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B. Abstract

Organic production continues to expand in California, given the optimal climatic 
conditions and increasing consumer demand. Current fertility practices among organic 
growers vary widely, and science-based nitrogen (N) management is rarely used. 
CropManage (CM) is an online irrigation and N management decision-support tool with 
more than 1,700 registered users. However, CM currently cannot simulate N 
mineralization from organic fertilizers or amendments. This project aims to integrate a 
simple N mineralization model with CM to provide fertilizer recommendations for organic 
vegetable production. This project aimed to 1) create a N mineralization database for 
organic fertilizers and amendments, crop residues, and soil organic matter (SOM), 2) 
develop a simple N mineralization model using the existing data, 3) evaluate and 
improve the simple model by field trials and incubation studies,  4) integrate the 
selected model with CM to simulate N mineralization in organic vegetable production in 
Coastal California, and 5) conduct outreach to organic vegetable growers in Coastal 
California. We compiled existing data on N mineralization from literature and past 
studies on organic fertilizers and amendments, crop residues, and soil organic matter. 
Using 113 datasets from peer-reviewed articles, a two-pool N mineralization model was 
developed and published in the Journal of Environmental Quality. N mineralization for 
two soy-protein hydrolysate fertilizers, a liquid organic fertilizer, and local crop residues 
of strawberry, Brussels sprout, and artichoke were examined by laboratory incubation. 
Two replicated field trials were conducted to evaluate the model. The model's prediction 
of N mineralization from organic fertilizers under field conditions appeared reasonable, 
though the field-trial data were highly variable. The integration of the N mineralization 
model into CM has completed, and a demonstration version is available. The outcomes 
of this project were disseminated at 24 outreach events to about 1,200 people. 
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C. Introduction  

Organic vegetable production on the Central Coast (Monterey, Santa Cruz, and San 
Benito Counties) was valued at $390 million in 2017. Organic production continues to 
expand, driven by optimal climatic conditions in this area and increasing consumer 
demand. Science-based information on nitrogen (N) management is rarely applied in 
organic fertilizer programs. Current fertility practices vary widely among growers, which 
has both economic and environmental ramifications. Further, growers are now required 
to estimate mineralization rates to complete the mandatory N management plans 
submitted to the Regional Water Quality Control Board. Still, there is insufficient 
information on N mineralization of organic fertilizers and amendments under local 
conditions to do so in an informed way.  
CropManage (CM) is an online irrigation and N management decision-support tool 
originally developed under FREP funding in 2011 and now with more than 1700 
registered users. In recent years, the online advisory service has provided more than 
1,000 recommendations per month during the production season to vegetable and berry 
growers, mainly farming in California's coastal valleys. Though initially developed for 
lettuce, continued research and funding have expanded CM to include other leafy 
greens (spinach, mizuna, leaf lettuce), cole crops (broccoli, cabbage, and cauliflower), 
celery, peppers, raspberries, and strawberries. However, CM currently cannot simulate 
N mineralization from organic fertilizers or amendments. 

 

D. Objectives 

The objectives are to:  

1) create a N mineralization database for organic fertilizers and amendments, crop 
residues, and soil organic matter (SOM),  

2) develop a simple N mineralization model using the existing data,  

3) evaluate and improve the simple model by field trials and incubation studies,   

4) integrate the selected model with CM to simulate N mineralization in organic 
vegetable production in Coastal California, and  

5) conduct outreach to organic vegetable growers in Coastal California. 

 

E. Methods 

Objective 1: 
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Task 1.1: Existing data on N mineralization rates of soils, organic fertilizers and 
amendments, and crop residues, including cover crops that are relevant to local organic 
vegetable production, were compiled from the literature and past local studies, including 
one from a FREP-funded organic fertilizer project.   

Task 1.2: We identified data gaps that require additional incubation studies, including N 
mineralization from residues of artichoke, Brussels sprout, and strawberry crops, and 
soy protein hydrolysate fertilizer (SPHF).  

An incubation trial of two SPHFs (N: 14.7-16.3% as is. Carbon: nitrogen (CN) ratio: 2.3 
– 2.8) and liquid organic fertilizer (N: 2.39% w/w, CN ratio: 7.0. Derived from corn steep 
liquor and fermented fish by-products) was conducted for 12 weeks using a sandy loam 
soil with 60% water-filled pore space moisture condition at 25 °C with 4 replications. 
SPHFs are water-soluble. Thus, their N mineralization was evaluated in 2 forms: as-is 
(solid) and dissolved in water. 

For strawberry plant residues, four commercial fields growing different popular 
strawberry varieties in Watsonville and Salinas were identified, and four above-ground 
plants were randomly sampled from each field near the end of the harvest season in 
October 2021. Any marketable fruits on the plants were removed. To simulate the 
mowing process in actual fields, fresh leaves, petioles, and crowns were roughly 
chopped with a knife and then homogenized in a food processor. Based on plant 
density and plant biomass (Table 1.1), the actual amount of residue biomass (T/A) was 
calculated for each field, and the residues were incorporated at a rate of 1.04 kg (oven-
dry soil) in sandy loam soil. The soil, with and without residues, was prepared for each 
variety, with 4 replications, and incubated at 60% of water-filled pore space in a 
sealable plastic container (2-liter volume) with a pin hole at 25 °C in a humidified 
incubator.  

Table 1.1. Biomass N in strawberry plant residues collected for the incubation trial. 

 
Soil samples were taken for inorganic N analysis at 0, 1, 2, 4, 8, 12, 16, 20, and 24 
weeks, and the N mineralization rate of strawberry residues y at week i was calculated 
as follows; 

Mineralized Nyi (%) = (Inorg Nyi – Inorg Nci) / Total Ny x 100 
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where Inorg Nyi = inorganic N content (mg-N/kg dry soil) at variety y at week i, Inorg Nci 
= inorganic N content at Control (no residues) at week i, and Total Ny = total N amount 
added by variety y to 1 kg of dry soil in the container. 

For Brussels sprouts, three commercial Brussels sprout fields that were ready to 
harvest were identified in Santa Cruz and Half Moon Bay, and four above-ground plants 
were randomly sampled from each field in Dec. 2021. After removing marketable 
sprouts, fresh leaves, stems, and unmarketable sprouts were chopped with a knife and 
then homogenized using a food processor. The rest of the process was the same as the 
strawberry residues experiment above, except the incubation was halted at 20 weeks 
since no increase in N mineralization was observed at that point. See Table 1.2 for 
Brussels sprout field information.  

Table 1.2. Biomass N in Brussels sprout residues collected for the incubation trial. 

 
For artichokes, residues from 3 commercial post-harvest fields were identified in 
Monterey County, and 4 above-ground plants were randomly sampled from the field 
from December 2023 to June 2024 (Table 1.3). After removing marketable heads, fresh 
leaves, stems, and unmarketable heads were chopped with a knife and then 
homogenized using a food processor. The rest of the process was the same as the 
strawberry residues experiment above and was conducted for 20 weeks.  

Table 1.3. Biomass N in artichoke residues collected for the incubation trial. 

 
Objective 2:  

Task 2.1: A one-pool model was fit to the data from Objective 1 (Stanford and Smith, 
1972): 

Nt=N0 (1-e^(-kt)) Eq. 1 
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where Nt is N mineralized at time t (in days), N0 is the pool of mineralizable N, and k is 
the rate constant of mineralization.  

The temperature response was calculated by fitting Eq. 2 to the data (De Neve et al., 
1996).  

FT=kopt×e^(-κ×(1-T/Topt )^2 )  Eq. 2 

where T is the measured soil temperature, FT is the temperature factor of the N 
mineralization rate at temperature T expressed as a fraction of the N mineralization rate 
at the reference temperature of 25 °C, kopt is the mineralization rate at optimum 
temperature, κ is a factor expressing the temperature sensitivity of FT, and Topt is the 
optimum temperature for N mineralization; it was set to 50 °C, based on Beck (1983). 
Values for κ and kopt was 3.523 and 241.9, respectively. These values are based on 
Miller and Geisseler (2018), who found that the temperature response of N 
mineralization from SOM did not differ significantly across regions in central and 
northern California. 

The effect of soil moisture on N mineralization was calculated using Eq. 3. 

FW=a×RWC+b  Eq. 3 

where RWC is the relative water content, and a and b are constants. Equation 4 was 
used to calculate RWC. 

RWC=(θ-θPWP)/(θFC-θPWP )  Eq. 4 

where Ɵ is the volumetric moisture content, and ƟPWP and ƟFC are the volumetric 
moisture contents at the permanent wilting point (PWP) and field capacity (FC), 
respectively. 

Based on 283 data points from 29 sites in the USA, Australia, and Argentina, Paul et al. 
(2003) found the best fit with values of 0.83 and 0.42 for a and b, respectively. 
Incubations at different moisture contents were carried out to validate and, if necessary, 
adjust these two values.  

Objective 3: 

Task 3.1: We completed two field trials in the Central Coast; one in an organic broccoli 
field (Trial A. Clear Lake clay, April - Aug. 2022) and another in an organic baby lettuce 
field (Trial B. Arroyo Seco gravelly sandy loam, Aug. – Sep. 2022).  

For Trial A, the grower applied compost, pre-plant fertilizer, and two in-season fertilizers 
to grow an organic broccoli crop. Thus, a randomized complete block designed trial with 
no organic fertilizer (N0), crop residues (Nr), crop residues + compost (Nrc), crop 
residues + compost + preplant organic fertilizer (Nrcp), crop residues + compost + pre-
plant + in-season organic fertilizers 1 (Nrcpi1), and crop residues + compost + pre-plant 
+ in-season organic fertilizers 2 (Nrcpi2) as treatments was established with 4 
replications. Each plot was 12 beds wide (40' wide) and 30' long, and the middle 5 beds 
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were used for soil and plant sampling. N mineralization from organic fertilizers and SOM 
was determined by monitoring soil inorganic N at 0’-1', 1’-2', and 2’-3’ depths at pre-
fertilization (baseline) and at four time points between planting and harvest in each plot. 
The N mineralization rate of SOM at each sampling time was determined as follows; 

 
where Np0 = plant biomass N (lb/acre) in N0 treatment, Ns0t = soil inorganic N in 0’-3’ 
depth (lb/acre) at N0 treatment at sampling time t, Ns00 = soil inorganic N in 0’-3’ depth 
(lb/acre) at N0 treatment at sampling time 0 (baseline), Nts = soil total N in 0’-3’ depth 
(lb/acre). 

Crop biomass and biomass N were measured four times on the same or the next day, 
along with soil sampling, throughout the crop cycle, including at harvest. Soil bulk 
density was measured, and soil inorganic N content was calculated as lbs-N/acre for 
each depth. Net N mineralization rates of the pre-plant and in-season fertilizers at each 
sampling time were calculated as follows:  

 
where Npr = plant biomass N (lb/acre) in Nr treatment, Np0 = plant biomass N (lb/acre) 
in N0 treatment, Nsr = soil inorganic N in 0’-3’ depth (lb/acre) at Nr treatment, Ns0 = soil 
inorganic N in 0’-3’ depth (lb/acre) at N0 treatment, Ntr = total residue biomass N 
applied in Nr treatment, Nprc = plant biomass N (lb/acre) in Nrc treatment, Nsrc = soil 
inorganic N in 0’-3’ depth (lb/acre) at Nrc treatment, Nsrc = soil inorganic N in 0’-3’ 
depth (lb/acre) at Nrc treatment, Ntc = total N applied by compost in Nrc treatment, 
Nprcp = plant biomass N (lb/acre) in Nrcp treatment, Nsrcp = soil inorganic N in 0’-3’ 
depth (lb/acre) at Nrcp treatment, Ntp = total pre-plant N applied in Nrcp treatment, 
Nprcpi1 = plant biomass N (lb/acre) in Nrcpi1 treatment, Nsrcpi1 = soil inorganic N in 0’-
3’ depth (lb/acre) in Nrcpi1 treatment, and Nti1 = total N applied by in-season fertilizer at 
Nrcpi1 treatment, Nprcpi2 = plant biomass N (lb/acre) in Nrcpi2 treatment, Nsrcpi2 = soil 
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inorganic N in 0’-3’ depth (lb/acre) in Nrcpi2 treatment, and Nti2 = total N applied by in-
season fertilizer at Nrcpi2 treatment. This method assumes that denitrification, N loss 
via surface runoff, and N leaching below 3' are negligible. It also assumes that the N 
rhizosphere priming effects across all treatments are similar, if any.  

For Trial B, the grower grew organic baby lettuce and applied pre-plant fertilizer only for 
the crop. Thus, N mineralization of the pre-plant fertilizer was evaluated in a randomized 
complete block design with no organic fertilizer (N0) and preplant organic fertilizer 
(Nrcp) as treatments, with 4 replications. Each plot was 4 beds wide (26.7' wide) and 30' 
long, and the middle 2 beds were used for soil and plant sampling. N mineralization 
from organic fertilizers and SOM was determined by monitoring soil inorganic N at 0’-1', 
1’-2', and 2’-3’ depths at pre-fertilization (baseline) plus at harvest in each plot. The N 
mineralization rate of SOM at harvest and the pre-plant fertilizer was calculated as 
described for Trial A.  

Irrigation water samples were collected during the growth period, 2-3 times per trial, and 
analyzed for nitrate content. Irrigation amounts during the crop growth period were 
monitored to calculate nitrate-N input (lb-N/A) from irrigation water. Crop harvest 
evaluation was conducted by harvesting 20 heads (Trial A) or 10 rows x 1 m per bed x 2 
beds (Trial B) from each plot. Dry biomass and biomass N in crop residues of the 
previous crop (head lettuce) were determined at harvest at Trial A. Soil and air 
temperature and soil moisture data were collected by sensors connected to dataloggers 
at both trials and was fed to the model (Geisseler et al., 2021) along with organic 
fertilizer and SOM parameters such as their total N content and C:N ratio to simulate N 
mineralization rates. The simulated data were compared against the estimated N 
mineralization rate over time.  

Objective 4: 

The N mineralization model developed under Objective 3 was integrated into the CM 
decision support tool. The addition of organic fertilizers and amendments to CM 
required updates to the database, an additional N mineralization algorithm specific to 
organic fertilizers and amendments, and changes to the user interface for the fertilizer 
list.  

Objective 5: 

Outreach to growers was conducted throughout the project period by presenting the 
project's outcomes at various in-person and online extension events. 

 

F. Data/Results 

Objective 1. 
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Task 1.1: Replicated N mineralization data of 172 organic fertilizers, composts, and 
manures, 64 cover crops and crop residues, and 12 soil organic matter were entered 
into the database. The mineralization data collected at 20-25 °C with near-field capacity 
moisture in different soils are summarized. See the attached database Excel 
spreadsheet for more details. 

Task 1.2: About 42-55% and 58-72% of total N in SPHFs were mineralized in 1 week 
and 12 weeks, regardless of the form. The liquid fertilizer mineralized gradually, and the 
N mineralization rate reached 54% in 6 weeks and 60% in 12 weeks (Figure 1.1).  

 

 

 

 

Figure 1.1. Nitrogen mineralization 
rate of soy-protein hydrolysate 
fertilizers and liquid organic 
fertilizer. N mineralization % 
means the percent of total residue 
N mineralized. Mean ± SEM. 

 

Mineralization of 4 different strawberry variety residues showed a similar pattern, 
regardless of slightly different C:N ratios (26-34); they immobilized soil inorganic N for 
the first 4 weeks, then mineralized gradually, reaching 31-33% N mineralization rates at 
24 weeks. After 24 weeks, it approached a plateau of about 30% (Figure 1.2A). For 
Brussels sprout residues, three residues showed completely different N mineralization 
patterns depending on their C:N ratio; A Gigantus variety residues with CN: 15.9 
mineralized fastest and reached to 41% at 12 weeks, followed by a Gradius variety 
residues with CN: 18.9 (29% at weeks 12), and a Gradius variety with CN: 24.4 had the 
lowest mineralization rate of 17% at weeks 12 (Figure 1.2B).  

Three artichoke residues sampled had different biomass and C:N ratios (Table 1.3). All 
three residues immobilized inorganic N in the soil (= negative N mineralization) for the 
first 4 weeks to varying degrees, depending on their C:N ratios (Fig. 1.2C). The lowest 
N mineralization rate was -73%, -27%, and -17% for Residue 1 (C:N 35), 2 (C:N 31), 
and 3 (C:N 23), respectively, all at week 1. After 20 weeks, Residue 3, the lowest C:N 
ratio among the three samples, was the only one that had positive net N mineralization 
of 6.9%, and the other two residues had negative net N mineralization of - 4.5% (Fig. 
1.2C). Strawberry plant residues had C:N ratios similar to those of artichoke residues  
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Figure 1.2. N mineralization patterns of 
strawberry plant residues (A), Brussels 
sprout residues (B), and artichoke 
residues (C). N mineralization % means 
the percent of total residue N 
mineralized. Mean ± SEM. 

 

 

(Table 1.1). Yet, they showed significantly different N mineralization patterns (Figure 
1.2A and 1.2C), probably due to differences in their carbon compound composition (i.e., 
lignin, cellulose, and non-structural carbohydrates). 

 

Objective 2.  

Task 2.1: A simple N turnover model adapted from CERES Maize was used to simulate 
N mineralization and immobilization from soil organic matter and added organic 
materials. A total of 113 datasets were included in the study. The model 

A. Strawberry plant residues           B. Brussels sprouts residues 

   C. Artichoke residues 
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Figure 2.1. Availability of N from organic 
fertilizers and composts. The graph 
shows modeled values based on 
literature data on amendments 
incorporated into soil at 25 °C and optimal 
soil moisture. The range reflects N 
availability of the materials with the 
highest and lowest C:N ratio in the 
dataset. 

 

 

predicted that 61% of total N in feather meal with an average CN ratio of 4 would be in 
the mineral form after 100 days under optimal conditions (Figure 2.1). Guano is a 
similarly readily available N source, with 72.5% of the total N being in the mineral form 
after 100 days. Nitrogen availability from poultry manure and poultry manure compost 
was lower. On average, 16-17% of total N was present as mineral N in the materials, 
while at the end of the 100-day simulation, 39.6% and 32.7% of total N from an average 
poultry manure and its compost, respectively, were in the mineral form. Poultry manure 
is a heterogeneous fertilizer, and literature values vary considerably (Figure 2.1). Yard 
waste compost and vermicompost are stable materials, with less than 10% of the total N 
in an average material being in the mineral form at the end of the 100-day simulation. 
The results of this study allow the estimation of N release from a variety of organic 
fertilizers and composts. The results were summarized in a scientific article and 
published in the Journal of Environmental Quality (Geisseler et al., 2021). The model 
was also adopted for the online calculation tool posted on the Geissler Lab website in 
English and Spanish.  

 

Objective 3. 

Task 3.1: Trial 1's treatments included soil-only (A), A + crop residues (B), B + compost 
(C), C + pre-plant fertilizer (D), D + in-season fertilizer 1 (E), E + in-season fertilizer 2 
(F), with 4 replications (Table 3.1).  

Soil organic N mineralized 1.4%, releasing 210 lb-N/ac of inorganic N from the top 3' 
soil profile during the broccoli growth period (Table 3.1). The mineralization rate ranged  

https://acsess.onlinelibrary.wiley.com/doi/10.1002/jeq2.20295
http://geisseler.ucdavis.edu/Amendment_Calculator.html
http://geisseler.ucdavis.edu/Calculadora_N_Abonos.html
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Table 3.1. N sources evaluated in the broccoli field trial (Trial 1). 

 
Table 3.2. Calculated mineralized N rate (%) and amount (lb-N/ac) from different 
sources in the broccoli trial (Trial 1). Mineralized N means the percent of total applied N 
mineralized. 

 
from -56 (compost) to 76 % (lettuce residues), but the variability (SEMs) of each N 
source was extremely high, due largely to the highly variable soil inorganic N content. 

In Trial 2, N mineralization from soil organic N and a pre-plant organic fertilizer was 
evaluated (Table 3.3). During the mixed baby lettuce growth period (~1 month), soil 
organic N mineralized at only 0.1% (Table 3.4). Although approximately 24% of the total 
N in the organic fertilizer was mineralized, the mean mineralization rate was highly 
variable (Table 3.4), again due to highly variable inorganic N contents in the soil profile.  

 

Table 3.3. N sources evaluated in the broccoli field trial (Trial 2). 
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Table 3.4. Calculated mineralized N rate (%) and amount (lb-N/ac) of soil organic N and 
organic fertilizer in the mixed baby lettuce trial on 9/5/2022 (Trial 2). Mineralized N 

means the percent of total applied N mineralized. 

 
These field-scale mineralized N data of compost, pre-plant fertilizer, in-season fertilizer-
1, and in-season fertilizer-2 in Trial 1, and pre-plant fertilizer in Trial 2 (Tables 3.2 and 
3.4) were graphically compared with simulated data generated by the online model 
using actual data of organic fertilizers (application rate and date, C:N ratio, dry matter, 
mineral N content), and application date under the Central Coast climate conditions with 
incorporation depth of 6" (Figure 3.1). In the online model, "Yard Waste Compost" was 
selected for simulating the N mineralization from compost, "Pelleted Material" for pre-
plant fertilizers in Trials 1 and 2, and in-season fertilizer-1 in Trial 1, and "Guano" for in-
season fertilizer-2 in Trial 1. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Figure 3.1. Graphical comparison of the simulated mineralized N data and the 
field-measured mineralized N data for the compost in Trial 1 (A), and the pre-
plant fertilizer in Trial 1 (B). A blue range in each figure shows the simulated 
data. Field data are shown as a mean (dot) ± SEM (error bar). Some error bars 
exceed the graphed area. 
 

A. Compost (Trial 1) B. Pre-plant fertilizer (Trial 1) 
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Figure 3.1 (cont.). Graphical 
comparison of the simulated 
mineralized N data and the field-
measured mineralized N data for the 
in-season fertilizer-1 in Trial 1 (C), 
the in-season fertilizer-2 in Trial 1 
(D), and the pre-plant fertilizer in Trial 
2 (E). A blue range in each figure 
shows the simulated mineralized N 
data. Field data are shown as a 
mean (dot) ± SEM (error bar). Some 
error bars exceed the graphed area. 

 

 
 
 
Results showed that the simulated compost mineralized N data differed greatly from the 
measured data, which showed N immobilization after 50 days after application (Figure 
3.1A). For pre-plant and in-season fertilizers, all simulated mineralized N data 
overlapped with the mean ± SEM range of each measured data point (Figures 3.1B, C, 
D, and E), except for one point in the in-season fertilizer-1 in Trial 1 (Figure 3.1C). 

C. In-season fertilizer-1 (Trial 1) D. In-season fertilizer-2 (Trial 1) 

E. Pre-plant fertilizer-1 (Trial 2) 
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G. Discussion and Conclusions 

Our literature survey highlights the variability in N availability across and within groups 
of organic fertilizers and composts. The variability observed within certain groups of 
organic amendments indicates where further research can help to improve N 
mineralization models. However, the information available for individual batches of 
commercial amendments is generally limited, making net N mineralization (and 
immobilization) predictions based on the C:N ratio often the best option available.  

The datasets our model is based on consisted of laboratory incubations conducted at 
optimal moisture content and a constant temperature. While conditions in the field can 
vary considerably, studies have found good correlation between N mineralization in 
laboratory incubations and N mineralization or crop N uptake in the field with the same 
soil type (Castellanos & Pratt, 1981; Gale et al., 2006; Haney et al., 2001). Therefore, 
with appropriate temperature and soil moisture corrections, the model can help estimate 
the amount and timing of N availability for typical field amendments.  

Our field trial data demonstrated that our N mineralization model can make reasonable 
estimates of N mineralization from pre-plant and in-season organic fertilizers, though 
the field data were highly variable (Figures 3.1B, C, D, E). The discrepancy between 
modeled and field-measured mineralized N in compost in Trial 1 (Figure 3.1A) may be 
attributed to the quality of the carbon compounds in the compost applied. Currently, the 
types of organic fertilizers that can be estimated in the model are limited to 8. More 
research is needed to expand the selections and improve the accuracy. 

The present project also confirmed significant variation in the relationships between N 
mineralization rates and C:N ratios among organic fertilizers and crop residues. For 
organic fertilizers, we found that SPHFs' N mineralization rates were lower than 
expected from the known relationships between N mineralization rates and C:N ratios 
reported in a previous study (Lazicki et al., 2020). For crop residues, in our lab 
incubation study of N mineralization patterns in strawberry, Brussels sprout, and 
artichoke residues, aimed at replicating field-condition N mineralization but not exactly 
the same, we found that the relationships between N mineralization rates and C:N ratios 
differ among residue types. Recently, Geisseler et al. (2025) showed that a specifically 
calibrated three-pool model was needed to accurately estimate N mineralization from 
cereal cover crops based on their C:N ratios. Again, N mineralization predictions based 
on the C:N ratio are often the best option available. However, we need further research 
on the relationships between N mineralization and C:N ratios across many other crop 
residues, cover crops, and organic fertilizers, as they may differ in the composition of 
carbon compounds, such as lignin, cellulose, and non-structural carbohydrates, which 
can affect these relationships.  

 



  
 

15 
 

H. Challenges 

COVID-related lab access restrictions and resulting labor shortages slowed progress on 
the lab incubation and field trials in the first two years of this project. However, we 
managed to catch up thanks to the awarded no-cost extensions. Conducting a 
successful on-farm field trial requires close, constant contact with the hosting growers. 
During one field trial, a grower accidentally applied pre-plant fertilizer to all plots, 
jeopardizing the entire trial. He apologized and re-committed to conducting another trial 
in the following year, which went well. 

 
 
I. Project Impacts 

This project developed an online N-mineralization simulation tool for 8 organic fertilizers, 
freely available to the public in English and Spanish. We introduced it through our 
workshops and seminars (see below), and the tool has been widely used. Between April 
2023 and the end of 2025, 1288 active users accessed the online calculator across 
2178 sessions. We expect that integrating the model into CropManage (the demo 
version is available at dev.cropmanage.ucanr.edu) will further improve the N 
management for organic growers in California, especially when combined with soil and 
plant tissue testing. 

The outcomes of this project have also provided additional scientific basis for 
introducing discount factors for organic fertilizers into the calculation of N budgets on 
farms in the AgOrder 4.0 by the California State Water Resources Control Board.   

 

J. Outreach Activities Summary 

During the five-year project period, we presented a part of the project outcomes at 24 
events, reaching approximately 1,200 people in California and beyond. See Appendix 1 
and 2 for more information. 
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App.2. Documentation of the Outreach events 
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App. 2.1: 2021 Irrigation and Nutrient Management Meeting Program 
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App. 2.2: Practical Training on Nitrogen Management in Organic Production of 
Vegetables and Strawberries Program (page 1) 
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App. 2.2: Practical Training on Nitrogen Management in Organic Production of 
Vegetables and Strawberries Program (page 2) 
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App. 2.2: Practical Training on Nitrogen Management in Organic Production of 
Vegetables and Strawberries Program (page 3) 
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App. 2.3: Vegetable Crops Program Team Meeting 2021 Program 
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App.2.4: 2022 Irrigation and Nutrient Management Meeting announcement 
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App. 2.5: 2022 FREP/WPH Nutrient Management Conference announcement 
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App. 2.6: 2022 FREP/WPH Nutrient Management Conference announcement 
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App. 2.7: Practical Training on Nitrogen Planning and Management in Organic 
Production of Annual Crops announcement 
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App. 2.8: Organic Agriculture Workshop announcement 
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App. 2.9: Organic Agriculture Seminar Series for Growers (Event 3) 
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App. 2.10: The Western Nutrient Management Conference (Event 5) 
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App. 2.11: Vegetable and Organic production Workshop (Event 6) 
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App. 2.12: Ventura CAPCA CE Meeting (Event 7) 
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App. 2.13: Practical Training in Nitrogen Planning and Management in Organic Production of 
Annual Crops (Event 8) 
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App. 2.14: UCCE Organic Crop Day, Mendocino County (Event 1. Objective 5) 
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App. 2.15: UCCE Organic Crop Day, Mendocino County (Event 1. Objective 5) 
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App. 2.16: UCCE Organic Farming workshop, Lake County (Event 2. Objective 5) 
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App. 2.17: UCCE Organic Farming workshop, Lake County (Event 2. Objective 5) 
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App. 2.18: UCCE Organic Crops Day, Sonoma County (Event 3. Objective 5) 
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App. 2.19: UCCE Organic Crops Day, Sonoma County (Event 3. Objective 5) 
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App. 2.20: UCCE Organic Crops Day, Sonoma County (Event 5. Objective 5) 
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App. 2.21: UCCE Organic Crops Day, Sonoma County (Event 21) 
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App. 2.22: Santa Clara County Master Gardener Soil and Fertilizer Management Class (Event 22) 
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App. 2.22: UCCE Transition to Certified Organic Workshop, Siskiyou County (Event 23). 
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App. 2.23: Practical Training on Nitrogen Management in Organic Production of Annual Crops, 
Siskiyou County (Event 24. Page 1). 
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App. 2.24: Practical Training on Nitrogen Management in Organic Production of Annual Crops, 
Siskiyou County (Event 24. Page 2) 
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M. Factsheet/Database Template 

1. Project Title  
Developing a nitrogen mineralization model for organically managed vegetable farms on 
the Central Coast 

 
2. Grant Agreement Number (Assigned by CDFA)  
19-0952-000-SA 

 
3. Project Leaders  
Joji Muramoto, Richard Smith, Michael Cahn, and Daniel Geisseler 
 
4. Start Year/End Year  
2020/2025 

 
5. Location  
UCSC, UCD, UCCE Salinas office 

 
6. County  
Santa Cruz, Monterey, Yolo 
 
7. Highlights  

• We developed a simple nitrogen mineralization model for 8 organic fertilizer 
types using the existing data.  

• The model is available online, freely available to the public in English and 
Spanish, and to be integrated in CropManage. 

• Nitrogen mineralization patterns of soy protein hydrolysate fertilizers and 
strawberry, Brussels sprouts, and artichoke residues were evaluated. 

• The outcomes of this project were disseminated at 24 outreach events to about 
1,200 people. 

 
8. Introduction  
Organic vegetable production on the Central Coast (Monterey, Santa Cruz, and San 
Benito Counties) was valued at $390 million in 2017. Organic production continues to 
expand, driven by optimal climatic conditions in this area and increasing consumer 
demand. Science-based information on nitrogen (N) management is rarely applied in 
organic fertilizer programs. Current fertility practices vary widely among growers, which 
has both economic and environmental ramifications. Further, growers are now required 
to estimate mineralization rates to complete the mandatory N management plans 
submitted to the Regional Water Quality Control Board. Still, there is insufficient 
information on N mineralization of organic fertilizers and amendments under local 
conditions to do so in an informed way.  
 
CropManage (CM) is an online irrigation and N management decision-support tool 
originally developed under FREP funding in 2011 and now with more than 1700 

http://geisseler.ucdavis.edu/Amendment_Calculator.html
http://geisseler.ucdavis.edu/Calculadora_N_Abonos.html
https://cropmanage.ucanr.edu/
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registered users. In recent years, the online advisory service has provided more than 
1,000 recommendations per month during the production season to vegetable and berry 
growers, mainly farming in California's coastal valleys. Though initially developed for 
lettuce, continued research and funding have expanded CM to include other leafy 
greens (spinach, mizuna, leaf lettuce), cole crops (broccoli, cabbage, and cauliflower), 
celery, peppers, raspberries, and strawberries. However, CM currently cannot simulate 
N mineralization from organic fertilizers or amendments.  
This project aimed to 1) create a N mineralization database for organic fertilizers and 
amendments, crop residues, and soil organic matter (SOM), 2) develop a simple N 
mineralization model using the existing data, 3) evaluate and improve the simple model 
by field trials and incubation studies,  4) integrate the selected model with CM to 
simulate N mineralization in organic vegetable production in Coastal California, and 5) 
conduct outreach to organic vegetable growers in Coastal California. 
 
9. Methods/Management  
We compiled existing data on N mineralization from literature and past studies on 
organic fertilizers and amendments, crop residues, and soil organic matter. Based on 
the datasets collected, a nitrogen mineralization simulation model using C:N ratio as an 
input variable was developed for 8 organic fertilizer types. N mineralization for two soy-
protein hydrolysate fertilizers, a liquid organic fertilizer, and local crop residues of 
strawberry, Brussels sprout, and artichoke were examined by laboratory incubation. 
Two replicated field trials were conducted to evaluate the model’s prediction at the field 
level. 
 
10. Findings  
Using 113 datasets from peer-reviewed articles, a two-pool N mineralization simulation 
model for 8 organic fertilizer types was developed and published in the Journal of 
Environmental Quality. The model is available online, freely available to the public in 
English and Spanish. The model's prediction of N mineralization from organic fertilizers 
under field conditions appeared reasonable, though the N mineralization data from the 
field trials were highly variable. The integration of the N mineralization model into CM 
has completed, and a demonstration version is available at dev.cropmanage.ucanr.edu, 
The present project also confirmed significant variation in the relationships between N 
mineralization rates and C:N ratios among organic fertilizers and crop residues. For 
organic fertilizers, we found that SPHFs' N mineralization rates were lower than 
expected from the known relationships between N mineralization rates and C:N ratios 
reported in a previous study. For crop residues, our incubation study of N mineralization 
patterns in strawberry, Brussels sprout, and artichoke residues revealed that the 
relationships between N mineralization rates and C:N ratios differ among residue types. 
The outcomes of this project were disseminated at 24 outreach events to about 1,200 
people. 
 
 

http://geisseler.ucdavis.edu/Amendment_Calculator.html
http://geisseler.ucdavis.edu/Calculadora_N_Abonos.html
http://dev.cropmanage.ucanr.edu/
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