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Humates and Humic Acids.  How do they work?
The important role of humus in agricultural growing has been known since ancient times. However, the change from a “primitive” understanding to serious scientific research only happened in the middle of the last century, when a young scientist from Kherson State University, Ukraine, named Lydia Khristeva made a simple experiment. She educed humic acid in the form of a liquid solution of sodium salts from an ordinary soil sample and then watered plants with it. Shortly thereafter she discovered that the plants considerably increased their growth and developed a much stronger root system. Thus, the biological activity of Humates was discovered for the first time. The essence of this discovery was the fact that a conversion of natural Humic acids into their soluble salt forms sharply increases (over 100 times) their biological activity. 

Let’s consider the most important factors of Humates’ influence on the whole system of Water, Plant, and Soil.

This is a molecule of Humic Acid. The illustration above is just one fragment of a huge molecule. These fragments are connected to each other in long chains and the total weight of the molecules, naturally depending on the chain length, is in the range 35,000 to 80,000 Daltons.
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This is a Quinoid group. Here we can see four single and four double connections (bonds). However, this pattern is just a basic description.  In reality this part of a molecule is an electron cloud with valency electrons positioned at definite energy levels.  Receiving a quantum of solar energy these electrons move to a higher energy level.  This constantly repeated action provides for the accumulation of solar energy.  During the night these electrons return to their previous positions, providing cells with the accumulated energy during daylight time.  This is how Humates increase the cell energy balance. 
This leads to an intensification of exchange processes.  In turn, this results in the rapid development of a root system, the formation of special ferments that increase plants’ resistance to unfavorable stress factors (such as drought and frost), improved nitrogen assimilation (but an inhibition of the formation of nitrates), and at the same time facilitates the synthesis of chlorophyll, sugars, vitamins, essential amino-acids, oils, etc.  
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This group is called Peptide group 

The structure of this group is very close to the lipid structure surrounding cell walls. Therefore it can easily interact with the cell membrane, forming a protective net around it. During its growth and development a cell is always exposed to stress, such as attacks of peroxide compounds, toxins, and free radicals, etc. Scientific research has proved that 30% of a cell’s energy is always used for its protection, but under the circumstances this protective film created by Humic Acids, a plant cell is able to block most of those attacks and use close to 100% of its energy for positive growth and development. 
This group is called Carbohydrates or Sugars. 
These groups together with Peptides are fine food for microorganisms. Active development of soil microflora provides health of the soil and sometimes accumulation of soil’s Humus. The table below shows the effect on simulation and growth of all useful microorganisms both in presence and in absence of plants.
Influence of concentration of Humic Acids on microorganisms development.
	Pattern of experiment 
	Ammonia forming 
	Clostridium
	Nitrifying
	Denitrifying
	Azobacteria 
	Fungi 
	Actinomycetes 
	Weight of the upper plant part

	Fallow trays

	Control
	20
	25
	15
	47
	75
	8
	550
	-

	180 mg/kg
	700
	70
	90
	70
	210
	0.5
	3200
	-

	Trays with plants

	Control
	700
	25
	47
	25
	1230
	5
	6800
	3.89

	900 mg/kg
	1100
	110
	53
	110
	6000
	7
	10200
	4.91


The Peripheral part of this molecule has Carboxyl and Hydroxyl Groups  
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These groups are responsible for several important functions.

First, these groups have an affinity to water; this feature provides the solubility of Humic Acid molecules in water.  Diluted solutions of Humic Acids restructure water, in a way that gives it the properties and structure of melted water.  There is much to say about the structure of water, but this subject deserves a separate lecture.    The most important thing to note today is that melted water is very close in structure to plant’s cell water.  Moisture is a vital part of a cell’s “juice”, and therefore restructured water can more easily penetrate the plant cell and be more useful for a plant’s development.  In connection with this we have used NMR (nuclear magnetic resonance testing) to discover that the optimal concentration of humic acids is between 0.008% and 0.01% to achieve the melted water state.
Secondly, please note that these groups are capable of substituting their hydrogen atoms for ions of metals. How does this happen?  If we use single valency metals, such as sodium or potassium, we produce water soluble Sodium / Potassium Humates.
                                                                                                      _           +  

       - СООН + KOH                  - COOK + H20                  -COO……K
During dissociation, potassium moves into a water phase, but ions of Humate acquire a negative charge.  Mutual resistance of negative charges unrolls the tight molecule of Humic Acid into a long chain, giving it high biological and chemical activity.  Therefore we recommend using salts of Humic Acids or Humates, instead of raw Humic Acids, presented in lignites, also known Leonardites.
What happens if we use double valency metals, like calcium or magnesium? 

-СООН                                               -СОО-СаОН

                                     2+

             -СООН   +  Са                                    -СОО     

             -СООН                                                              Са
                                                                         -СОО       
Calcium and Magnesium Humates are insoluble in water unlike Sodium and Potassium Humates.  

When Humic Acids interact with multi valency metals, such as Iron, Zinc, Copper and others they form new type of compounds, called Chelates.  In addition to the usual valency connections they form coordination bonds. 
          -СООН                                               - COO 

          - СО   +  Fe                                         -CO      Fe

             ОН    СООН                                       O        COO
                          

Chelates of poly-valency metals can, under particular circumstances, be soluble in water, while in their usual condition they are insoluble. This gives us an important tool of management. From one hand we can provide plants with necessary metals: iron, copper, zinc, boron, magnesium, molybdenum and cobalt in their soluble forms, and on the other hand we can simultaneously protect plants from harmful elements like mercury, lead, cadmium, radionuclides and others, by converting them into insoluble forms.
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Consequently, Humates can play the role of transporting valuable micronutrients into a plant and also can be a protective agent by locking up harmful ones.  To illustrate, satellite photography has proved that regions rich in humus and Humic Acids manage to keep environmental balance in spite of intensive industrial pressure. 

Humic Acids and Humates also play an important role during interaction with soils.

One example would be the ability of Humates to lock up ions of Iron and Aluminum.  Their excessive amounts block phosphorus assimilation.  During their interaction with Humates Iron forms compounds available to plants, but Aluminum is connected into insoluble forms.  This process neutralizes the harmful action of these metals on phosphates. 
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The colloid structure of Humic Acids and the high degree of hydrophility of their functional groups leads to gel formation. This explains their ability to increase the water holding capacity of soils. This is very important for arid regions. 

· COO….H…….OH – H………OH-

HO…….H –OH ………H….OOC-

COO….H…….OH – H………OH

Water is tightly kept between Humic Acid molecules with the help of hydrogen bonds, and this allows the storage of moisture during dry periods.

By reacting with calcium, magnesium, aluminum, and iron, which are always present in soil, Humates form organic mineral bridges, connecting the soil’s particles in proper structure, helping to resist erosion, keep more oxygen and moisture, and create a favorable environment for microflora development.  The intensification of soil’s microbial activity after applications of humates has been documented by many research works.  It is also a well known fact that the active and intense work of soil microbes is the key to Humus formation. 

The above information is just a small part of the information on the potential mechanics of Humate and its influence on the whole system of water, plants, and soil.  However, it is sufficient to illustrate that humates are a valid and important tool for maximizing plant health and overcoming the growing number of environmental concerns that affect everything we grow.
On a final note, to truly understand the above information it is very important that the definition and difference between the terms Humate and Humic Acid be understood!  Most of the time in the United States the term Humate is incorrectly used by people who distribute raw lignite or Leonardite.  The problem is the following:  in their natural forms, Humic Acids (being a part of lignites or peat) are always connected into insoluble forms of calcium, magnesium, aluminum, or other forms, and in this state they have very low biological activity.  The recommended application norms of these products range from 200 to 2000 pounds an acre.  It is simply not practical or economical to use humic acids in this way.  They need to be converted into soluble Humates, soluble Chelates or pure Humic Acids to release their biological activity. Only after this conversion are they capable of performing the above described actions.
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