
Our Research Helps Growers Navigate 
the Biological Marketplace

We study the physical and chemical attributes of soil. 
Inexpensive soil sampling from each field helps farmers make customized, 

data-driven decisions that improve soil health and plant health —  
ultimately increasing yield and profits.
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At Bio Ag Management, we are committed to helping growers find the right 
practices and biological products to make your soil ecosystem as efficient as 
possible.
For a farmer, soil health is the productive capacity of the soil, or the capacity of the soil to 
produce a crop with minimal input. Soil biological properties are interconnected with other 
soil physical and chemical properties. 
Soil biology affects soil structure, nutrient release, organic matter, the cycling of residue 
and carbon, and plant health. The fundamentals of basic agronomy are important in a 
biological system; proper soil PH, drainage and fixing soil compaction are at the forefront 
of where we start with a grower. 
We have found through our research that in addition to implementing the right practices 
and biological products, growers must also re-evaluate outdated fertility recommendations. 
Bio Ag Management believes that fertility decisions should be made at the grower and field 
level, and not be based on 50-year-old fertility recommendations.

A lot has changed in 50 years:
• a better understanding of soil ecology

• advancements in corn and soybean hybrids

• equipment technology allowing for different application windows

• GPS equipment allowing farmers to be more efficient in field work as well as collecting 
valuable planting, application, and yield data

In this research booklet, Bio Ag will present some of its research data on how different 
biological programs affect soil’s biological, chemical, and physical properties. Choosing 
the right practices and biological programs drives short term efficiency in fertility and plant 
health — while focusing on building soil health — driving long-term sustainability and 
resilience across an ever-changing climate. Bio Ag’s goal as a company is to help growers 
navigate the biological marketplace and implement different practices and products that 
focus on soil health. As soil health increases, fertility curves change (along with many 
other factors). Bio Ag is committed to helping growers set up a series of fertility checks and 
balances to maximize profitability at the field level. We will be the first to admit that we 
don’t have all the answers for your farm, but we strive to help our growers use information 
specific to their fields to make data-driven decisions on their farm.

Our Commitment

Bio Ag believes precision ag technology and improvements to 
the soil’s ecosystem puts growers in the driver’s seat by using 

their own data to decide how their input dollar should be spent. 



Treatment 1: Plants at emergence in and out of 
Bio Ag E check strip: Left untreated. Right treated.

Treatment 2: Corn Plants at emergence.
Plant on left untreated.
Plant on right treated with Bio Ag E.
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In 2020 Bio Ag Management planted two test plots to examine the response of different 
biological programs. Each plot was planted with eight rows treated with a different in-fur-
row program, and eight control rows with no treatment added. This configuration allows 
each treated area to be directly next to an untreated area. Both plots had no dry fertilizer 
applied but utilized 100 lbs/acre of fall-applied anhydrous ammonia. Applying low rates 
of N — and no P and K fertilizer — allows us to attempt to examine the response of bio-
logical programs alone, without a traditional fertility program.

Treatment 1: Bio Ag E and Starter

This treatment consists of Bio Ag E, BioMate, Lift 
off, Soil Revive, and Nutri HQ 3-18-18 starter 
fertilizer.
Goal:

• To examine if there is any benefit to adding 
synthetic nutrients alongside the main Bio Ag 
Management biological program. 

• To give further insight into the positive/
negative effects small amounts of synthetic 
fertilizer can have on the live biological products.

Results: Both plots showed small to moderate gains against the check. In Plot One there 
was a two bushel gain and Plot Two showed a four bushel gain against the check. These 
results have led us to conclude that there is possibly an antagonistic relationship between 
the synthetic starter fertilizer and live biological 
program. More research is needed.

Treatment 2: Bio Ag E

This treatment is the main in-furrow program 
produced by Bio Ag Management. Products in 
this trial are Bio Ag E, BioMate, Lift off, and Soil 
Revive.
Goal: To test the main Bio Ag Management 
program against no treatment checks as well as 
other in-furrow programs. 
Results: In both plots the Bio Ag E program 
showed good yield and economic gains. In Plot 
One, the program showed a yield advantage of 
13 bu/acre against the average of two checks  
— one on each side of treatment area. Results 
were more drastic in Plot Two. 

2020 Plot Descriptions



In Plot Two, the Bio Ag program had a 42 bu/acre 
increase versus the average of two checks on each 
side of treatment area. Further research will go into 
pinpointing what physical and chemical character-
istics in this plot led to such a large yield advantage 
to further guide customers on product placement. 

Treatment 3: Food Source only

Treatment 3 was an omissions trial of sorts. We took 
the live biological product out of the mix and only 
applied biostimulants in-furrow. 
Goal: To look at how effective biostimulants are 
alone, without the added live biological products. 
This trial consisted of BioMate, Lift off, and Soil 
Revive
Results: When removing the live biological products, 
yield results were diminished. Plot One showed a 
gain of 5 bu/ac and Plot Two showed a gain of 6 
bu/ac. This led us to conclude that it is, in fact, the 
live biological products alongside the biostimulants 
that work together to jump start the relationship 
between soil biology and plant health.

Treatment 4: Biovante Root Exudate Program
Treatment Four applied in both plots was the 
Biovante Root Exudate program. This in-furrow 
treatment consists of shelf stable microbes with a 
blend of biostimulants. Products included in this trial 
are Bioflex (biological), Biomate, BioSerum, Infusion 
2.0, and Assist (biostimulants). 
Results: The Root Exudate program had good results 
in both plots. Plot One showed an increase of 17 
bu/ac and Plot Two showed an increase of 26 bu/
ac — an increase when compared to the average 
of checks on each side of treatment area. The Root 
Exudate Program offers a good balance between 
ease of use and consistency. While the Root Exudate 
Program may not have the biological diversity 
and density of the Bio Ag E program, the balance 
between effective biostimulants and biology can 
increase yields, and the shelf life of BioFlex makes it 
a good option.

Treatment 3: Plants in rapid vegetative growth 
stage, plant on left untreated. Right side treated 
with Bio AG E.

Treatment 4: Plants in rapid reproductive 
growth stage, plant on left treated with Bio AG E. 
Right side untreated.
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2020 Plot Descriptions
(Continued)
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2020 Plot Descriptions
(Continued)

Plot One

Plot Two

Treatment Acres Wet Weight Moisture
Dry 
Yield

Bio Ag E/ Starter 0.5 6400 20.7 210.53
Check 0.5 6320 24 198.56
Bio Ag E 0.5 6480 23.5 205.96
Check 0.5 6180 24.6 189.8
Food Source only 0.5 6080 24.9 186.74
Check 0.5 5640 24.9 173.22
 Biovante Root Exudate 0.5 6260 24.1 196.73
Check 0.5 5980 24.5 185.8

Treatment Acres Wet Weight Moisture
Dry 
Yield

Bio Ag E/ Starter 0.5 6120 19.1 214.91
Check 0.5 6080 20.1 210.33
Bio Ag E 0.5 7180 19.9 248.4
Check 0.5 6120 19.8 203.26
Food Source only 0.5 6380 19.4 213.5
Check 0.5 6400 19.7 212.56
 Biovante Root Exudate 0.5 7120 19.7 236.48
Check 0.5 6480 19.8 215.2
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Biological Product Placement

Determining which plots will benefit from biological products

A key goal of Bio Ag Management is to help growers place biological products where they will be the 
most successful.
Because the properties of soil’s biological, physical, and chemical traits are intertwined, we must 
look at the physical and chemical characteristics in order to make informed decisions on where we 
may have success in using biological inoculants and biostimulants. For instance, sometimes a field 
has historically low soil test levels, but it can be determined, through testing, that a lot of mineral 
nutrition in the soil hasn’t been made available to the plants. This type of field may be a good 
candidate due to these chemical characteristics.  Others may have physical issues that biological 
inoculants can help overcome. 
Below is an example of how we can use real world observations to make a biological product 
placement decision. 
The field in this example is a highly productive field that, on the surface, may not appear to be a 
field one would target for using biological products. The overall fertility is high with good organic 
matter on a dark silty clay loam soil. The chemical properties appear to be in check. In 2020 the 
field was applied with Bio Ag Management’s in-furrow biological program, and a check strip was 
left in the southern half of the field. The treated portion of this  field showed a 20 bu/ac increase 
in yield above the check strip. The results in this field highlight how it is important not to overlook 
how the physical, chemical, and biological traits are woven together to create an optimal habitat 
for plant growth. Although the chemical aspects may be in good order, a large amount of water 
from neighboring fields moves through this field. This fact, coupled with minimal slope, means this 
field generally is in a tough landscape position. This has led us to hypothesize that because there 
are issues with the physical traits not being optimal to maintain biological populations and diversity 
to efficiently cycle nutrients, the Bio Ag E in-furrow program showed positive benefits. In the fall of 
2020, multiple “indicator complete” soil tests were pulled to better understand this phenomenon.

Treatment Yield Acres
Bio Ag E (North) 230 4.2

No Treatment 209 2.2
Bio Ag E South 232 4.3

Bio E In-Furrow

Bio E In-Furrow

Check
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Biological Product Placement
(Continued)

Image shows 2020 yield monitor map. Check strip is located in southern half of field.

Image shows application map of Bio Ag Management in-furrow program applied at planting spring of 2020.

254.15 - 480.98  (10.48 ac)
244.94 - 254.15  (11.10 ac)
237.28 - 244.94  (11.24 ac) 
229.44 - 237.28  (11.26 ac) 
218.54 - 229.44  (11.22 ac)
199.84 - 218.54  (11.05 ac) 
    7.03 - 199.84  (10.46 ac)

Yield (Dry)
(bu/ac)

34.37 - 255.37  (  0.00 ac)
  2.85 -   34.37  (22.13 ac)
  2.80 -     2.85  (23.43 ac) 
  2.74 -     2.80  (20.77 ac) 
  2.59 -     2.74  (  9.79 ac)
  1.31 -     2.59  (  1.83 ac) 
  0.00 -     1.31  (  0.31 ac)

Rate (Volume)
(gal(US)/ac)



Bring energy to early season corn under cool, wet and cloudy conditions by 
using mineral nutrition coupled with biostimulants.
The 2019 growing season was abnormally wet and cool, with very few days of full sun 
early in the growing season. In addition to days of saturated soils, cool and cloudy days 
were more frequent than sunny days. Under these conditions photosynthesis rates decline, 
lowering yield potential. Although not as wet, 2020 has seen a stretch of cool, wet, cloudy 
weather — causing similar issues. One of the focuses of Bio Ag Management is to under-
stand and implement the use of biostimulants along with mineral nutrition to maximize plant 
health and mitigate stress. In 2019 Bio Ag Management ran trials testing the response of 
biostimulants coupled with balanced mineral nutrition. Results are below.

Biostimulants and Foliar Application Keys to Success
What Are Biostimulants? Broadly speaking, biostimulants are biologically active molecules 
that aid in the uptake of water and nutrients. Biostimulants also provide a carbon energy 
source to plants helping in low energy environments.
When Should I Use Biostimulants? Biostimulants are great to use alongside other nutrient 
applications. Biostimulants aid the uptake of mineral nutrition, increasing the efficiency of 
fertilizer. Biostimulants are also great to use in stressful growing conditions.
I hear a lot about the inconsistency of foliar feeding apps. What can make them successful? 
From our experience, TIMING is a crucial key to being successful with foliar applications. 
Early morning or evening are the best times to apply. Do not spray in the heat of the day. 
Use high tip pressure.
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Understanding and Using 
Biostimulants

Program costs:  
Micro-X 32 oz:  $2.30 acre  
BioMate 8 oz:  $2.38 acre
Assist 10 oz: $3.12 
Total: $7.80 acre  

MicroX-Assist-BioMate  

(All Attributes) 
A ll Attributes

1/28/2020 11:34:10 AM 

200.30 - 432.38 (15.00 ac)
191.02 - 200.30 (15.94 ac)
183.89 - 191.02 (16.02 ac) 
177.10 - 183.89  (16.0l ac)  
169.00 - 177.10 (15.98 ac)
157.5O - 169.00 (15.93 ac) 
     6.47 - 157.50 (15.40 ac)

Yield (bu/ac) 

Ag Leader 
Technology 

SMS 
Advanced 

Image above shows a trial run in 2019. Growing conditions up to application were cool and wet with 
minimal days of full sun. At V6, a blend of Biovante Micro-X (a balanced micro-nutrient fertilizer) and 
Biovante BioMate (a mix of Nitrogen-fixing bacteria and biostimulants) were applied. The average 
increase across three checks in this field was 13 bu/acre, giving a return of $32 per acre (at $3.00 
selling price and accounting for the cost of materials.)
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Biostimulant Application with 
UAN Y-Drop

15 gal/acre 
UAN only 

 

15 gal/acre UAN 
10 oz/acre

BioMate 

    

200.30 - 432.38 (15.00 ac)
191.02 - 200.30 (15.94 ac)
183.89 - 191.02 (16.02 ac) 
177.10 - 183.89 (16.0l ac)
169.00 - 177.10 (15.98 ac)
157.5O - 169.00 (15.93 ac)

 6.47 - 157.50 (15.40 ac)

Yield (bu/ac) 

Below is another example of the benefits of using biostimulants in conjunction with 
traditional fertilizer. Trial below was applied with 15 gallons of UAN and 10 ounces of 
Biovante BioMate in northern half of the field. Southern half was applied with UAN only. 
Applications were made around the time of tasseling. Yield advantage on average was 
15 bushels per acre with some areas having a 20+ bushel advantage. This trial is a great 
example of how small amounts of biostimulants applied can greatly increase the efficiency 
of traditional fertilizers. Not only can biostimulants applications be beneficial, they are 
also cost effective. The total cost of 10 oz of BioMate in this trial has a per acre cost of $3 
per acre, giving this trial a $42 per acre revenue advantage after accounting for cost of 
product.
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Biostimulants as Nitrogen Stabilizers

When we start to transition to an approach to farming that tries to work with the natural soil’s 
biological system, it is important to look at how different products can affect that system.
Let’s take a look at Nitrogen stabilization and how we decide what Nitrogen stabilizer to 
use when we are applying liquid UAN in season. Nitrogen stabilizers are ubiquitous in 
the Ag retail market, but broadly speaking, the most common Nitrogen stabilizers work 
by suppressing/killing the Nitrogen-cycling bacteria in soil using the chemical nitrapyrin. 
When we try to make decisions that are beneficial — and not harmful to soil health — ni-
trapyrin-based stabilizers may not be the best approach. At Bio Ag Management we have 
begun to use Humic Acid as a Nitrogen stabilizer. Humic Acid is composed of organic mol-
ecules that are derived from Humus, the main component of soil organic material. Humic 
Acid is a natural urease inhibitor, but is not damaging to soil microorganisms. Beyond its 
Nitrogen stabilization properties, Humic Acid is a natural biostimulant and can actually 
help maintain healthy soil microorganisms. Humic acid also has chelating properties. A 
chelating agent weakly bonds to ions and keeps them from combining with other ions that 
can cause a plant nutrient to be “tied up.” Humic Acid is also a cost-effective product to use 
in liquid UAN applications.
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Chemical and Physical Properties: 
Being Efficient in the Use of Fertilizer

As we have stated before, a major key to success when using a biologically-focused ap-
proach to farming is understanding how the biological, chemical, and physical attributes 
of soil are intertwined and affect the efficiency with which crops can be produced. For 
instance, the physical characteristics of soil vary greatly — which has an effect on what 
chemical nutrition a plant will be able to utilize regardless of how much fertilizer is applied. 
A soil that is high in clay content may have a tendency to tie up fertilizers, making them 
unavailable for plants to use. From our research, we have come to the conclusion that crop 
responses to fertilizer can vary drastically, depending on the physical characteristics of 
a soil. A good practice to start to use fertilizer as efficiently as possible is to test and trial 
different rates, timing, and forms of said products.

2020 Dry Fertilizer Trials
One of the key focuses at Bio Ag Management is to be as efficient as possible when we 
use chemical fertilizer inputs. As we transition into thinking how our input decision affect the 
biological, physical, and chemical properties of soil, it is important to examine the response 
we see from traditional fertilizers. Years of analyzing soil test and yield data has led us to 
analyze the response to traditionally applied dry fertilizer. 

In 2020, two fields were applied with:
• 100 units of DAP

• 100 units of Potash in a banded strip

Five fields were applied with:
• 200 units of DAP and potash blended

• 200 units of DAP

• 200 units of Potash through a broadcast spinner spreader. 

After analyzing gains and return from these trials, we have decided to further look at timing 
of our fertilizer applications to increase efficiency. 
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Chemical and Physical Properties
(Continued)

2020 Dry Fertilizer Strips

Treatment Field Crop Yield
Difference 
from check

Cost/
Acre

ROI at $4Corn 
$11.50 Beans

Strip Till No Fertilizer 1 Corn 208
Strip Till 100 DAP 100 Potash 1 Corn 212 4 $35 -$14.00

Strip Till No Fertilizer 2 Corn 174
Strip Till 100 DAP 100 Potash 2 Corn 178 4 $35 -$14.00

Broadcast No Fertilizer 3 Corn
Broadcast 200 DAP 200 
Potash 3 Corn 266 -1.5 $70 -$76.00
Broadcast 200 DAP 3 Corn 267 -0.5 $40 -$38.00
Broadcast 200 Potash 3 Corn 261 -6.5 $30 -$56.00

Broadcast No Fertilizer 4 Corn 224
Broadcast 200 DAP 200 
Potash 4 Corn 226 2 $70 -$54.00
Broadcast 200 DAP 4 Corn 219 -5 $40 -$60.00
Broadcast 200 Potash 4 Corn 205 -19 $30 -$116.00

Broadcast No Fertilizer 5 Beans 75
Broadcast 200 DAP 200 
Potash 5 Beans 77 2 $70 -$47.00
Broadcast 200 DAP 5 Beans 76 1 $40 -$28.00
Broadcast 200 Potash 5 Beans 77 2 $30 -$7.00

Broadcast No Fertilizer 6 Beans 86
Broadcast 200 DAP 200 
Potash 6 Beans 89 3 $70 -$35.50
Broadcast 200 DAP 6 Beans 86 0 $40 -$40.00
Broadcast 200 Potash 6 Beans 86 0 $30 -$30.00

Broadcast No Fertilizer 7 Beans 66.5
Broadcast 200 DAP 200 
Potash 7 Beans 69 2.5 $70 -$29.50
Broadcast 200 DAP 7 Beans 65 -1.5 $40 -$57.25
Broadcast 200 Potash 7 Beans 67 0.5 $30 -$29.75



K Leaf Level

Graphs showing P and K levels in corn plants showing optimal levels and measured levels

P Leaf Level
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Leaf testing for nutrients during the growing season is a well-established way to begin to 
understand what nutrients are in high enough concentrations to promote the best plant 
health and yield. At Bio Ag Management, we believe in using all the tools available to give 
us a clearer picture of what is truly happening with plant nutrition throughout the year.
In 2020 we expanded our leaf sampling research to further learn how best to use fertiliz-
ers. Our fall fertility trials showed little return on investment when large rates are front-load-
ed long before the actual crop is growing. One reason for this may be because even 
though the fertilizer is being applied, the plant cannot efficiently access the nutrients when 
it needs them. It is a well-established fact that as rapid vegetative growth and reproduction 
happens, crops demand more mineral nutrition. The timing of fertilizer applications can be 
just as — or even more important than — the rate of fertilizer applied. Because we also 
want to consider the biological health of our soils, high application rates with little attention 
to timing can be harmful to the soil ecosystem. 
Our 2020 leaf sampling data gives some insight into this. Following are graphs of the 
average P and K levels by growth stage of all the corn leaf samples Bio Ag Management 
took in 2020. These samples were taken from various management practices, soil test 
levels, and fertility management strategies. What we discovered is that while P levels are 
fairly stable in our geography, K deficiencies are more common. Soils in our geography 
are efficient at supplying plant-available phosphorus; this has been used when making 
phosphorus recommendations via university research. This leaf sample data set supports 
that idea. When we look at K levels in the plant, our sample set shows when rapid vegeta-
tive growth begins to happen, our soils have trouble keeping up with the plant’s demand. 
Going forward, we will expand this research, and we have already begun to develop 
programs for growers that use more advanced soil testing methods and a greater variety 
of tests that can help guide the overall health of a soil from the biological, chemical, and 
physical characteristics — not chemical testing alone. Further in this section, we will present 
an example of how we are implementing these testing strategies to pinpoint in-season 
application of nutrients.

2020 Leaf Sample Summary
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Advancing Potassium Soil Testing

One of the key goals of Bio Ag Management is to help growers use data that can bring the 
interactions between soil chemistry and soil biology into focus. 
Most fertility recommendations today use a single extraction method for determining avail-
able Potassium. Although better than doing nothing, this approach may not be showing 
what is or isn’t truly available to the plant. The biological interactions happening in soil are 
not addressed in this analysis. One way to better fine-tune fertility recommendations is to 
use what is called a KH3A extraction alongside a typical extraction method.

149.39 - 162.99 (4)
144.41 - 149.39 (3)
136.98 - 144.41 (4) 
129.08 - 136.98 (3) 
121.45 - 129.08 (4)
  73.14 - 121.45 (4) 
  50.62 -   73.14 (4)

Soil K
(ppm)

Field One

K Test
Average Min. Max.
115 PPM 50 PPM 162 PPM

KH3A Test
Average Min. Max.
53 PPM 39 PPM 60 PPM
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Advancing Potassium Soil Testing
(Continued)

The above images and tables show two fields with similar soil types that have been under 
the same type of management. In 2019 each field was sampled, and a conventional 
Ammonium Acetate (AA) was performed as well as the Potassium KH3A extraction. The 
tables show the results. As you can see, the two fields have similar AA Potassium tests. The 
averages are close, and the range from minimum to maximum is similar. As far as making 
conventional Potassium fertilizer recommendations are concerned, these two fields would 
have similar amounts applied. In the 2020 growing season, Field Two showed visible 
Potassium deficiency and we expect it to have an impact on yield. When we look at the 
KH3A test, we start to see a difference. The average KH3A test for Field One is nearly 
double that of Field Two, and the maximum of Field Two is 1 PPM higher than the minimum 
of Field One. These data sets are in a completely different range and give a better look at 
true availability. Although the AA Potassium test is similar between the two, what can be 
used by the plant in Field Two is significantly lower, drastically changing how we go about 
using fertilizer on these two fields. The KH3A test is one of many attributes included in the 
Indicator Complete soil test that gives us a more in-depth look at soil fertility and biological 
activity to allow us to manage resources more efficiently.

Field Two

149.39 - 162.99 (4)
144.41 - 149.39 (3)
136.98 - 144.41 (4) 
129.08 - 136.98 (3) 
121.45 - 129.08 (4)
  73.14 - 121.45 (4) 
  50.62 -   73.14 (4)

Soil K
(ppm)

K Test
Average Min. Max.
100 PPM 34 PPM 177 PPM

KH3A Test
Average Min. Max.
32 PPM 24 PPM 40 PPM
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Advanced Soil Testing

At Bio Ag Management we have begun using the testing services of Next Level Ag labs, 
located in South Dakota. Next Level’s approach to testing and interpretation looks at the 
entire soil ecology — not just chemical characteristics. This allows us to use inputs more 
efficiently. The key test package we use is the “Indicator Complete,” which gives us a 
wealth of data with which to begin our work. 
Below is a breakdown of what some of these tests can tell us.
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Advanced Soil Testing
Indicator Based Test

This test takes five key results for a nitrogen and sulfur recommendation, five key results for a 
phosphorus recommendation, and five key results for a potassium recommendation. 

Each measurement that is taken is given a star rating. This rating correlates back to the 
results that have influence on the nutrient efficiency rating in each category. Once we have 
an efficiency rating for each individual component, these are averaged to create an overall 
efficiency rating; with this rating and the yield goal, a nutrient recommendation is created. 
Below we will go over the components of each section that are used to formulate the average. 
The factors are not listed in any order, and at this point in time all the factors are weighted the 
same. As we get more and more research completed, we will begin to weight the factors to 
get an overall better average.

Nitrogen and Sulfur
1. Organic Matter
Organic Matter has time and time again proven that the higher it is, the less commercial ni-
trogen and sulfur are necessary. We believe this is the case because high Organic Matter 
provides several positives in the soil system. The first benefit is that it houses our beneficial 
microbial population. The second advantage is that it helps keep our soil structure more 
friable and granular, allowing growing plants to have greater root mass and penetration, 
therefore more exploration and a greater efficiency at finding nutrients. Last but not least, 
with higher Organic Matter soils, we have increased nutrient-holding capacities, and the 
soil is more buffered to changes in pH and, to a lesser extent, other chemical properties.
2. SLAN
SLAN is a measurement of organic nitrogen that is a component of amino acids or proteins 
found in the soil. These amounts have proven to be a slow-moving number that doesn’t 
change quickly. This amino acid/protein N becomes slowly available over the year, and 
when we have a high result here, it gives us a larger pool of N to pull out of throughout 
the summer.
3. HT3 24 Hour CO2 Burst
HT3 24 Hour CO2 Burst is a measure of biological activity. This measurement is made by 
drying a soil entirely and then rewetting it in a sealed container with a carbon dioxide-sen-
sitive paddle that changes color based on the carbon dioxide content of the environment. 
When the soil is dried down, the microbial life goes dormant; when it is rewetted, the 
microbes come out of dormancy and begin respiring and release CO2, so the amount of 
CO2 that is released can be correlated back to biological activity. It has been proven that 
the more biological activity in a soil equates to higher organic nitrogen mineralization.
4. VAST
VAST is a measurement of aggregate stability. This measures how well the soil holds up 
against water (Water Stable Aggregates). This is a gauge of soil structure and can be used 
to determine everything from susceptibility to crusting to root exploration. The higher the 
percentage of Water Stable Aggregates, the less prone the soil is to crusting. It also leads 
to greater root mass/exploration, which in turn leads the plant to retrieve nutrients more 
effectively. The amount of Water Stable Aggregates also gives us an idea of how constant 
the environment is for the microbial population below the ground.
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5. C:N Ratio
C:N Ratio is a comparison of Water Extractable Organic Carbon (WEOC) to Water 
Extractable Nitrogen (WEN). WEOC and WEN are both necessary for microbial life, but 
when the ratio gets either too low or too high, we begin to run into some issues. When the 
C:N Ratio reaches >15 (meaning for every 15 parts of carbon there is 1 part nitrogen) 
the microbial life is going to tie up a lot of nitrogen trying to break down the carbon in 
the system. This causes nitrogen efficiency to go down, meaning it will take more nitrogen 
to grow a bushel of corn. When the C:N Ratio gets low, the microbes will not tie up very 
much nitrogen at all when they are breaking down the carbon, which will increase nitrogen 
losses to leaching and denitrification, but also gives a greater ability to pick up nitrogen 
earlier in the season.

Phosphorus
1. Olsen or Bray P1
These are both considered industry standards for the measurement of available phospho-
rus. While these measurements are not related to soil health, they still bring a great deal 
of time-tested information to help determine the need for phosphorus applications. The 
difference between the Bray extraction and the Olsen extraction is the soil pH’s that they 
are useful on. Bray, for instance, is very well calibrated on and effective on soil pH’s at 7.4 
and below. This is because the Bray extract is an acidic extraction, and if a soil is alkaline 
or contains a lot of free lime (calcium carbonate), the extract is neutralized before phospho-
rus is extracted. Olsen, on the other hand, is an alkaline extraction, which makes it more 
effective than Bray on soils with a pH above 7.4. The results returned for Bray and Olsen 
are similar, but Olsen tends to have a slightly smaller result by a couple of ppm (unless the 
Bray extract is neutralized by the soil pH). Due to this variance in results, Bray results and 
Olsen results are not compared on the same scale.
2. HT3 24 Hour CO2 Burst
Much in the same way HT3 24 Hour CO2 Burst influences nitrogen rates, it influences 
phosphorus rates. As Organic Matter is consumed by microbes, organic phosphorus is 
converted into an inorganic plant available form. Another aspect of microbial life that 
influences phosphorus uptake is mycorrhizal fungi. Mycorrhizal fungi are long filament-type 
fungi that create a huge network throughout the soil profile when they come in contact with 
the root of a plant.
3. P-sat
P-Saturation stands for phosphorus saturation of the soil. Phosphorus can be tied up in 
many ways within the soil. P-Sat compares the P flushed from the soil using a very simple 
and weak extract (H3A) to that amount of Iron and Aluminum flushed from the soil. This is 
important in understanding the true availability of the phosphorous in your soil’s system.
4. pH
The ideal pH for most nutrient availability is neutral 6.7-7.0. Nitrogen and sulfur are 
nutrients that are affected the least by pH. Phosphorus is affected the most. The higher pH 
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soils (more alkaline) tend to tie up phosphorus and make it unavailable to the plant. The 
phosphate ions tie up with calcium and magnesium to make up less soluble compounds. 
However, when a soil’s pH is significantly lower (acidic), iron and aluminum tie up phos-
phorous, making less soluble compounds.
5. VAST
VAST is a measurement of aggregate stability. This is how well the soil holds up against 
water (Water Stable Aggregates). This is a gauge of soil structure and can be used to deter-
mine everything from susceptibility to crusting to root exploration. The higher percentage of 
Water Stable Aggregates, the less prone the soil is to crusting and the more prone the plant 
is to expect greater root mass/exploration, which in turn leads to retrieving Nutrients more 
effectively. The amount of Water Stable Aggregates also gives us an idea of how constant 
the environment is for the microbial population below the ground. Run off is more prone 
when VAST results are low; Phosphorus moves less in the soil than most nutrients, making P 
very prone to be moved by heavy rainfall or erosion. VAST also gives us some indication 
(not always directly) if the soil’s bulk density is high or low. The more air space in the soil, 
the better the roots will explore the soil cavities. Since P is not very mobile, this equates to 
better P utilization.

Potassium
1. Ammonium Acetate ppm
This test result has been widely used as the most important way of evaluating yours soil’s 
supply of potassium. Many labs use other extractions as well; we use ammonium acetate, 
as we feel this is the most validated method of extraction.
2. K% Base Saturation
This result explains what percent of the soil’s exchange sites are occupied by K. We utilize 
this result before we make any potassium fertility recommendations. This helps us under-
stand the K availability, especially in excessively dry years. Some Universities stand by the 
fact that Base Sat K should not be involved with a fertilizer recommendation, but we find 
in South Dakota soils, this does have value. The higher the CEC your soil has, the more 
available K is needed. This may be somewhat related to the fact that root exploration is 
generally less in high CEC soils and on our hilltops etc. We don’t over value this result, but 
we feel it needs to be part of the equation.
3. NA% Base Saturation
Na% Base Saturation is calculated the same way that all other base saturations are calcu-
lated. We look at this result and compare it vs the K%. The reason we feel this result can 
affect K uptake and should affect our K fertility program is associated with the following 
reasons. First, the soil Na and K compete for plant uptake and can easily be interchange-
able, as the plant has a tough time differentiating the two. The second reason is due to 
how Na reacts within the soil. Na destroys soil aggregates and makes soils very tight and 
poorly drained, which inhibits both root growth and K uptake.
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4. Mg% Base Saturation
Higher % Mg in your soils limit soil aeration and oxygen levels within the soil profile. These 
are both needed for root respiration and K uptake. Higher Mg% soils also tend to be tighter 
in structure, which limits root exploration of the soil.
5. VAST
VAST is a measurement of aggregate stability. This is how well the soil aggregates hold up 
against water (Water Stable Aggregates). This is a gauge of soil structure and can be used 
to determine everything from susceptibility to crusting to root exploration. The higher per-
centage Water Stable Aggregates, the less prone the soil is to crusting and the more prone 
the plant is to greater root mass/exploration, which in turn leads to retrieving Nutrients 
more effectively. The amount of Water Stable Aggregates also gives us an idea of how 
constant the environment is for the microbial population below the ground. Another reason 
why VAST can directly affect potassium uptake is the fact that better aggregate stability also 
leads to better moisture infiltration at the soil surface. Potassium availability and moisture 
availability are directly related to one another.
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Potassium Insights 2020

Fertilizer Rate and Timing 
The biologically-conscious approach to agriculture goes beyond just the biological makeup 
of soil but also examines how to efficiently deliver nutrition to our crops and not over apply 
synthetic fertilizers. Over application of synthetic fertilizers could harm beneficial soil 
biology as well as not produce an economic return. How one determines when fertilizers 
are being over applied or applied at the wrong time is a difficult question to answer. This 
is mostly due to the host of other variables one has to consider. Every field will be different 
and may need a more tailored approach versus painting with a broad brush. In 2020 we 
began to evaluate what value we can get from broadcast applications of Potash fertilizer 
and the efficiency of different Nitrogen plans. 

Example Field 
In the fall of 2019 a trial was set up to track the efficiency of a traditional 200-200 DAP 
and Potash broadcast application. This application added 92 lbs. of Phosphorus, 120 lbs. 
of Potassium, and 36 lbs. of Nitrogen for the next year’s crop. The entire field was applied 
with 120 units of Nitrogen then side dressed with an additional 40 units. A strip was then 
left with no additional Nitrogen through the area with dry fertilizer applied. This allows us 
to look at multiple scenarios. We have a portion of the field with 160 units of total Nitrogen 
applied in two applications and no dry fertilizer, an area with dry fertilizer and 196 units 
of Nitrogen split between N in DAP, fall NH3, and side dress as well as an area with dry 
fertilizer and 156 units of Nitrogen all applied in the fall with N from DAP and NH3.

Plant health image taken early growing season. Plant health image taken late growing season.

Above are satellite plant health images taken early in the growing season (left) and late 
in the season (right). In the early season images we can see a definitive uptick in the plant 
health rating. Interestingly, though, when we look at plant health imagery later in the sea-
son, the area that was not side dressed becomes apparent, with low plant health ratings, 
and the overall fertilizer strip is not defined. These images illustrate how much conditions 
change over the growing season and help us to begin to reassess how to use fertilizer. It 
seems apparent that early season plant health was positively affected by the applied fertil-
izer. When we move later into the growing season, it appears those benefits wane, and the 
area with only fall applications have the lowest plant health ratings. This aligns with what 
we have seen when looking at leaf sample data as well. We will discuss the final yield 
results later.

Fall dry fertilizer

No 
side dress

No 
side dress
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Potassium Insights 2020
(Continued)

2020 leaf sample data
The graph to the left shows the average concentra-
tion of potassium and Nitrogen in corn leaf samples 
Bio Ag Management took over the 2020 growing 
season separated by growth stage. The data set 
contains approximately 200 samples taken over 
varying geography and management practices. 
This data illustrates how nutrient loads actually 
change over time throughout the growing season. 
This has led us to believe that large rates of upfront 
applied fertilizer may not be the most economically 
and environmentally-sound practice all the time. By 
adjusting rate and timing of applications, we may 
be able to more efficiently use fertilizer and use less 
of it. This approach improves the bottom line, but it 
also allows us to avoid high rates of synthetic fertil-
izers in single applications that can be detrimental 
to the biological life in our soils.

Treatment Yield/ROI From Check

Y- Drop No Dry Fertilizer 237/+$62

No Y-Drop No Dry Fertilizer (Check) 214/$0

No Y-Drop Fall Fertilizer (200 DAP 200 
Potash)

214/-$70

Y- Drop No Dry Fertilizer 236/+$58

Y- Drop Fall Fertilizer (200 DAP 200 Potash) 237/-$8

Yield Results

Above are yield results from different treatment areas. During the growing season some 
areas were applied with Nitrogen, Potassium, Boron, Sulfur and Biostimulants through 
Y-drops. Using GPS yield maps areas with different treatments were analyzed. These 
results further give evidence that single high rate applications of synthetic fertilizers may 
not always be beneficial. Trial area that only had fall applied nutrients yielded 22 and 
23 bu/ac lower than other areas. The highest yielding areas had the Nitrogen plan split 
into two applications but showed no yield advantage to the high rates of front loaded P 
and K fertilizer. In the scenario with the most fertilizer applied; 196 lbs Nitrogen, 92 lbs 
Phosphorus and 120 lbs of Potassium yielded the same as the area that had 160 lbs of 
Nitrogen applied and nothing else. When comparing the revenue difference between the 
area that had fall fertilizer with no Y-drop to the area that had no dry fertilizer and only in 
season N-K-S-B fertilizer, results show an increase of $132 per acre in net profit.



Precision-placed cover with strip till
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Impact of Biological Properties on 
Physical Properties of Soil

Why is aggregate stability important? 
Stable aggregates are critical to erosion resistance, water availability, and root growth. 
Soils with stable aggregates at the surface are more resistant to water erosion than other 
soils, both because soil particles are less likely to be detached and because the rate of 
water infiltration tends to be higher on well-aggregated soils. Unstable aggregates disperse 
during rainstorms, then form a hard physical crust when the soil dries. Physical crusts 
restrict seedling emergence because they have fewer pores for air and water entry into the 
soil. The crusts result in more runoff, more erosion, and less available water. Aggregated 
soils hold more water than other soils and provide pores for root growth. Large, stable 
aggregates can resist degradation and removal by wind better than small, weak ones. 
Aggregate stability is a good indicator of the content of organic matter, biological activity, 
and nutrient cycling in the soil. The amount of organic matter increases after the decompo-
sition of litter and dead roots begins. Stable aggregates result from this process because 
soil biota produce material that binds particles together. “New” organic matter stabilizes 
the larger aggregates, while the smaller aggregates are more likely to be bound by “old” 
organic matter. New organic matter holds and can release more nutrients. Changes in 
aggregate stability may serve as early indicators of recovery or degradation of soils and, 
more generally, of ecosystems. Perennial plants can often persist long after the soil and 
plant community have become too degraded to support plant regeneration, while recovery 
is often occurring long before desirable plants become reestablished.
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Biological Properties Affect Physical 
Properties in Soil

(Continued)

The above image is an example of how the biological aspects affecting soil can cause 
a change in the physical characteristics of that soil. 
When we began to implement a biologically-focused approach to farming, a strip 
120 feet wide and ¾ of a mile long was left in a field where no biological inocu-
lants or biostimulants were used. After three years, we pulled soil samples a few feet 
apart in and out of the non-treated strip and performed a simple aggregate drop 
test. We were pleased with the results. Samples are submerged in a beaker of water 
and left to sit. A soil that has more aggregate stability is more resilient and has 
less of a tendency to erode. The beaker on the left contains the sample that had no 
biological inoculants or biostimulants applied. After sitting submerged in water for 
half an hour, the sample has begun to disassociate and become suspended in the 
water, while the treated sample is intact and has not begun to fall apart. This simple 
test illustrates how having a balanced and healthy biological profile can help soils 
resist the harm caused by physical environmental factors, such as heavy rain, that 
cause erosion.



Soil OM and WEOC to Corn Yield

Graph above shows positive correlation of soil organic matter and active carbon yield
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2019 Organic Matter Analysis

In 2019, we took a deeper look at the increase in soil organic matter that we were 
seeing on a few fields in 2018 and expanded it to cover more acres. We analyzed 
the soil organic matter levels from two operations that had implemented a biological 
farming approach in 2016. We compared soil samples pulled in fall of 2016 — 
when the program started — and samples pulled in 2019 after four crop years 
running Bio Ag Management products and transitioning away from deep tillage.

Table above shows the change in organic matter across two operations. Sample data represents approximately 1,600 
acres total (800 per operation). In both operations organic matter has increased significantly. In 2016, each of these 
operations transitioned away from relying on deep tillage and high rates of fertilizer and switched to using Bio Ag Man-
agement products as well as strip tillage and minimum tillage systems.

Operation Number of 
Data Points

2016 OM 
Average

2019 OM 
Average

Percent 
Change

Total 
Change

Strip Till 121 1.96% 2.79% +22% 0.83%

Min Till 114 2.6% 3.2% +14% 0.63%
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Key Programs

Bio Ag In-Furrow

Bio Ag In-Furrow Program

The Bio Ag In-Furrow program is the flagship program at Bio Ag Management and where we 
focus most of our research. This program has a limited shelf life.
Bio Ag E: contains a dense concentration of beneficial soil microorganisms, including 
Mycorrhizae fungi.
Soil ReVive: A potent bio stimulant that contains a blend of complex and simple biological 
food sources.
BioMate: Contains four simple sugars as a biological food source as well as photosynthetic 
and energy-producing bacteria.
Lift Off: Lift-Off is auxiliary plant benefactor meant to aid in early germination and plant 
vigor.
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Key Programs

Bio Ag Root Exudate

Bio Ag Root Exudate Program

The Root Exudate Program strikes a good balance between ease of use and shelf life with a 
diverse biological inoculant and quality biostimulants.



ControlTreated
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BioCore Program

Key Programs

BioCore
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Key Programs

In-Season Custom Y-Drop Blends

At Bio Ag Management, we have the ability to create custom fertilizer blends to be used in 
side dress applications. Through leaf testing, we can determine what nutrients are deficient 
— and then create a blend to remedy those deficiencies. Currently, our blends are targeted 
at Nitrogen, Potassium, Sulfur, and Boron.
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