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The Value of Humic Substances in the Carbon Lifecycle of Crops:
Humic Acids, Fulvic Acids, and Beyond.
By Larry Cooper, with Rita Abi-Ghanem, PhD
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.1

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).2 (See Fig. 1.) These are functional categories based largely on molecular size and their
solubility in water adjusted to different pH conditions.3

Figure 1. Chemical Properties of Humic Substances4
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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 Association5 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? We’ll discuss a few of these mechanisms here:
•

•

•
•
•

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 top soil,
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 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.
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•

•

•

•
•
•

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.6
When adequate levels of humic substances are present in soil, plants have an enhanced ability
to take up nitrogen, phosphorus, and potassium—reducing the amounts of N-P-K fertilizers
required.
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.2 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.6
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 Humic Advantages of Huma Gro® Products
As the Huma Gro® name would suggest, our crop nutrition products have a deep connection to humic
substances. The conception of all of our products starts with our leonardite mine in Idaho. Leonardite is
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a soft, humic material that is rich in carbon. Our particular mine is relatively unique in that the
leonardite deposit was never compressed or heated to become coal, and it was never covered with an
ocean or salt water and therefore does not contain any heavy metals. Over the past 40+ years we have
developed a base concentrate from this leonardite ore that is a proprietary blend of extremely small
carbon- and oxygen-rich organic molecules that act as a source of carbon and provide an ultra-efficient
vehicle to move nutrients and agrochemicals into the plant through the soil and/or the leaves. We’ve
come to call the proprietary process we use to create our products “Micro Carbon Technology®,” or
MCT. In effect, we’ve speeded up the natural processes that create humic and fulvic acids from organic
material and extended those processes to create something with a much smaller carbon molecule
(molecular weight of less than 500 Da, with fewer than 10 carbon rings, see Fig.2) with expanded
available surface area for attaching to nutrient elements. It works on the same principles that make the
carbon in humic and fulvic acids so effective in contributing to plant growth, with the added benefit of
its smaller molecular size making it even more effective in foliar applications without plant tissue burn
when used as directed.

Figure 2. Molecule Size Comparison of Humic Acids, Fulvic Acids, and Micro Carbon
Technology®
Because MCT is used as a carrier for all of our liquid plant nutrition products (macronutrients,
micronutrients, optimal growth management, sustainable soil fertility, etc.), the humic benefit is always
there in everything that comes from Huma Gro®. However, we also produce several products that are
strictly humic substances:
•

•

Huma Burst®—our only non-liquid product, this is a 70% humic acid dry material that has been
created as a crumble that can be soil-applied with other granular fertilizers or by itself. This is
raw leonardite ore that has been screened to a very uniform, small size that will spread evenly
across a field without patching up or blowing away. It should be incorporated into the soil at a
rate of 50 lb/acre or 50 kg/hectare. Huma Burst® is the option to use when a grower is looking
for a humic acid that has a long-term release for creating sustainable soil. It also works well as
an additive to compost.
Huma Pro®—this is a liquid product, a 6% humic acid that also has our MCT added to provide
both a long-term and a short-term benefit. It can be mixed with soil-applied fertilizers at a rate
of 1 to 2 gallons per acre or 10 to 20 liters per hectare. The one-two punch of humic acid plus
MCT applied in the spring pre-plant and the fall post-harvest is an excellent approach to
building or rebuilding soil fertility.
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•

•

Fulvi Pro®—is a liquid fulvic acid product. There is not a standard method established for
reporting fulvic acid percentages, but we estimate it to be a 20% fulvic acid product. It can be
applied with other liquid solutions or by itself; because fulvic acids can burn plant tissues when
foliarly applied, this product should be diluted to 10% before application. It also contains MCT
for that short-term-long-term benefit when applied to soil.
X-Tend®—is a liquid product that has our highest concentration of MCT along with 6% nitrogen
and 2% phosphorus. X-Tend® complexes nutrients for easier plant uptake, encourages root
growth, and buffers salt in high alkaline or sodium soils. This is an excellent product to use
when there is a soil that has nutrients blocked or tied up: it can help free those nutrients and
get them into the crop. It is also designed to be mixed with other nutrients and pesticides to
make them more efficient and effective. We recommend that, after adding X-Tend® to an
agrochemical/nutrient solution, the solution be allowed to sit for 24 to 48 hours for
microcarbon complexing to occur. We also offer X-Tend® B, which has a blue die added so that
application can be verified when impregnated onto dry fertilizers.

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 video9 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.
About the Authors: Rita Abi-Ghanem, PhD, is Senior Director of Research and Development, and Larry Cooper, MA,
Cert/KM, is Communications Director, at Bio Huma Netics, Inc., the maker of Huma Gro® liquid nutrition and crop
protection products. More information is available at www.humagro.com.
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