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Abstract 
One touted benefit of regenerative farming systems is increased nutrient density of food. If 
true, converting all agriculture to regenerative systems would increase nutrition of all people 
globally. To explore this idea, the mineral content of grain grown using different farming systems 
in eastern Colorado, Kansas, and Nebraska was analyzed and compared to the USDA Food 
Database values as part of a USDA Conservation Innovation Grant: On-Farm Demonstration 
Project known as the FARMS Project. This project was focused on soil health management 
systems. Soil health principles are one aspect of regenerative systems. The farms selected to 
participate as long-term producers not only practice the soil health principles but are including 
other aspects of regenerative agriculture.  
 
Because soil health management systems or regenerative systems generally have a more 
diverse crop rotation it was expected that different crops would be grown on the control farms. 
Grains were collected for both long-term producers (LTPs) and their identified control farm (LTP 
control), tested for feed values at Ward Lab, and reported as a percent of the USDA FoodData 
Central or FoodTables values (standard). 
 
For the purpose of communicating observations in this study, a 10% difference was used as 
evidence to suggest a difference in values. Averaged over the three years, LTP grains showed 
higher levels of Calcium (Ca), Magnesium (Mg), Iron (Fe), and Copper (Cu) over the LTP control 
grains, and LTP grains showed lower levels of Manganese (Mn). The differences for Phosphorus 
(P), Potassium (K), and Zinc (Zn), were not pronounced evenough to conclude there are 
differendes for these minerals.  
 
 
Introduction 
As the health of the global population and specifically the health challenges of Americans 
continue to be in the spotlight, food by association is also in the spotlight. This study asked the 
question: is there a difference in nutrient density of food grown in different farming systems?  
 
Nutrient density has become the center of discussion between advocates of different farming 
systems. There is no generally accepted definition of nutrient density. Food contains many 
different nutrients, and density can be measured by different means. For this study we looked at 
mineral content as the nutrient. Mineral content is reported as percent and part-per-million 
(ppm) on standard feed analysis. Since many of the grains grown in the study area are used for 
livestock feeding this measurement seems appropriate.  
 
Regenerative and organic system advocates claim their products are more nutrient dense than 
conventionally grown products. While organic production has specific USDA guidelines and 



 

 

certification processes, regenerative production means different things to different people. 
There is no USDA recognized regenerative standard. This study was conducted as part of a USDA 
Conservation Innovation On-Farm Demo Grant that looked at other aspects of soil health 
management systems. USDA Natural Resource Conservation Service (NRCS) has identified soil 
health principles to support producers in increasing soil’s ability for continued functionality. For 
this study, soil health management systems are production methods that take into 
consideration and actively manage for the four soil health principles: keep soil covered, 
minimized mechanical disturbance of soil, increase diversity within soil ecosystems, and 
increase living root days in the soil. The conventional or control farms for the soil health 
management system were identified by the long-term soil health management system farmer as 
a farm that represent the average farming system in the area. As such the farming methods for 
control farms vary from farm to farm with some implementing one or more of the soil health 
principles. 
 
Farms in this study cover a large geographic area ranging from southeast Colorado to 
northcentral Kansas to northeast Nebraska. Crops grown in those areas are different due to 
climactic differences. Diversity in crop production is one of the soil health principles. Most long-
term soil health practitioners are growing more crops in their rotation than their conventional 
neighbors. For that reason, it was not reasonable to expect the same crops would be grown in 
the long-term soil health management system and the conventional system in a short three-
year rotation. The act of forcing a common rotation would change one, or perhaps both, 
systems. This presented a challenge in comparing nutrient density between farming systems. To 
account for different crops being grown, all crops were compared to the USDA Food Database 
values or FeedTables values and reported as a percent of the standard. Mineral content of grain 
was evaluated in this study from 2020-2022.  
 

 
Methods 

 
This nutrient density study was a small portion of the overall FARMS Project conducted on 
working farm operations in the high plains region. Due to the complexity of working in dynamic 
systems where farm operators make all farm level decisions this was set up as an observational 
study. For this study observational difference is defined as greater than a 10 percent difference.  
 
Grains grown in soil health management systems and grains grown in the prevalent production 
system of the area were evaluated for mineral content over a three-year period from 2020 - 
2022. Grains were collected in 2020, 2021, and 2022. 
 
This study was done on working farms as part of a USDA Conservation Innovation Grant: On-
Farm Demonstration Project known as the FARMS Project (agreement number: 
NR203A750013G008). The project spanned three states: Colorado, Kansas, and Nebraska.  
 
Soil health management system farms were selected based on a blind application process. 
These farmers were identified as long-term producers (LTPs) or producers who were 



 

 

transitioning to soil health management systems (TPs). The comparison farm (Control) was 
identified by the soil health management system producer as a good representation of the 
farming system in that area. Due to the large geographic area of the project, different 
ecoregions were represented by the farms. Due to location within the ecoregions variable 
precipitation and temperature patterns were experienced in-season by each farm. Drought 
conditions were experienced in the project area in 2021 and 2022 growing seasons. Variable soil 
types were also present in the fields, although similar soil type was one consideration for 
control farm selection. 
 

 Cultural practices differ in the ecoregions with 
eastern Colorado and Kansas growing a 
significant amount of winter wheat and eastern 
Nebraska growing mostly corn and soybeans. 
Because nutrient density was one small portion 
of this project, farmers not the project 
managers decided on crop rotations. It was 
understood that LTPs in the project would 
probably not be growing the same crops each 
year, nor would their control farm be asked to 
change their crop rotations to match LTPs.  
 
Knowing different crops would be grown on LTP 
farms and control farms the “control” for this 
study was to compare all grains to the USDA 
Food Database for mineral content (standard). 

The percent of the standard value would be reported for each grain collected for the FARMS 
Project. If LTP and LPT Control grains had a 10% difference it was considered as evidence of a 
difference in mineral content and reported as an observable difference.  
 
Grains were collected as a composite grab sample at time of harvest and were sent to Ward Lab 
in Kearney, Nebraska for a feed analysis. Mineral content was compared to the available data on 
the USDA FoodData Central website (https://fdc.nal.usda.gov/fdc-app.html#/) and reported as a 
percent of standard with 100% equal to the standard. Because FoodData only showed 
sunflower seeds and the grain submitted had shells, the FeedTables values for feed was used 
(Feed Tables website: https://www.feedtables.com). Oat standards were used from FeedTables 
for the same reason, submitted grain samples included the hull. Minerals that were tested and 
had values listed for all grains in the standards are reported in the results. There was no 
standard for kernza or camelina on either resource.  Minerals analyzed include Calcium (Ca), 
Phosphorus (P), Potassium (K), Magnesium (Mg), Zinc (Zn), Iron (Fe), Manganese (Mn), and 
Copper (Cu). Sodium (Na) and Molybdenum (Mo) were also tested at Ward Labs but not all 
grains had standards for these minerals, so they are not included in analysis.  
 
Ward Lab reported grain samples on an “as received” and “dry basis”. Variations in harvest 
moisture of grains will affect the mineral content so to have a more accurate look at mineral 

Yellow markers show long-term soil health management 
system farms and their comparison farm locations 
spread over three ecoregions. Blue markers show farms 
transitioning to soil health management system 
locations. Credit: Lauren Hafford, FARMS Project. 

https://fdc.nal.usda.gov/fdc-app.html#/
https://www.feedtables.com/


 

 

content all samples use the dry basis value. Standard values were converted to dry basis then 
rounded to match decimal points for Ward Lab results. 
 
Results 
 
2020 
Nine grain samples were collected for the 2020 growing year. Out of the six hubs one paired 
sample was collected from LTP 46.  
 
Two LTP control farms (LTP 36 Control and LTP 49 Control) were in fallow. Three LTP’s (LTP 29, 
32, and 40) primary fields were in cover crops. LTP 40 submitted a corn sample from a different 
field and LTP 49 submitted two samples (corn and sunflowers).  
 

 
 

 
 
 
 
When averaged, the LTP grain samples showed higher levels for Calcium (Ca), Phosphorus (P), 
Potassium (K), Magnesium (Mg), and Iron (Fe). LTP grain samples had slightly lower levels for 
Zinc (Zn) and Copper (Cu) but within the 10% range so no observable difference can be stated, 
and they had the same amount of Manganese (Mn). 
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2021 
Twenty-three samples were collected in 2021. Farms across the entire study area experienced 
drought conditions. Four hubs had grain submitted from both the LTP and LTP Controls but none 
were growing the same grains: LTP 29 milo, LTP 29 control corn; LTP 32 kernza (no data 
available) and triticale, LTP32 control wheat; LTP 36 wheat, LTP 36 control wheat (not collected, 
wheat from local elevator was collected); LTP 40 corn and red corn, LTP 40 control soybean 
(primary field) and corn; LTP 46 milo, LTP 46 Control soy, LTP 46 submitted several samples of 
wheat and soybeans from other fields; LTP 49 corn and sunflowers, LTP 49 Control wheat (not 
collected but wheat and corn samples from LTP 49 local elevator were collected. Wheat was 
used for comparison as the corn would have been a combination of irrigated and dryland corn 
and LTP 49 is dryland).  
 

 
 
 

 
 
 
 
When averaged, the 2021 LTP grains showed higher levels of Calcium (Ca), Iron (Fe), and Copper 
(Cu). There were no observable differences in the values for Phosphorus (P), Potassium (K), 
Magnesium (Mg), Zinc (Zn) and Manganese (Mn). 
 

Protein Ca P K Mg Zn Fe Mn Cu

LTP 29 MILO 68% 900% 94% 78% 84% 110% 245% 82% 129%

LTP 29 CONTROL CORN 2021 91% 600% 135% 100% 93% 77% 106% 148% 123%

Protein Ca P K Mg Zn Fe Mn Cu

LTP 32 TRITICALE 2021 83% 33% 125% 122% 127% 115% 219% 176% 276%

LTP 32 control WHEAT 2021 76% 300% 124% 93% 107% 79% 215% 109% 94%

LTP32 KERNZA 2021 (no data standard)

Protein Ca P K Mg Zn Fe Mn Cu

LTP 36 WHEAT A  2021 (no fungicide) 81% 367% 109% 100% 100% 76% 133% 92% 154%

LTP36 WHEAT B 2021 (fungicide) 89% 600% 133% 138% 121% 78% 207% 102% 96%

LTP 36 Control (COOP) WHEAT 2021 81% 367% 109% 100% 100% 76% 133% 92% 154%

Protein Ca P K Mg Zn Fe Mn Cu

LTP 40 CORN 2021 78% 600% 87% 97% 86% 73% 417% 92% 111%

LTP 40 RED CORN 21 78% 400% 122% 97% 93% 89% 99% 111% 89%

LTP 40 Control CORN 2021 108% 500% 139% 106% 93% 105% 258% 148% 143%

LTP 40 CONTROL SOYBEAN 2021 93% 123% 81% 94% 106% 89% 72% 120% 84%

Protein Ca P K Mg Zn Fe Mn Cu

LTP 49 SUNFLOWER 2021 79% 136% 126% 110% 133% 98% 149% 129% 120%

LTP49 CORN 2021 74% 900% 143% 128% 100% 94% 301% 148% 220%

LTP49 Control (COOP) CORN 2021 99% 700% 143% 131% 100% 89% 185% 148% 40%

LTP49 Control (COOP) WHEAT 2021 102% 433% 91% 86% 100% 110% 223% 78% 182%

Protein Ca P K Mg Zn Fe Mn Cu

LTP46 W INTERSEEDING 10-31-20 GRAIN SORGHUM 73% 1200% 79% 78% 63% 117% 133% 66% 212%

LTP46 CONTROL SOYBEAN 2021 94% 133% 73% 106% 84% 90% 63% 116% 98%

LTP46 2ND YR SH WITH INTERSEEDING SOYBEAN 2021 95% 123% 75% 102% 81% 84% 50% 109% 101%

LTP46 CONTROL SOYBEAN 2021 94% 133% 73% 106% 84% 90% 63% 116% 98%

LTP46 CONVENTIONAL WHEAT 2021 90% 367% 103% 74% 100% 113% 158% 116% 174%

LTP46 CONVENTIONAL 36-5-3 SOYBEAN 2021 109% 107% 65% 87% 74% 86% 51% 105% 96%

LTP46 W INTERSEEDING 1-6-3 20 ACRES WHEAT 2021 90% 333% 94% 64% 86% 110% 125% 98% 170%

LTP46 W INTERSEEDING 1-6-3 87 ACRES WHEAT 2021 85% 333% 103% 69% 86% 108% 117% 94% 152%

2021 Grain Data

COOP 
COOP 
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2022 
Additional samples were collected in 2022. In addition to collecting LTP and LTP control samples 
for mineral analysis, enzyme and rDNA testing was also conducted on all LTP and LTP control 
fields. A portion of transitioning producers (TP) also submitted samples for mineral testing. 
Transitioning producers were asked to identify a control farm in close proximity to their field 
that was growing the same crop for testing. Three TPs had grain tested for enzymes and rDNA 
with two of those having a control neighbor. One TP was in close proximity to LTP 36 and LTP 36 
control for comparison.  
 
Of the six LTPs, four pairs were growing the same crop. LTP 29 grew milo and LTP29 Control 
grew soybeans. LTP 40 grew oats but also submitted GMO and non-GMO corn, LTP 40 Control 
grew corn. LTP 32 and 36 and their control farms grew milo. LTP 46 and LTP 46 Control grew 
soybeans. LTP 49 and LTP 49 Control grew corn. 
 

 
 

 
 
When averaged, in 2022 the LTP grains showed higher levels of cooper (Cu), and lower levels of 
calcium (Ca) and manganese (Mn). There were no observable differences for phosphorus (P), 
potassium (K), Magnesium (Mg), zinc (Zn), iron (Fe).  
 
The soil rDNA information was reported to LTP, LTP Controls and TP in the custom report created 
by BiomeMakers. Minimal analysis has been done on grain rDNA. 

Protein Ca P K Mg Zn Fe Mn Cu 

2022 LTP Average 86% 528% 100% 105% 98% 107% 149% 98% 158%

2022 LTP Control Average 94% 564% 104% 105% 94% 112% 152% 119% 117%

2022 LTP and LTP Control Average
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Amino acid testing was analyzed using the same methods as minerals. Looking at only the LTP 
and LTP control averages, amino acids showed higher levels in control samples except for 
methionine, which was exactly the same, and lysine and tryptophan showed slightly higher 
levels but were not over 10%, so no observable difference can be stated for lysine and 
tryptophan.   
 
With the addition of the TP samples the average samples look much different. LTP and TP 
averaged together showed higher levels for Serine, Glutamic Acid, Proline, Glycine, Alanine, 
Valine, and Methionine. They showed lower levels for Isoleucine, leucine, and phenylalanine. 
Levels for Aspartic Acid, Threonine, Tyrosine, Lysine, Histidine, Arginine, and Tryptophan were 
within the 10% margin so no observable difference can be stated.  
 
When looked at by crop, all amino acids except for valine, methionine, histidine, and 
tryptophan were higher in the control samples. Amino acids in the soybean averages were 
withing the 10% difference for all amino acids with the exception of aspartic acid with had a 
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spread of 11% just enough to be considered different. The control sample showed higher levels 
of aspartic acid. Corn had larger differences between the FARMs and controls samples. When 
spit out between Colorado corn and Nebraska corn you can see the Colorado corn had larger 
disparities. Organic corn was the control for one of the Nebraska transitioning producers and 
the organic corn showed higher levels of amino acids with the exception of Threonine and 
glycine which were within 10%. Colorado proso millet was the crop that had very high values 
for amino acids ranging from 100% to 1768%. More investigation into this anomaly may be 
warranted.  
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Three-year Averages 
A three-year average for LTPs and LTP Controls included COOP Wheat samples for LTP 36 and 
TLP 49. It also included both wheat samples submitted by LTP 36 in 2021. Thirty-six samples 
were used for the three-year average.  
  
 



 

 

 

 
  
 
Averaged over the three years, LTP grains show higher levels of Calcium (Ca), Magnesium (Mg), 
Iron (Fe), and Copper (Cu) over the LTP control grains. LTP grains show lower levels of 
Manganese (Mn). The differences for Phosphorus (P), Potassium (K), and Zinc (Zn), are not 
pronounced enough to conclude there are observable differendes for these minerals.  

Protein Ca P K Mg Zn Fe Mn Cu 

LTP 36 CHICKPEA 2020 96% 276% 139% 135% 175% 175% 157% 13% 127%

LTP 40 CORN 2020 104% 640% 132% 122% 78% 103% 126% 74% 49%

LTP 49 CORN 2020 81% 640% 124% 137% 85% 95% 93% 111% 83%

LTP 49 SUNFLOWER 2020 89% 353% 50% 119% 237% 44% 275% 129% 85%

LTP 46 SOYBEAN 2020 106% 86% 55% 86% 69% 44% 24% 22% 16%

LTP 29 MILO 68% 900% 94% 78% 84% 110% 245% 82% 129%

LTP 36 WHEAT A  2021 (no fungicide) 81% 367% 109% 100% 100% 76% 133% 92% 154%

LTP36 WHEAT B 2021 (fungicide) 89% 600% 133% 138% 121% 78% 207% 102% 96%

LTP 40 CORN 2021 78% 600% 87% 97% 86% 73% 417% 92% 111%

LTP 40 RED CORN 21 78% 400% 122% 97% 93% 89% 99% 111% 89%

LTP 49 SUNFLOWER 2021 79% 136% 126% 110% 133% 98% 149% 129% 120%

LTP49 CORN 2021 74% 900% 143% 128% 100% 94% 301% 148% 220%

LTP46 W INTERSEEDING 10-31-20 GRAIN SORGHUM 73% 1200% 79% 78% 63% 117% 133% 66% 212%

LTP29 MILO 65% 800% 85% 93% 74% 120% 149% 71% 228%

LTP32 MILO 68% 700% 97% 78% 74% 122% 146% 87% 228%

LTP36 MILO 97% 800% 73% 117% 84% 97% 235% 76% 133%

LTP40 OATS 131% 155% 133% 124% 182% 147% 161% 119% 238%

LTP46 PRIMARY SOY 95% 113% 70% 90% 77% 72% 50% 105% 66%

LTP49 CORN 60% 600% 139% 128% 100% 86% 152% 129% 57%

Average 85% 540% 105% 108% 106% 97% 171% 93% 129%

LTP 40 CONTROL CORN 2020 81% 640% 111% 116% 78% 130% 165% 92% 80%

LTP 46 CONTROL MILO 2020 84% 337% 85% 106% 74% 126% 128% 77% 109%

LTP 32 CONTROL MILO 2020 78% 337% 79% 94% 69% 95% 135% 87% 53%

LTP 29 CONTROL SOYBEAN 2020 99% 112% 64% 80% 65% 44% 24% 22% 16%

LTP 29 CONTROL CORN 2021 91% 600% 135% 100% 93% 77% 106% 148% 123%

LTP 32 control WHEAT 2021 76% 300% 124% 93% 107% 79% 215% 109% 94%

LTP 40 Control CORN 2021 108% 500% 139% 106% 93% 105% 258% 148% 143%

LTP 40 CONTROL SOYBEAN 2021 93% 123% 81% 94% 106% 89% 72% 120% 84%

LTP 36 Control (COOP) WHEAT 2021 81% 367% 109% 100% 100% 76% 133% 92% 154%

LTP49 Control  (COOP) WHEAT 2021 102% 433% 91% 86% 100% 110% 223% 78% 182%

LTP46 CONTROL SOYBEAN 2021 94% 133% 73% 106% 84% 90% 63% 116% 98%

LTP29 CONTROL SOY 109% 163% 79% 86% 84% 72% 39% 149% 82%

LTP32 CONTROL MILO 69% 900% 76% 93% 79% 132% 229% 104% 142%

LTP36 CONTROL MILO 113% 800% 124% 127% 116% 190% 224% 98% 176%

LTP40 CONTROL CORN 87% 800% 113% 94% 86% 88% 195% 129% 171%

LTP46 CONTROL SOY 78% 120% 66% 94% 84% 81% 62% 102% 75%

LTP49 CONTROL CORN 109% 600% 165% 138% 114% 108% 162% 129% 54%

Average 91% 427% 101% 101% 90% 100% 143% 106% 108%

2020-2022 LTP and LTP Control Averages



 

 

  
                                        
 

             
 
 
 
 
Discussion 
 
There are several drawbacks to this study that need to be acknowledged. This was not the 
primary focus of the FARMS Project. The nutrient density study was intended to be a pre-
research step to see if there were detectible differences in minerals of crops grown in different 
production systems. Based on this information next steps to explore nutrient density can be 
discussed.  
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The small sample size decreases the confidence of the data presented. Larger sample sizes of 
paired data points of the same crop and variety would increase confidence in the data. When 
data is broken out by crop types the variably of the data points can be seen.  
 

 
 
Although every one of the grains contained more than the standard reference for calcium there 
was a large spread between crop types and within the crop types. Soybeans were the most 
similar to the standard with a value of 113% in the LTP sample and ranges from 112% to 163% in 
control samples. Grain sorghum or milo was the most dissimilar to the calcium standard with 
ranges for LTP samples ranging from 700% to 1200% and values for control samples ranging 
from 337% to 900%. Corn values for calcium in LTP samples ranged from 600% to 900% and for 
controls ranged from 500% to 800%. 



 

 

 
Severe drought covered the study area in 2021 and 2022 with decreased yields being reported 
by producers. There was no trend detected due to drought.   
 
Another aspect that may be worth mentioning is the measurement difference between 
minerals. Calcium, phosphorus, potassium are reported as a percent (1/100) while the other 
minerals are reported as ppm (parts per million) (1/1,000,000). Because the micronutrients are 
such a small portion of the grain small changes can equate to large variables.  
  
Although much data was collected by various teams on soil and farm management, any analysis 
of that and its influence on nutrient density was not undertaken. We get a glimpse of how 
management may impact minerals in 2021 wheat samples from LTP 36 where there is an 
observable difference in calcium, phosphorus, potassium, magnesium, iron, and copper levels 
between wheat that had fungicide and that which did not.  
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