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Abstract

In recent decades, scientists in different disciplines have been increasingly
concerned about the fate of natural organic matter, and in particular of humic
substances (HS). The term humic substances (HS) incorporates refractory autoch-
thonous and terrestrial organic matter in the soil and aquatic ecosystem, and are
one of the key fractions of natural organic matter. These substances are important
chelators of trace elements constituting complex class of molecular structures that
occur naturally, consisting of aggregation and assembly processes in which biomol-
ecules derived from plant and animal residues are gradually transformed through
biotic and abiotic tracts. Since these organic compounds are bound by or linked
with soil mineral fractions, they must be physically or chemically separated from
the inorganic components by an extraction method before their physico-chemical
study. This chapter focuses on the chemo-toxicological, molecular aspects of humic
compounds and their derivatives such as humins, fulvic acids, humic acids etc.,
with their agricultural, biomedical, environmental and biochemical applications.
In addition to studying their impact on plant physiology and soil microstructure to
expand our understanding about humic compounds.
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1. Introduction

Humic substances are a structurally specified fraction of soil organic matter
that are thought to be an important component of the biosphere, as they are
responsible for many physical and chemical processes in soil. Organic carbon
accounts for approximately 62 percent of global soil carbon, with at least half of this
carbon classified as the chemically resistant portion known as humic substances
(HS) [1-3]. Plant and microbial biomass are the primary sources of organic mat-
ter production in soil, and their composition and properties are important major
constraints for humification processes. When looking at the structural aspects of
HS, we must understand the contributions of the different compound groups that
make up those tissues. These compound types include intracellular (i.e. protein)
and structural (for example, polysaccharides, lignin and aliphatic) compounds that
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shape membranes and cell walls, including membrane lipids and plant cuticles [4].
Due to their intimate relationships with soil mineral phases, they cannot be easily
decomposed and are chemically complex to be used by microbes. One of the most
notable properties of HS in soil is their ability to interact with metal ions, oxides,
hydroxides, mineral and organic compounds [5], including toxic contaminants [3],
to form water-soluble and water-insoluble complexes [4, 5].

Humic substances (HS) are important elements of natural organic matter
(NOM) in soil, water, as well as geological organic substances including shales,
brown coals, peat and lake sediments. They contribute to the brown or black color
of surface soils and make up much of the characteristic brown color of rotting
plant waste. They are major components of NOM in surface waters and can impart
a dark color at higher concentrations, especially in brown fresh water ponds, lakes,
and streams. The color of composts due to leaf-litter can range from yellowish-
brown to black, depending on the degree of decay and concentration. It is well
understood that HS are the most significant source of transient refractory organic
carbon in the earth’s crust. Conventionally, the mixtures are processed into humic
acids (HA), fulvic acids (FA), and humin (Hu). HA is recognized as the fraction
precipitated from an aqueous solution at pH < 2 (under acidic conditions), FA
residues in solution after HA precipitation, and the Hu fraction is insoluble in
aqueous solvents [6] .

2. Nature and origin of humic substances

Humic substances are soil complexes produced during humification phase, are
responsible for fossil coal, oil deposits, and other geological deposits. It is the Earth’s
second most important organic phase, after photosynthesis. It is estimated that
photosynthesis binds more than 5000 tons of atmospheric carbon per year, while
the transformation of dead living organisms results in the creation of approximately
4000 tons of carbon [7], which is deposited annually on the Earth’s surface. Humic
substances are naturally occurring organic material that are formed due to bio-
chemical, chemical, and physical changes in dead plants, microbial residues, and
fauna debris. Humic material formation is linked to the behavior of microorgan-
isms, resulting in the accumulation of recalcitrant macromolecular compounds with
unique properties [7]. Due to death of microbes a recalcitrant humic mass is created
due to their assimilation. These progressive decay leads to biotic and abiotic trans-
formation processes which ultimately produces diverse and heterogeneous mixtures
of polydisperse materials, which are a major component of natural soil organic
matter. Humic material can take hundreds or thousands of years for their formation,
resulting in a wide range of humic substances. Humic substances are extremely
heterogeneous in composition, structure, and are derived from a variety of organic
matter sources. This sets them apart from naturally occurring biomolecules such as
proteins, carbohydrates, lipids, and others.

Humic substances happens to be the most common of the various organic
substances found in nature. They account for approximately 25% of total organic
carbon on Earth and can also be found in a variety of ecosystems such as lakes,
rivers, sea sediments, soil, and coal composites. Humic substances influence the
chemistry, cycling, and bioavailability of chemical elements in terrestrial and
aquatic environments, as well as the distribution and degradation of xenobiotic
and organic chemicals of natural origin [7]. For decades, scientists have discussed
the formation mechanisms of HS [8, 9]. The lack of repeated sequences, as well as
the variety of chemical and biological reactions involved in their formation, render
HS very complex and multifaceted molecules capable of important signaling and
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nutritional functions in the soil-plant system. The polymeric origin of HS has a
high molecular mass (100-300 kDa) [10], derived from lignin decomposition and
abiotic catalysts such as primary minerals and layer silicates. Humic compounds are
classified into three categories: (1) Humin, (2) Humic Acids (HAs), and (3) Fulvic
Acids (FAs) [11]. Figure 1 summarizes several of the major chemical characteristics
of humic compounds.

Figure 2, illustrates the hypothetical model structure of fulvic acid (Buffle’s
model) [13], which contains aromatic and aliphatic structures, both extensively
substituted with oxygen containing functional groups [15, 16].

2.1 Humus

Humus is generally brownish or black colored complex variable of carbon-
containing compounds that does not show cellular organization in the form of
animal bodies or plant under a light microscope. Humus is distinguished from non-
humic substances such as carbohydrates (a primary component of carbon), fats,
waxes, alkanes, peptides, amino acids, proteins, lipids, and organic acids by the fact
that distinct chemical formulae for these non-humic substances can be published.
The majority of small molecules of non-humic compounds are easily destroyed
by soil microbes. Soil humus, on the other hand, decay slowly under natural soil
conditions. When combined with soil minerals, soil humus can survive in the soil
for centuries. Humus is the primary component of soil organic matter, accounting
for 65 to 75 percent of the total. Humus plays an important role as a fertility factor
in all soils, far outweighing its percentage contribution to total soil mass.

2.2 Humins

Humins are derived from humic compounds that are not soluble in alkali, not
soluble in acids, and are insoluble at neutral pH ranges. However, the physical and
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Chemical chavacteristics of humic compounds (modified and adapted from [12-14]).
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Figure 2.
Model structure of fulvic acid [13].

chemical properties of humins are partly known. Humin complexes are also recog-
nized as macro organic substances due to their large molecular weights (MW)
ranging from 1 x 10° to1x10’. Conversely, the molecular weights of carbohy-
drates range between 5 x 10” and 1 x 10° [17]. The humins are highly resistant to
decomposition of all humic substances found in soil. Humins are known for
enhancing the soil’s water holding capacity, improving the soil fertility, taming soil
structure, retaining soil stability, and acting as a cation exchanger.

2.3 Humic acids

Humic acids (HA) are organic acids that are a combination of weak aliphatic
(carbon chains) and aromatic (carbon rings) organic acids that are insoluble in
acidic water but soluble in alkaline water [18]. Humic acids are composed of humic
compounds that precipitate from aqueous medium when the pH drops below 2. Due
to their variable chemical composition, humic acids (HA) are also known as
polydisperse. These complicated carbon-containing compounds are assumed to be
3-dimensionally flexible linear polymers that reside in the form of random coils
with cross-linked bonds. On average, 35 percent of humic acid (HA) molecules are
aromatic (carbon rings), with the remaining components being aliphatic (carbon
chains) [17]. Humic acids (HAs) have molecular sizes ranging from 1x10* to
1x10°. Clay minerals readily bind to humic acid (HA) polymers, forming stable
organic clay complexes. Natural and synthetic-organic chemicals can be accommo-
dated in the polymer’s peripheral pores in a lattice (clathrate) arrangement. Humic
acids (HAs) readily combine with trace inorganic mineral elements to form salts. It
is reported in the literature that there exists more than 60 distinct mineral elements
in naturally occurring humic acids (HAs). These trace elements are bound to humic
acid molecules in a form that is easily assimilated by a variety of living organisms.
As a result, humic acids (HAs) play an important role in ion exchange and metal
complexing (chelating) [19].

2.4 Fulvic acids

The proportion of humic substances that are soluble in water at all pH levels.
They are known as fulvic acids because they remain in solution after humic
acid has been removed by acidification (FA). Fulvic acids range in color from
light yellow to yellow-brown. The elemental composition of various FA and
HA reveals that C, H, O, N, and S are the main elements in their composition.
These major elements are always present, regardless of their birth, country of
origin, or continent of origin. An examination of a broad range of HS reveals
that the percentage composition of C, O, H, and N varies as follows: C (45-60),
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Substances % Dry ash-free basis
C H N o
Lignin 62-69 5.0-6.5 — 26-33
Proteins 50-55 6.5-73 15.0-19.0 19-24
Humic acids 52-62 3.0-55 3.5-5.0 30-33
Fulvic acids 44-49 3.5-5.0 2.0-4.0 44-49
Table 1.

Composition of several plant material and humic substances (by Kononova) [16, 21].

O (25-45), H (4-7), N (10-13) and inorganic elements (ash) 0.5-5 Table 1 [20].
summaries the composition of humic substances.

3. Preparation of fulvic and humic acids: a toxicological evaluation

The general properties for HA, and FA relate to their basic constituents (carbon,
hydrogen, nitrogen and sulfur) and their oxygen-containing functional groups
(hydroxyl, carboxyl, carbone and phenolic) which give rise to their overall chemical
properties, including their ability to react with ionic particles in solution. Because
of their properties, HAs and FAs have been used in a variety of agricultural applica-
tions, including improving nutrient and water use, soil quality, and carbon seques-
tration [11]. Although a variety of mechanisms have been proposed and/or studied
for the effects on humic substances on plant life, much can be learned from the
imperfect understanding of these mechanisms. One such process is ion exchange,
which allows the use of plant minerals by prevention of the development of insoluble
mineral complexes in the soil and then enhances humic substances in exchange for
hydrogen and carbonic acid, which can produce absorbable mineral ions for plant
roots. In sequestration of radioactive metals in soil, the ion-exchange process also
works [22]. As humic substances play a role in maintaining plant life and their ability
to attach or sequester potentially harmful environmental toxicants, they can also
easily be extrapolated such that they can improve human nutrition and provide some
protection from unintended ingestion of dietary toxic elements.

Two active New Dietary Ingredient Notices (NDIN) for use in a dietary supple-
ment containing additional minerals to improve the status of minerals and trace
elements were subjected to a specific preparation of HA and FA derived from
Hungarian peat [20]. The NDIN has recorded 9 unpublished and one published
clinical evaluations in which mineral status in humans has been improved and/or
absorption is inhibited and toxic element excreted [23]. However, it is not clear if
these effects can generally be extrapolated to humic substances due to the possible
variations between this and other humic preparations as well as the inclusion of
exogenous minerals. The use of clinical or mechanical research on other humic
preparations, important for humans, is restricted and there are no other studies of
the above-mentioned results, although it was shown that the addition of a humic
extract to the broiler feed was intended to improve the growth of chickens. Due
to the heterogeneous existence of the humic substances, an extrapolation for the
whole community has not been deemed sufficient toxicological evaluation of one
particular unique material, while attempts have been made for the identification
of an appropriate model. As a result, a number of toxicological studies have been
reported on humic materials of diverse origin even though many of them have been
performed to examine the mutagenic potential of byproducts produced during
water disinfection because of the normal occurrence of low levels of humic material
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in surface waters. Chlorination of organic non-volatile substances found in HA and
FA is known to lead to the development in bacterial mutation tests of compounds
(such as mucochlorine acid and 2, three, three-trichloropropenal) under conditions
of decreasing pH and sufficient chlorine and HA and chlorine.

4. Plant physiology and humic substances

Various authors have assumed that even though high molecular weight (HMW)
and small molecular weight fractions (LMW) appear to be behaving differently, HS
may be adsorbed by the root plant [24]. The mechanisms by which HS interacts with
the root cells affecting the plant physiology and growth have not been significantly
researched until today. Changes in size and growth were the first to be analyzed
among the modifications caused by HS on treated plants. HS will promote plant
growth with a view to increasing plant length and dry and fresh weight under
specific conditions. These effects are apparently dependent on the dosage and source
of the drug, the plant species and age and the conditions of the trial cultivation [25].
Many studies have recently confirmed the assumption that HS has direct effect on
plant physiology, especially in regard to the development of root hair and side root
[26, 27]. The impact of HS has been thoroughly evaluated on metabolic processes in
plants. For example, several studies have shown that HS affects breathing, protein
synthesis and the function of the enzyme in higher plants [28, 29]. With regard to
the photosynthesis process, few reports are available which focus on the contents of
chlorophyll and transport of electrons.

4.1 Humic substances and abiotic stress regulation in plants

The productivity of crop plants will benefit significantly from regulation that
mitigates the impact of abiotic stress on the growth and production of crops dur-
ing ontogenesis. There are insufficient information currently available on control
mechanisms and techniques. Optimizing plant growth conditions and providing
regulators for water, nutrients and plant growth will help in avoiding abiotic pressure
[30]. Bio-stimulants such as HS are also used in production systems with the aim to
regulate physiological events in plants in order to improve productivity as well as
these traditional strategies.

In the last two decades, scientists have increasingly utilized HS from natural
materials [31]. In addition, HS provides new methods to alter physiological activity
in plants to increase plant growth and abiotic stress tolerance. A number of examples
show the ability of HS to improve plant abiotic stress tolerance. Treatment with
hydrated leaves, anti-oxidants, radical growth and shooting under dry conditions,
increased hydration of the leaves (Agrostis palustris) and increased fescue (Festuca
arundinacea) [32]. Recent studies have shown that the blocking of cell wall pores
by fouling has been responsible for the effects induced by HS that could be related
to temporary mild water stress (a beneficial stress, ‘eustress’) and the downstream
effects of HS on hormonal signals and plant growth [33].

4.2 Humic substances and improved mineral nutrition in plants

HS in the soil promotes root and spring growth through the improvement
of mineral nutrition below the soil surface. In terms of plant production and
active development, the function of these substances can be assessed [34], by
their complementary and possibly diverse effects. HS regulates plant growth and
mineral assimilation. In general, these effects are classified as direct and indirect.
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HS activities rely mainly on the structural features, functional groups and their
inclination to associate with inorganic, organic and soil substratum molecules
[35]. Furthermore, HS primarily affects the bioavailability of nutrients through its
ability to form complexes containing metallic ions, thus enhancing micronutrient
availability (zinc, manganese, copper and iron). On the other hand, HS targets
plant cell membranes that can cause biochemical and molecular processes at post-
transcriptional levels in the roots and shoot [32]. Targeted HS typically increase
macronutrient and micronutrient consumption in plants.

Jackson [36], used **C HS-listed substances, and found a small portion of them
entering the root apoplastic pathway, especially those of low molecular weight.
Therefore, the effect of HS to promote molecular systems and signal pathways of
nutrient absorption present in cell membranes can be controlled. The full advantage
of this direct influence is still unknown. Non-specific HS activity on the leaf and
root can, however, be speculated on by controlling events at both the transcriptional
and post-transcriptive stages, to modify molecular and biochemical processes.

5. Bimolecular fragments in soil humic substances

Humic soil fractions comprise bio-molecular fragments that were explicitly
omitted from conventional humic concepts. Many of these bio-molecular movements
are closely linked to the humic fraction by seven covalently and cannot be effectively
isolated [37]. Why should a whole group of constituent molecules be excluded? Simply
because it can be classified as biomolecules if we consider humic material as a super-
molecular association of constituent molecules. It is inappropriate and deceptive for
these nuanced, heterogeneous mixes to purge humic fractions of closely related, iden-
tifiable bimolecular components [38]. A description that is applicable to experimental
studies of the humic component should include all molecules which are closely linked
within a humic fraction, i.e. those which cannot be eliminated without substantial
changes in the chemical characteristics of the fraction. That will necessarily include
biomolecules that are identifiable and play important structural roles. Will this wider
concept of humic molecules be contrary to the recognized refractory nature?

Soil humic compounds are typically aged between hundreds and thousands of
years on average and many biomolecules easily decomposed by energy-seeking
microbes and nutrients. However, it can lead to biomolecules being protected against
microbial degradation by binding them with humic fractions, creating identifiable
but refractory biological molecules [39], is alternatively a “two-part” view of the
stability of humic substances. Although the majority of humic material is permanent,
some humic elements may be transient. The persistent material contributes to *C,
while the transitional components will contribute mainly to the C turnover rate. A
significant portion of the transient, often refilled humic components may be made
up of closely related, but easily degraded biomolecules. While most humic materials
are permanent, some humic elements may be temporary. The continuous material
contributes to 1*C, while the intermediate components are primarily responsible
for the C turnover rate [40]. A large part of the frequently refilled transient humic
components can consist of closely related, but easily degraded biomolecules.

6. Application of humic substances
Humus is one of the largest reserves of carbon in the world. To date, industrial

uses of humus and goods extracted from humus have been rare. In the second half
of the 19th century and the first half of the 20th century the use of coal was more
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abundant and, in addition, it was a foundation of chemical production. The applica-
tion Petroleum was also considered the key raw material of 20th-century chemical
industry. HS applications can now be broken down into four major categories:
agricultural, industrial, environmental and biomedical.

6.1 Agriculture applications

From an agronomic and agricultural point of view, HS plays a significant role
as they have a huge impact on soil quality and productivity. HS also shows a high
Base Exchange potential, which is essential to soil fertility, in addition to enhancing
the soil’s physical properties and humidity. Many researchers and humates have
observed the growth-promoting effect of humic substances in various preparations
for plant growth improvement. Soil productivity in the presence of humic materials
can be improved by various methods. However, in some case the consistency and
fertility of the soil is greatly affected. In addition to the improvement of physical
properties and moisture of the soil, HS shows a high Base Exchange potential,
which is important for soil fertility. In various preparations for plant growth
enhancement, several investigators have studied the growth-promoting effects of
humic substances.

6.2 Environmental applications

Natural organic colloids are important because they form water solutions with
a large number of metals, including radionuclides. It is well known that the humic
substances affects the absorption of natural solids into the surface and ground
waters of radionuclides. Thus, these organics may be essential as a transport agents
in the environment for radionuclides. In environmental chemistry, the key role of
humic substances is to extract radioactive metals, organic chemical substances of
anthropogenic nature and other contaminants from water [18]. Calcium humate
ion exchange products were considered suitable for the extract from the water and
removal of radioactive elements from water discharges from nuclear power plants
for heavy metals such as iron, nickel, mercury and cadmium and copper [11]. They
also use their selective bonds to destroy ammunition and chemical warfare agents
[41]. For the last 30 years, interactions between humic and micro-organic materi-
als has been widely studied and researched. Fermenting bacteria have been found
capable of reducing humic materials. Many investigators have been studying the use
of humics as energy source for various bacteria, fungi and higher microorganisms,
but they have not exploited them. Many researchers including [42, 43], investigated
the use of humic as an energy source for specific bacteria, mushrooms and higher
micro-organisms but pointed out that humic materials cannot be exploited as a
source of food.

6.3 Biomedical applications

Veterinary and human medicine uses humic substances manufactured on a com-
mercial scale. Various studies have been published on the medicinal properties of
humic materials. The proliferation of gastric damage caused by ethanol was greatly
reduced by humic acids administered prophylactically to rats [44]. TPP given to rats
with gastric and duodenal ulcers improved the healing process considerably [44].
The interest in the use of humic materials in medicine and biology has developed in
the past few decades. There is an investigation into the possibility that soil humus
extract could be an applicant for cosmetic and pharmaceutical products with
amino acid complexes and vitamin B analogues [11]. Anti-virals, profibrinolytic,
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anti-inflammatory and estrogenic activities are the primary explanation for the
increased attention given to humic acids [45].

6.4 Chelate balneotherapy capacity of humic substances

In many mammalian cells, humic acid was, on the other hand, shown to be a
toxic factor, although its precise cytotoxicity mechanism remains uncertain. Humic
acid can be reduced from Fe (III) to Fe (II) under the wide range of pH values in
aqueous conditions (4.0 to 9.0) and iron from ferritin reduction and release, but
the process is partially inhibited by superoxide scavengers. It was shown that iron
released from ferritin accelerates the lipid peroxidation caused by humic acid.
Humic acids are also capable of reducing, releasing and supporting lipid peroxida-
tion from ferritin storage. HAs coupled to freed iron can therefore disrupt the redox
balance of the biological system and evoke oxidative stress. This may be one of the
main pathways for cytotoxicity caused by HA [46]. Now is the time for new applica-
tions for humic substances, particularly in biomedicine, in less conventional areas.

7. Conclusions

HS has been widely studied in different fields of agriculture, such as ground
chemistry, fertility and plant physiology as the major component of organic soil
content. HS plays an important role in the regulation of pollutants’ activity and
mobility in the atmosphere and makes a major contribution to improving the status
of global soil fertility. Together with a strong demand for safe food and sustainable
agriculture, these features have led to increasing the environmental importance of
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Figure 3.
Schematic vepresentation of impact of humic substances on plant biology.
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HS, recently recognized as a potential tool in facing global environmental problems.
Many of its positive effects on soil structure and plant growth have been shown to
depend on their chemical composition, but progress in HS research is known to be
regulated by auxin. In addition, physiological and molecular evidence indicate that
brassinosteroids may have a possible additional impact on the growth of plants. A
critical review of literature shows that HS requires an auxin transduction pathway
in order to determine its action in plant physiology but also show that the various
signaling cascades in the global physiological response of plants to these substances
(Figure 3). This could be used as a starting point for the clarification of mecha-
nisms in the molecular response to HS in the plant. Further studies are required to
evaluate the molecular goals and signaling trajectories involved in the intersection
of the HS and the plant cells.
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