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Re: Nutrient Management Practice Proposal for Healthy Soils Program 
 
Dear OEFI Staff, 
 
Only about half the nitrogen applied in California agriculture ends up where it is intended to.1 The remainder is 
lost, negatively affecting our health, environment, and climate.2 Excess reactive nitrogen in agricultural soils 
contributes to the formation of both air and water pollutants, which disproportionately harm people in 
agricultural areas and have detrimental impacts on native species and biodiversity. 3 Excess nitrogen in soils also 
contributes to emissions of nitrous oxide (N2O), a potent greenhouse gas which constitutes roughly a quarter of 
California agriculture’s greenhouse gas emissions. 4 As such, improving nitrogen use efficiency and reducing 
excess nitrogen in soils through better nutrient management is clearly in the State’s interest. 
 
At the October 26th EFA SAP meeting, three nutrient management practices (under the framework of USDA 
NRCS CPS 590) were proposed for addition to the Healthy Soils Program: 1) 15% reduction in nitrogen 
application rate, 2) nitrification inhibitors, and 3) slow-release fertilizers. 
 
We support the proposal to add a nutrient management practice (under the comprehensive framework of USDA 
NRCS CPS 590) that results in at least a 15% reduction in a grower’s nitrogen application (compared to their 
three-year historical average) to the Healthy Soils Program based on widespread agreement in the literature 
that such a practice will reduce N2O emissions across a wide spectrum of California’s agricultural regions, soil 
types, cropping systems, and irrigation methods. Using CPS 590 will allow growers to achieve that nitrogen 
reduction through any number of approaches that can be tailored to their operation, taking into account their 
irrigation methods, nitrogen sources, application timing (e.g. splitting up applications to match plant growth 
rates), application placement, application rate, and data from soil and tissue sampling.  
 
However, to be eligible for the Healthy Soils Program, a management practice should, according to statute: 
“contribute to healthy soils and result in net long-term on-farm greenhouse gas benefits.”5 Healthy Soils are 
defined in statute as “soils that enhance their continuing capacity to function as a biological system, increase soil 
organic matter, improve soil structure and water- and nutrient-holding capacity, and result in net long-term 
greenhouse gas benefits.” 
 
While a 15% reduction in nitrogen application will clearly result in a GHG benefit, it will not adequately 
contribute to healthy soils as a standalone practice. Therefore, to fulfill the soil health objective of the program, 
and to prevent the Healthy Soils program from becoming redundant with other state policy efforts aimed solely 
at nitrogen reduction6, we propose a requirement that a 15% reduction in N rate be paired with at least one 
other Healthy Soils practice. In other words, limited program funding should not be used to incentivize farmers 
seeking only to adopt a single practice that does not have an adequate soil health benefit and will likely be 
required through enforceable regulation of fertilizer use in the near future anyway. 
 
According to the IPCC (2007), the most effective way to reduce GHG emissions in intensive agricultural systems 
is through minimization of N surpluses.7 The 2016 California Nitrogen Assessment from the University of 
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California Agricultural Sustainability Institute labeled “Reducing Nitrogen Rate” as having a positive mitigative 
effect on N2O emissions to the atmosphere, and considered the practice generally accepted, meaning it has a 
high amount of evidence and medium amount of agreement. 8 Widespread over-fertilization has been 
documented in many California crops. 9 The Assessment states that “under these conditions, nitrogen 
applications could be reduced without jeopardizing productivity or economic solvency.”10 According to its 
analysis, “Average producers of 5 of 12 vegetable crops and 4 of 12 perennial crops… apply more nitrogen than 
the maximum rate suggested in the UC guidelines, suggesting there may be opportunities for reducing fertilizer 
nitrogen rate on many crops… But even for crops that are generally not [fertilized excessively], potential rate 
reductions are plausible simply because of the wide ranges in nitrogen application rates among fields and 
farms.” 11 The Assessment estimates suggest that plausible reductions in N rates in California could result in 
nearly 40,000 tons less fertilizer nitrogen use per year. 12 
 
In their 2012 “Assessment of Baseline Nitrous Oxide Emissions in California Cropping Systems,” Burger and 
Horwath from the University of California Davis conclude “the strategies with the highest potential to lower N2O 
emissions in California cropping systems are to increase nitrogen use efficiency and to control soil moisture 
through alternative irrigation techniques.”13 Reductions in nitrogen application rates reliably lead to increases in 
nitrogen use efficiency (i.e. the proportion of nitrogen applied that is taken up by the crop).14 In their 2017 
review of N2O emissions from California farmland, Verhoeven et al. conclude “judicious and synchronized 
application of water and nitrogen, timed with crop demand, is predicted to reduce emissions across climate 
zones and crops.”15 Furthermore, absolute reductions of synthetic nitrogen inputs will also reduce upstream 
emissions associated with the Haber-Bosch process, which consumes 3-5% of the world’s natural gas and 1-2% 
of the world’s annual energy supply, and transport of fertilizer.1617 
 
The other two practices proposed at the EFA SAP meeting – nitrification inhibitors and slow-release fertilizers, 
also known as Enhanced Efficiency Fertilizers (EEFs) – do not yet have sufficient California based evidence or 
agreement within the literature to merit an incentive. Nor do they contribute to healthy soils as standalone 
practices. 
 
While certain meta-analyses (e.g. Akiyama, 201018) point to the potential for EEFs19 to reduce N2O emissions on 
a global scale, limited research has been done on EEFs in California’s unique and diverse agricultural context. 
Given the key role edaphic factors have on EEF efficacy20, it is important to have research specific to California’s 
Mediterranean climate and soils. Additionally, the conclusions of many studies on EEFs and GHG emissions have 
been called into question. The California Nitrogen Assessment states, “…the results of the research on EEFs and 
N2O may be confounded by experimental design. Some evidence suggests that although EEFs present lower 
initial fluxes, N2O production may extend for longer periods and therefore may show higher total losses 
(Delgado and Mosier, 1996) or similar total annual losses (Parkin and Hatfield, 2010) when compared to fertilizer 
application without nitrification inhibitors.”21 
 
Moreover, Lam et al. (2016) suggests that nitrification inhibitors may be much less effective than previously 
thought when both direct and indirect emissions are taken into account. 22 After reviewing the limited studies 
available that took into account both direct and indirect N2O emissions (from increased ammonia volatilization, 
subsequent deposition and N2O emissions), they write: “Our results suggest that the beneficial effect of 
nitrification inhibitors in decreasing direct N2O emissions can be undermined or even outweighed by an increase 
in NH3 volatilization.”23 Furthermore, simply switching from conventional fertilizers to EEFs will not reduce the 
energy use associated with the Haber-Bosch process and transport of fertilizers.24 
 
The limited research on EEFs in California has shown mixed results based on specific combinations of fertilizers, 
inhibitors, crops, and irrigation methods. For example, in tests of the dicyandiamide (DCD) nitrification inhibitor, 
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the inhibitor reduced N2O emissions by more than 60% in two out of three years of a furrow irrigated corn trial, 
but the inhibitor had no effect in one out of the three years.25 In subsurface drip-irrigated tomato systems, the 
effect of the DCD inhibitor on N2O emissions was small overall and differed significantly between the two years 
of the trial. 26 The efficacy of inhibitors has also been found to vary significantly by fertilizer source in California 
experiments.27 In microirrigation systems, the results of EEFs are less impressive, likely due to the increased 
efficiency of fertilization by fertigation.28 Subsurface drip irrigation by itself has been shown to reduce N2O 
emissions more consistently than any other EEF treatment.29 Consequently, it is important to note that 
California cropland irrigation methods significantly trended away from surface irrigation (-37%) and towards 
drip/micro irrigation (+38%) between 1972-2010 in California, such that 43% of irrigated cropland is now 
irrigated by surface irrigation and 41% by micro/drip, with the remainder (15%) irrigated by sprinkler.30  
 
In a study that monitored the efficiency of controlled-release fertilizer (CRF) across three strawberry fields (with 
randomized block experimental design and four replicates per CRF rate) in Salinas, Watsonville, and Castroville, 
Hartz and Farrara (2013) found that the rate of N release was much faster than the rate of strawberry N uptake 
and that CRF had minimal effect on crop N uptake.31 They also found that reducing CRF or eliminating it 
altogether did not affect marketable fruit yield for two out of the three sites. 32 These results led them to 
conclude that current CRF use patterns are not efficient, and that reducing overall CRF rates could be done with 
minimal risk to crop productivity. 33 They write “Rather than routinely using high preplant CRF rates to protect 
against such unusually high winter rainfall or inefficient irrigation, a program of more accurate irrigation 
scheduling, soil NO3-N testing in the spring, and earlier fertigation (where appropriate) would be a more 
nitrogen efficient practice.” 34 Given the uncertain yield improvements and N2O benefits of EEFs, many farmers 
would choose not to make the financial investment to use them. 
 
Recognizing these uncertainties and California agriculture’s unique climate, diversity of crops, and advances in 
irrigation systems, the California Nitrogen Assessment states: “Under current farming conditions, however, it is 
not clear if EEFs will produce comparable benefits in California as in other regions where they are being 
promoted. Benefits of EEFs are maximized when periodic and uncontrolled soil moisture decrease control of N, 
conditions only found during winter in some parts of California agricultural valleys. The more common 
production conditions–hot, dry, and fertigated–can provide equivalent or greater control of nutrients if 
managed astutely.”35 
 
If at some point enough California-based evidence emerges to define EEF practice parameters that will have a 
high certainty of reducing N2O emissions, EEFs would still not contribute to Healthy Soils as defined and 
mandated in statute. Consequently, the practice would also need to be paired with other Healthy Soils practices 
to be eligible for incentives payments. 
 
In sum, we agree with the conclusions of multiple reviews of potential N2O mitigation strategies in California 
that reducing nitrogen application rates by at least 15% will reduce N2O emissions; thus, we support the addition 
of that practice to the program as long as it is required to be coupled with other practices that contribute to the 
production of healthy soils. For reasons cited above, we cannot support the addition of EEFs to the program at 
this time. 
 
Sincerely, 
 
 
 
Jeanne Merrill, Policy Director   Brian Shobe, Policy Associate 
jmerrill@calclimateag.org   brian@calclimateag.org  
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