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•
•

Approximately 7,100 soil samples, accounting for more than 90% of the U of I pedon collection, have been
digitally inventoried, subsampled for total P analysis, and moved to their permanent location in the soil barn
Using the Morrow Plot archived soils, we have demonstrated potentially large legacy P magnitudes can be
accrued in relatively short periods of time.
o Dramatic variability in P stocks is demonstrated by 145-year plot-scale P balances, in which fertilized
plot contains +170% P than unfertilized plot, +150% P than either in 1876
o Legacy P can accumulate rapidly over a short period of time: the majority of 150% increase over 145
years occurred in ~10% of that time
o There are key implications for how long it will take to reduce the amount of legacy P: using the same
Morrow Plot example above, it would take 150+ years of crop drawdown needed to restore to 1876
levels

•

We have additionally identified that rock phosphate was a key input of P in Illinois in the first half of the 20th
century, before a brief period of superphosphate use and then MAP and DAP usage taking over by the 1970s:

Have you completed any outreach activities related this project? Or do you have any activities planned?
If you answered “yes” please explain and provide details for any upcoming outreach:
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1. Sun, W., Villamil, M.B., Behnke, G.D., Margenot, A.J. Long-term effects of crop rotation and nitrogen
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Please write a detailed summary report that includes: Details of each objective and the progress made towards its
competition, planned research activities for 2020, major accomplishments, any preliminary findings or data
relevant to the project, relevant budgeting, and any publications or outreach accomplished from the research. Also
this year please include a one page summary with relevant data tables or graphs and pictures related to the project
that you would like included in the NREC end of the year report.

Website/data curation/app for inventory (sub-theme lead: Dr. Lori Abendroth, Dr. Giorgi Chighladze)
An internal website (Google Sites) was developed at the start of the project to facilitate team collaboration and act
as a centralized hub for tools and data, Figure 1. An external website with domain name of ilsoils.org has been
purchased for the public facing portion of the project.

Archived soils were assessed and found to originate from four sources: state-wide soil survey, Ewing Plots (est.
1915), Morrow Plots (est. 1876), and UI research plots. The state-wide soil survey contains the greatest breadth of
samples and has been the key focus to-date with initial characterization by the team. SSURGO data was exported
for all pedon keys and horizons to ensure physical samples would align with the database.
A mobile application was developed to facilitate relocation and organization of the IL pedon samples from the old
shed to the new location. The application allows fast, error-proof and efficient way to inventory jars with soil
samples in a coherent and consistent manner. The users are able to enter key pieces of information (identified by
the team in earlier stage of app development) about each pedon sample including (Fig. 1):
• jar characteristics (size, amount of sample, broken or not),
• soil condition (ground or not, weight),
• sampling information (sample number, sampling location, year collected),
• jar location in the shed (shelve number, rack number)
• other (photo, comments)
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Most of the information can be entered with a simple click on predefined buttons which limits human error
inherent to the data entry process. Inputs from numeric fields (e.g., jar weight, year collected) have been limited to
reasonable range according to the variable, further minimizing the possibility of faulty entries in the database.

Figure 1. Snapshot of the form for entering and/or editing information about soil pedons. The form was split into
two parts (pages), so the user can see all entry fields on iPad screen (the primary device used by the team during
inventory) without need to scroll up and down.
The application allows to search already entered information, modify it partially or completely, and/or delete it
from the database (Fig. 2). Furthermore, the users are able to:
• locate the jars in the shed,
• see all jars that are stored in the same shelve via application,
• preview images of the jars (typically showing its original labels),
• mark the shelves that has no space left for storing additional jars (“Shelf Availability” tab in Fig 2),
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Figure 2: Interface for searching, viewing, locating, and editing information about pedon samples stored in the
shed.
The mobile application is also accessible via web-browser, which could be preferable way to monitor entered
information for later quality check or progress tracking. Access to the application is limited only to team members
involved in pedon inventory, although data can be downloaded from the internal webpage by any member of the
project. The application utilizes Google authentication, which provide highly secure and reliable method for user
verification.
To-date, 6575 samples have been inventoried with additional data including sample weight, condition of sample,
sample imagery, and physically relocated to a county shelf.

Inventorying effort/soil archive (sub-theme leads: Maia Rothman, Michael Douglass, Javier Taracena)
Systematically inventorying and subsampling the soils that make up the archive has been the first major step in
quantifying historical baseline P budgets. As of November 2021, a total of 7,095 jars spanning 80 counties have
been inventoried and added to the collection (Fig. 3), the majority of which provide full state-wide coverage in the
first half of the 20th century at the pedon-scale.
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Figure 3. The barn housing the soil survey collection. All samples pictured have been subsampled and recorded in
the app prior to being shelved in their permanent location. The right-hand photo depicts the oldest sample in the
archive, sampled from “virgin prairie” in 1861.
These samples appear to have minimal overlap with the federal US soil archive at the NRCS Kellogg Soil Survey
Laboratory (KSSL) in Lincoln, NE. The majority of the U of I pedon collection was collected prior to 1960, whereas
the majority of the US federal pedon samples stored at KSSL. As PI Margenot holds a 0% appointment at KSSL and
collaborates with their soil research staff, the research team has been able to secure access in early 2022 to
subsample these Illinois archived soils to expand the U of I archive into the second half of the 20th and early 21st
century.

Figure 4. Distribution of U of I collection (grey) and federal NRECS KSSL samples (red). Resampling the federal archive in 2022
will expand the U of I collection to have 100 years of coverage of soils used to map Illinois landscapes.
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Agronomic phosphorus balances (sub-theme lead: Dr. Amir Sadeghpour, Dr. Omid Zandvakili)
To estimate the P balance for the state of Illinois, we developed a by county, by crop approach based on the Census
of Agriculture statistics (USDA-NASS) in 2017. We included manure P and fertilizer P as the P inputs (P applied) and
crop P removal as the P output. Balances were calculated as Inputs – Crop Removal. A conceptual diagram is shown
in Figure 5.

Figure 5. Conceptual diagram of agronomic P balances used to calculate P balances at state, county and Morrow
Plot scale.
To estimate manure P, we considered the inventory of all the animals in the state. In Illinois, the highest
contribution of manure P was from pig manure. At the county level and after normalizing data based on the total
cropland per county Effingham, DuPage, and Clinton County had the highest manure P contribution with 18.6, 12
and 11.3 lb/acre, respectively.
However due to high concentration of grain producers, fertilizer application contributed to 90% of P inputs. To
estimate fertilizer P, we used Illinois Department of Agriculture Fertilizer Reports and calculated the amount of
fertilizer P used after separating non-farm fertilizers from farm used and at the county level. Based on the Census
data in 2017, Illinois county P balance ranged from -14.38 to 35.46 lb/acre/yr. About 71% of counties, had a
negative P balance, ranging from −0.24 to −14.38 lb/acre/yr, demonstrating P outputs exceeded P inputs. Of the
31% of counties that had a positive P balance, Edwards, Effingham, DuPage, Washington and Brown county had the
higher positive P balance with 36.1, 35.46, 28.58, 21.54 and 19.26 lb/acre/yr, respectively (Figure 6).

8

Figure 6. County-level P balances in 2017.

Water quality linkages (sub-theme lead: Dr. Reid Christianson)
Reviewing historic water quality data from the NWIS database yielded between 1 and 3 monitoring stations actively
collecting total phosphorus data before 1973. By 1983, the number of stations collecting total phosphorus data in
the NWIS database increased by more than 10 times to 125 stations, and by 1984, there were 200 stations
collecting total phosphorus information. The large number of stations collecting total phosphorus information in
the NWIS database lasted until 1998 when the number of stations dropped from 208 to 13. Between 5 and 19
stations were actively collecting total phosphorus data in the NWIS database between 1998 and 2020. Area
weighted state average over all years for the NWIS database was 0.262 mg P/L. Legacy data from STORET were also
evaluated with the earliest record of total phosphorus appearing in 1938 occurring in McLean County. There were
also measures in 1957, with some measures across the state continuously from 1959 to 1998. Legacy STORET
statewide average, after dividing into counties was 0.465 mg P/L. Current STORET database requires additional
processing to align units and locations, though data, from 1983 to present had a statewide average total
phosphorus concentration of 0.328 mg P/L. All of these numbers are substantially higher than the nutrient criteria
of 0.11 mg P/L for total phosphorus recommended by the Illinois Nutrient Science Advisory Committee in 2018.
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Streambank erosion and P (sub-theme lead: Dr. Shengnan Zhou)
Objectives and progress
This study seeks to evaluate soil phosphorus (P) stratification and variability on cut streambanks and examine to
what extent the vertical P variability influences the estimate of P loading to stream water through bank erosion. Specific
objectives are to (1) analyze the vertical variability of various types of P (i.e., total P, oxalate P, Bray-1 P); (2) assess the
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linkage between the height (location) of bank erosion and the estimate of potential P loading to streams; (3) evaluate
the differences in P stratification arising from various environmental factors; (4) investigate principal factors governing
soil P stratification on streambanks. To address these objectives, we will use a meta-database based on soil P
profiles/pedons and streambank erosion published worldwide and supplemented with unpublished USDA-NCSS
datasets undertaken at various spatial and temporal scales, involving differing climate, soil types, parent material, and
land covers. The “aqp’’ (algorithms for quantitative pedology) R package (Beaudette et al., 2013) will be used to visualize
the P profile collections, and the multi-factor ANOVA (F-statistics) will be used to assess the relative importance of
categorical variables.
The construction of the final meta-database has been completed, comprising 1044 data entries from 175 soil
pedons from 18 published studies and 71 USDA-NCSS sampled pedon locations, covering a wide range of channels and
climate (Figure 9a, 9b). This database includes site information (i.e., coordinates, country, climate), channel information
(i.e., length, drainage area), streambank information (i.e., bank height, near-bank land cover), soil depth and
corresponding properties, soil types, and bedrock parent material. We found that the soil sampling depth of these
observations varied from 2.5 cm to 523 cm with a mean of 82 cm, whereas streambank height ranged from 30 to 600
cm with a mean of 255 cm (Figure 7c). Of those soil depths, 82% of the observations were ≤100 cm, and only 3% were
>200 cm. In contrast, 87% of the observed streambank heights were ≥150 cm. This finding thus reveals that in most
cases, the depth of soil sampling on streambanks is not deep enough to capture P stratification through the whole bank
profile, which may cause under- or over-estimation of erosional P load to surface water as P concentration varies largely
through the profile. In addition to the database construction, the writing task of methodology and introduction is
ongoing as well.
Planned research activities
The following research activities are planned for 2021: (1) analyze (visualization and statistical analysis) the P
stratification data and have a completed draft by the end of October 2021; (2) work on the second meta-analysis paper
focusing on the general relationship between streambank erosion, P loading, and water quality (November 2021December 2021); (3) write a short paper (about 2000 words) based on the legacy project (October 2021-November
2021). (4) soil core sampling on selected streambanks in Illinois where bank erosion is prominent and analyze P species
in the laboratory.
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Figure 9: (a, b) Geographical and climatic distribution of soil pedons. (c) Density function of reported and archive soil
sampling depth and streambank height.
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