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Abstract 

This dataset documents a long-term, field-scale study of anaerobic digestate application on 
commercial croplands in eastern Iowa, USA. It includes detailed records of digestate 
composition, application rates, and timing, as well as soil test results collected over a 12-year 
period (2011–2023) from 14 agricultural fields. The dataset supports analysis of soil organic 
carbon (SOC), nutrient dynamics, and isotopic composition in response to digestate inputs. It 
contains 421 georeferenced soil samples, digestate nutrient profiles, field management 



histories, and spatial boundaries. The data were collected as part of a collaborative effort 
between researchers at Iowa State University and Sievers Family Farms to evaluate the 
agronomic and environmental implications of integrating anaerobic digestion into row crop and 
livestock systems. 
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Geographic coverage 

Region surrounding Glenora Feed Yard, near Stockton, Iowa. 
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west bounding 
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Methods 

Methods language adapted from: 

Villarino, S.H., M.D. McDaniel, M.J. Blauwet, B. Sievers, L. Sievers, L.A. Schulte, and F.E. Miguez. 
2025. “Adding Anaerobic Digestate to Commercial Farm Fields Increases Soil Organic Carbon.” 
Journal of Agriculture and Food Research 21 (June):101942. 
https://doi.org/10.1016/j.jafr.2025.101942. 

Farm system description 

The crop fields studied are located in eastern Iowa, within a landscape characterized by a 
dendritic drainage pattern and a median slope of 4%. The region has a long maize–soybean 
(Glycine max L. Merr.) rotation history, managed under no-till practices from 2011 to 2020. 
Corn occupied 50% to 63% of the rotation in most fields, with higher proportions (up to 90%) in 
fields 10 through 13. The local climate features an average annual temperature of 11 °C and 
precipitation of 1,000 mm. Soils are deep, well-drained, and predominantly silt loam or silty clay 
loam, with an average soil organic matter (SOM) content of 3.7% and a near-neutral pH (~7.0) 
in the 0–15 cm soil layer. 

The farm operates two anaerobic digester tanks, each with a capacity of 3,700 m³, producing 
approximately 11,000 m³ of biogas per day, with a methane content ranging from 60% to 70%. 
From 2013 to 2022, this biogas was used to generate electricity via an on-site engine. A portion 

https://doi.org/10.1016/j.jafr.2025.101942


of the electricity supported farm and digestion operations, while the surplus was sold to the 
electrical grid. Recently the facility was upgraded to refine biogas into renewable natural gas 
(RNG), which is now injected into a pipeline distribution system. 

Between 2013 and 2014, the primary feedstock for the digesters consisted of cattle manure 
mixed with maize (Zea mays L.) stover. The stover was harvested from crop fields and used as 
bedding in cattle barns before being combined with manure and fed into the digesters. From 
2014 to 2022, the feedstock composition expanded to include off-farm organic waste—
primarily food processing residues—which accounted for approximately 40% of total organic 
inputs. 

Post-digestion, the digestate was mechanically separated into solid and liquid fractions. 
Annually, the system produced about 10,000 Mg of solid digestate and 75,000 m³ of liquid 
digestate. These were applied to agricultural fields following chemical analysis conducted each 
year by Minnesota Valley Testing Laboratories. Liquid digestate was injected into the soil during 
fall or spring prior to maize planting, at application rates ranging from 13 to 85 m³ ha⁻¹. Solid 
digestate was surface-applied (broadcasted) during the subsequent winter or early spring at 
rates between 6 and 144 Mg ha⁻¹, specifically in fields where maize stover had been harvested 
for bedding. Most fields (79%) received both digestate types, while one field received only solid 
digestate and two fields received only liquid digestate. 

Soil data 

Soil sampling was conducted at three time points, allowing us to assess changes over time. The 
initial sampling (T1) occurred between 2011 and 2013, prior to the application of digestate. A 
second sampling (T2) was performed six years later, and a third sampling (T3) was conducted 
on average 12 years after the initial application. All fields were sampled at T1 and T2, while six 
fields (Fields 1, 8, 9, 10, 12, and 13) were also sampled at T3. At each time point, samples were 
collected from the 0–15 cm soil depth; at T3, additional samples were taken from the 15–30 cm 
depth. All sampling locations were georeferenced to ensure consistent resampling over time. A 
total of 421 soil samples were collected, with a sampling density ranging from 0.3 to 1 sample 
per hectare. 

At T1 and T2, soil analyses were performed by commercial laboratories and included 
measurements of pH, soil organic matter (SOM) via the loss-on-ignition (LOI) method (2 hours 
at 360 °C), soil test phosphorus (STP) using the Mehlich III extraction method, and soil test 
potassium (STK) using ammonium acetate extraction. 

At T3, soil analyses were conducted at Iowa State University. Parameters measured included 
soil organic carbon (SOC), total nitrogen (N), particle size distribution, and bulk density (BD). 
Total C and N were determined using a Vario Max analyzer equipped with a thermal 
conductivity detector for CO₂ and N₂, following combustion at 900 °C. Prior to analysis, samples 
were fumigated with hydrochloric acid to remove inorganic carbon. Particle size distribution 
was assessed using laser diffractometry. Bulk density was measured using a 3 cm diameter soil 
corer; subsamples were oven-dried at 105 °C to determine moisture content, and dry weight 
was divided by soil volume to calculate BD. 



SOC at T1 and T2 was estimated by multiplying SOM by a conversion factor of 0.45. This factor 
was selected to provide a conservative estimate, as it falls between global averages and values 
specific to Iowa topsoils. Although a factor of 0.58 has been historically used, recent studies 
suggest it overestimates SOC in fine-textured soils. The 0.45 factor aligns with recent findings 
indicating SOC-to-SOM ratios between 0.45 and 0.52, and is particularly appropriate for the silt 
loam and silty clay loam soils in this study. A sensitivity analysis using conversion factors of 
0.41, 0.45, and 0.5 showed that estimated SOC change rates ranged from 0.6 to 0.9 Mg ha⁻¹ 
yr⁻¹, all within the 95% confidence interval of the 0.45-based estimate, supporting its use as a 
conservative baseline. 

SOC stocks were calculated using the equation SOC = C × Depth × BD, where SOC is the organic 
carbon stock (Mg ha⁻¹), C is the carbon concentration (%), BD is the bulk density (Mg m⁻³), and 
Depth is the soil depth (cm). For T1 and T2, where BD was not measured, a constant value of 
1.1 Mg m⁻³ was assumed for each field, based on the assumption of temporal stability in BD. 

At T3, natural abundance isotopic signatures of δ¹³C and δ¹⁵N were measured in Fields 1, 8, and 
9 using a Thermo Finnigan Delta Plus XL mass spectrometer in continuous flow mode, coupled 
with an Elemental Analyzer at the Iowa State University Stable Isotope Lab. These fields were 
selected due to their similar crop rotations but contrasting cumulative digestate-C application 
rates: low (Field 1, 9.9 Mg C ha⁻¹), medium (Field 8, 24.2 Mg C ha⁻¹), and high (Field 9, 35.8 Mg C 
ha⁻¹). 

Carbon inputs from digestate and C-loading estimations 

Total carbon (C) input to the soil from anaerobic digestate was calculated by summing the 
contributions from both liquid and solid digestate fractions. These inputs were estimated using 
the respective application rates and carbon concentrations, according to the following 
equations: 

C_inputLD = (RateLD × CLD) / 100 

C_inputSD = (RateSD × CSD) / 100 

Total C input = C_inputLD + C_inputSD 

Where: 

C_inputLD is the carbon input from liquid digestate, RateLD is the application rate of liquid 
digestate (m³ ha⁻¹), CLD is the carbon concentration (%) in the liquid digestate, C_inputSD is the 
carbon input from solid digestate, RateSD is the application rate of solid digestate (Mg ha⁻¹), 
and CSD is the carbon concentration (%) in the solid digestate. 

To assess the soil’s capacity to stabilize organic carbon, we estimated C-loading using the ratio 
of soil organic carbon (SOC) to the combined mass of silt and clay particles (expressed as g C per 
kg silt + clay). This metric serves as a proxy for the degree of mineral-associated organic carbon 
(MAOC) saturation, which is a key mechanism for long-term SOC stabilization—particularly in 
fine-textured soils like those found in Iowa. 



Although this ratio includes particulate organic carbon (POC)—which is not mineral-associated 
and therefore not subject to saturation—we used it as a practical proxy for C-loading for two 
reasons: (1) Our objective was to evaluate the relationship between C-loading and SOC change, 
rather than to determine absolute C-saturation thresholds, and (2) The proportion of POC in 
Iowa croplands is typically low (<10%), so its influence on the C-loading estimate is assumed to 
be minimal. 

Data tables 

This section contains summary information for each data table (bolded) in this repository, 
starting with the file name and a textual description of the table. Following that is a table where 
each row represents one column in the data table with metadata for that column. If the data 
table contained any categorical columns, there will then be a table containing descriptions of 
each category.    

data.cattle_feed_2011_2022_raw. This table contains a breakdown of “part” quantities and 
costs for Glenora Feedyards that were relevant to cattle feeding. It can be used as a complete 
record of what the cattle were fed in each year. Each row represents one “part” (e.g., feed or 
feed additive) that was fed in any year. Number of records: 42. 

attribute name attribute definition storage 
type measurement scale 

standard unit missing 
value code missing value explaination 

amount dollars 
2011 The total amount spent on this product in this year, in US 

dollars. float dollar   
amount dollars 
2012 The total amount spent on this product in this year, in US 

dollars. float dollar   
amount dollars 
2013 The total amount spent on this product in this year, in US 

dollars. float dollar   
amount dollars 
2014 The total amount spent on this product in this year, in US 

dollars. float dollar   

amount dollars 
2015 The total amount spent on this product in this year, in US 

dollars. float dollar   

amount dollars 
2016 The total amount spent on this product in this year, in US 

dollars. float dollar   
amount dollars 
2017 The total amount spent on this product in this year, in US 

dollars. float dollar   

amount dollars 
2018 The total amount spent on this product in this year, in US 

dollars. float dollar   

amount dollars 
2019 The total amount spent on this product in this year, in US 

dollars. float dollar   

amount dollars 
2020 The total amount spent on this product in this year, in US 

dollars. float dollar   
amount dollars 
2021 The total amount spent on this product in this year, in US 

dollars. float dollar   

amount dollars 
2022 The total amount spent on this product in this year, in US 

dollars. float dollar   

cattle feed The cattle feed or feed additive. string  NA The row for the marginal total doesn't 
represent an individual product. 

cattle feed 2011 
2022 raw pkey A unique primary key for this table. integer dimensionless   



attribute name attribute definition storage 
type measurement scale 

standard unit missing 
value code missing value explaination 

parts or service A grouping variable for distinguishing parts and services. This 
table only contains parts. string    

quantity tons 2011 The amount of this product fed in this year. All units are tons 
unless noted otherwise in the 'cattle_feed' column. float ton   

quantity tons 2012 The amount of this product fed in this year. All units are tons 
unless noted otherwise in the 'cattle_feed' column. float ton   

quantity tons 2013 The amount of this product fed in this year. All units are tons 
unless noted otherwise in the 'cattle_feed' column. float ton   

quantity tons 2014 The amount of this product fed in this year. All units are tons 
unless noted otherwise in the 'cattle_feed' column. float ton   

quantity tons 2015 The amount of this product fed in this year. All units are tons 
unless noted otherwise in the 'cattle_feed' column. float ton   

quantity tons 2016 The amount of this product fed in this year. All units are tons 
unless noted otherwise in the 'cattle_feed' column. float ton   

quantity tons 2017 The amount of this product fed in this year. All units are tons 
unless noted otherwise in the 'cattle_feed' column. float ton   

quantity tons 2018 The amount of this product fed in this year. All units are tons 
unless noted otherwise in the 'cattle_feed' column. float ton   

quantity tons 2019 The amount of this product fed in this year. All units are tons 
unless noted otherwise in the 'cattle_feed' column. float ton   

quantity tons 2020 The amount of this product fed in this year. All units are tons 
unless noted otherwise in the 'cattle_feed' column. float ton   

quantity tons 2021 The amount of this product fed in this year. All units are tons 
unless noted otherwise in the 'cattle_feed' column. float ton   

quantity tons 2022 The amount of this product fed in this year. All units are tons 
unless noted otherwise in the 'cattle_feed' column. float ton   

 

data.digestate_application_raw. This table lists details of liquid and solid digestate application 
including timing, rates, and nutrient analysis. Each line represents one application of digestate 
on one field. Number of records: 157. 

attribute name attribute definition storage 
type measurement scale 

standard unit missing value 
code missing value 

explaination 

Amonium N Nitrogen in the form of ammonium in the digestate float percent NA No data 

C Carbon in the digestate float percent   
Ca Calcium in the digestate float ppm NA No data 

Ci Mg ha Digestate carbon input float Mega gram per hectare   
Cu Copper in the digestate float ppm NA No data 

DM Dry matter of digestate float percent   

Date ap Date the digestate was applied. dateTime YYYY-MM-DD   

Date dig comp Date of the digestate chemical analysis report dateTime YYYY-MM-DD   



attribute name attribute definition storage 
type measurement scale 

standard unit missing value 
code missing value 

explaination 
Fe Iron in the digestate float ppm NA No data 

Fnum Field number string    

K2O Potassium as potassium oxide in the digestate float percent   

Ki Mg ha Digestate potassium input float Mega gram per hectare   
Manganese Manganese in the digestate float ppm NA No data 

Max rate Maximum allowable digestate application rates. Gallons per acre for 
liquid digestate and Mg per acre for solid digestate. float See rate unit column NA No data 

Mg Magnesium in the digestate float ppm NA No data 

Moisture Digestate moisture float percent   

N Total nitrogen in the digestate float percent   

N Org Organic nitrogen in the digestate float percent NA No data 
Na Sodium in the digestate float ppm NA No data 

Ni Mg ha Digestate nitrogen input float Mega gram per hectare   

P2O5 Phosphorus as phosphorus pentoxide in the digestate float percent   

Pi Mg ha Digestate phosphorus input float Mega gram per hectare   

Rate Application Rate float See rate unit column   

Rate unit The units for the values listed in 'Max_rate' and 'Rate'. string    
S Sulfur in the digestate float ppm NA No data 
Zinc Zinc in the digestate float ppm NA No data 
digestate application 
raw pkey A unique primary key for this table. integer dimensionless   

type Liquid or solid digestate. string    

data.digestate_application_raw. Descriptions of categories for the preceding table. 

attribute name code definition 

Rate unit Gal/acre Gallons per acre. 

Rate unit Mg/acre Megagrams per acre. 

type Liquid The liquid digestate effluent after separation from the solid fraction.  

type Solid The digestate bio-solids after separation from the liquid fraction.  



 

data.digester_sales_2013_2023_raw. This table lists the organic waste products added to the 
digester and their valuation. Each line represents one organic material with its quantity and 
amount (valuation) for each year. Number of records: 30. 

attribute name attribute definition storage 
type measurement scale 

standard unit missing 
value code missing value explaination 

amount dollars 
2013 The total amount received from this product in this year, in US dollars. float dollar   

amount dollars 
2014 The total amount received from this product in this year, in US dollars. float dollar   

amount dollars 
2015 The total amount received from this product in this year, in US dollars. float dollar   

amount dollars 
2016 The total amount received from this product in this year, in US dollars. float dollar   
amount dollars 
2017 The total amount received from this product in this year, in US dollars. float dollar   

amount dollars 
2018 The total amount received from this product in this year, in US dollars. float dollar   

amount dollars 
2019 The total amount received from this product in this year, in US dollars. float dollar   
amount dollars 
2020 The total amount received from this product in this year, in US dollars. float dollar   
amount dollars 
2021 The total amount received from this product in this year, in US dollars. float dollar   
amount dollars 
2022 The total amount received from this product in this year, in US dollars. float dollar   
amount dollars 
2023 through nov 
20 

The total amount received from this product in this year (through Nov 20), in 
US dollars. float dollar   

digester sales 
2013 2023 raw 
pkey A unique primary key for this table. integer dimensionless   

feed tons unless 
noted otherwise The organic waste product fed to the digester. If the units in the 'quantity' 

columns are not tons, the unit will also be listed here. string  NA The rows for the marginal 
totals don't represent 
individual products. 

parts or service A grouping variable for distinguishing parts and services. ARE SERVICES 
RECURRING "PARTS" IN THIS CONTEXT? string    

quantity 2013 The amount of this product received in this year. All units are tons unless 
noted otherwise in the 'feed_tons_unless_noted_otherwise' column. float ton   

quantity 2014 The amount of this product received in this year. All units are tons unless 
noted otherwise in the 'feed_tons_unless_noted_otherwise' column. float ton   

quantity 2015 The amount of this product received in this year. All units are tons unless 
noted otherwise in the 'feed_tons_unless_noted_otherwise' column. float ton   

quantity 2016 The amount of this product received in this year. All units are tons unless 
noted otherwise in the 'feed_tons_unless_noted_otherwise' column. float ton   

quantity 2017 The amount of this product received in this year. All units are tons unless 
noted otherwise in the 'feed_tons_unless_noted_otherwise' column. float ton   

quantity 2018 The amount of this product received in this year. All units are tons unless 
noted otherwise in the 'feed_tons_unless_noted_otherwise' column. float ton   

quantity 2019 The amount of this product received in this year. All units are tons unless 
noted otherwise in the 'feed_tons_unless_noted_otherwise' column. float ton   



attribute name attribute definition storage 
type measurement scale 

standard unit missing 
value code missing value explaination 

quantity 2020 The amount of this product received in this year. All units are tons unless 
noted otherwise in the 'feed_tons_unless_noted_otherwise' column. float ton   

quantity 2021 The amount of this product received in this year. All units are tons unless 
noted otherwise in the 'feed_tons_unless_noted_otherwise' column. float ton   

quantity 2022 The amount of this product received in this year. All units are tons unless 
noted otherwise in the 'feed_tons_unless_noted_otherwise' column. float ton   

quantity 2023 
through nov 20 

The amount of this product received in this year (through Nov 20). All units 
are tons unless noted otherwise in the 'feed_tons_unless_noted_otherwise' 
column. float ton   

 

data.Glenora_Feed_Yard_all_parts_2011_2022_raw. This table contains a full listing of ‘parts’ 
purchased by Glenora Feedyards between 2011-2022. This table differs from 
data.cattle_feed_2011_2022 by including non-feed products (e.g., diesel). Each row represents 
one cost line-item. Number of records: 46. 

attribute name attribute definition storage 
type measurement scale 

standard unit missing 
value code missing value explaination 

Glenora Feed Yard all 
parts 2011 2022 raw 
pkey A unique primary key for this table. integer dimensionless   

amount dollars 2011 The total amount spent on this product in this year, in US 
dollars. float USDollar   

amount dollars 2012 The total amount spent on this product in this year, in US 
dollars. float USDollar   

amount dollars 2013 The total amount spent on this product in this year, in US 
dollars. float USDollar   

amount dollars 2014 The total amount spent on this product in this year, in US 
dollars. float USDollar   

amount dollars 2015 The total amount spent on this product in this year, in US 
dollars. float USDollar   

amount dollars 2016 The total amount spent on this product in this year, in US 
dollars. float USDollar   

amount dollars 2017 The total amount spent on this product in this year, in US 
dollars. float USDollar   

amount dollars 2018 The total amount spent on this product in this year, in US 
dollars. float USDollar   

amount dollars 2019 The total amount spent on this product in this year, in US 
dollars. float USDollar   

amount dollars 2020 The total amount spent on this product in this year, in US 
dollars. float USDollar   

amount dollars 2021 The total amount spent on this product in this year, in US 
dollars. float USDollar   

amount dollars 2022 The total amount spent on this product in this year, in US 
dollars. float USDollar   

amount dollars all years The total amount spent on this product across all years, in US 
dollars. float USDollar   

average price 2011 The amount quantity divided by the quantity for this part in 
this year. float USDollar   



attribute name attribute definition storage 
type measurement scale 

standard unit missing 
value code missing value explaination 

average price 2012 The amount quantity divided by the quantity for this part in 
this year. float USDollar   

average price 2013 The amount quantity divided by the quantity for this part in 
this year. float USDollar   

average price 2014 The amount quantity divided by the quantity for this part in 
this year. float USDollar   

average price 2015 The amount quantity divided by the quantity for this part in 
this year. float USDollar   

average price 2016 The amount quantity divided by the quantity for this part in 
this year. float USDollar   

average price 2017 The amount quantity divided by the quantity for this part in 
this year. float USDollar   

average price 2018 The amount quantity divided by the quantity for this part in 
this year. float USDollar   

average price 2019 The amount quantity divided by the quantity for this part in 
this year. float USDollar   

average price 2020 The amount quantity divided by the quantity for this part in 
this year. float USDollar   

average price 2021 The amount quantity divided by the quantity for this part in 
this year. float USDollar   

average price 2022 The amount quantity divided by the quantity for this part in 
this year. float USDollar   

average price all years The total amount spent on this product divided quantity of 
this product fed to the cattle across all years, in US dollars per 
ton. float USDollarPerTon   

part The product purchased. string  NA The marginal total in the last row 
does not have a specific part. 

parts or service A grouping variable for distinguishing parts and services. This 
table only contains parts. string    

quantity 2011 The amount of this product fed in this year. All units are tons 
unless noted otherwise in the 'cattle_feed' column. float ton   

quantity 2012 The amount of this product fed in this year. All units are tons 
unless noted otherwise in the 'cattle_feed' column. float ton   

quantity 2013 The amount of this product fed in this year. All units are tons 
unless noted otherwise in the 'cattle_feed' column. float ton   

quantity 2014 The amount of this product fed in this year. All units are tons 
unless noted otherwise in the 'cattle_feed' column. float ton   

quantity 2015 The amount of this product fed in this year. All units are tons 
unless noted otherwise in the 'cattle_feed' column. float ton   

quantity 2016 The amount of this product fed in this year. All units are tons 
unless noted otherwise in the 'cattle_feed' column. float ton   

quantity 2017 The amount of this product fed in this year. All units are tons 
unless noted otherwise in the 'cattle_feed' column. float ton   

quantity 2018 The amount of this product fed in this year. All units are tons 
unless noted otherwise in the 'cattle_feed' column. float ton   

quantity 2019 The amount of this product fed in this year. All units are tons 
unless noted otherwise in the 'cattle_feed' column. float ton   

quantity 2020 The amount of this product fed in this year. All units are tons 
unless noted otherwise in the 'cattle_feed' column. float ton   



attribute name attribute definition storage 
type measurement scale 

standard unit missing 
value code missing value explaination 

quantity 2021 The amount of this product fed in this year. All units are tons 
unless noted otherwise in the 'cattle_feed' column. float ton   

quantity 2022 The amount of this product fed in this year. All units are tons 
unless noted otherwise in the 'cattle_feed' column. float ton   

quantity all years The total quantity of this product fed to the cattle across all 
years, in tons. float ton   

sales percent 2011 The proportion of total sales in this year for this part. float proportion   

sales percent 2012 The proportion of total sales in this year for this part. float proportion   

sales percent 2013 The proportion of total sales in this year for this part. float proportion   

sales percent 2014 The proportion of total sales in this year for this part. float proportion   

sales percent 2015 The proportion of total sales in this year for this part. float proportion   

sales percent 2016 The proportion of total sales in this year for this part. float proportion   

sales percent 2017 The proportion of total sales in this year for this part. float proportion   

sales percent 2018 The proportion of total sales in this year for this part. float proportion   

sales percent 2019 The proportion of total sales in this year for this part. float proportion   

sales percent 2020 The proportion of total sales in this year for this part. float proportion   

sales percent 2021 The proportion of total sales in this year for this part. float proportion   

sales percent 2022 The proportion of total sales in this year for this part. float proportion   

sales percent all years The proportion of total sales for this part across all years. float proportion   

 

data.off_farm_ag_waste_received_2011_2022_raw. This table contains a summary of the 
amount of off-farm agricultural waste the digester received between 2011-2022. Each row is 
one year. Number of records: 12. 

attribute name attribute definition storage 
type measurement scale standard 

unit 
off farm ag waste received 2011 2022 raw 
pkey A unique primary key for this table. integer dimensionless 

tons The total mass of off-farm agricultural waste the digester recieved in this year, in 
tons. float ton 

year The calendar year. integer number 



 

data.dataset_field_ID_names_numbers. This table is a key between naming conventions for 
the fields in this study. Each row represents one farm field at the end of the study. Number of 
records: 16. 

attribute name attribute definition storage 
type measurement scale 

standard unit missing value 
code missing value explaination 

Field The name of this farm field. string    

Fnum The number assigned to this field 
by ISU researchers. string  NA Field 10a was subtracted from the rest of field 10 when 

it was planted to prairie in 2022. 

ID The ID code Pinnacle uses for this 
farm field. string    

Notes Important notes about this field 
name. string  NA No notes needed. 

dataset field ID names 
numbers pkey A unique primary key for this table. integer dimensionless   

 

spatial.field_boundaries_pinnacle_raw. Polygons for the field boundaries as defined in the 
Pinnacle manure management plans. Each row represents one field. Number of records: 17. 

attribute name attribute definition storage type measurement scale standard unit 

Dataset Date dateTime YYYY-MM-DD 

Field The name of this farm field. string  

Fnum The number assigned to this field by ISU researchers. string  

ID The ID code Pinnacle uses for this farm field. string  

pkey A unique primary key for this table. integer dimensionless 

 

spatial.dataset_soil_tests. This table contains soil test results conducted by Pinnacle in 2013 
and 2019, and by Iowa State University in 2023. Each row represents one soil sample. Number 
of records: 528. 

attribute 
name attribute definition storage 

type measurement scale standard 
unit missing 

value code missing value explaination 

BD Soil bulk density float percent   

Ci Mg ha Cumulative digestate carbon input float tonnePerHectare   

Ci liq Cumulative carbon input from liquid digestate float tonnePerHectare   



attribute 
name attribute definition storage 

type measurement scale standard 
unit missing 

value code missing value explaination 

Ci sol Cumulative carbon input from solid digestate float tonnePerHectare   

Ci sol prop Proportion of cumulative digestate carbon from solid digestate float proportion   

Date T1 The sample date used for timestep T1. dateTime YYYY-MM-DD   

Date T2 The sample date used for timestep T2. dateTime YYYY-MM-DD   

Date T3 The sample date used for timestep T3. dateTime YYYY-MM-DD NA Not all T1 and T2 locations 
were resampled in T3. 

Depth in The depth range of the soil core segment, in inches. string    

Field The name of the farm field from which the sample was taken. HOW DO 
THESE NAMES RELATE TO YOUR "OFFICIAL" NAMES? string    

Fines20 Particles < 20 μm float year NA Not recorded before 2023. 

Fnum The number assigned to this field by ISU researchers. string    

ID The ID code Pinnacle uses for the farm field from which this sample was 
taken. string    

Ki Mg ha Cumulative digestate potassium input float tonnePerHectare   

Lab The laboratory that did the soil carbon/soil organic matter analysis string    

Ni Mg ha Cumulative digestate nitrogen input float tonnePerHectare   

Ni liq Cumulative nitrogen input from liquid digestate float tonnePerHectare   

Ni sol Cumulative nitrogen input from solid digestate float tonnePerHectare   

Pi Mg ha Cumulative digestate phosphorus input float tonnePerHectare   

Rec K2O lb Included in data from Pinnacle, presumed to be Potassium oxide 
recommendation, but was not used for this project integer poundPerAcre NA Value not provided. 

Rec Lime Included in data from Pinnacle, presumed to be Lime needs, but was not 
used for this project float UNITS NEEDED NA No data 

Rec Lime 1 Included in data from Pinnacle, presumed to be Lime needs, but was not 
used for this project float year NA No data 

Rec Lime l Included in data from Pinnacle, presumed to be Lime needs, but was not 
used for this project  integer poundPerAcre NA Value not provided. 

Rec P2O5 l Included in data from Pinnacle, presumed to be Diphosphorus pentoxide 
recommendation, but was not used for this project float poundPerAcre NA Value not provided. 

SOC SOM r Soil organic carbon to soil organic matter ratio float tonnePerHectare   

SOC p41 Soil organic carbon percent using a conversion factor of 0.41 to convert 
soil organic matter to soil organic carbon float percent   

SOC p45 Soil organic carbon percent float percent   

SOC p5 Soil organic carbon percent using a conversion factor of 0.5 to convert soil 
organic matter to soil organic carbon float percent   



attribute 
name attribute definition storage 

type measurement scale standard 
unit missing 

value code missing value explaination 

SOC p58 Soil organic carbon percent using a conversion factor of 0.58 to convert 
soil organic matter to soil organic carbon float percent   

SOC 
stock41 Soil organic carbon stock using a conversion factor of 0.41 to convert soil 

organic matter to soil organic carbon float Mega gram per hectare   
SOC 
stock45 Soil organic carbon stock float gramPerCentimeterCubed   

SOC stock5 Soil organic carbon stock using a conversion factor of 0.5 to convert soil 
organic matter to soil organic carbon float Mega gram per hectare   

SOC 
stock58 Soil organic carbon stock using a conversion factor of 0.58 to convert soil 

organic matter to soil organic carbon float Mega gram per hectare   

SOM p Soil organic matter percent float percent NA No data 
SON p Soil organic nitrogen percent float percent NA No data 
Soil BpH Buffer index float Dimensionless NA Value not provided. 
Soil CA pp Calcium, it was not used for this project integer milligramPerKilogram NA Value not provided. 
Soil CEC m Cation exchange capacity float centiMolesPerKilogram NA Value not provided. 
Soil K ppm Soil test potassium determined by ammonium acetate extraction integer milligramPerKilogram NA Value not provided. 
Soil MG pp Magnesium, it was not used for this project integer milligramPerKilogram NA Value not provided. 
Soil P1 pp Soil test phosphorus determined by the Mehlich III method integer milligramPerKilogram NA Value not provided. 
Soil pH 1 Acidity (pH) float pH NA Value not provided. 
T1 T2 yr Time elapsed between first (T1) and second (T2) soil sampling float tonnePerHectare NA No data 

T1 T3 yr Time elapsed between sample T1 and T3, in years. float tonnePerHectare NA Not all T1 and T2 locations 
were resampled in T3. 

Time factor Fields were sampled at three different times: first sampling time (T1), 
second sampling time (T2), and third sampling time (T3) string    

Time yr Time elapsed since the initial sampling date float tonnePerHectare   

cC Coarse Clay (1 - 6 μm) float percent NA Not recorded before 2023. 
cS Coarse Sand (500 - 1000 μm) float percent NA Not recorded before 2023. 
calendar 
date The date the sample was taken. dateTime YYYY-MM-DD   

clay The percent of the sample composed of clay. float percent NA Not recorded before 2023. 
d13C Delta carbon 13 isotope (VPDB) float percent NA No data 
d15N Delta nitrogen 15 isotope (Air) float percent NA No data 
fS Fine Sand (125 - 250 μm) float percent NA Not recorded before 2023. 
fT Fine Silt (6 - 25 μm) float year NA Not recorded before 2023. 
fT2 Fine Silt 2 (6 - 20 μm) float dimensionless NA Not recorded before 2023. 
mS Medium Sand (250 - 500 μm) float percent NA Not recorded before 2023. 

pkey A unique primary key for this table. integer dimensionless   

point ID Sample point identifier. The first part, before the point, contains the field 
code, and the second part, after the point, contains the sample point 
number. string    



attribute 
name attribute definition storage 

type measurement scale standard 
unit missing 

value code missing value explaination 

sand The percent of the sample composed of sand. float percent NA Not recorded before 2023. 
silt The percent of the sample composed of silt. float percent NA Not recorded before 2023. 
vcS Very Coarse Sand (1000 - 2000 μm) float percent NA Not recorded before 2023. 
vfS Very Fine Sand (50 - 125 μm) float percent NA Not recorded before 2023. 

 

data.dataset_digestate_inputs_T1. This table contains a summary of digestate inputs on each 
field prior to time zero (no digestate was applied). This is used as a baseline table for 
comparison with the other two data.dataset_digestate_inputs_ tables. Each row in this table 
represents one farm field. Number of records: 16. 

attribute name attribute definition storage type measurement scale standard unit 

Ci Mg ha Cumulative digestate carbon input float tonnePerHectare 

Ci liq Cumulative carbon input from liquid digestate float tonnePerHectare 

Ci sol Cumulative carbon input from solid digestate float tonnePerHectare 

Date T1 The date used as the T1 timestep for this field. dateTime YYYY-MM-DD 

Date T2 The date used as the T2 timestep for this field. dateTime YYYY-MM-DD 

Fnum The number assigned to this field by ISU researchers. string  

Ki Mg ha Cumulative digestate potassium input float tonnePerHectare 

Ni Mg ha Cumulative digestate nitrogen input float tonnePerHectare 

Ni liq Cumulative nitrogen input from liquid digestate float tonnePerHectare 

Ni sol Cumulative nitrogen input from solid digestate float tonnePerHectare 

Pi Mg ha Cumulative digestate phosphorus input float tonnePerHectare 

dataset digestate inputs T1 pkey A unique primary key for this table. integer dimensionless 

 

data.dataset_digestate_inputs_T1_T2. This table contains a summary of digestate inputs on 
each field between sampling T1 and T2. Each row in this table represents one farm field. 
Number of records: 16. 

attribute name attribute definition storage 
type 

measurement scale standard 
unit 

Ci Mg ha Cumulative digestate carbon input float tonnePerHectare 

Ci liq Cumulative carbon input from liquid digestate float tonnePerHectare 

Ci sol Cumulative carbon input from solid digestate float tonnePerHectare 



attribute name attribute definition storage 
type 

measurement scale standard 
unit 

Date T1 The date used as the T1 timestep for this field. dateTime YYYY-MM-DD 

Date T2 The date used as the T2 timestep for this field. dateTime YYYY-MM-DD 

Fnum The number assigned to this field by ISU 
researchers. string  

Ki Mg ha Cumulative digestate potassium input float tonnePerHectare 

Ni Mg ha Cumulative digestate nitrogen input float tonnePerHectare 

Ni liq Cumulative nitrogen input from liquid digestate float tonnePerHectare 

Ni sol Cumulative nitrogen input from solid digestate float tonnePerHectare 

Pi Mg ha Cumulative digestate phosphorus input float tonnePerHectare 

dataset digestate inputs T1 T2 
pkey A unique primary key for this table. integer dimensionless 

 

data.dataset_digestate_inputs_T1_T3. This table contains a summary of digestate inputs on 
each field between sampling T2 and T3. Each row in this table represents one farm field. 
Number of records: 7. 

attribute name attribute definition storage type measurement scale standard unit 
Ci Mg ha Cumulative digestate carbon input float tonnePerHectare 
Ci liq Cumulative carbon input from liquid digestate float tonnePerHectare 
Ci sol Cumulative carbon input from solid digestate float tonnePerHectare 
Date T1 The date used as the T1 timestep for this field. dateTime YYYY-MM-DD 
Date T2 The date used as the T3 timestep for this field. SHOULD THIS BE CHANGED TO T3? dateTime YYYY-MM-DD 

Fnum The number assigned to this field by ISU researchers. string  

Ki Mg ha Cumulative digestate potassium input float tonnePerHectare 
Ni Mg ha Cumulative digestate nitrogen input float tonnePerHectare 
Ni liq Cumulative nitrogen input from liquid digestate float tonnePerHectare 
Ni sol Cumulative nitrogen input from solid digestate float tonnePerHectare 
Pi Mg ha Cumulative digestate phosphorus input float tonnePerHectare 
dataset digestate inputs T1 T3 pkey A unique primary key for this table. integer dimensionless 

 

spatial.soil_test_data_pinnacle_raw. This table contains locations and results of soil testing 
conducted by Pinnacle in 2013 and 2019. Each row represents one soil sample. Number of 
records: 804. 



attribute 
name attribute definition storage 

type measurement scale 
standard unit missing value 

code missing value 
explaination 

Date The date the sample was taken. dateTime YYYY-MM-DD   

Field The name Pinnacle uses for the farm field from which the sample was taken. 
These have no relation to naming schemes in other tables. string    

ID The ID code Pinnacle uses for the farm field from which this sample was taken. string    

Name Synonymous with "Sample_ID" string  NA Synonymous with 
"Sample_ID" 

Obj Id Appears to be a primary key unique within each "Field". string  NA Not provided for all 
rows. 

Product The type of spatial feature depicted. All features in this table are points. string    

Rec K2O lb Included in data from Pinnacle, presumed to be K2O fertilizer recomendation, 
but was not used for this project integer poundPerAcre   

Rec Lime Included in data from Pinnacle, presumed to be Lime needs, but was not used 
for this project integer poundPerAcre NA No data. 

Rec Lime 1 Included in data from Pinnacle, presumed to be Lime needs, but was not used 
for this project float poundPerAcre NA Value not provided. 

Rec Lime l Included in data from Pinnacle, presumed to be Lime needs, but was not used 
for this project integer poundPerAcre NA Value not provided. 

Rec P2O5 l Included in data from Pinnacle, presumed to be P2O5 fertilizer recomendation, 
but was not used for this project float poundPerAcre   

Sample ID A sample ID. Presumed to be unique. string  NA Synonymous with 
"Obj_Id" 

Soil BpH Buffer index float dimensionless NA Value not provided. 
Soil CA pp Soil test calcium integer milligramPerKilogram NA Value not provided. 
Soil CEC m Cation exchange capacity float cmol₍c₎/kg (presumably) NA Value not provided. 
Soil K ppm Soil test potassium determined by ammonium acetate extraction integer milligramPerKilogram NA Value not provided. 
Soil MG pp Soil Test Magnesium integer milligramPerKilogram NA Value not provided. 

Soil OM  Soil organic matter float percent   
Soil P1 pp Soil test phosphorus determined by the Mehlich III method integer milligramPerKilogram NA Value not provided. 
Soil pH 1 Soil pH float dimensionless NA Value not provided. 

pkey A unique primary key for this table. integer dimensionless   

 


	Dataset creators
	Abstract
	Keywords
	Award(s)
	Contact
	Publisher and rights
	Maintenance
	Geographic coverage
	Temporal coverage
	Taxonomic coverage

	Methods
	Data tables

