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Project goals:

1. Develop a multistate database to allow upscaling of soybean quality predictions to regional levels
and benchmark agronomic practices, soybean genetics, management, and environmental conditions
that can lead to large-scale improvements in soybean quality.

2. Communicate the economic value of soybean quality mapping to farmers and agronomists through
an online interactive simulation tool, technical publications, and social media.

Accomplishments for entire project

The team of all the collaborators from multiple states (Ohio, Indiana, South Dakota, Missouri, lowa,
Michigan, lllinois, North Dakota, Nebraska, lowa, and Kansas), including John Fulton, Shaun Casteel,
Peter Kovacs, Andre Borja Reis, Scott Nelson, Mark Seamon and Mani Sing, Randy Pearson, David
Kramar and Michael Ostlie, and Guillermo Balboa, helped on collecting all field sites for 2022, 2023, and
2024 growing seasons.

All seeds were processed for seed quality traits, mainly protein and oil concentrations, from all fields
were obtained and data share across all collaborators. Reports for each state were prepared every year
to provide information on the soybean seed quality (mainly protein and oil) for each farmer field.
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The process of seed and soil data collection was established as an initial characterization of farmer
fields, exploring the within-field variation, developing clusters, and sending geo-locations for all the
samples in each field across all states participating on this project.

Protocol for data collection and clustering

1) Select available images between "May" and "September" (growth time), from the last 3 years.

2) Build a database and apply Kmeans to find the best clustering.

3) Build a new database for each best cluster (e.g., 1, 2, 3).

4) Define the optimal number of samples based on geostatistical analysis through the parameters: "range" and "total
area of the cluster”. If the result is less than 2 samples per clustering, set 2 as the number of samples.

Field sampling protocol for mapping soybean seed quality
*Field selection and data collection (satellite imagery from 3 years)

FIELD 1 (Irrigate)
eClustering process, number and 2o 1 [ 2 sames
optimal management zones 202 [ 4 smoes

Zone 3 [T 2 sampes
*Optimal number of soybean quality zone ¢ [ 3 samoes
seed samples based on clusters 20005 [ 2samoes

TOTAL = 13 samples

All field locations were received by early-to mid- summertime. The data was processed (integrating past
yield, soil, satellite data). A clustering of field variation was developed (as shown above) and all field
sampling was guided to collected variability of soybean seed quality.



All seed information was accompanied by the recording of relevant crop farming attributes via the

collection of data utilizing a survey.
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Figure 5. Soybean protein concentration (%) in each field.

For the last three growing seasons, 2022-2023-2024, a total of 394 fields with complete data on soybean
seed quality and relevant crop management has been collected and compiled across the US soybean
producing region. The states in the southern part of the US (Louisiana, Mississippi, and Alabama) were



collected via a grant provided by the United Soybean Board (USB). The rest of the states are all the ones
included in the current project funded by NCSRP.

Most recently, a manuscript was prepared to summarize all the information collected on this project. As
mentioned before, we followed a standardized protocol across all farms for collecting representative
seed and soil samples in-situ for analysis. In addition, we retrieved relevant crop management and yield
data via surveys and linked all datasets with seasonal weather variables to develop a large on-farm
database. The main objectives of the paper were to i) assess the importance of environmental variables
in predicting seed oil and protein concentration and reported yields, ii) identify regions related to yield
and seed quality, and iii) explore key predictors linked to these variables across regions to further
understand seed oil and protein concentration differences across defined geographical regions.

A summary of the main soil and management variables (including crop phenology) across all states
(North Dakota, South Dakota, Michigan, Ohio, lowa, Nebraska, Kansas, Missouri, lllinois, Indiana,
Louisiana, Mississippi, and Alabama) considering the median and the overall variation for each variable
is introduced in a Table below.

An example of the first two growing seasons, n = 235 fields, is presented below. The distribution of
values for yield, seed oil and protein concentrations were similar in both years. Overall, yield resulted in
a median of 4.04 Mg ha-1 ranging between 1.88 and 5.38 Mg ha-1 as defined by the 95th percentile
(P2.5 and P97.5). All in dry basis, oil concentration, reported on a dry basis, ranged between 17.9 and
22.9% with a median of 20.8%. Protein concentration had a median of 38.6% and ranged between 35.5
and 41.8%.
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Figure 1. Location of the surveyed farmer fields (circles) in the US during 2022 and 2023 growing
seasons, showing the total per state (A). Histogram displaying yield (Mg ha-1), seed oil and protein
concentrations (%) in both 2022 and 2023 growing seasons (B).



Table 1. Summary of season characteristics, soil, and management variables for each state showing the

median and range of observations for each variable.
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All the information collected was clustered in three main producing regions, with two of them pertaining
to the North Central.
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Figure 2. Location of the surveyed farmer fields (circles) in colored according to the cluster classification,
showing the total per state (A). Histogram displaying yield (Mg ha-1), protein, and oil concentration (%)
for each cluster (B).

Yield, oil and protein concentrations were significantly correlated with key variables influencing
prediction accuracy (Fig. 1), with some of these variables exhibiting a strong link to regional differences
(Fig. 3 A-1). Maximum temperatures during the early vegetative stages significantly limited yield (Fig. 4A),
which was related to a decrease in the total season length, particularly in the southern region. The
maturity group showed a regional pattern; with a positive yield response to longer crop maturity (and
longer seasons) in the northern region, whereas in the southern region, the tendency was for higher
yields with shorter crop maturity (MG 4) (Fig. 3B). No discernible correlation was identified between
yield and VPD during seed fill (Fig. 3C). Regarding oil, a positive correlation was observed with increasing
minimum temperatures during the pre-seed-fill and seed-fill periods and a northern-to-southern trend.
Higher minimum temperatures in pre-seed-fill were linked to an extended R1-R5 period, which was also
positively associated with oil concentration (Fig. 3D, E, F). Lastly, a positive association, albeit weak, was
observed between protein concentration and precipitation in late reproductive stages (Fig. 3G, H, I).



A summary of growing season, soil and weather data for each cluster is presented below.
Table 2: Summary of season characteristics, weather, and soil variables for each cluster showing the

median and range of observations for each variable.

vDays
rDays
sDays

MG

Clay (%)
OM (%)

pH

P (ppm)"*
vPrec (mm)
VTmin (°C)
VTmax (°C)
VVPD (kPa)
rPrec (mm)
Tmin (°C)
ITmax (°C)
rVPD (kPa)
sPrec (mm)
STmin (°C)
STmax (°C)
sVPD (kPa)

sDaysTax>30

sDaysTmin<15

Number of days between VE-R1, R1-R5, and R5-R7 (vDays, rDays, and sDays, respectively), maturity group (MG), Precipitation (Prec), minimum
and maximum temperature (T i, and T,y respectively), vapor pressure deficit (VPD), number of days during seed fill with maximum temperatures

North

40, 13, 71]

25, 18, 32]

36, [28, 43]

2, [0, 4]

17, [6, 35]

3.1, [1.6, 5.0]

6.6, [5.6, 8.1]

33, [5,189]

97, [56, 227]
14.0, [11.0, 18.6]
27.4, [25.2, 29.6]
0.8, [0.6, 1.1]

60, [10, 131]
16.1, [12.0, 21.5]
28.5, [26.7, 34.6]
0.8, [0.6, 1.3]

86, [9, 192]

14,0, [10.3, 23.0]
26.9, [22.9, 34.5]
0.8, [0.5, 1.1]
7,12, 34]

26, [0, 38]

Cluster

Center

47,12, 64]

29, [21, 38]

41, [26, 50]
3,[2, 8]

25, [3, 41]
2.8,[09, 5.3]
6.3, [4.4,8.2]
25, [6, 211)

143, [28, 298]
15.5, [10.5, 21.0]
28.4, [24.0, 33.3)
0.8, [0.4, 1.6]
82, [3, 368]
18.2, [14.6, 22.9]
30.6, [26.8, 35.2)
1.0, [0.6, 1.8]
100, [15, 190]
15.8, [11.5, 23.5]
28.8, [24.1, 34.5]
1.0, [0.6,17]

15, [2, 42]

18, [0, 36]

South

38, [20, 60]
33,19, 42]

39, [29, 59]

5, (2, 7]

27, (2, 78]
2.5,[0.8, 5.2]
6.4, [4.9,8.2]
40, [8, 350]

137, [28, 326]
200, [12.9, 23.4]
31.4, [25.3, 35.5]
1.0, [0.5, 1.9]

80, [25, 266]
21.8, [17.5, 23.7]
33.8, [30.5, 35.6]
1.4, [0.8,1.8]
128, [33, 390]
208, [13.0, 23.8]
32.1, [28.6, 34.7]
1.0, [0.6, 1.8]

32, [14, 55]

2, [0, 26]

> 30°C, (sDaysT may>30), number of days during seed fill with minimum temperatures < 15°C, (sDaysT pjn<15).

" Weather was summarized in vegetative (v), reproductive pre-seed filling (r), and reproductive seed filling (s).

? Growth stages were simulated with DSSAT.

Factor
Season
Season
Season
Season
Soil

Soil

Soil

Soil
Weather
Weather
Weather
Weather
Weather
Weather
Weather
Weather
Weather
Weather
Weather
Weather
Weather

Weather
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Figure 3. Soybean yield in relation to maximum temperature in VE-R1 (A), maturity group (B), and vapor
pressure deficit (VPD, kPa) between R5-R7 (C). Additionally, soybean oil concentration in relation to
minimum temperature between R5-R7 (D), number of days between R1-R5 (E), and minimum
temperature between R1-R5 (F). Lastly, protein concentration in relation to precipitation (mm) between
R1-R5 (G), VE-R1 (H), and R5-R7 (1). The colors represent three clustered regions: North (green), Center
(purple), and South (yellow). Growth stages were simulated with DSSAT. The relationships were fitted
using generalized additive models. The coefficient of determination (R2) and mean absolute error (MAE)
are shown.

In summary, we used a robust protocol to collect representative seed and soil samples in 235 soybean
farmer fields (processing only 2022-2023, and in next step now including 2024) across 13 US states. We
collected yield and management data via survey, and combined growth models to summarize weather
data during key crop phenological stages. The prediction of yield and oil concentration exhibited greater
accuracy than that of protein concentration when seasonal variables related to weather, soil, and crop
growth were considered. Yield, protein, and oil levels were within the ranges usually reported for
soybean in the regions explored. However, higher protein levels in the north suggest a narrowing in the
quality gap of soybeans between this region and the Corn Belt.



Summary of the project

) Protein 1‘ in northern region (39.5%) compared to the
* main Corn Belt region (38.2%).

. Environmental descriptors predicted seed yield and oil with better
' accuracy than protein concentration

. Late planting in the south J, yield due to early season
. high T°C resulting in shorter growing season

-, Seed oil in the north is more limited by low temperatures
~/ during seed filling

Developing a tool, the quality economic simulator

The soybean quality economic simulator has been updated and modified in two key areas. The first
being that the oil quality portion of the tool has been built and is functioning well. The second update
was to the existing user interface to make it more intuitive for users. Based on feedback from farmers
the old version was difficult to understand what yield was used and how to add yield loss properly. We
also added a break-even premium price so that farmers can quickly decide on if the premium they are
receiving will have a positive ROl on their farm.

Soybean Quality Economic Simulator Proteinl » |OWA SOYBEAN
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Protein Return Matrix, $/ac/Eltata il s N N e S S I2Te

Grain Price ($/bu):

Protein Premium ($/bu):
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o
-
w

High-Protein Yield (bu/acre):

Return {$/acre)
200
Net Outcome ($/acre):
(5 ) $121.50 $127.00 $132.50 $138.00 $143.50 150
- ] 100
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o
o
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Screenshot Page
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$113.50
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Protein Premium ($/ac)




The last addition we made is that users can export their results in a pdf, csv, or XLSX document so they
can save their work for future use.

i =5 f = |IOWA SOYBEAN
Soybean Quality Economic Simulator BroteinH [~ N2
Brotein Premium, $/bu
Grain Price ($/bu):
Copy Csv Excel PDF Print
Protein Premium ($/bu):
. High .
Protein Protein Return Normal Grain Added Added
; . rotei u . . .
Normal Yield [bufacre}: Premium Yield ($/acre) Yield Price Costs Incentives
High-Protein Yield (bu/acre): ($/bu) (bu/acre) (bu/acre) ($/bu) ($/acre) ($/acre)
Net Outcome ($/acre): o A o - |
33 50 615 60 12 0 0
Break-Even Premium
($/bu): 33 525 915 60 12 0 0
33 55 121.5 60 12 0 0
33 575 151.5 60 12 0 0
33 60 181.5 60 12 0 0
34 50 67 60 12 0 0
Showing 1to 6 of 25 entries Previous 1 2 3 4 5 Next

Soybean Quality Economic Simulator

Protein High Protein  Return ($/ Normal Yield  Grain Added Added
Premium ($/  Yield (bu/acre) acre) (bu/acre) Price (8/  Costs ($/ Incentives (S/

bu) bu) acre) acre)
3.3 35 -239.5 65 12 10 15
3.3 42.5 -124.75 65 12 10 15
3.3 50 -10 65 12 10 15
3.3 57.5 104.75 65 12 10 15
353 65 219.5 65 12 10 15
3.4 35 -236 65 12 10 15
34 42.5 -120.5 65 12 10 15
34 50 -5 65 12 10 15
3.4 57.5 110.5 65 12 10 15
3.4 65 226 65 12 10 15
Sk 35 -232.5 65 12 10 15

Users of the tool are also able to add any additional costs or savings that are a result from growing
soybeans with an associated premium for oil and protein, such as increased seed and planting costs, or
reduced financing options for inputs. This functionality can be accessed through selecting additional
costs and incentives, and is capture as an aggregate sum in the downloaded pdf of added costs and
incentives. Adding this utility allows farmers and other users to estimate total financial gain or loss of
implementing a practice and can help in ensuring that all costs are estimated before implementing a
new practice on their farm.



Next steps

We are currently working on building prediction maps for quantifying soybean quality (mainly protein
and oil) across the different soybean US producing regions. Using the collected database during 2022
and 2023, we trained predictive models using as inputs the green chlorophyl vegetation index (GCVI),
soil data, and daily weather summaries. The main difference with the previous approach is the use of
each of the individual points where seed samples were collected, therefore using 1972 seed samples

over 235 fields.

INPUT DATA

1. Ground truth-data

5. GCVI annual time series
Harmonic regression: SOS, peak, & EOS,

PREDICTION
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The final model predicting soybean oil concentration explained 57% of the variation (R?) with a MAE of
0.76%, while the prediction of protein concentration explained 47% of the variation with a MAE of
1.10%, representing an improvement over previous effort. The three most significant variables for
predicting oil were identified as the minimum temperature during the critical period surrounding the

peak of GCVI (stage 2), radiation in the late season (stage 3), and maximum temperature during stage 2.
In contrast, for protein, the GCVI during stage 1 and 2, and precipitation in stage 3 were determined to
be the most influential predictors.
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Feature gain to predict oil (%)

Feature gain to predict protein (%)

Following, we retrieved the soybean Crop Data Layer from USDA for the year 2023. In an example for
Kansas, we can observe a tendence for lower protein and higher oil concentration in north-east Kansas

in agreement with higher average precipitations and average yields.
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In summary, we integrated a comprehensive ground truth dataset of on-farm soybean seed quality with
satellite data on weather, soil, and GCVI to forecast soybean seed protein concentration across the
United States during 2022 and 2023. This work illustrates the potential of collaborative research
initiatives that integrate observed data across extensive regions. Additionally, this approach markedly
enhances spatial resolution and prediction accuracy in comparison to previous endeavors employing
interpolation of observations or the utilization of vegetation indices alone.

A few limitations of this study are linked to the use of harmonic regression to extract phenology
features, which can result in an under- or overestimation of the beginning and end of the growing
season and assume a symmetric relationship during the growing and senescence stages. Future
endeavors should extend these approaches to yield predictions, enabling estimates of seed oil and
protein production across diverse geographical regions.

Finally, we are working on validating the model predicting oil and protein for the 2024 season once the
crop data layers (from USDA) are available.



