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Phase I:  Crop Residue Management
This “second harvest” focuses on efficient breakdown of crop residue to improve soil health and boost 
nutrient retention/availability, nitrogen fixation, water infiltration, and carbon release to feed the crop 
during the growing season, while reducing residual insect and disease pressure. The key benefit is 
improved nutrient cycling from the crop residue, which can help lower your fertilizer bill.

Farm the ControllablesFarm the Controllables

• Enhanced soil structure, aerobic zone &  
water infiltration

• Less tillage and less horsepower required

• Reduced tire & equipment wear

• Ability to no-till

• Better planter performance  
(less hair pinning and plugging)

• Soils that warm up sooner for earlier 
planting

• Improved seed-to-soil contact and final 
stands

• Improved nitrogen fixation and availability

• Improved nutrient availability and balance 
throughout the growing season

• Nutrient recycling in residue, which can  
reduce purchased crop inputs

• Building organic matter, which anchors 
nutrients to your farm

• Reduced iron chlorosis

• Capturing more carbon in the soil to build 
organic matter

• Improved sugar production when plants 
capture more CO2 from the soil

• Reduced need for insecticides and 
fungicides

• Enhanced herbicide activity & weed control

• Reduced weed pressure over time

• Reduced volunteer corn

• Enhanced soil biodiversity

• Reduced soil toxins

• Improved cover crop benefits

• Carbon sequestration credits (if available)

• Enhanced yield and crop quality

Cost offsets for the Crop Residue Digestion Program
Reduce costs and boost profit potential with:
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“Undigested crop residue carry over from the  
previous year(s), can reduce crop yields up to 30%.”

Digested Residue

Corn on Corn 
Residue Management

Undigested Residue

Soybeans on Corn 
Residue Management

Undigested Residue



Crop Residue Digestion ProgramCrop Residue Digestion Program

This program will set the stage for:

• Crop residue digestion, trapping the carbon (energy), nutrients and secondary microbial metabolites in the soil.

• Dramatic improvements in soil health and the soil food web, including improved soil structure over time, that allows 
for better drainage, aeration and nitrogen fixation.

• Reduced or eliminated mycotoxins, root and foliar diseases, insect and weed pressure. Remember, pathogens and 
insects are nature’s garbage collectors. They are there to take out the crops that are not worthy of reproducing. By 
eliminating toxins and building the bioactive carbon, biodiversity, nutrient balance and nutrient availability, you’ll 
reduce your cost of production over time. Yield, grain quality and profitability per acre will increase.

• Improved soil-to-seed contact, along with uniformity of seedling emergence and crop stands.

• Reduced tillage (strip-till) or no-till, due to residue digestion and improved soil structure. Tillage can be reduced 
(strip-till) or eliminated (no-till).

• The opportunity to receive carbon 
sequestration credits.

Residue management, by the numbers:

• 4 tons of residue per acre are left behind on 
a 180-bushel corn crop.

• 2.1 tons of corn roots are in each acre too.

• 80-30-190 (the N-P-K contained in those 
4 tons of corn residue).

• 16 pounds of sulfur, 35 pounds of 
calcium and 25 pounds of magnesium 
are in those 4 tons, too.

A “second harvest” that improves crop residue management, soil health,  A “second harvest” that improves crop residue management, soil health,  
nutrient retention, water quality, profitability and sustainability.nutrient retention, water quality, profitability and sustainability.

Fungal Corn Residue Digestion

“Undigested crop residue carry over from the previous 
year(s), can reduce crop yields up to 30%.”

Digested Residue

Corn on Corn 
Residue Management

Undigested Residue

Soybeans on Corn 
Residue Management
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The Crop Residue Digestion Program Team
1. BioRegenerateTM is a mixture of 25 microbes, including organic crop residue digesters, organic acids and 

nitrogen. It’s designed to break down cellulose and lignin found in tough-to-digest corn stalks.

2. Eubio-NBS (c10) is a natural biological stimulant that works with existing microorganisms and applied 
microbes to speed up the crop residue digestion process. It boosts the microbes to multiply faster, increasing 
digestive enzymes and secondary metabolite production. This enhances the residue digestion process 
and soil food web. As a soil conditioner, Eubio-NBS (c10) improves water infiltration, boosts aeration and 
enhances nitrogen fixation. It also addresses unbalanced pH levels, soils overloaded with salts and  
nutrient availability.

3. Pacific Gro (2-1-0.3) is seafood for the soil. This liquid fish formulation provides a diverse diet to fungi and 
beneficial microbes. It contains a highly soluble source of calcium, amino acids (13% protein), chitosan, 13% 
oils and fats. Fungi drive crop residue digestion, promote soil carbon sequestration and enhance soil bioactive 
carbon. The chitosan content acts as a biopesticide that boosts plants’ natural ability to defend themselves 
against pathogenic microbes, insects and parasitic nematodes.

4. Sea-Crop® is composed of more than 90 naturally occurring elements and minerals derived 
from pristine seawater. These minerals, and the equally important trace elements, act as 
enzyme activators, growth stimulators, biological stimulators and a catalyst to form other 
nutrients in plants. The trace elements in Sea-Crop enhance the microbial crop residue 
digestion process. The goal in a complete residue digestion program is to produce healthy 
crops that are naturally disease and pest resistant, with exceptional taste, flavor and nutrient 
density.

5. Bio-ReleaseTM acts as a compatibility agent, helps unlock unavailable plant nutrients in the soil and 
stimulates the soil microbiome. Bio-Release is especially effective at stimulating fungi that break down  
crop residue.

6. Molasses is a source of energy and minerals to stimulate beneficial microorganism and boost nutrient 
availability, crop residue digestion and plant growth.

The combination of these ecologically-
friendly soil and plant technologies speeds 
the complete digestion of crop residue 
and primes the environment to produce 
nutrient-dense, high-energy crops.

Apply after harvest on top of the crop residue, cover crops & manure:

 Products Rate/Acre Cost/Acre
1. BioRegenerate (microbial blend) 32 oz $8.89

Total Rate/Acre = 32 oz

Option 1:

Note: can be shipped in 5 gallon jugs or tote

 Products Rate/Acre Cost/Acre
1. BioRegenerate (microbial blend) 24 oz $13.62
2. Eubio-NBS (c10) (biostimulant) 10 oz

Total Rate/Acre = 34 oz

Option 2:

Note: can be shipped in 5 gallon jugs or tote



Crop Residue Digestion Programs, Cover Crops and Manure ApplicationsCrop Residue Digestion Programs, Cover Crops and Manure Applications

The combination of a crop residue digestion program and cover crops is the ultimate in achieving healthy soil, 
higher crop yield potential and enhanced crop quality. These regenerative, sustainable practices will improve your 
short-term and long-term profitability. 

Even if a cover crop program isn’t implemented, the crop residue digestion program will allow you to achieve 
many benefits of a cover crop program, including biodiversity, building bioactive carbon, nutrient balance/availability, 
lower pest pressure and reduced soil toxins.

The crop residue digestion program applied before or after manure applications (liquid or dry) will enhance the 
in-field digestion and utilization of the manure.

Optional: If heavy pressure from insects, diseases or nematodes occurred during the growing season, add 
BioImpact+, a chitosan product, to your crop residue digestion program. Research shows that the chitosan 
technology acts as a biocontrol agent, reducing pest pressure in next year’s crop. When applying chitosan 
products, you must lower spray solution pH to 5.0 or below.

• Enhanced soil structure, aerobic zone & water infiltration

• Less tillage and less horsepower required

• Reduced tire & equipment wear

• Ability to no-till

• Better planter performance (less hair pinning and plugging)

• Soils that warm up sooner for earlier planting

• Improved seed-to-soil contact and final stands

• Improved nitrogen fixation and availability

• Improved nutrient availability and balance throughout the 
growing season

• Nutrient recycling in residue, which can reduce purchased crop 
inputs

• Building organic matter, which anchors nutrients & moisture to 
your farm

Cost offset for the crop residue program
Reduce costs and boost profit potential with:

• Reduced iron chlorosis

• Capturing more carbon in the soil to build 
organic matter

• Improved sugar production when plants capture 
more CO2 from the soil

• Reduced need for insecticides and fungicides

• Enhanced herbicide activity & weed control

• Reduced weed pressure over time

• Reduced volunteer corn

• Enhanced soil biodiversity

• Reduced soil toxins

• Improved cover crop benefits

• Carbon sequestration credits (if available)

• Enhanced yield and crop quality

Products Rate/acre Cost/acre

1. BioImpact+ (chitosan) 16 oz to 32 oz $3.35 - $6.70

Note: can be shipped in 5 gallon jugs or tote

Fence-Line Farming — It’s All About the Microbes & Soil HealthFence-Line Farming — It’s All About the Microbes & Soil Health

 Products Rate/Acre Cost/Acre
1. BioRegenerate (microbial blend) 24 oz $21.02
2. Eubio-NBS (c10) (biostimulant) 10 oz
3. Pacific Gro (2-1-0.3) (liquid fish) 25 oz
4. Sea-Crop (90 trace minerals) 10 oz
5. Bio-Release (nutrient solubilizer/stabilizer) 8 oz
6. Molasses (energy & minerals) 51 oz

Total Rate/Acre = 128 oz (1 gal)

Option 3:

Note: can be shipped in 5 gallon jugs or tote



Undigested residue is a physical tie up of your investment dollars.  
Recycle your nutrition and turn residue into a valuable resource for next year’s crop.

Crop Residue Digester Blend (CRDB) is the most complete and advanced tool 
for managing crop residue. It delivers enhanced residue breakdown powered 
by a natural team of residue digesting microorganisms. This all–in-one residue 
management product combines viable and capable microbes with a blend of 
BioRegenerate, Eubio-NBS (c10), Pacific Gro (2-1-0.3), Sea-Crop, Bio-Release and 
Molasses to degrade complex polymers such as Cellulose, Lignin, Chitin and related 
compounds. This enhanced biological breakdown allows drills and planters to slice 
through residue instead of bouncing over it; reduces hair pinning, promotes optimal 
seed placement, uniform emergence and an optimized stand. CRDB enhances the 
return of micro and macro nutrients from the residue to the soil and will help drive 
CO2 cycling, promote higher yields and healthier soil. Deploy CRDB to reclaim your 
investment dollars currently tied up by residue in your fields.

SUGGESTED APPLICATION: CRDB is for agricultural 
field stubble/crop residue digestion. For best results, 
shake before using since settling can occur. If combining 
with other products avoid having them mixed together 
for extended periods of time. Some chemicals can be 
detrimental to the microbes. If mixing with other products, 
it is best to mix shortly before the application (just in 
time). Perform a jar test to ensure compatibility. 

Field Stubble: Apply CRDB at 1 gallon/acre broadcast to field stubble one time in 
fall/early spring. 
Best results are achieved with no tillage or post tillage.

• Apply CRDB at 1 gallon/acre as a stand alone application with 10 to 15 gallons of 
water as a carrier or added to your fall or  
spring burndown.

• CRDB’s complete formulation is tank mix ready allowing you to get more value 
from your burndown application.

•CRDB can be applied to all types of crop residue.
STORAGE: Store at room temperature or below. DO NOT FREEZE. Product may have an odor due to microbial activity.

Improve the 
Biological Degradation

of Crop Residue
• Crop residue. Stubble. Waste. The 

leftovers from last season’s harvest 
could be considered a real nuisance. 
Undigested residue is a physical tie 
up of your investment dollars. Recycle 
your nutrition and turn residue into a 
valuable resource for next year’s crop.

• When you end your season with an 
application of Crop Residue Digester 
Blend, you’re already starting the 
next season off right. Not only are you 
increasing the workability of the soil 
and the ease of planting the next crop, 
but you’re also helping to reduce wear 
and tear on your tires and equipment 
caused by typically tough crop residue.

• The capable microorganisms in Crop 
Residue Digester Blend will degrade 
complex polymers such as Cellulose, 
Lignin, Chitin, their intermediates and 
related compounds. This enhanced 
biological breakdown will help drive 
CO2 cycling, promote higher yields and 
healthier soil.

No Biological Crop 
Residue Digester Applied

Biological Crop Residue 
Digester Applied

INGREDIENTS:
A blend of
• BioRegenerate
• Eubio-NBS (c10)
• Pacific Gro (2-1-0.3)
• Sea-Crop
• Bio-Release
• Molasses

RESIDUE 
MANAGEMENT = 

Improved Planting Efficiency & 
Healthier Plants

KEEP OUT OF REACH OF CHILDREN

Crop Residue Digester BlendCrop Residue Digester Blend
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The photos below show the quick action (5 days) of ProfitProAG’s  
Crop Residue Digestion Program on corn residue (option 3)

Photo’s taken on Saturday October 9th, 2021 in West Central Iowa

The Crop Residue Digestion Program was applied on the 
corn residue on Tuesday, October 5th, 2021  

Note that in five days you’re seeing  
microbial digestion activity on the corn residue

Untreated corn residue

Refer to the 
back for cost 
offset for the 
Crop Residue 

Digestion 
Program



More from Every Acre, Animal & Gallon of Manure

Fall 2021 Corn Residue Digestion ProgramFall 2021 Corn Residue Digestion Program
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Untreated Corn Residue

This corn residue was sprayed Tuesday, October 5th, 2021 
and the photo was taken Tuesday, October 12th, 2021. 

 Note the dark 
microbial digestion 
of the corn stalks.
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Crop Residue Digestion ProgramCrop Residue Digestion Program
• Crop Residue, such as corn stalks, digest from the inside out
• Soil & plant health are enhanced

More from Every Acre, Animal & Gallon of Manure

Fungi poke holes on the outside of the stalk so they can break it down from the inside out.

Josh Knapke, a farmer from West-Central Ohio, sprayed 
ProfitProAG’s residue management product onto his fields 
following the 2020 harvest. He was shocked when he saw the 
results in the spring of 2021. 

“There was no residue left,” said Knapke, who has some 
corn-on-corn acres. “When we did vertical tillage, the stalk 
residue just disintegrated.”

Results from our customers



Crop Residue Digestion ProgramCrop Residue Digestion Program
Where’s the best soil on your farm? The undisturbed fence line. This nutrient-rich area has deep topsoil, high organic 
matter and a lively soil biology because it has never been tilled or disturbed. We want to bring the same fence-line soil 
biology and organic matter content back to your fields by implementing the Crop Residue Digestion Program.

GN-134A

NoNo Biological  Biological 
Crop Residue Crop Residue 

Digester AppliedDigester Applied
Biological Crop Residue Biological Crop Residue 

Digester AppliedDigester Applied

Treated – Note the fungal activity on the corn residueUntreated

The combination of these ecologically-friendly soil and crop residue management technologies speeds the  
complete digestion of crop residue and primes the environment to produce nutrient-dense, high-energy crops.

The following visuals and yield data are the results of using ProfitProAG’s Crop Residue Digestion Program.

More from Every Acre, Animal & Gallon of Manure
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3 weeks after treatment Untreated

Stalk from field 
4 weeks after treatment

Stalk from field untreated

Residue Management = 
Improved Planting Efficiency 

and Healthier Plants

Digested Residue

Corn on Corn 
Residue Management

Undigested Residue

Soybeans on Corn 
Residue Management

“Improve Soil Health, Retention of Nutrients, Water Quality and Profit Potential”

} Faster warm-up – less residue allows 
faster soil warm-up for earlier planting

} Easier tillage – soils that are alive and 
more aggregated require less horse-power 
and fewer tillage trips

} Easier planting – less residue means less 
hair-pinning and less risk of plugging

} Lower fertilizer costs – recycling nutrients 
in residue can reduce purchased inputs

} Build organic matter – accelerated 
residue breakdown means more carbon 
(organic matter) in the soil

} Retain nutrients – organic matter helps 
keep nutrients in the soil and protects 
water quality 

Think of the Crop Residue Digestion Program as 
a “second harvest” that improves soil health, 
nutrient retention, water quality and profitability.



The benefits of building biologically active  The benefits of building biologically active  
Soil Organic Matter (SOM)Soil Organic Matter (SOM)

Building SOM 1%Building SOM 1%

} Allows the soil to store another 10,000 gallons of water/acre

} Retain more nutrients per acre

•  1,000 lbs N

•  650 lbs P

•  115 lbs K

•  700 lbs Ca

BioRegenerateTM – crop residue breakdown & nutrient release aid 

Crop rotation

Expected yield 
advantage

1st year 2nd year

Corn on fall treated corn 
residue

5-12 bu 
(8 bu avg)

8-18 bu 
10 bu avg)

Corn on fall treated 
soybean residue

4-8 bu 
(5 bu avg)

5-10 bu 
8 bu avg)

Soybean on corn 3-8 bu 
(5 bu avg)

5-10 bu 
(8 bu avg)

Yield advantage from using the Fall Crop Residue 
Digestion Program (BioRgenerate option three)

	f Put your nutrients to work now 	f Faster planting

	f Faster emergence 	f Less steps



A Full-Circle fall or spring Crop Residue Digestion Program, along with an  
at-plant and in-season biological/nutritional recipe, will increase crop consistency, 
yield and quality. This will allow you to spend less and get more, avoid premature 
death of the crop and maximize yield potential.

© 2020 ProfitPro, LLC. All rights reserved    PP-13          3

Consistency

© 2020 ProfitPro, LLC. All rights reserved    Dec Webinar_12-17-20                 54

Premature Death of Corn

 Low test weight & nutrient density

 Loaded with mycotoxins

© 2020 ProfitPro, LLC. All rights reserved    PP-13          4

Consistency

© 2020 ProfitPro, LLC. All rights reserved    Dec Webinar_12-17-20                 63

Healthy Corn with a Mature and 
Dry Ear at Harvest

 High test weight & nutrient density

 Free of mycotoxins

Call ProfitProAG and let us help you design your Crop Residue Digestion Program.

Dennis Klockenga at 320-333-1608 or 507-373-2550



Carbon is at the crux of a highly functioning reduced tillage system, but are you fully maximizing your farm’s 
ability to produce carbon and realize its benefit to your soil? Don Reicosky, retired soil scientist for the USDA-ARS 
in Morris, Minnesota outlines the connection between conservation agriculture and soil health principles that are 
elevating the importance of carbon management. See the following article topic: “Soil Carbon Loss Proportional to 
Tillage Intensity” based on a National No-till article by Dan Crumment, freelance writer.

1. Soil carbon loss in the Midwest corn belt has 
shown a steady decline since the onset of 
agriculture that is related to carbon export, 
intensive tillage, changing from perennial to 
annual species, SOM increased mineralization 
due to nitrogen fertilization, and tile drainage.

2. Soil carbon loss as CO2 is proportional to 
the volume of soil disturbed in the tillage 
operation using 5 different tillage tools 
compared to no-tillage.

by Don Reicosky

Slides developed by Don Reicosky and used with his permission.

More from Every Acre, Animal & Gallon of Manure

Carbon Management
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RETIRED USDA-Agricultural Research Service (ARS) soil scientist Don Reicosky of Minnesota admits he’s 
prejudiced against conventional farming and the moldboard plow because of their effects on soil organic matter 
(SOM), but he says research supports his bias, noting a quote from a colleague that says: “Soil is lost not because 
we farm, it’s lost because of how we farm.”

“That wisdom from David Montgomery is borne out by work we did in Minnesota that suggests carbon dioxide 
emissions related to tillage are proportional to the volume of soil disturbed,” Reicosky told his audience at the 2019 
National No-Tillage Conference in Indianapolis.

The career agronomist says a cloud of CO2 rises behind any tillage tool and he explains that the invisible gas is 
indicative of organic matter loss in the soil, a loss that negatively affects soil fertility, water infiltration, soil biology 
and overall soil structure.

Soil Carbon Loss
Proportional to Tillage Intensity

Soil scientist Don Reicosky says the more soil you disturb in tillage, the more CO2 is released. In addition, 
he says tillage is detrimental to fungi-to-bacteria ratios that are vital to carbon and nitrogen storage.

5. The synergistic simplicity with minimum soil disturbance 
(minimizes C and soil loss) and the use of diverse rotations 
and cover crop mixes (maximizes soil coverage and C input) 
for soil diversity protection and regeneration benefits in CA.

6. Water use efficiency in conventional and 
conservation agriculture systems.

3. No-till drill type matters. The short-term CO2 and water 
loss following the seeding operation were related to 
soil disturbance. A low-disturbance disc-drill released 
considerably less CO2 and water than did the high-
disturbance hoe-type drill.

4. Tillage is a major biotic disturbance. Intensive tillage 
“butchers the biology” in the soil. It cuts, slices, and 
dices the soil and blend’s, mixes, and inverts the 
soil creating havoc for the soil organisms (fauna).



“Long-term studies from the late 19th century to about 
2000 in Illinois and Missouri show, regardless of cropping 
systems, land on research plots farmed continuously over more 
than a century have shown steady declines in SOM,” he says.

Why Carbon Loss? Reicosky says he thinks tillage is the 
prime suspect in the carbon loss shown in the Illinois and 
Missouri studies, along with similar findings at other land-grant 
universities, because significantly less carbon is lost in the 
systems with the least tillage.

“In a field crop, one-third of the carbon is fixed in the grain, 
one-third is fixed in the upper part of the plant and the remaining third is fixed in the root zone in the form of 
exudates and roots,” he says. He goes on to explain that in addition to removing a third of the available carbon 
at harvest to feed ourselves and our animals, we’ve also changed from growing perennial species that put 60-
90% of their biomass below ground to annual species that put only 15-20% of their biomass below ground, so 
we have less carbon being returned to the soil. On top of that, using a moldboard plow or disk harrow further 
exacerbates carbon loss by disturbing the soil and the biological activity that enables carbon and nutrient 
cycling synergies. Other traditional farming techniques add to the problem.

“As the use of synthetic fertilizer increases, we’re adding more nitrogen to the soil, which increases the 
mineralization or breakdown of SOM. And, in the case of the upper Midwest, tile drainage allows more oxygen 
into the deeper soil profiles, and it’s possible that extra oxygen can oxidize more organic matter,” he says.

Empirical Data. During his work with the ARS, Reicosky helped develop a portable chamber technique 
which measures CO2 released from the soil behind a variety of tillage tools.

“We would drop the chamber over the soil behind the tillage tool and measure CO2 and water loss,” he 
explains. “We sampled once a second for 60 seconds initially. Then we’d repeat the measurement every 3, 4 or 
5 minutes depending upon how close the plots were together.”

LASTING EFFECT. Don Reicosky’s portable chamber measured the amount of CO2 
released from soil based on different types of tillage. While the bulk of CO2 release 
came immediately after the tillage tool passed through the soil, it continued to be 
released for many hours afterward.



Source: NO-TILL FARMER/October/2019  www.No-TillFarmer.com; Written by Dan Crummet, Contributing Writer  

Reicosky’s experiments compared 
five tillage practices to the use of a no-
till treatment, which included only a 
tractor pass through the plot to provide 
the same compaction that the other 
treatments would get with the tractor 
along with a series of other ground-
engaging tools.

Tillage treatments included:

O A fluted coulter with a 3-by 6-inch 
wide track

O A fertilizer knife that produced 
about a 6-inch V-shaped disturbance

O A mole knife that produced about a 
6-inch U-shaped disturbance

O A subsoil shank that ran about  
14 inches deep

O A moldboard plow that ran about 10 
inches deep across the entire  
30-inch row.

DRILL TYPE MATTERS. Don Reicosky’s research shines a light on CO2 and water 
loss based on the type of no-till drill used. A low-disturbance disc released 
considerably less than did the high-disturbance hoe-type drill.

“We’d make a pass with the tillage tools and then 
carry on and make measurements with the portable 
chamber,” he explained. “We also measured these 
treatments 5 hours after tillage and again at 24 hours 
after tillage.”

The results show a significant portion of the CO2 loss 
came immediately after tillage and was proportional to 
the volume of soil disturbed.

“On top of these carbon releases, consider how 
much diesel you’d be burning if you were driving a 
tractor pulling a 10-bottom plow at 10 inches deep,” 
the scientist says. “Intensive tillage with a deeply-
engaged tillage tool is a double negative from a carbon 
footprint standpoint, with more diesel exhaust entering 
the atmosphere and more CO2 from the burp of CO2 
escaping from the soil.”

Further Study. In keeping with his studies of tillage 
intensity on soil carbon loss, Reicosky also compared 
a pair of no-till drills — one a hoe-type drill (high 
disturbance) and the other a disk drill (low disturbance) 
— at a field day. As with the experiment mentioned 
above, he followed these drills with the portable 
chamber to measure CO2 and water loss.

“Where there was no disturbance in a no-till 
treatment, we measured 0.3 g per hour for CO2 and 
0.174 mm per hour for water loss.

“With the low-disturbance disc drill we didn’t get 
much CO2 off but we did get a little more water, and in 
the case of the high-disturbance hoe-type drill, both the 
CO2 and the water were higher,” he says.

Reicosky says the field-day study shows making very 
small changes can have measurable effects.

“This is important when we consider other 
management techniques that rip a lot of soil and force 
tractors to work much harder,” he says.

Caring for Fungi. While Reicosky can show the 
benefits of managing for minimum soil disturbance 
as a tool to maintain SOM, he says he’s learning the 
fungi-to-bacteria ratio of soils is also vital to soil carbon 
management.

“Because the carbon and nitrogen storage depend 
upon the ratio of various fungi to bacteria in the soil, 
and the fungi are much more susceptible to tillage 
damage, if we want to store more carbon and nitrogen 
for subsequent crops, we must try to maximize this ratio.

“Any type of tillage will damage the fragile hyphae 
filaments on soil fungi and that works against optimum 
ratios,” he explains.

Another soil ingredient that thrives in the presence 
of soil fungi, and by being left alone, is glomalin, a glue-
like carbohydrate that helps bind soil particles together 
to form larger — beneficial — aggregates, which allow 
water and oxygen infiltration around roots, he says.

“Research by soil scientist Sara Wright shows no-
till management allowed glomalin to more than double 
in 3 years of no soil disturbance,” he explains. “In an 
adjacent buffer strip, which had not been disturbed for 
15 years, glomalin content was four times as great.

“This tells me we have to do something to protect 
soil fungi, and right now the best thing we can do is 
reduce soil disturbance.”



Humates stabilizes or assists in the degradation of toxic substances such as: nicotine, aflatoxins, antibiotics, 
shallots and most organic pesticides. In the microbial degradation process not all of the carbon contained 
within these toxins is released as CO2. A portion of these toxic molecules, primarily the aromatic ring 

compounds are stabilized and integrated within the complex polymers of humic substances.

Humic substances have electrically charged sites on their surfaces which function to attract and inactivate 
pesticides and other toxic substances. For this reason the Environmental Protection Agency in the USA recommends 
the use of humates for clean up of toxic waste sites. Many bioremediation companies apply humate based 
compounds to toxic waste sites as a part of their clean up program. Growers interested in cleaning up their 
soils (destroying various toxic pesticides) can accelerate the degradation of poisons (toxins) by applying humic 
substances.

Reducing Salt
The presence of humic substances within saline soils (those soils which contain high salt concentrations, e.g. 
sodium chloride) aid in the transmutation of the sodium ions. The transmutation reactions, a biological process that 
occurs within living organisms, result in the combining of sodium with a second element, such as oxygen, to form a 
new element (Na23 + O16 = K39).1

Application of humins, humic acids and fulvic acids to saline soils, in combination  
with specific soil organisms, results in a reduction in the concentration of sodium 
salts (e.g. NaCl). The reduction is not correlated with a leaching of the salt, rather with 
an increase in the concentration of other elements. The addition of humic substances 
to soils containing excessive salts can help reduce the concentration of those salts.  
By reducing the salt content of a soil, its fertility and health can be “brought back”  
to provide a more desirable environment for plant root growth.

Tackling Disease
Harmful soil enzymes are stabilized and inactivated by humic substances. Once 
stabilized and bound to the humic substances, enzyme activity is greatly reduced or 
ceases to function.

These enzyme stabilization processes help to restrict the activity of potential plant pathogens. As the potential plant 
pathogen releases enzymes designed to break down the plant’s defenses, the pathogen’s enzymes become bound 
to humic substances. As a result, the pathogens are unable to invade potential host plants.
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Everyone who works in agriculture is aware of the 
basic lifecycle of crops: plants are seeded, they are 
nourished and they grow, they are harvested, and what 

is not consumed by (us) higher life forms is returned to the 
soil – where it is broken down through mineralization and by 
microorganisms so that it can be used to nourish the next 
cycle of crops. That relatively simple scenario is created by a 
wonderfully complex interchange of chemical, physical and 
biological actions that scientists are still struggling to fully 
understand after 10,000 years of practical farming.

As with everything else on this planet, the story of humic 
substances begins and ends with carbon. All life on this 
planet is carbon-based: humans, animals, plants, insects, 
microorganisms.... carbon is essential to building everything 
biological and keeping it powered and in working order. Plants 
pull carbon from the air (carbon dioxide) and through a series 
of reactions merge the carbon with energy from sunlight 
(photosynthesis) and hydrogen from water, eventually creating 
carbon-rich organic compounds required by plants throughout 
their metabolic pathways. A very important characteristic of 
carbon as an element is that it has a unique capacity to modify 
itself and, through functional group extensions, combine with 
many other elements to form shorter and longer carbon chains, 
rings and complex organic compounds as required in the 
processes. 

What Are Humic Substances?
When plants end their life cycle, their components 

are decomposed through the aid of mineralization 
and microorganisms and returned to the soil as 
organic matter. About 70% of soil organic matter is 
humus, a brown to black complex variable of carbon-
containing compounds that is slow to decompose 
under natural conditions and can persist in the 
soil for several hundred years. The humic substances that, in 
turn, make up humus are relatively large organic carbon-chain 
complexes that are composed of carbon, oxygen, hydrogen, 
nitrogen and sulfur. These humic substances, which contribute 
to the brown or black color of surface soils, can be divided into 
three major categories: humin, humic acids (HAs) and fulvic 
acids (FAs). These are functional categories based largely on 
molecular size and their solubility in water adjusted to different 
pH conditions.

Humins are very large molecules (molecular weight of 
100,000 to 10,000,000 Da) that are not soluble in water at any 
pH level and are, consequently, very slow to break down. Within 
soil, humin improves structure, water-holding capacity and 
stability. Humin also functions as a cation exchange system that 

aids the soil’s ability to storehouse plant nutrients.
Humic acids have a smaller molecular size than humins 

(molecular weight of 50,000 to 100,000 Da, with 1,000s 
of carbon rings) and are soluble in water under alkaline 
conditions. Because other elements readily bind to humic acid 
molecules in a form that can be easily absorbed by plants 
and microorganisms, humic acids function as important ion 
exchange and chelating systems.

Fulvic acids have molecules that are smaller than humic 
acids (molecular weight of 5,000 to 10,000 Da, with 100s 
of carbon rings), are water soluble at all pH levels, and have 
a higher oxygen content than humic acids. Because of their 
relatively small molecular size, fulvic acids can easily enter 
plant roots, stems, and leaves, transporting trace minerals 
directly to metabolic sites in plant cells.

As mentioned, these three humic-substance categories 
are largely functional in nature: scientists have had a difficult 
time classifying them based on identifiable physical structure 
(chemical formulae) because the structures always vary 
depending on the original organic source, the conditions of 
decomposition and the stage of decomposition. Different 
samples of substances identified as humic acids, for example, 
may function quite differently in soil.

Benefits of Humic Substances
The Humic Products Trade Association has 

conducted a review of the scientific literature 
and has approved three primary label claims for 
agricultural application of humic substances:
 • Improved root mass and growth
 • Enhanced nutrient availability and uptake
 • Higher crop yield and quality

How are these benefits accomplished?
The presence of carbon-containing humic substances in 

soil results in electrical processes that cause very small soil 
particles to attract each other to create a crumb structure in the 
topsoil, which has open spaces that allow gaseous exchange 
with the atmosphere and better water infiltration. This resulting 
soil structure also increases the water-holding capacity of soil, 
protecting plants during times of drought.
• Energy stored within the carbon bonds of humic substances 

represents an excellent food source for soil microorganisms 
that perform a wide range of functions that contribute to soil 
and plant health – everything from solubilization of minerals 
that are bound up in the soil to releasing antibiotics that 
protect plants from pests.

HUMIC ACIDS, FULVIC ACIDS AND BEYOND
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• Humic substances have an insulating property that helps 
to stabilize soil temperatures and slow the rate of water 
evaporation, which protects plants during change periods of 
heat and cold.

• Humic substances can also stabilize or inactivate certain soil 
enzymes released by plant pathogens, rendering them less 
able to damage plants.

• Further, humic substances can buffer soil pH, making the 
soil less alkaline or less acidic. This results in helping trace 
elements that may have been bound up in the soil due to 
acidic or alkaline conditions to now become available to the 
plants as nutrients.

• Additional soil benefits are that 
toxins left in the soil from pesticides 
can be degraded or inactivated 
by humic acids, and the addition 
of humic substances to soils 
containing excessive salt can help 
reduce the salt concentration, 
making the soil more suitable for 
plant growth.

• Humic substances help regulate 
the retention and release of 
plant nutrients. The higher cation 
exchange capacity (CEC) that 
occurs when humic substances are present in soil increases 
a soil’s ability to retain positively charged plant nutrients (e.g., 
NH4+, Mg2+, Ca2+, and Na+) and reduces the potential for 
leaching. Soil CEC also influences the application rates of 
lime and herbicides required for maximum effectiveness.

• When adequate levels of humic substances are present in 
soil, plants have an enhanced ability to take up nitrogen, 
phosphorus and potassium.

• Application of humic or fulvic acids to seeds speeds up seed 
germination, enhances root development and activates 
seedling growing points.

• Humic substances influence plant growth hormones and 
provide free radicals to plant cells, which have positive effects 
on seed germination, root initiation and plant growth in 
general.

• Humic and fulvic acids, while not fertilizers themselves, are 
excellent fertilizer carriers and activators. Foliar fertilizers 
containing humic or fulvic acids have been demonstrated to 
be from 100% to 500% more effective than similar fertilizers 
applied to the soil. Applications can be timed to activate 
vegetative growth, flowering, fruit set, or filling and ripening of 
fruits.

Adding Humic Substances to the Soil
Maximizing Farm Practices 

It is estimated that in the Midwestern United States, the 
majority of soils converted from natural to agricultural systems 
have lost 30% to 50% of their original soil organic carbon.7 
Farming practices can go a long way toward maintaining or 
adding to the amount of organic matter in the soil. The type 
of tillage used on a field can greatly influence the amount of 
carbon lost from the soil. The deeper and more aggressive the 
tillage, the more carbon is lost in the form of carbon dioxide. For 
example, it is estimated that strip tillage loses only 18% of the 
carbon lost to moldboard plowing. 

Crop rotations that include cover crops, perennial grasses  
and legumes have a positive effect on soil carbon content and 
soil biodiversity, especially when plowed under or incorporated 
into the soil as green manure. 

Adding Commercial Products 
There are a number of commercial versions of humic and 

fulvic acids available for agricultural use; these are sold as 
dry granular products, liquid products or powders. They are 
usually derived from humates, oxidized lignites or leonardite 
ore. However, studies have shown that the various products can 
vary in effectiveness depending on the nature of the source 
materials used and the manner in which they are manufactured 
and processed.8 Leonardite ore is generally considered to be 
one of the better sources for deriving humic substances. More 
research needs to focus on improving methods to accurately 
and reliably quantify humic and fulvic acids in raw ores and 

products. 

The Story Begins and Ends With 
Carbon

Although it isn’t often cited as 
such in crop nutrition literature, 
the most important crop nutrient 
after water is carbon. A recent 
USDA-NRCS video quotes Dr. Kris 
Nichols of the Rodale Institute as 
saying that “Carbon is the energy 
currency of soil.” If crop soil is 
carbon deficient, crop yields will 
suffer even with ever increasing 

applications of fertilizers and herbicides. Long- term soil health 
can be greatly improved through proper tillage, soil husbandry, 
crop management and the addition of organic materials for 
the natural production of humic substances. For a shorter-
term solution, application of humic and fulvic acids to the soil 
will boost soil and microbiome health and production. For an 
immediate boost to a crop already in the field, foliar application 
of carbon-carried liquid nutrition at specific growth stages will 
provide the grower with precision control of crop yield and 
quality.

Source: AgroPages Article, December 2016
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