Assistant, Department of Chemistry and
Biochemistry, AZ State University, Tempe, AZ

1995-1997 Associate Research Specialist, Nutritional Aspects of Osteoporosis, Aging, and
Immunology, University of Wisconsin School of Medicine, Madison, WI

1991-1995 Assoc. Rsrch Spec., Cancer & Obesity, UW School of Vet. Medicine, Madison, WI
1989-1991 Group Home Manager, Volunteers of America, Deerfield, WI

1987-1989 Graduate Rsrch. Asst., Lipid Met. & Obesity, UW-School of Vet. Med., Madison, WI
1986-1987 Analytical Chemist, Water Quality, DNR State of MD, EPA Lab, Annapolis, MD

Recent Publications
A. Moreno* and A. Haffa, The Impact of Fish and the Global Commercial Marine Harvest on
the Ocean Iron Cycle, (2014) PLoS ONE 9(9): e107690. doi:10.1371/journal.pone.0107690

I. Quintanilla Salinas*, A. Walling*, B. Munoz*, S. Anastasia, and A. Haffa, Recruitment of
Organophosphate Degrading Microbial Species to the Constructed Molera Treatment
Wetland, in preparation.

A. Haffa, and W.K. Kovac, Qualitative Analysis of Microbial Exopolysaccharide Extracts by
tHNMR J. Chemical Education, submitted, returned for revision, pending resubmission.

R. Blankenship and A.Haffa Why do we need to teach the evolution of photosynthesis? (2008)

J.F. Allen, E. Gantt, J.H. Golbeck and B. Osmond (eds.), Photosynthesis. Energy from the
Sun: 14w International Congress on Photosynthesis Springer, pp 1611-1615.
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L. Kalman, ALM Haffa, JC Williams, NW Woodbury, and JP Allen (2007) Reduction of the
oxidized bacteriochlorophyll dimer in reaction centers by ferrocene is dependent upon the
driving force J. Porphyrins and Phthalocyanines 11(3-4):205-211.

A. Haffa, S. Lin, R. LoBrutto, J.Williams, A.Taguchi, J. Allen, N. Woodbury (2005)
Environmental Control of Primary Photochemistry in a Mutant Bacterial Reaction Center, J.
Phys. Chem, B. 109 (42):19923-19928.

A. Haffa, S. Lin, J. Williams, B. Bowen, A. Taguchi, N. Woodbury (2004) Controlling the
pathway of photosynthetic charge separation in bacterial reaction centers, J. Phys. Chem. B.
108 (1):4-7.

A. Haffa (2004) Photosystems: Electron Flow Through In: Encyclopedia of Plant and Crop
Science ed. R.W. Goodman, Dekker, NY.

Current and Pending Grants

Improving Student Success in Agriculturally-related Sciences with Academic Support and Career
Mentoring, $290,000, USDA, Fall 2014-Summer 2017. Time commitment 104 hrs/year.
This grant will support the current work by providing student stipends to help with field and
laboratory work. It will also bring a new Ag Science degree program to the CSUMB
campus, and support underrepresented minorities in core science courses.

Incorporating Genomics Curriculum into the Biology Major to Improve Research and
Involvement of Minority Students in Water Related Projects, CSU WRPI, 4 Units of Release
Time (2 Each), with Aparna Sreenivasan, Funded S15. This current project provides release
time to write a proposal that will bring additional computational resources and
instrumentation for water related projects to our campus. The pending proposal would have
very limited time commitments and no salary.

Advisor, Undergraduate Researchers (past 4 years): Velia Nunez, Jenny Brown, Edvin
Sahami, Jillian Flavin, Nancy Ballard, Hanah 1zi, Kendall Emerick, Stella Flores, Connor
McThorn, Maegan Toovey, Alexandra Walling, Brittany Munoz, Teresa Munoz, Isaac
Quintanilla Salinas, James Dunn, Natalie Oliver, Angela Reinhart, Matthew Tran, Allison
Moreno, Eden Gonzales, Tyler Grove, Courtney Irwin, Nadia McCarthy, Adriana Picazo,
Vanessa Romero, Nicholas Tallman, Justin Vivar, Anneliese Stephenson-Wenn

Advisor, Graduate Professional Master Of Science: Emily Beck (PSM 2014; Tidal Marsh
Restoration through Beneficial Reuse of Sediment Elkhorn Slough Tidal Wetland Project)
Amber Schat (PSM 2014; Arana Gulch Watershed Assessment and Stormwater Program)

Professional Activities (Past 4 years)

SMART and SEP Curriculum Committee chair, CSUMB F14- (co-Chair for SEP 13); CSUMB
Senate Curriculum Committee, Dean of Health Science and Human Services Search Committee,
CSUMBA(ffordable Learning Workgroup F12- ; CSU CSUPERB, Faculty Consensus Group,
F11- ; Grant Reviewer: NASA, COAST, CSUPERB ; Journal Reviewer: J. of Phys Chem.,
Photosyn. Research, J. of Envi. Chem.; Coordinate USDA Interns through CSUSB and
community agencies (39 interns 2012-14 $197,343, 15 undergraduates and 24 graduates).
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KIRK M. POST

Research Scientist, Adjunct Faculty

University Corporation at Monterey Bay

California State University Monterey Bay — NASA Ames Research Center Cooperative
MS 232-21, Moffett Field, CA 94035

(951)764-8682

EARNED DEGREES

M.S. 2013, Coastal and Watershed Science and Policy, Emphasis: Watershed Sciences. California State
University Monterey Bay. Advisor, Fred Watson PhD and Douglas Smith PhD.

B.A. 2010, Environmental Science and Policy, Minor Geology, CSU Long Beach, 2010
EXPERIENCE

2012- Present, Research Scientist, University Corporation at Monterey Bay. Scientist in the Earth
Sciences Division, Biospheric Sciences Branch through a Cooperative Agreement between NASA Ames
and the University Corporation at Monterey Bay.

2011-2012, Hydrologic Modeling and Environmental Compliance Intern at Monterey County Water
Resources Agency, Flood Model and Channel Maintenance Program (CMP) funded by USDA-ARI.

2011-2012, Field Research Technician, University Corporation at Monterey Bay Hydrologic Research
Field Technician

2010-2011, Juneau Forestry Sciences Laboratory, AK, Biodiversity Research Technician, Sept 2010 to
Aug 2011 Pacific Northwest Research Station large scale tests as part of the Tongass Wide Young
Growth Study (TWYGS) aimed at improving habitat for key old-growth associated species by applying
treatment to even-aged young growth stands which were previously commercially harvested

2008-2009, Research Assistant at Metzger Law Group specializing in Toxic Tort and Environmental
Litigation

2004-2005, Environmental Science Internship at Eastern Municipal Water District (EMWD) in the
Department of Environmental Compliance

Publication
Peer Reviewed

Johnson, L., M. Cahn, F. Martin, F. Melton, S. Benzen, B. Farrara, and K. Post. Evapotranspiration based
irrigation scheduling of lettuce and broccoli. HortScience (in prep).

F. Melton, L. Johnson, C. Lund, K. Post, A. Guzman, S. Hiatt, D. Adhikari, C. Little, B. Temesgen, K.
Frame. [In Press]. Satellite Mapping of Agricultural Water Requirements in California. NASA ARC-
CREST/CSUMB, MS 232-21, Moffett Field, CA 94035, United States

Conference Proceedings & Technical Papers (Selected)

Crop Specific Drainage and NO; Leaching in California’s Central and Salinas Valleys: Monitoring and
Management.(2013) K. Post, C. Lund, A. Purdy and I. Harlan, L. Pierce, L. Johnson and F. Melton. The
U.S. Society for Irrigation and Drainage Professionals Conference, Sacramento California.
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Results from 2012-2013 Irrigation Trials in Cool Season Vegetables. Lee Johnson, Michael Cahn, Frank
Martin, Forrest Melton and Sharon Benzen, Barry Farrara, Christopher Lund and Kirk Post.

Satellite Mapping of Agricultural Water Requirements in California. (2013) Forrest Melton, Lee
Johnson, Christopher Lund, Kirk Post, Alberto Guzman and Sam Hiatt, Diganta Adhikari, Cayle Little,
Bekele Temesgen and Kent Frame. ASPRS Annual Conference, 24-28 March, Baltimore

Cahn, M., R. Smith, T. Hartz, B. Farrara, L. Johnson, K. Post and F. Melton, 2014. Irrigation and
nitrogen management decision support tool for cool season vegetables and berries. Proceedings, USCID
Water Management Conference, 4-7 March, Sacramento.

Melton, F., K. Post et al., 2013. Satellite Mapping of Agricultural Water Requirements in California,
ASPRS Annual Conference, 24-28 March, Baltimore.

Application of a prototype system for irrigation scheduling based on satellite mapping of agricultural
water requirements in California vineyards. (2014) K. Post, F. Melton, A. Guzman, C. Lund, L. Johnson,
M. Mendez-Costabel, A. Morgan. M. Ball, J. Rodriguez, D. Bosch, L. McKee, J. Prueger, J. Alfieri, W.
Kustas. Annual ASEV meeting, Austin Texas.

Melton, Post, et al., 2014. Satellite mapping of agricultural water requirements in California, ASABE
Evapotranspiration Conference, 7-11 April, Raleigh.

Broccoli Rotations Role in Reducing Nitrate Leaching in Vegetable Production System. (2014). Smith R.,
Cahn M., Hartz T., Ferrara B., Love T., Post K. ASA, CSSA, and SSSA International Meeting 2014.
Long Beach, Ca.

A Sensor Network Application for Measuring Crop Evapotranspiration in California's Central Valley.
Kirk Post, Forrest Melton, Christopher Lund and Lee Johnson. ASA, CSSA, and SSSA International
Meeting 2014. Long Beach, Ca.

Current Projects:

NASA NNH11ZDAO01IN-WATER: Mitigation of Drought Impacts on Agriculture through Satellite
Irrigation Monitoring and Management Support. 2012-2016. $1.1M. 100% time (currently; may be
revised to include effort on projects below)

Other Projects:

(recommended for award) USDA NON-LAND GRANT CAPACITY BUILDING GRANT: Capacity
Building for Agricultural Sustainability on the California Central Coast through Research and
Education. 2015-2017. F. Melton (PI). $275k.

CDFA: Satellite Irrigation Management Support (SIMS): Mapping of Crop Water Requirements through
Integration of Satellite Observations and CIMIS Data. 2014-2016. F. Melton (PI). $198,164.

NASA NNH11ZDAO01IN-WATER: Fallowed Area Mapping for Drought Impact Reporting and Decision
Making. 2012-2016. J. Verdin (PI, USGS), F. Melton (Co-I).
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Forrest S. Melton

Senior Research Scientist, Adjunct Faculty

University Corporation at Monterey Bay

California State University Monterey Bay — NASA Ames Research Center Cooperative
MS 232-21, Moffett Field, CA 94035

(650)604-2787

forrest.s.melton@nasa.gov

EXPERIENCE

2012 — Present, Associate Program Manager for Water Resources, NASA Applied Sciences Program,
NASA HQ.

2002 — Present, Sr. Research Scientist, University Corporation at Monterey Bay. Senior research
scientist in the Division of Science and Environmental Policy and Research Scientist in the NASA Earth
Sciences Division, Biospheric Sciences Branch through a Cooperative Agreement between NASA Ames
and the University Corporation at Monterey Bay.

1999 — 2002, Software Engineering Manager, Zack Systems, Inc.

1998 — 1999, Project Manager, Marine Adv. Tech. Education Ctr., Monterey Peninsula College.

1996 — 1999, Lecturer & Research Assoc., Earth Systems Science & Policy, CSU Monterey Bay.

EDUCATION
M.S. 1996, Earth Systems, Stanford University, Stanford, CA
B.S. 1994, Earth Systems, Stanford University, Stanford, CA

SELECTED PUBLICATIONS (more than 30 total)

Johnson, L., M. Cahn, F. Martin, F. Melton, S. Benzen, B. Farrara, and K. Post. Evapotranspiration-
based irrigation scheduling of lettuce and broccoli. HortScience (in prep).

AghaKouchak, A., Farahmand, A., Teixeira, J., Wardlow, B.D., Melton, F.S., Anderson, M.C., Hain, C.R.
Remote Sensing of Drought: Progress, Challenges, and Opportunities. Geophysical Research
Letters, (in review).

Medellin-Azuara, J., MacEwan, D., Howitt, R., Koruakos, G., Dogrul, E., Brush, C., Harter, T., Melton,
F., Summer, D., Lund, J. Hydro-economic analysis of groundwater pumping for California's Central
Valley irrigated agriculture. Hydrogeology (in review).

Wu, Z., P. Thenkabail, R. Mueller, A. Zakzeski, F. Melton, L. Johnson, C. Rosevelt, J. Dwyer, J. Jones,
and J. Verdin, 2014. Seasonal cropland mapping using the Automated Cropland Classification
Algorithm (ACCA). J. Applied Rem. Sens. 8(1):083685. d0i:10.1117/1.JRS.8.083685.

Johnson, L., M. Cahn, F. Martin, F. Melton, C. Lund, B. Farrara, and S. Benzen, 2014. Results from
2012-2013 Salinas irrigation trials — further development of decision support tools for cool season
vegetable production. Proceedings, US Committee on Irrigation & Drainage, Water Management
Conference, 4-7 March, Sacramento.

Johnson, L., M. Cahn, F. Martin, F. Melton, C. Lund, B. Farrara, and S. Benzen, 2013. New tools for ET
estimation and irrigation management in specialty crops, Paper #131595001, Proceedings, Amer. Soc.
Agric. Bio. Engrg. Int'l Meeting (ASABE Technical Library), 21-24 July, Kansas City.

Monahan, W.B., T. Cook, F. Melton. J. Connor, B. Bobowski. 2014. Forecasting species’ responses to
climate change at management-relevant scales: Limber Pine in Rocky Mountain National Park. Plos
One, doi: PONE-D-13-29000R1 10.1371/journal.pone.0083163, in press.
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Grimm, N. B., Chapin Ill, F. S., Bierwagen, B., Gonzalez, P., Groffman, P. M., Luo, Y., Melton, F.,
Nadelhoffer, K., Pairis, A., Raymond, P., Schimel, J. & Williamson, C. E. (2013). The impacts of
climate change on ecosystem structure and function. Frontiers in Ecology and the Environment,
11(9), 474-482.

Thrasher, B., Xiong, J., Wang, W., Melton, F., Michaelis, A., and R. Nemani. 2013. New downscaled
climate projections suitable for resource management in the U.S. Eos, Transactions American
Geophysical Union 94(37):321-323.

Pike, A., E. Danner, D. Boughton, F. Melton, R. Nemani, B. Rajagopalan, and S. Lindley (2013),
Forecasting river temperatures in real time using a stochastic dynamics approach, Water Resour. Res.,
49, doi:10.1002/wrcr.20389.

Melton, F., Johnson, L., Lund, C., Pierce, L., Michaelis, A, Guzman, A., Trout, T., Temesgen, B., Frame,
K., Sheffner, E., and Nemani, R. 2012. Satellite Mapping of Crop Condition and Evapotranspiration
for Irrigation Management Support with the Terrestrial Observation and Prediction Systems. IEEE J-
STARS, special issue on Interoperability Architectures and Arrangements for Multi-Disciplinary
Earth Observation Systems. IEEE Journal of Selected Topics in Applied Earth Observations and
Remote Sensing, vol.5, no.6, pp.1709-1721, Dec. 2012, doi: 10.1109/JSTARS.2012.2214474.

Danner, E., Melton, F., Pike, A., Hashimoto, H., Michaelis, A., Caldwell, J., Rajagopalan, B., Nemani, R.,
Dewitt, L., and S. Lindley. 2012. River Temperature Forecasting: a Coupled-Modeling Framework
for Management of River Habitat. IEEE Journal of Selected Topics in Applied Earth Observations
and Remote Sensing, vol.5, no.6, pp.1752-1760, Dec. 2012, doi: 10.1109/JSTARS.2012.2229968.

CURRENT PROJECTS

(recommended for award) USDA NON-LAND GRANT CAPACITY BUILDING GRANT: Capacity
Building for Agricultural Sustainability on the California Central Coast through Research and
Education. 2015-2017. F. Melton (PI). $275k. 4-6% time.

NASA NNH11ZDAO01IN-WATER: Mitigation of Drought Impacts on Agriculture through Satellite
Irrigation Monitoring and Management Support. 2012-2016. F. Melton (PI). $1.1M. 25% time

NASA NNH11ZDAO01IN-WATER: Fallowed Area Mapping for Drought Impact Reporting and Decision
Making. 2012-2016. J. Verdin (PI, USGS), F. Melton (Co-I). $800,000. 25% time

DWR Prop 50 Water Use Efficiency Grants: Satellite Irrigation Management Support (SIMS): Mapping
of Crop Water Requirements through Integration of Satellite Observations and CIMIS Data. 2014-
2016. F. Melton (PI), L. Johnson (Co-I). $198,164. 15% time.

CSU-ARI 2014-15: Linking Landsat Data with an Online Irrigation Scheduling Tool for California
Orchards. 2014-2016. L. Johnson (Pl, CSUMB), F. Melton (Co-I). $268,197. 10% time

CSU-ARI 2014-15: Determining water requirements and developing new crop coefficients for drip-
irrigated crops in California’s Central Valley. 2014-2016. F. Cassel-Sharma (P1, CSU Frenso), D.
Goorahoo (Co-1) F. Melton (Co-I), L. Johnson (Co-1). 2% time.

CDFA-Specialty Crop Block Program-2014: Improved Tracking of Water Use in Specialty Crops. 2014-
2016. Lee Johnson (PI, CSUMB), F. Melton (Co-1). $377,967. 5% time.

CDFA Specialty Crop Block Grant Program: Online Irrigation and Nitrogen Management Tool for Cool
Season Vegetables. 2013-9/30/2015. M. Cahn (PI). $265,474. 5% time

CDFA Office of Water Use Efficiency: Web-based irrigation scheduling tool for California crops. 2014-
2017. M. Cahn (PI). $199,823. 5% time.
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William Richard Horwath, Professor of Soil Biogeochemistry
Department of Land, Air and Water Resources

3226 Plant & Environmental Science Building

One Shields Ave.

Davis, California 95616-8626

Telephone:  (530) 754-6029 Office

FAX: (530) 752-1552 FAX

E-mail: wrhorwath@ucdavis.edu

Professional Preparation

1979 BS. Forestry Environmental Impact Assessment, College of Agriculture, Department of
Forestry, Southern Illinois University, Carbondale, IL.

1993 Ph.D. Soil Science, Depart. Crop and Soil Sci., Michigan St Univ., E. Lansing, MI.

1993 Ph.D. Forest Ecology, Depart. of Forestry, Michigan St Univ., E. Lansing, MI.

Positions Held:

e Professor of Soil Biogeochemistry, University of California, Davis, CA. 7/04 to present

e Chairman, Agriculture and Environmental Chemistry Graduate Group, 2010 to present

¢ J. G. Boswell Endowed Chair in Soil Science. 2008-present

e Assoc. Professor of Soil Biogeochemistry, University of California, Davis, CA.7/00 to 6/04
e Assist. Professor of Soil Biogeochemistry, University of California, Davis, CA.7/96 to 6/00
e Graduate Faculty, Oregon State University, Corvallis, OR. 1/95 to present

e Research Soil Microbiologist, USDA ARS, Corvallis, OR.10/94 to 5/96

e Faculty Research Associate, Oregon State University, Corvallis, OR. 11/92 to 9/94

e Graduate Research Assistant, Michigan State University, E. Lansing, MI. 9/88 to 10/92

e Research Specialist, Michigan State University. 11/85 to 9/88

o Staff Research Associate, University of California at Berkeley, CA 4/83 to 10/85

e Forestry Apprentice, German Academic Exchange Service, Munich, Germany. 6/79 to 6/80

Five Publications Most Relevant to the Proposed Project

Zhu, X., Martin Burger, Timothy A Doane, William R Horwath. 2013. Ammonia oxidation
pathways and nitrifier denitrification are significant sources of N,O and NO under low
oxygen availability. PNAS 110: 6328-6333.

Perlman, J., R.J. Hijmans, and W. R. Horwath. 2013. Modelling agricultural nitrous oxide
emissions for large regions. Environmental Modeling & Software 48: 183-192.

Zhu X., SILVA L.C.R., Doane T.A., WU N., Horwath W.R. 2013. Quantifying the effects of
compost application, water content and nitrogen fertilization on N,O emissions in ten
agricultural soils. Journal of Environmental Quality. 42:912-918.

Heckman, K, H Throckmorton, C Clingensmith, FJG Vila, WR Horwath, 2014  Factors
affecting the molecular structure and mean residence time of occluded organics in a
lithosequence of soils under ponderosa pine. Soil Biology and Biochemistry 77, 1-11.

Ye, R, TA Doane, J Morris, WR Horwath. 2015. The effect of rice straw on the priming of soil
organic matter and methane production in peat soils. Soil Biology and Biochemistry 81, 98-
107.
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Five Other Significant Products

Kallenbach C. M., D. E. Rolston and W. R. Horwath. 2010. Cover cropping affects soil N,O and
CO; emissions differently depending on type of irrigation. Agriculture Ecosystems and the
Environment. 137: 251-260.

Horwath, W. R. 2011. Greenhouse Gas Emissions from Rice Cropping Systems. In
Understanding Greenhouse Gas Emissions from Agricultural Management; L. Guo, A. S.
Gunasekara, L. L. McConnell. ACS Symposium Series; American Chemical Society:
Washington, DC. Volume 1072.

Throckmorton, H. M., J. A. Bird, L. Dane, M. K. Firestone and W. R. Horwath. 2012. The
source of microbial C has little impact on soil organic matter stabilization in forest
ecosystems. Ecology Letters 15: 1257-1265.

Henneberry Y. K., T. E. C. Kraus, N. Peter and W. R. Horwath. 2012. Structural stability of
coprecipitated natural organic matter and ferric iron under reducing conditions. Organic
Geochemistry. 48: 81-89.

Perlman, J, RJ Hijmans, WR Horwath. 2014. A metamodelling approach to estimate global N20
emissions from agricultural soils. Global Ecology and Biogeography

Synergistic Activities

Technical Editor Soil Science Society of America Journal

Master Faculty Advisor, Sustainable Agriculture and Food System major

Chairman of the Board, Protected Harvest

Distinguished Visiting professor, Chinese Academy of Science

NSF Panelist: Ecosystems Science

Reviewing services: European Journal of Soil Biology, Soil Biology and Biochemistry, Global
Change Biology, Proc. Natl. Acad. Sci. U.S.A., and Ecology Letters, Nature Climate Change.

Current Projects

Low Chemical Intensity Dosing to mitigate DOC in the Delta. CALFED. 3/1/08-2/28/16. 5%
time

Rice culture in the Sacramento-San Joaquin Delta to mitigate past agricultural impacts, improve
water quality and sequester carbon. USDA NIFA. 5/2011-5/2016. 5% time

Defining and implementing agricultural management practices to mitigate and adapt to climate
change. USDA NIFA. 10/1/12-6/30/16. 2% time

Developing Fertilizer Guidelines for major California Crops. CDFA FREP. 4/1/12-3/31/16. 2%
time.

Assessment of practices to mitigate N20O emission in agricultural soils. CARB. 4/1/12-3/31/15.
2% time.

Assessing soil tests to predict in season N availability. CDFA FREP. 1/1/15-12/31/15. 2% time.
Assessing tree response to climate change. UCMEXUS. 1/1/14-6/30/15. 2% time

GWP of Almond orchards. CDFA. 7/1/13-6/30/15. 2% time.

Agricultural sensitivity to climate change and water resources interactions in the San Joaquin
Valley, Calif. And system resilience offered by adaptation strategies. USDA NIFA. 7/1/14-
6/30/17. 5% time.
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Subject: Support for the CDFA FREP proposal titled: “Quantifying N2oO Emissions under
Different On-farm Irrigation and Nutrient Management BMPs to Reduce Groundwater
Nitrate Loading and Applied Water.”

To the California Department of Agriculture Fertilizer Research and Education Program:

I am pleased to provide this letter of support for the proposal titled “Quantifying N2O
Emissions under Different On-farm Irrigation and Nutrient Management BMPs to Reduce
Groundwater Nitrate Loading and Applied Water.” (Project Leader: Arlene Haffa PhD et
al.). The Cooperative Extension advisors serve the agriculture industry through research
and advising in entomology, plant pathology, irrigation and water resources, weed
management and vegetable crops, and viticulture and are particularly committed to the
value, development and grower benefits of web applications such as CropManage (CM)
for managing water and nitrogen fertilizers.

As described in the proposal, UCCE is pleased to collaborate with the project team to
conduct studies to quantify the benefits of best management practices (BMPs) for
irrigation and nutrient management, and the ability of these BMPs to improve
sustainability, reduce impacts to water quality, mitigate nitrous oxide emissions, and
potentially reduce production costs through pumping and fertilizer source reductions.
UCCE promotes the use of CropManage (M.Cahn PhD) and nitrate quick tests as tools for
growers to more efficiently and effectively manage irrigation and nutrient applications.
We support further investigation into the co-benefits of nitrous oxide emissions reduction-
a benefit that is not-well understood by farmers in the region.

The proposed study will contribute valuable information on the benefits of using
CropManage, SIMS, and similar decision support tools to management irrigation and
nutrients. The information collected will be important to local growers, GSA members,
certified crop advisors and many other farmers who are working to address water quality
issues and agricultural sustainability in the Central Coast. It is important for growers to
understand these benefits, and to have the benefits quantified so that growers obtain
appropriate credit for use of these BMPs when working to comply with evolving
regulations.

We wish success on this proposal and look forward to collaborating with the project team.
Sincerely,

Meel . CL_

Michael Cahn, Ph.D.
Irrigation and Water Resources Advisor
Monterey, San Benito, and Santa Cruz Counties
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UNITED STATES DEPARTMENT OF COMMERCE
National Oceanic and Atmospheric Administration
NATIONAL OCEAN SERVICE

Monterey Bay National Marine Sanctuary

99 Pacific Street, Bldg 455a
Monterey, CA 93940

March 2, 2015

To: CDFA Fertilizer Research and Education Program

Re: Support for the CDFA FREP proposal titled: “Quantifying N;O Emissions under Different
On-farm Standard and BMP Irrigation and Nutrient Management Regimes”.

On behalf of the Monterey Bay National Marine Sanctuary (MBNMS), I am pleased to provide
this letter of support for the proposal titled “Quantifying N,O Emissions under Different On-farm
Standard and BMP Irrigation and Nutrient Management Regimes” (Project Leader: Arlene Haffa
PhD et al.). As the Agricultural Water Quality Coordinator for MBNMS, I facilitate the
Agricultural Water Quality Alliance(AWQA). AWQA is a partnership of agriculture industry
groups, resource conservation agencies, researchers, and environmental organizations
working towards protecting and enhancing water in the Monterey Bay National Marine
Sanctuary and the adjacent watersheds while sustaining a world class production
agriculture region through voluntary collaboration with managers of agricultural and rural
lands. MBNMS supports and encourages farming practices that improve water quality,
agricultural sustainability, and provide other environmental benefits.

This proposal addresses a pressing need for quantifying the benefits of best management practices
(BMPs) for irrigation and nutrient management, and the ability of these BMPs to improve
sustainability, reduce impacts to water quality, mitigate nitrous oxide emissions, and potentially
reduce production costs through pumping and fertilizer source reductions.

The proposed study will contribute valuable information on the benefits of using farmer-oriented
decision support tools to management irrigation and nutrients. The information collected will be
important to AWQA efforts to provide effective professional outreach and technical support to
farmers to utilize BMPs that address water quality issues on the Central Coast. It is important for
growers to understand these benefits, and to have the benefits quantified so that growers obtain
appropriate credit for use of these BMPs when working to comply with evolving regulations.

MBNMS will support the project through outreach and professional development activities,
including coordinating a workshop on this research topic at one of our bi-monthly AWQA
professional development meetings.

We are pleased to support this project, and look forward to making a contribution towards its
success if funded. Thank you for your consideration.

?u‘;erely, )
/Z) ¥ //%:’L& -//)[: L .1")

Pam Krone-Davis,
Monterey Bay National Marine Sanctuary
Agricultural Water Quality Coordinator

30



15-07

/7 Grower-Shipper Association of Central California
GROWER-SHIPPER  “OUR MEMBERS: PARTNERS PRODUCING PROSPERITY”
ASSOCIATION

of Central California

Since 1930

February 27, 2015

Subject: Support for the CDFA FREP proposal titled: ""Quantifying N20O Emissions Under
Different On-farm Irrigation and Nutrient Management BMPs that Reduce Groundwater Nitrate
Loading and Applied Water."'

To: The California Department of Agriculture Fertilizer Research and Education Program

On behalf of the Grower-Shipper Association of Central California, | am pleased to provide this letter of
support for the proposal titled “Quantifying Benefits of On-Farm Irrigation and Nutrient Management
BMPs for Low Cost Reductions in Nitrous Oxide Emissions, Groundwater Nitrate Loading and Applied
Water” (Project Leader: Arlene Haffa PhD et al.). The Grower-Shipper Association (GSA) is the Central
Coast’s oldest regional agricultural association, and we represent the agricultural needs of our more than
340 members, who grow, pack, ship, process or support over 100 commodities, spanning the coastal
region encompassing Monterey, Santa Cruz, San Benito and Santa Clara counties.

As described in the proposal, GSA is pleased to collaborate with the project team to conduct studies to
guantify the benefits of best management practices (BMPs) for irrigation and nutrient management, and
the ability of these BMPs to improve sustainability, reduce impacts to water quality, mitigate nitrous
oxide emissions, and potentially reduce production costs through pumping and fertilizer source
reductions. GSA encourages the use of Crop Manage (M.Cahn UCCE) and nitrate quick tests as tools for
growers to more efficiently and effectively manage irrigation and nutrient applications. We also support
further investigation into the co-benefits of nitrous oxide emissions reduction.

The proposed study will contribute valuable information on the benefits of using CropManage, SIMS, and
similar decision support tools to management irrigation and nutrients. The information collected will be
important to GSA members who are working to address water quality issues and agricultural
sustainability in the Central Coast. It is important for growers to understand these benefits, and to have
the benefits quantified so that they may obtain appropriate credit for use of these BMPs when working to
comply with evolving regulations.

We wish success on this proposal and look forward to collaborating with the project team.

Sincerely,

Gy i

Abby Taylor-Silva
Vice President, Policy & Communications

2014-2015 Board of Directors
Ernie Farley, Chairman | Henry Dill, Vice Chairman | Tom Nunes V, Treasurer

Brian Antle | Mark Borman | Dan Canales | Patrick Collins | Brian Church | Allan Clark
Cindy Jewell | Steve Mclntyre | Jerry Rava Il | Nikki Rodoni

512 Pajaro St. # PO. Box 828 # Salinas, CA 93902 0 Tel: 831.422.8844 # Fax: 831.422.0808 ¢ wwwgrowershipper.com
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CalCANZy

February 28, 2015

To: CDFA Fertilizer Research and Education Program

Re: Support for the CDFA FREP proposal titled: “Quantifying N,O Emissions under
Different On-farm Standard and BMP lIrrigation and Nutrient Management Regimes”.

On behalf of the California Climate and Agriculture Network (CalCAN), | am pleased to
provide this letter of support for the proposal titled “Quantifying N,O Emissions under
Different On-farm Standard and BMP Irrigation and Nutrient Management Regimes”
(Project Leader: Arlene Haffa PhD et al.). CalCAN is a coalition of sustainable and
organic organizations that supports and encourages farming practices that have climate
benefits and other environmental and health co-benefits. We work to advance policies to
support California agriculture in the face of climate change.

This proposal addresses a pressing need for quantifying the benefits of best
management practices (BMPs) for irrigation and nutrient management, and the ability of
these BMPs to improve sustainability, reduce impacts to water quality, mitigate nitrous
oxide emissions, and potentially reduce production costs through pumping and fertilizer
source reductions.

The proposed study will contribute valuable information on the benefits of using farmer-
oriented decision support tools to management irrigation and nutrients. The information
collected will be important to CalCAN efforts to assess and advocate for policies that
incentivize sustainable farm management practices, as well as to the many farmers who
are working to address water quality issues and agricultural sustainability in the Central
Coast. It is important for growers to understand these benefits, and to have the benefits
guantified so that growers obtain appropriate credit for use of these BMPs when working
to comply with evolving regulations.

We will support the project through CalCAN communication and outreach activities,
including coordinating a workshop on this research topic at our bi-annual summit,
communicating project result in our newsletter and blog, and including relevant findings
in the next update of our fact sheet that details climate solutions in California agriculture.

We are pleased to support this project, and look forward to making a contribution
towards its success if funded. Thank you for your consideration.

Sincerely,

e

Renata Brillinger, Executive Director

P.0.Box 1366 ¢ Sebastopol, CA 95473
www.calclimateag.cgr@ e (707) 823-8278


http://www.calclimateag.org/

15-07 2015 FREP Project Proposal
Budget Template

Complete the budget template below by filling in the shaded cells. This template uses formulas to automatically calculate totals. Do not alter the
formatting or formulas in unshaded cells. Rows may be added to accommodate additional personnel or funding sources, if necessary. An
example is included on the next worksheet. Contact FREP staff at (916) 900-5022 or FREP@cdfa.ca.gov for help filling out this template.

Quantifying N20 Emissions under Different On-farm Irrigation and Nutrient Management BMPs that Reduce Groundwater
Nlitrate | nadinn and Annlied \Water
Project Leader(s): Arlene Haffa; Kirk Post; William Horwath; Forrest Melton

Project Title:

2016 2017 2018 Total
A. PERSONNEL (name, role, % based on full time salary)
Salary
Arlene Haffa, PL (12% additional employment) $8,320.00 $8,320.00 $8,320.00 $24,960.00
Stefanie Kortman, Research Technician (49% Yr 1-2; 75% Yr 3) $22,038.00 $22,038.00 $33,732.00 $77,808.00
Kirk Post, Research Technician (19% Yr 1; 13% Yr 2-3) $11,856.00 $8,112.00 $8,112.00 $28,080.00
Erin Stanfield, Lab Technician (3%) $1,840.00 $1,840.00 $1,840.00 $5,520.00
$0.00
Salary Total $44,054.00 $40,310.00 $52,004.00 $136,368.00
Benefits
Arlene Haffa, PL (9.1%) $757.00 $757.00 $757.00 $2,271.00
Stefanie Kortman (50% Yr 1-2; 44% Yr 3) $11,019.00 $11,019.00 $14,842.00 $36,880.00
Kirk Post (35.4%) $4,197.00 $2,872.00 $2,872.00 $9,941.00
Erin Stanfield (9.1%) $167.00 $167.00 $167.00 $501.00
$0.00
Benefits Total $16,140.00 $14,815.00 $18,638.00 $49,593.00
Personnel Cost (A) $60,194.00 $55,125.00 $70,642.00 $185,961.00
B. OPERATING EXPENSES
Supplies $7,500.00 $7,000.00 $6,605.00 $21,105.00
Equipment $0.00
Travel $0.00
Professional/Consultant Services $7,000.00 $7,000.00 $14,000.00
Other Expenses $21,188.00 $20,682.00 $7,064.00 $48,934.00
Operating Cost (B) $35,688.00 $27,682.00 $20,669.00 $84,039.00
TOTAL CDFA FUNDING REQUESTED (A+B) $95,882.00 $82,807.00 $91,311.00 $270,000.00
C. OTHER FUNDING SOURCES
USDA NIFA 2014-38422-22085, PD Arlene Haffa $11,292.00 $11,292.00 $22,584.00
$0.00
$0.00
$0.00
$0.00
TOTAL OTHER FUNDING (C) $11,292.00 $11,292.00 $0.00 $22,584.00

TOTAL PROJECT BUDGET (A+B+C) ___ $107,174.00 $94,099.00 $91,311.00 $292,584.00
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