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Abstract 

Anaerobic digestion and digestate solid-liquid separation are manure treatment strategies used 
on commercial dairy farms. These treatment strategies typically result in increased total 
ammoniacal nitrogen concentration (TAN) and pH, and reduced dry matter content, which tend 
to increase ammonia (NH3) emissions following field application. We hypothesized that shallow 
disk injection of liquid-separated, anaerobically digested dairy manures, compared to surface 
application without incorporation on no-till farmland, would reduce NH3-N emissions and 
conserve manure-N for crop production. Six corn (Zea mays L.) silage studies were established 
on commercial dairy farms across Pennsylvania in 2021-2023 with side-by-side field-scale 
treatment comparison strips replicated five times per farm. We quantified the impact of liquid-
separated, anaerobically digested manure application methods on: i) NH3 emissions for 24 
hours after application, ii) in-season soil nitrate-N, iii) cornstalk nitrate at harvest, iv) corn silage 
production, and iv) returns on investment. 
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Methods 

Methods language taken from: Sigdel, Sailesh, Heather D. Karsten, Curtis J. Dell, and Ronald J. 
Hoover. 2025. “Ammonia Emissions and Corn Yield Response from Injected versus Surface‐
applied Liquid‐separated Anaerobic Digestate.” Agronomy Journal 117 (2): e70050. 
https://doi.org/10.1002/agj2.70050. 

Study design 

We evaluated the injection of liquid anaerobic digestate at seven site-year locations on 
commercial farms in Pennsylvania from 2021 to 2023. These farms were distributed across 
central and southeastern Pennsylvania. The study design included two application methods: 
surface broadcasting (the typical farm practice) and shallow-disk injection. The application 
methods were arranged in side-by-side treatment comparison strips at each farm, with widths 
ranging from 6.1 to 9.1 m and lengths extending from 187 to 387 m, with five replications per 
site-year. 

Farm characteristics 

Soil textures were primarily silt loam or gravelly silt loam, with one site characterized as silty 
clay loam. Fields had been managed under a no-till system for varying durations, from 16 years 
to over 20 years. Previous winter crops included winter annuals (rye [Secale cereale], wheat 
[Triticum aestivum], and triticale [× Triticosecale]) harvested for silage in five site-years or 
terminated as cover crops in two locations. Six of the fields were on dairy farms with a long-
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term history of dairy manure application, and one field rented by a poultry farm that did not 
have a history of manure application, but applied liquid-separated dairy manure from a nearby 
dairy farm in this study. However, farm characteristic data from this poultry farm site (D22) are 
not included in the table characterizing commercial dairy farms with anaerobic digesters in this 
study because the poultry farm did not have a history of manure applications, had a different 
crop history, and grew corn for grain rather than silage. As a result, we only included data from 
site-year D22 regarding the NH3 loss after digestate application. 

Table 1 summarizes the cropping systems, management practices, and soil on the commercial 
dairy farms with anaerobic digesters included in this study. The cropping systems were 
relatively similar among the farms. All farms practiced no-till, and most had implemented this 
approach for over 20 years. All dairy farms double-cropped winter annuals such as rye, triticale, 
and wheat for silage before corn silage. The digestate produced by AD was separated from the 
solid portion, and the liquid portion was applied to crop fields on all of the farms in this study. 
Farmers reported applying it to their double-cropped forage fields two to three times per year, 
with application rates ranging from 51,447 to 93,539 L ha−1 across the farms. In addition, 
commercial fertilizer was also applied to the corn as starter and side-dress fertilizer on most of 
the participating dairy farms. 

Liquid-separated anaerobic digestate characterization 

The properties of the liquid anaerobic digestate in this study varied across site-years (Figure 1), 
likely influenced by variation in feedstock or substrate composition, digestion conditions, and 
post-digestion storage and handling processes each site-year (Table 2). The digestate pH 
averaged 7.94, ranging from 7.70 to 8.08. Anaerobic digestate from raw manure slurry has been 
shown to have an alkaline pH due to the formation of ammonium carbonate ((NH4)2CO3) and 
the removal of CO2 as a result of transformation of CO32− and 2H+ to CO2 and H2O during the 
AD process (Möller & Müller, 2012). The total solids concentration of digestate ranged from 
3.00% to 4.61%, averaging 3.88%. These low levels were primarily due to the combination of 
the AD process that breaks down OM and produces biogas, followed by SLS. Studies show that 
AD typically transforms from 20% to 95% of the carbon (C) in the feedstock into gaseous C 
compounds, depending on the type and recalcitrance of the feedstocks (Massé et al., 2007; 
Möller & Müller, 2012). 

Total N in the liquid anaerobic digestate ranged from 2.7 to4.3mgkg−1, averaging 3.5 mg kg−1, 
and the NH4+-N to total N ratio ranged from 44.4% (C23) to 78.8% (D22), with an average of 
62.6%. These variations in total N and the ratio of NH4+-N to total N were likely due to 
differences in farmspecific management processes, including the co-digestion of raw manure 
with on-farm agricultural, food, and/or foodprocessor waste (Table 2). In the AD process, 
complex organic N compounds are mineralized to NH4+-N, increasing ammonium N levels and 
the ammonium-to-total N ratio (Möller & Müller, 2012). Further manure treatment, like SLS, 
allocates most of the NH4+-N to the liquid fraction. The phosphorus content of digestates also 
varied widely (Figure 1)with greater phosphorus concentrations in digestates derived from co-
digestion of manure, agri-food, and meat processor waste (Table 2). Similar variations were also 
observed with potassium (Figure 1). Farms that added co-digested substrates had higher 



potassium levels in their effluents. In contrast, calcium, magnesium (Mg), and sulfur (S) content 
remained relatively similar across all sites. Studies have reported that digestate composition 
reflects the different input substrate compositions, operational conditions, and management 
practices (Möller & Müller, 2012; Möller et al., 2010). 

Despite this variability, digestate properties from our study across the farms generally align 
within the range reported in an earlier review of anaerobically digested manure studies, that 
reported pH ranging from 7.3 to 9.0, NH4+ comprising 45%–80% of total N (Möller & Müller, 
2012), and lower DM and phosphorus (P) compared to untreated raw dairy manure (Van Horn 
et al., 1994; Möller & Stinner, 2009; Laboski et al., 2010). 

Liquid-separated anaerobic digestate field application 

Liquid anaerobic digestate was applied before corn planting at each farm’s standard application 
rate with both the shallow-disk injection and surface broadcast. Application dates ranged from 
early April to late May annually and digestate application rates ranged from 51,447 to 93,539 L 
ha−1.A commercial Bazooka manure shallow-disk injection toolbar (Bazooka-Farmstar Inc.) was 
used for the liquid anaerobic digestate injection. Liquid-separated anaerobic digestate was 
injected with shallow disk injectors (Phantom injectors, Bazooka-Farmstar Inc.). These wavy 
injectors sliced the soil, and a drop hose placed the manure into the slit (approximately 10–15 
cm into the soil), which was then covered with soil by closing disks. Visual observations showed 
that minimal digestate liquid remained on the soil surface after injection, likely due to soil 
disturbance from shallow disk injector coulters and the lower solid concentration and viscosity 
of the LSAD. It is important to note that higher application rates, especially when using 
untreated raw dairy manure slurry, may potentially challenge the system’s effectiveness. The 
spacing between the injection units varied from 45.7 to 50.8 cm across the experimental site-
years. A shallow-disk injection unit attached to a manure tanker was used at four site-years, 
while a drag hose was used at the other three. At the four sites where the manure tanker was 
used, a separate tanker equipped with a splash plate was utilized for surface broadcast; the 
manure was pumped through an orifice onto the splash plate and then spread onto the soil. In 
contrast, where the drag hose was used, the surface application of digestate was achieved by 
driving the drag hose attached injection unit through the plots with the injectors raised about 
20 cm above the ground, depositing the digestate on the soil surface. The rate of liquid 
anaerobic-digestate application for each site-year, along with the total NH4-N and total N, is 
presented in Table 4. 

Corn was planted with no-till planters after liquid anaerobic-digestate application at each site-
year, with dates varying each year from early to late May. A variety of corn hybrids, including 
Pioneer P25A27 and Channel 2198STXRIB, with similar triple stacked glyphosate tolerant (GT) 
and Bacillus thuringiensis (Bt) traits, were planted across the site-years. Row spacing was 76.2 
cm, except at A21, where a twin-row configuration was used with the twins spaced 19.05 cm 
apart and the centers of the twin rows 76.2 cm apart. This planting pattern at A21 allows twin 
rows to be combined with the standard 76.2 cm spacing on the corn head. Seeding rates varied 
from 79,074 to 88,958 seeds per ha. Most fields received a liquid starter fertilizer (28-0-0-2, 



dribbled) that contained up to 26.7 kg N ha−1, while two sites did not (Table 1). Corn was 
harvested from early September to mid-October, depending on the field and planting date. 

NH3 loss measurements 

After each application of liquid-separated anaerobic digestate, two semi-open chambers with 
acid traps were immediately installed in each plot to capture and measure relative differences 
in NH3 emissions between treatments. The chambers designed and described by Araújo et 
al. (2009), consisted of a 2-L plastic soda bottle (0.1 m in diameter and an area of 0.005027 m2) 
with the base removed and suspended over the top of the bottle with a wire to exclude 
rainwater and dust. Acid traps were prepared by mixing diluted sulfuric acid (1.0 mol L−1) and 
glycerol (2.0%, volume/volume). This was done by combining 20 mL of sulfuric acid and 22 mL 
of glycerol in 1 L of deionized water. Then, 10 mL of this solution was dispensed into a 60-mL 
plastic vial, and polyurethane foam strips (250 mm long, 25 mm wide, and 3 mm thick) were 
pre-soaked in it. When chambers were deployed in the field, acid trap vials were uncapped and 
suspended on a wire about 5 cm above the ground, and the foam strip was extended to the top 
of the chamber. Further details about this type of chamber were given by Jantalia et al. (2012). 
The acid traps were deployed immediately after digestate application and replaced 1, 6, and 24 
h after dairy manure application to measure NH3 emissions over three time intervals (0–1 h, 1–
6 h, and 6–24 h). The foam strips were then transferred to Erlenmeyer flasks by rinsing the 
plastic vials with 40 mL of deionized water. The Erlenmeyer flasks were shaken for 20 min at 
220 r m−1 on an orbital shaker. Then, a 10-mL aliquot of the solution was analyzed for NH4+ by 
colorimetric method using a Gallery discrete analyzer (Thermo Fisher Scientific, Oy). Soil 
temperature (Model HI 145, Hanna Instruments) and soil moisture (Field Scout TDR probe, 
Spectrum Technologies) were measured from the 0- to 7.6-cm soil depth every time acid traps 
were deployed. 

In-season soil nitrogen assessment and side-dress N fertilizer 

The pre-sidedress soil nitrate test (PSNT) was used as an indicator of soil N supplied by 
mineralization for each manure application method (Beegle et al., 1999; White et al., 2023). In 
each treatment plot, between 10 and 15 cores were collected using a small-diameter (19 mm) 
standard slotted soil sampling probe to 30 cm deep when the corn was at least 30 cm tall to 
determine if the soil had enough NO3− to meet the crop requirement for the yield goal. In the 
surface banding treatment, we extracted 10 random soil cores. With the shallow-disk injection 
treatment, we followed the recommendations of Meinen et al. (2023) for injected manure 
PSNT sampling and collected a series of five cores, each spaced 15 cm apart, in a transect 
perpendicular to the injection bands. We repeated this process at three locations within each 
replicate to form a composite sample comprising 15 cores. The composited soil samples were 
immediately air-dried and sent for NO3-N analysis at The Pennsylvania State Agricultural 
Analytical Services Laboratory by Specific Ion Electrode (Griffin et al., 2011). For each site-year’s 
corn silage yield goal, we calculated side-dress N recommendations based on the PSNT results 
and explained these recommendations to the cooperating farmers. The PSNT results indicated 
no additional side-dress N was recommended at five site-years, except for B22 where 68 kg N 
ha−1 was applied. Although the PSNT results did not indicate need for additional side-dress N, 



the farmers at A21 and C21 applied side-dress N fertilizer urea ammonium nitrate solution (68 
kg N ha−1) regardless as insurance. 

End of the season corn stalk nitrogen assessment 

The late-season corn stalk nitrate test (CSNT) was used to indicate the crop’s end of the season 
N status and whether the crop had a sufficient, excess, or limited N (Beegle, 2009). We 
randomly selected 10 corn plants from each plot before the silage harvest (typically around the 
kernel’s ½ milk line stage) and cut a 20-cm long section of stalk 15 cm above the ground to 
collect the sample. These sections of stalk were then cut into 2.5-cm segments, composited, 
dried, and sent to The Pennsylvania State Agricultural Analytical Services for NO3 analysis by 
ion-selective electrode. 

Corn silage yield 

We measured total chopped corn silage (grain and stover) yield harvested from the treatment 
strips by the forage choppers used by the cooperating farms. The yield harvest areas ranged 
from 6.1 to 9.1 m width and 187 to 387 m length across the farms. Harvested chopped corn 
weight was determined using a drive-over truck scale installed on the respective farms prior to 
loads being dumped and packed into horizontal silos. A subsample of approximately 3000 g was 
collected and dried to a constant dry weight at 65 ̊C to determine moisture content. The weight 
and moisture content of the chopped corn (hereafter referred to as corn silage) were measured 
for each plot, and the values were adjusted to determine the yield per hectare (Mg ha−1) on a 
dry weight basis. 

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.dataset_ammonia_loss. This dataset includes measurements of ammonia (NH₃) emissions 
after liquid-separated anaerobic digestate in field trials using semi-open chambers with acid 
traps (see methods). Number of records: 60. 

attribute name attribute definition storage 
type measurement 

scale 
measurement 
scale number 
type 

measurement scale 
unit case 

sensitive 

Environment Six site-year (letter-number) locations on commercial dairy farms with 
anaerobic digester in Pennsylvania, USA from 2021 to 2023. These farms 
were distributed across central and southeastern Pennsylvania. string    no 

Replication 
There were five replicates (i.e., plots) per site-year. The application 
methods were arranged in side-by-side treatment comparison strips at 
each farm, with widths ranging from 6.1 to 9.1 m and lengths extending 
from 187 to 387 m. 

float  real dimensionless no 

Total NH4 N Kg 
per ha 

Ammonia emissions totaled over 24 hours, measured with semi-open 
chambers designed by da Silva Araújo et al. (2009), constructed from 2-L 
plastic soda bottles with a 0.1 m diameter and area of 0.005027 m² and 
converted to kg per ha and summarized by replicate. 

float  real kilogramPerHectare no 



attribute name attribute definition storage 
type measurement 

scale 
measurement 
scale number 
type 

measurement scale 
unit case 

sensitive 

Treatment 
The study design included two liquid digestate application methods: 
surface broadcasting (the typical farm practice) and shallow-disk 
injection. Digestate was applied before corn planting at each farm’s 
standard application rate (51,447-93,539 L/ha) between early April to 
late May. 

string    no 

Year The year the data was collected. dateTime YYYY   no 

dataset 
ammonia loss 
pkey A unique primary key for this table. integer  integer dimensionless no 

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

attribute 
name 

code 
definition 
code code definition definition 

Treatment Broadcast 
At the four sites where the manure tanker was used, a separate tanker equipped with a splash plate was utilized for surface broadcast; the manure was 
pumped through an orifice onto the splash plate and then spread onto the soil. In contrast, where the drag hose was used, the surface application of 
digestate was achieved by driving the drag hose attached injection unit through the plots with the injectors raised about 20 cm above the ground, 
depositing the digestate on the soil surface. 

Treatment Inject A commercial Bazooka manure shallow-disk injection toolbar (Bazooka-Farmstar Inc.) was used for the liquid anaerobicdigestate injection. Liquid-
separated anaerobic digestate was injected with shallow disk injectors (Phantom injectors, Bazooka-Farmstar Inc.). These wavy injectors sliced the soil, 
and a drop hose placed the manure into the slit (approximately 10–15 cm into the soil), which was then covered with soil by closing disks. 

 

data.dataset_corn_silage_yield. This dataset includes measurements from the corn silage 
harvest conducted at six site-year locations on commercial dairy farms with anaerobic digester 
in Pennsylvania, USA from 2021 to 2023. We measured total chopped corn silage (grain and 
stover) yield harvested from the treatment strips by the forage choppers used by the 
cooperating farms. The yield harvest areas ranged from 6.1 to 9.1 m width and 187 to 387 m 
length across the farms. Harvested chopped corn weight was determined using a drive-over 
truck scale installed on the respective farms prior to loads being dumped and packed into 
horizontal silos. A subsample of approximately 3000 g was collected and dried to a constant dry 
weight at 65 ̊C to determine moisture content. The weight and moisture content of the silage 
were measured for each plot, and the values were adjusted to determine the yield per hectare 
(Mg ha−1) on a dry weight basis. Number of records: 66. 

attribute name attribute definition storage 
type measurement 

scale 
measurement 
scale number 
type 

measurement scale 
unit case 

sensitive 

Environment Six site-year (letter-number) locations on commercial dairy farms with 
anaerobic digester in Pennsylvania, USA from 2021 to 2023. These farms 
were distributed across central and southeastern Pennsylvania. string    no 

Replication 
There were five replicates (i.e., plots) per site-year. The application 
methods were arranged in side-by-side treatment comparison strips at 
each farm, with widths ranging from 6.1 to 9.1 m and lengths extending 
from 187 to 387 m. 

float  real dimensionless no 

Treatment 
The study design included two liquid digestate application methods: 
surface broadcasting (the typical farm practice) and shallow-disk injection. 
Digestate was applied before corn planting at each farm’s standard 
application rate (51,447-93,539 L/ha) between early April to late May. 

string    no 



attribute name attribute definition storage 
type measurement 

scale 
measurement 
scale number 
type 

measurement scale 
unit case 

sensitive 

Year The year the data was collected. dateTime YYYY   no 

Yield Mg per ha 
DW 

Silage yield (megagrams/hectare) on a dry weight basis. Corn silage was 
harvested using forage choppers provided by the cooperating farms. The 
yield harvest areas ranged from 6.1 to 9.1-m width and 187 to 387-m 
length across the farms. A subsample of approximately 3000 g was 
collected and dried to a constant dry weight at 65°C to determine moisture 
content. The weight and moisture content of the chopped corn (hereafter 
referred to as corn silage) were measured for each plot, and the values 
were adjusted to determine the yield per unit area on a dry weight basis. 

float  real megagramPerHectare no 

Yield t per ha at 
65 percent 
moisture 
content 

Silage yield (tons/ha) at 65% moisture content. Corn silage was harvested 
using forage choppers provided by the cooperating farms. The yield 
harvest areas ranged from 6.1 to 9.1-m width and 187 to 387-m length 
across the farms. A subsample of approximately 3000 g was collected and 
dried to a constant dry weight at 65°C to determine moisture content. The 
weight and moisture content of the chopped corn (hereafter referred to as 
corn silage) were measured for each plot, and the values were adjusted to 
determine the yield per unit area on a dry weight basis. 

float  real tonPerHectare no 

Yield tons per 
acre at 65 
percent 
moisture 
content 

Silage yield (tons/acre) at 65% moisture content. Corn silage was 
harvested using forage choppers provided by the cooperating farms. The 
yield harvest areas ranged from 6.1 to 9.1-m width and 187 to 387-m 
length across the farms. A subsample of approximately 3000 g was 
collected and dried to a constant dry weight at 65°C to determine moisture 
content. The weight and moisture content of the chopped corn (hereafter 
referred to as corn silage) were measured for each plot, and the values 
were adjusted to determine the yield per unit area on a dry weight basis. 

float  real tonPerAcre no 

dataset corn 
silage yield pkey A unique primary key for this table. integer  integer dimensionless no 

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

attribute 
name 

code 
definition 
code code definition definition 

Treatment Broadcast 
At the four sites where the manure tanker was used, a separate tanker equipped with a splash plate was utilized for surface broadcast; the manure was 
pumped through an orifice onto the splash plate and then spread onto the soil. In contrast, where the drag hose was used, the surface application of 
digestate was achieved by driving the drag hose attached injection unit through the plots with the injectors raised about 20 cm above the ground, 
depositing the digestate on the soil surface. 

Treatment Inject A commercial Bazooka manure shallow-disk injection toolbar (Bazooka-Farmstar Inc.) was used for the liquid anaerobicdigestate injection. Liquid-
separated anaerobic digestate was injected with shallow disk injectors (Phantom injectors, Bazooka-Farmstar Inc.). These wavy injectors sliced the soil, 
and a drop hose placed the manure into the slit (approximately 10–15 cm into the soil), which was then covered with soil by closing disks. 

 

data.dataset_corn_stalk_nitrate_test. This dataset includes measurements from late-season 
corn stalk nitrate tests (CSNT) conducted to evaluate the crop’s end of the season N status and 
whether the crop had a sufficient, excess, or limited N (Beegle, 2009). We randomly selected 10 
corn plants from each plot before the silage harvest (typically around the kernel’s ½ milk line 
stage) and cut a 20-cm long section of stalk 15 cm above the ground to collect the sample. 
These sections of stalk were then cut into 2.5-cm segments, composited, dried, and sent to The 
Pennsylvania State Agricultural Analytical Services for NO3 analysis by ion-selective electrode. 
Number of records: 62. 



attribute name attribute definition storage 
type measurement 

scale 
measurement 
scale number 
type 

measurement scale 
unit case 

sensitive 

CSNT mg NO3 
N per kg 

Result of the corn stalk nitrate test reported in mg ammonia nitrogen per 
kilogram. The measurement method involved randomly selecting ten corn 
plants from each plot, from which a 20 cm long section of stalk was cut 15 
cm above the ground to collect the stalk sample; these sections were then 
cut into 2.5 cm segments for further processing. The composited stalk 
samples were dried and sent to Penn State Agricultural Analytical Services 
for NO₃ analysis using an ion-selective electrode. 

float  real milligramPerKilogram no 

Environment Six site-year (letter-number) locations on commercial dairy farms with 
anaerobic digester in Pennsylvania, USA from 2021 to 2023. These farms 
were distributed across central and southeastern Pennsylvania. string    no 

Replication 
There were five replicates (i.e., plots) per site-year. The application 
methods were arranged in side-by-side treatment comparison strips at 
each farm, with widths ranging from 6.1 to 9.1 m and lengths extending 
from 187 to 387 m. 

float  real dimensionless no 

Treatment 
The study design included two liquid digestate application methods: 
surface broadcasting (the typical farm practice) and shallow-disk injection. 
Digestate was applied before corn planting at each farm’s standard 
application rate (51,447-93,539 L/ha) between early April to late May. 

string    no 

Year The year the data was collected. dateTime YYYY   no 

dataset corn 
stalk nitrate 
test pkey A unique primary key for this table. integer  integer dimensionless no 

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

attribute 
name 

code 
definition 
code code definition definition 

Treatment Broadcast 
At the four sites where the manure tanker was used, a separate tanker equipped with a splash plate was utilized for surface broadcast; the manure was 
pumped through an orifice onto the splash plate and then spread onto the soil. In contrast, where the drag hose was used, the surface application of 
digestate was achieved by driving the drag hose attached injection unit through the plots with the injectors raised about 20 cm above the ground, 
depositing the digestate on the soil surface. 

Treatment Inject A commercial Bazooka manure shallow-disk injection toolbar (Bazooka-Farmstar Inc.) was used for the liquid anaerobicdigestate injection. Liquid-
separated anaerobic digestate was injected with shallow disk injectors (Phantom injectors, Bazooka-Farmstar Inc.). These wavy injectors sliced the soil, 
and a drop hose placed the manure into the slit (approximately 10–15 cm into the soil), which was then covered with soil by closing disks. 

 

data.dataset_digestate_composition. This dataset contains compositions of liquid-separated 
anaerobic digestate applied at seven site-years from 2021 to 2023. The properties of the liquid 
anaerobic digestate in this study varied across site-years (Figure 1), likely influenced by 
variation in feedstock or substrate composition, digestion conditions, and post-digestion 
storage and handling processes each site-year (Table 2). Compositions were provided by the 
Penn State Agricultural Analytical Services Lab using their “Standard Manure Test 2” processes: 
https://agsci.psu.edu/aasl/manure-testing/methods. Number of records: 7. 

attribute 
name attribute definition storage 

type 
measurement 
scale number 
type 

measurement scale 
unit case 

sensitive 
missing 
value 
code 
code 

missing value 
code code 
explanation 

Total Calcium 
mg per kg 

Determined by open vessel acid digestion followed by ICP-OES as 
outlined in Spargo, J.T., & Miller, R.O. (2022). Digestion and 
dissolution for elemental analysis. In M.L. Wilson and S. Cortus 
(Eds.), Recommended methods of manure analysis (2nd ed., pp. 
61–69). Univ. of Minnesota Libraries Publishing; and Hicks, K., 
Miller, R.O., & Spargo, J.T. (2022). Phosphorus, potassium, and 

float real milligramPerKilogram no NA 
A subset of 
tests was 
performed on 
this sample by 
mistake. 

https://agsci.psu.edu/aasl/manure-testing/methods


attribute 
name attribute definition storage 

type 
measurement 
scale number 
type 

measurement scale 
unit case 

sensitive 
missing 
value 
code 
code 

missing value 
code code 
explanation 

metals by inductively couple plasma – optical emission 
spectroscopy.  In M.L. Wilson and S. Cortus (Eds.), Recommended 
methods of manure analysis (2nd ed., pp. 71–78). Univ. of 
Minnesota Libraries Publishing. 

Total Copper 
mg per kg 

Determined by open vessel acid digestion followed by ICP-OES as 
outlined in Spargo, J.T., & Miller, R.O. (2022). Digestion and 
dissolution for elemental analysis. In M.L. Wilson and S. Cortus 
(Eds.), Recommended methods of manure analysis (2nd ed., pp. 
61–69). Univ. of Minnesota Libraries Publishing; and Hicks, K., 
Miller, R.O., & Spargo, J.T. (2022). Phosphorus, potassium, and 
metals by inductively couple plasma – optical emission 
spectroscopy.  In M.L. Wilson and S. Cortus (Eds.), Recommended 
methods of manure analysis (2nd ed., pp. 71–78). Univ. of 
Minnesota Libraries Publishing. 

float real milligramPerKilogram no NA 
A subset of 
tests was 
performed on 
this sample by 
mistake. 

Total Iron mg 
per kg 

Determined by open vessel acid digestion followed by ICP-OES as 
outlined in Spargo, J.T., & Miller, R.O. (2022). Digestion and 
dissolution for elemental analysis. In M.L. Wilson and S. Cortus 
(Eds.), Recommended methods of manure analysis (2nd ed., pp. 
61–69). Univ. of Minnesota Libraries Publishing; and Hicks, K., 
Miller, R.O., & Spargo, J.T. (2022). Phosphorus, potassium, and 
metals by inductively couple plasma – optical emission 
spectroscopy.  In M.L. Wilson and S. Cortus (Eds.), Recommended 
methods of manure analysis (2nd ed., pp. 71–78). Univ. of 
Minnesota Libraries Publishing. 

float real milligramPerKilogram no NA 
A subset of 
tests was 
performed on 
this sample by 
mistake. 

Total 
Magnesium 
mg per kg 

Determined by open vessel acid digestion followed by ICP-OES as 
outlined in Spargo, J.T., & Miller, R.O. (2022). Digestion and 
dissolution for elemental analysis. In M.L. Wilson and S. Cortus 
(Eds.), Recommended methods of manure analysis (2nd ed., pp. 
61–69). Univ. of Minnesota Libraries Publishing; and Hicks, K., 
Miller, R.O., & Spargo, J.T. (2022). Phosphorus, potassium, and 
metals by inductively couple plasma – optical emission 
spectroscopy.  In M.L. Wilson and S. Cortus (Eds.), Recommended 
methods of manure analysis (2nd ed., pp. 71–78). Univ. of 
Minnesota Libraries Publishing. 

float real milligramPerKilogram no NA 
A subset of 
tests was 
performed on 
this sample by 
mistake. 

Total 
Manganese 
mg per kg 

Determined by open vessel acid digestion followed by ICP-OES as 
outlined in Spargo, J.T., & Miller, R.O. (2022). Digestion and 
dissolution for elemental analysis. In M.L. Wilson and S. Cortus 
(Eds.), Recommended methods of manure analysis (2nd ed., pp. 
61–69). Univ. of Minnesota Libraries Publishing; and Hicks, K., 
Miller, R.O., & Spargo, J.T. (2022). Phosphorus, potassium, and 
metals by inductively couple plasma – optical emission 
spectroscopy.  In M.L. Wilson and S. Cortus (Eds.), Recommended 
methods of manure analysis (2nd ed., pp. 71–78). Univ. of 
Minnesota Libraries Publishing. 

float real milligramPerKilogram no NA 
A subset of 
tests was 
performed on 
this sample by 
mistake. 

Total N mg 
per kg 

Total N was determined by combustion following procedures in 
Hicks, K., Brimmer, R., & Spargo, J.T. (2022). Nitrogen, total by 
combustion.  In M.L. Wilson and S. Cortus (Eds.), Recommended 
methods of manure analysis (2nd ed., pp. 27–30). Univ. of 
Minnesota Libraries Publishing. 

float real milligramPerKilogram no   

Total 
Phosphate mg 
per kg 

Determined by open vessel acid digestion followed by ICP-OES as 
outlined in Spargo, J.T., & Miller, R.O. (2022). Digestion and 
dissolution for elemental analysis. In M.L. Wilson and S. Cortus 
(Eds.), Recommended methods of manure analysis (2nd ed., pp. 
61–69). Univ. of Minnesota Libraries Publishing; and Hicks, K., 
Miller, R.O., & Spargo, J.T. (2022). Phosphorus, potassium, and 
metals by inductively couple plasma – optical emission 
spectroscopy.  In M.L. Wilson and S. Cortus (Eds.), Recommended 
methods of manure analysis (2nd ed., pp. 71–78). Univ. of 
Minnesota Libraries Publishing. 

float real milligramPerKilogram no   

Total Potash 
mg per kg 

Water extractable P was determined with 1:100 solids:water 
extraction as outlined in Hicks, K., Brimmer, R., & Spargo, J.T. 
(2022). Water extractable phosphorus, 1:100 solids to solution 
ratio.  In M.L. Wilson and S. Cortus (Eds.), Recommended 
methods of manure analysis (2nd ed., pp. 83–85). Univ. of 
Minnesota Libraries Publishing. 

float real milligramPerKilogram no   

Total Sodium 
mg per kg 

Determined by open vessel acid digestion followed by ICP-OES as 
outlined in Spargo, J.T., & Miller, R.O. (2022). Digestion and 
dissolution for elemental analysis. In M.L. Wilson and S. Cortus 
(Eds.), Recommended methods of manure analysis (2nd ed., pp. 
61–69). Univ. of Minnesota Libraries Publishing; and Hicks, K., 
Miller, R.O., & Spargo, J.T. (2022). Phosphorus, potassium, and 

float real milligramPerKilogram no NA 
A subset of 
tests was 
performed on 
this sample by 
mistake. 



attribute 
name attribute definition storage 

type 
measurement 
scale number 
type 

measurement scale 
unit case 

sensitive 
missing 
value 
code 
code 

missing value 
code code 
explanation 

metals by inductively couple plasma – optical emission 
spectroscopy.  In M.L. Wilson and S. Cortus (Eds.), Recommended 
methods of manure analysis (2nd ed., pp. 71–78). Univ. of 
Minnesota Libraries Publishing. 

Total Sulphur 
mg per kg 

Determined by open vessel acid digestion followed by ICP-OES as 
outlined in Spargo, J.T., & Miller, R.O. (2022). Digestion and 
dissolution for elemental analysis. In M.L. Wilson and S. Cortus 
(Eds.), Recommended methods of manure analysis (2nd ed., pp. 
61–69). Univ. of Minnesota Libraries Publishing; and Hicks, K., 
Miller, R.O., & Spargo, J.T. (2022). Phosphorus, potassium, and 
metals by inductively couple plasma – optical emission 
spectroscopy.  In M.L. Wilson and S. Cortus (Eds.), Recommended 
methods of manure analysis (2nd ed., pp. 71–78). Univ. of 
Minnesota Libraries Publishing. 

float real milligramPerKilogram no NA 
A subset of 
tests was 
performed on 
this sample by 
mistake. 

Total Zinc  mg 
per kg 

Determined by open vessel acid digestion followed by ICP-OES as 
outlined in Spargo, J.T., & Miller, R.O. (2022). Digestion and 
dissolution for elemental analysis. In M.L. Wilson and S. Cortus 
(Eds.), Recommended methods of manure analysis (2nd ed., pp. 
61–69). Univ. of Minnesota Libraries Publishing; and Hicks, K., 
Miller, R.O., & Spargo, J.T. (2022). Phosphorus, potassium, and 
metals by inductively couple plasma – optical emission 
spectroscopy.  In M.L. Wilson and S. Cortus (Eds.), Recommended 
methods of manure analysis (2nd ed., pp. 71–78). Univ. of 
Minnesota Libraries Publishing. 

float real milligramPerKilogram no NA 
A subset of 
tests was 
performed on 
this sample by 
mistake. 

Total solids 
Percent 

Total solids were determined by drying at 105 C following 
procedures in Spargo, J.T., Brimmer, R., Hicks, K., & Lessl, J. 
(2022). Total and volatile solids. In M.L. Wilson and S. Cortus 
(Eds.), Recommended methods of manure analysis (2nd ed., pp. 
19–22). Univ. of Minnesota Libraries Publishing. 

float real percent no   

dataset 
digestate 
composition 
pkey 

A unique primary key for this table. integer integer dimensionless no   

pH 
The digestate pH averaged 7.94, ranging from 7.70 to 8.08. 
Anaerobic digestate from raw manure slurry has been shown to 
have an alkaline pH due to the formation of ammonium 
carbonate ((NH4)2CO3) and the removal of CO2 as a result of 
transformation of CO32− and 2H+ to CO2 and H2O during the AD 
process (Möller & Müller, 2012). 

float real pH no NA 
A subset of 
tests was 
performed on 
this sample by 
mistake. 

Ammonium N 
mg per kg 

Ammonium N was determined through diffusion-conductivity as 
outlined in Hicks, K., Brimmer, R., & Spargo, J.T. (2022). Nitrogen, 
ammonium by distillation, spectrophotometry, and diffusion-
conductivity.  In M.L. Wilson and S. Cortus (Eds.), Recommended 
methods of manure analysis (2nd ed., pp. 47–53). Univ. of 
Minnesota Libraries Publishing. 

float real milligramPerKilogram no   

Environment 
Six site-year (letter-number) locations on commercial dairy farms 
with anaerobic digester in Pennsylvania, USA from 2021 to 2023. 
These farms were distributed across central and southeastern 
Pennsylvania. 

string   no   

Organic N mg 
per kg Calculated by subtracting ammonium N from total N, reported in 

milligrams per kilogram. float real milligramPerKilogram no   

Total 
Aluminium mg 
per kg 

Determined by open vessel acid digestion followed by ICP-OES as 
outlined in Spargo, J.T., & Miller, R.O. (2022). Digestion and 
dissolution for elemental analysis. In M.L. Wilson and S. Cortus 
(Eds.), Recommended methods of manure analysis (2nd ed., pp. 
61–69). Univ. of Minnesota Libraries Publishing; and Hicks, K., 
Miller, R.O., & Spargo, J.T. (2022). Phosphorus, potassium, and 
metals by inductively couple plasma – optical emission 
spectroscopy.  In M.L. Wilson and S. Cortus (Eds.), Recommended 
methods of manure analysis (2nd ed., pp. 71–78). Univ. of 
Minnesota Libraries Publishing. 

float real milligramPerKilogram no NA 
A subset of 
tests was 
performed on 
this sample by 
mistake. 

 

data.dataset_pre_sidedress_nitrate_test. This dataset includes measurements from the pre-
sidedress nitrate test (PSNT) conducted to assess soil nitrogen (N) availability. Composited soil 



samples were air-dried and sent for NO3-N analysis at The Pennsylvania State Agricultural 
Analytical Services Laboratory by Specific Ion Electrode (Griffin et al., 2011). Number of records: 
60. 

attribute name attribute definition storage 
type measurement 

scale 
measurement 
scale number 
type 

measurement scale 
unit case 

sensitive 

Block 
There were five replicates (i.e., plots) per site-year. The application 
methods were arranged in side-by-side treatment comparison strips at 
each farm, with widths ranging from 6.1 to 9.1 m and lengths extending 
from 187 to 387 m. 

float  real dimensionless no 

Environment Six site-year (letter-number) locations on commercial dairy farms with 
anaerobic digester in Pennsylvania, USA from 2021 to 2023. These farms 
were distributed across central and southeastern Pennsylvania. string    no 

Soil Nitrate N 
mg NO3 N per 
kg 

Soil nitrate N determined using the cadmium reduction method as 
outlined in Griffin, G., W. Jokela, D. Ross, D. Pettrinelli, T. Morris, and A. 
Wolf. 2011. Recommended Soil Nitrate-N Tests. p. 27-38. In J.T. Sims and 
A. Wolf (eds.) Recommended Soil Testing Procedures for the 
Northeastern United States. Northeast Regional Bulletin #493. 3rd 
edition. Agricultural Experiment Station, University of Delaware, Newark, 
DE. 

float  real milligramPerKilogram no 

Treatment 
The study design included two liquid digestate application methods: 
surface broadcasting (the typical farm practice) and shallow-disk 
injection. Digestate was applied before corn planting at each farm’s 
standard application rate (51,447-93,539 L/ha) between early April to 
late May. 

string    no 

Year The year the data was collected. dateTime YYYY   no 

dataset pre 
sidedress 
nitrate test pkey A unique primary key for this table. integer  integer dimensionless no 

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

attribute 
name 

code 
definition 
code code definition definition 

Treatment Broadcast 
At the four sites where the manure tanker was used, a separate tanker equipped with a splash plate was utilized for surface broadcast; the manure was 
pumped through an orifice onto the splash plate and then spread onto the soil. In contrast, where the drag hose was used, the surface application of 
digestate was achieved by driving the drag hose attached injection unit through the plots with the injectors raised about 20 cm above the ground, 
depositing the digestate on the soil surface. 

Treatment Inject A commercial Bazooka manure shallow-disk injection toolbar (Bazooka-Farmstar Inc.) was used for the liquid anaerobicdigestate injection. Liquid-
separated anaerobic digestate was injected with shallow disk injectors (Phantom injectors, Bazooka-Farmstar Inc.). These wavy injectors sliced the soil, 
and a drop hose placed the manure into the slit (approximately 10–15 cm into the soil), which was then covered with soil by closing disks. 
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