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ABSTRACT 

 
Humic substances (HS) are natural products. Their most common classification is based on solubility at different pH values such as 

Humic acid  (HA), Fulvic Acid (FA) and Humin (Hu). Humic substances effected on soil fertility; they are a good source of energy for 
beneficial soil organism. Plant growth is influenced directly and indirectly by HS. Directs effect include those changes in plant metabolism 

that occur following the uptake of humic and fulvic acid. Indirect effects are influence the soils water holding capacity, soil structure, 

release of plant nutrients from soil minerals, increased availability of micronutrients and improved soil fertility. Humic substances have 

been directly correlated with enhanced uptake of macronutrients such as N, P, K and S, and micronutrients such as Fe, Zn, Cu and Mn. The 

presence of HS in natural water can influence uptake of radionuclides by natural solids and thus their migration to surface and ground 
waters. As well as HS can removal of heavy metals such as iron, nickel, mercury, cadmium and copper from water. Humic substances have 

been also utilized for absorbing gases such as hydrogen sulfide and mercaptans from municipal gas supplies. Humic substances have been 
used in many industries, for example, building and leather, ceramics, plastics and in the preparation of some natural dyes. 

Humic substances produced on a commercial scale are used in veterinary and human medicine.   

 
Key words. Humic substances, Humic acid, Fulvic acid, Soil fertility, Plant growth, Nutrients statue, Remediation, Industrial environment, 

Health environment. 

 

 

INTRODUCTION

 

Humic substances (HS) are natural products, 

which constitute most important poll of transient 

refractory organic carbon in the geosphere. They are 

present in soil, sediments and aquatic environment. 

They are composed of carbon, hydrogen, oxygen, 

nitrogen and sulfur. These elements are always 

present in HS regardless of their origin and country 

or continent [1]. They are yellow to black in 

appearance, acidic, poly disperse (having different 

composition and molecular weights), polyelectrolyte, 

paramagnetic, with extremely complex structure and 

unique biological and physiochemical features. 

Humic substances are known to be of high 

molecular mass polyhydroxy carboxylate which 

contain poly-aromatic and aliphatic subunits.  The 

degree of ionization of these macromolecules is 

governed by the amount of ionized phenolic and 

carboxylic groups, which is a function of pH of the 

solution [2]. Their most common classification is 

based on the solubility at different pH values such as 

Humic Acid (HA), insoluble at pH < 2 (under acidic 

condition), Fulvic Acid (FA), soluble at all pH values 

and Humin (Hu), is insoluble at all pH values [3].  

 

1- Characterization of humic substances: 

    As already pointed out, all the humic 

substances can be divided into components according 

to their solubility in different media (Fig. 1). Humic 

acid and FA represent alkali-soluble humus 
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fragments; HA are commonly extracted using diluted 

alkali and precipitated with an acid, and so are 

separated from the soluble FA. Humin represents the 

insoluble residue [4]. From a geological point of 

view, humic substances are chemical intermediates 

between plants and fossils.

  

 

Fig. 1: Scheme of division of humic substances in dependence of their solubility (5). 

 

The chemical nature of soils, sludge and 

sediments can subsequently, continually and 

selectively vary via the conversion and degradation 

of organic matter. Extinct vegetation represents the 

main source of organic matter transforming to humic 

substances in the environment. Humification is a 

continuous historical process, and soil humus is a 

dynamic system of both chemically active and 

passive components [6].  

Humic acid, one of the most important 

components of HS, help break up clay and compacted 

soils, assist in transferring micronutrients from soil to 

plants, enhance water retention, increase seed 

germination rates, and stimulate the development of 

microflora populations in soils. Humic acid also slow 

down water evaporation from soils. This is especially 

important in soils where clay is present at low 

concentration or not at all, in arid areas, and in sandy 

soils without the capability to hold water. Humic acid 

provide also sites for microflora to colonize. Bacteria 

secrete enzymes which act as catalysts, liberating 

calcium and phosphorous from insoluble calcium 

phosphate, and iron and phosphorous from insoluble 

iron phosphate. The chemical structure of HA is very 

complicated and depends on their source. 

The elemental composition of different FA 

andHA shown that the major elements in their 

composition are C, H, O, N, and S. These major 

elements are always present regardless their origin 

and country or continent [7]. Figure 2 and 3 clarify 

model of chemical synthesis of each of humic acid 

and Fulvic Acid. 

Besides elemental composition, group 

composition is used to characterize HS as it gives 

information about the chemistry and structural 

properties of HS [10]. Fulvic acid contain more 

functional groups of an acidic nature, particularly 

COOH. The total acidities of fulvic acid (900 ˗ 

1400mmol/100g) are considerably higher than for 

humic acid (400 ˗ 870mmol/100g). Another 

important difference is that while the oxygen in 

fulvic acid is largely in known functional groups 

(COOH, OH, C=O), with a high oxygen content, the 

acidity and degree of polymerization all change 

systematically with increasing molecular weight. The 

proportion of oxygen in humic acid seems to occur as 

a structural component of the nucleus.
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Fig. 2: Model structure of humic acid (8). 

 

 
 

Fig. 3: Model structure of fulvic acid (9). 

 

2- Application Of Humic Substances In 

Agriculture: 
2-1 Effect of Humic substances on soil fertility: 

    Humic substances are a good source of energy 

for beneficial soil organisms. Humic substances and 

non-humic (organic) compounds provide the energy 

and many of the mineral requirements for soil 

microorganisms and soil animals. Beneficial soil 

organisms lack the photosynthetic apparatus to 

capture energy from the sun thus must survive on 

residual carbon containing substances on or in the 

soil. Energy stored within the carbon bonds function 

to provide energy for various 

metabolic reactions within these organisms [11]. 

Beneficial soil organisms (algae, yeast, bacteria, 

fungi, nematodes, mycorrhizae, and small animals) 

perform many beneficial functions which influence 

soil fertility and plant health. For example the 

bacteria release organic acids which aid in the 

solubilization of mineral elements bound in soil. 

Bacteria also release complex polysacharides (sugar 

based compounds) that help create soil crumbs 

(aggregates). Soil crumbs give soil a desirable 

structure. Other beneficial soil microorganisms such 

as the Actinomyces release antibiotics into the soil; 

these antibiotics are taken up by the plant to protect it 

against pests [12]. Antibiotics also function to create 

desirable ecological balances of soil organisms on the 

root surface (rhizoplane) and in soil near the root 

(rhizosphere). Fungi also perform many beneficial 

functions in soils. For example, mycorrhizae aid plant 

roots in the uptake of water and nutrients. Other fungi 

decompose crop residues and vegetative matter 

releasing bound nutrients for other organisms. A 

healthy fertile soil must contain sufficient carbon 

containing compounds to sustain the billions of 

microscopic life forms required for a fertile and a 

healthy plant. A living soil is a fertile healthy soil. 

 

2-2 Effect of humic substances on nutrients statue of 

plants: 

The stimulatory effects of humic substances have 

been directly correlated with enhanced uptake of 

macronutrients, such as nitrogen, phosphorus, 

potassium and sulfur and micronutrients, that is, Fe, 

Zn, Cu and Mn [13]. Humic substances may possibly 

enhance the uptake of minerals through the 

stimulation of microbiological activity. When 

adequate humic substances are present within the 

soil, the requirement for nitrogen, phosphorus and 

potassium fertilizer applications may be reduced [14]. 

Humic acid (HA) and phosphorus applications 

increased the growth and growth parameter of pepper 

seedling. Humic acid application significantly 

increased N, P, K, Ca, Mg, S, Mn and Cu contents of 

shoot of pepper seedling [15]. Uptake of macro plant 



17 R.A. Youssef and Abd El-Rheem Kh. M., 2015 / American-Eurasian Journal of Sustainable Agriculture 9(1), January, Pages: 14-21 

 

nutrients is mediated by humic substances.  One 

simulative effect of humic substances on plant 

growth is enhanced uptake of macro nutrients:  

nitrogen (N), phosphorus (P) and potassium (K) [16].  

Table (1) show to effect of humic acid on nutrients 

content of leaves of watermelon varieties.

 
Table 1: Effect of humic acid on nutrients content of leaves of watermelon varieties (17).  

Treatment Nutrients content of leaves (%) 

Humic acid levels 

 
Watermelon varieties N P K 

0 

Giza1 1.90 0.20 4.59 

Aswan 2.10 0.18 4.06 

S. belle 2.40 0.22 4.09 

2 L/fed. 

Giza1 2.10 0.30 4.90 

Aswan 2.30 0.17 4.60 

S. belle 2.60 0.33 4.60 

4 L/fed. 

Giza1 2.21 0.31 3.14 

Aswan 2.42 0.19 4.83 

S. belle 2.73 0.36 4.83 

6 L/fed. 

Giza1 2.34 0.33 5.45 

Aswan 2.56 0.20 5.12 

S. belle 2.89 0.38 5.12 

L SD (5%) NS 0.10 0.36 

 

2-3 Effect of Humic substances on plant growth and 

development: 

Plant growth is influenced directly and indirectly 

by humic substances. Direct effects include those 

changes in plant metabolism that occur following the 

uptake of organic macromolecules, such as humic 

acid, fulvic acid.  Once these compounds enter plant 

cells several biochemical changes occur in 

membranes and various cytoplasmic components of 

plant cells. Some of the biochemical improvements in 

plant metabolism, as influenced by humic substances 

[18]. Indirect effects, previously discussed, are those 

factors which provide energy for the beneficial 

organisms within the soil, influence the soilؙ s water 

holding capacity, influence the soil structure, release 

of plant nutrients from soil minerals, increased 

availability of trace minerals, and in general 

improved soil fertility [19]. 

Humic acid (HA) are the main fractions of humic 

substances (HS) and the most active components of 

soil and compost organic matter. HA have been 

shown to stimulate plant growth and consequently 

yield by acting on mechanisms involved in: cell 

respiration, photosynthesis, protein synthesis, water 

and nutrient uptake, enzyme activities [20]. This 

action of HA has been demonstrated to be dose 

dependent and particularly effective in a low 

concentration range. One of the used organic-mineral 

fertilizers is humic acid. Humic acid is one of the 

major components of humic substances. Humic 

matter is formed through the chemical and biological 

humification of plant and animal matter and through 

the biological activities of microorganisms [21].  

In a greenhouse study during which peppers 

were treated with soil and foliar humic acid 

applications, fruit firmness, fruit length, and fruit 

diameter were not significantly affected. A 

significant increase in mean fruit weight, sugar 

content and yield of peppers was observed after soil 

and foliar humic acid applications [22]. In a 

greenhouse study in which humic acid was applied in 

addition to the recommended fertilizer regime, the 

number of fruits per okra plant significantly 

increased. When the recommended fertilizer regime 

was decreased by 50% and humic acid was applied, 

there was not a significant increase in number of 

fruits per okra plant [23]. Table (2) shows to effect of 

humic and fulvic acid and nitrogen fertilization on 

yield and yield components on rice plant.

 
Table 2: Effect of nitrogen fertilizer sources and foliar application of organic acids on yield and some yield components of rice plant (24). 

Straw yield 

ton/fed 

Grain yield 

ton/fed 

1000 grains 

weight (g) 

Tillers 

No./m2 

Plant height 

(cm) 
Treatment 

Nitrogen sources 

3.326 3.667 28.885 545.92 90.175 Anhydrous ammonia (AA) 

3.057 3.377 26.393 535.08 88.425 Urea 

 NS   NS LSD at 5% 

Foliar spray of organic acids 

2.756 3.052 25.62 501.5 85.95 Without  foliar 

3.426 3.825 28.58 552.5 91.45 Humic acid 

2.933 3.224 26.43 545.2 87.60 Fulvic acid 

3.650 4.008 29.93 562.8 92.20 Humic + Fulvic 

0.1258 0.1125 0.2639 21.01 4.160 LSD at 5% 

Interaction between nitrogen sources and foliar spray of organic acids 

2.838 3.139 26.55 505.0 87.10 (AA) + Without 

3.600 3.981 29.97 558.3 92.30 (AA) + Humic 

3.070 3.433 27.74 552.0 88.20 (AA) + Fulvic 

3.795 4.156 31.28 568.3 93.10 (AA) + Humic+Fulvic 

2.674 2.964 24.69 498.0 84.80 Urea + Without 

3.253 3.668 27.18 546.7 90.60 Urea + Humic 
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2.796 3.016 25.12 538.3 87.00 Urea + Fulvic 

3.505 3.860 28.58 557.3 91.30 Urea + Humic+ Fulvic 

0.1779 0.1591 0.3732 29.72 5.883 LSD at 5% 

 

3-Application Of Humic Substances In 

Nvironment: 

3-1 Interactions of Environmental Pollutants with 

Humic Substances: 

Environmental scientists have become interested 

in humic substances for a long time because of their 

interactions with soil and water pollutants and their 

influence on water and waste water treatment 

processes [25]. Interactions between humic 

substances and hazardous waste chemicals are most 

likely to occur when such chemicals have been 

disposed of underground. The major factor 

considering interaction of humic substances with 

waste chemicals is the solubility of the humic 

material that depends predominantly on the acid-base 

precipitation behavior of these substances. The ability 

of humic substances to act as chelating agents for 

metal ions is well-documented [26]. The particular 

effect that humic substances have on chelatable 

metals in hazardous wastes depends upon the 

following factors: 

* The nature of the humic substances, 

particularly on fulvic and humic acid content. 

* The chemistry of soil or water environment 

with respect to acidity-alkalinity and oxidation-

reduction. 

* The presence of competing species (e.g. 

cyanide that compete with humic ligands for metal 

ions). 

In some cases the chelation of metal ions as 

soluble humic species may prevent precipitation of 

the metals by precipitate-forming anions such as 

carbonate, hydroxide or sulfide. Thus removal of 

metals from water containing humic substances using 

precipitation may not be effective. The other major 

influence of humic substances on metal speciation is 

through oxidation reduction reactions. Humic acids 

have been reported to reduce ionic mercury to 

elemental mercury and acidic iron (III) to iron 

(II).Organic pollutants may interact with humic 

substances in the solid and dissolved phases in 

several ways [25]. In particular, adsorption processes 

directly or indirectly control all the other processes in 

soil that affect organic pollutants by determining how 

much of the particular substance is solubilized and 

move into the aqueous and gaseous phase, or is 

consumed by microorganisms. Humic substances can 

also catalyze some chemical reactions such as 

hydrolysis and photo degradation. These processes 

may lead to the formation of products having 

physical and chemical properties different from the 

parent compound. The type and extent of interaction 

between organic pollutant and HS may change with 

time and eventually may result in complete 

immobilization and incorporation of the specific 

substance in the humic polymer [26]. 

 

3-2 Application of humic substances in soil 

remediation: 

Soil is a complex matrix permanently interacting 

with other environmental compartments such as 

water and air and thus its pollution can directly 

propagate contamination to surface and ground water, 

and air. Soil pollution maybe due to industrial 

accidents (spills, leaks, and leaking underground 

storage tanks) and anthropogenic activities (forest 

and agricultural fires, fossil fuel combustions), and 

represents a long-term source of environmental 

contamination. Weak interactions bind soil 

constituents to contaminants, which once displaced 

from the weak bonds, may be again released in the 

environmental compartments [27]. A new soil 

remediation technology emphasizes the 

transformation and detoxification of pollutants. For 

example, bioremediation enables permanent 

elimination of pollutants by in situ remediation at low 

cost. However, bioremediation is limited by the 

correct selection of active microbes, the appropriate 

soil conditions for microbial activity, recalcitrance of 

pollutants to biodegradation, and formation of 

metabolites which maybe more toxic than the parent 

contaminant [28]. Among other techniques, soil 

washing may be a valid and relatively inexpensive 

alternative in soil remediation[29]. It is based on 

desorption of pollutants from contaminated soils 

through the action of simple water, organic 

surfactants (which may be non-ionic or anionic [30].  

Humic substances (HAs), naturally occurring 

surfactants, begin to be recognized as a possible aid 

in soil bioremediation techniques. The bioavailability 

of polychlorinated biphenyls [31], and Polycyclic 

Aromatic Hydrocarbons (PAH) appeared to be 

increased by addition of exogenous humic substances 

to soil contaminated. Furthermore, the surfactant 

activity of HAs was found to reduce sorption of 

organic contaminants on spiked soils, thereby 

enabling desorption-remediation of PAH and heavy 

metals [32].  

 

3-3 Application of humic substances in water 

remediation: 

Natural organic colloids (humic and fulvic 

acid)are important because they form water-soluble 

complexes with many metals including radionuclides 

[33]. These organics may therefore be important as 

radionuclide transport agents through the 

environment. It is known that the presence of humic 

substances in natural water can influence the uptake 

of radionuclides by natural solids and thus their 

migration to surface and ground water [34]. The main 

task of humic substances in environmental chemistry 

is to remove toxic metals, anthropogenic organic 

chemicals and other pollutants from water. Ion-

exchange materials based on calcium humate were 

found suitable for the removal of heavy metals such 

as iron, nickel, mercury, cadmium and copper from 

water and also to remove radioactive elements from 

water discharges from nuclear power plants. Their 
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selective binding capabilities are also exploited for 

the destruction of munitions and chemical warfare 

agents [35]. Humus-based filters have been 

developed for sewage purification, with many 

applications. The filters are useful to clean chromate 

smelter waste water, to remove oil and dyes from 

waste waters and aquatic systems [36], to filter urban 

and industrial waste waters, to remove pesticides 

from sewage and to remove phenol from water. 

 

3-4 Application of humic substances in air 

remediation: 

Humus-containing materials have been also 

utilized for absorbing gases, e.g. the removal of waste 

gases from an animal-carcass rendering plant. 

Potassium humate can be applied to remove 

hydrogen sulfide and mercaptans from municipal gas 

supplies, and sulfur dioxide from stack gases. 

Different groups of compounds such as herbicides, 

fungicides, insecticides, nematicides, dioxins and 

also some pharmaceutical products like estrogenic 

compounds were determined as possible 

environmental endocrine disruptors [37].  

 

3-5 Application of humic substances in industrial 

environment:  

Humus and humus-containing materials have 

been used in large-scale building, for instance, as 

additives to control the setting rate of concrete. 

Humic materials found use also in the preparation of 

leather. Initially, they were used as a leather dye, 

later on as an agent for tanning leather and, finally, as 

an ingredient of a solution to finish leather. 

The wood working industry is another field 

where HS have been applied. They were used to 

prepare a “natural indigo” to dye wood veneer. In 

addition to this use, humic materials appeared to be 

suitable agents as a component of water-soluble 

stains for wood furniture. In the ceramic industry, 

humic substances were employed mainly as additives 

to enhance the mechanical strength of unprocessed 

ceramics, to improve the casting properties of 

ceramics [38], to color clay tiles and among many 

other uses they were also applied in the preparation 

of earthenware. Furthermore, humic materials have 

found application in the production of plastics, 

especially as dyes for coloring Nylon 6 or PVC 

plastics, hardeners of polyurethane foams or as 

plasticizer ingredients for PVC [39]. Humic materials 

found numerous applications in the paper industry 

too. They are included in different manufacturing 

procedures, for example in the production of 

electricity conducting paper sheets or in the 

manufacture of high tensile strength paper, and also 

in the recycling of paper. Other industrial 

applications can be mentioned: as an ion exchanger, 

as a source of synthetic hydrocarbons and fuel oils, in 

food processing or to enhance the extraction of 

uranium from its ores [40]. Humic substances have a 

large capacity to retain transition metals, forming 

metal organic complexes, which cause these metals 

to be more or less available for plants which include 

then them into the food chain. Interesting possibilities 

are the manufacture of humic substances from the 

waste processing industry. Results showed that the 

conversion of cellulose into humic acids is clearly 

underway in the production of recycled liquid 

packaging board (LPB) bales [41]. 

 

3-6 Application of humic substances in health 

environment: 

Humic substances produced on a commercial 

scale are used in veterinary and human medicine. 

Several studies of the medicinal properties of humic 

materials have been reported [42]. It was found that 

humic acids administered prophylactically to rats 

decreased significantly the extension of gastric 

damage induced by ethanol.  

[43] reported that humic acids are able to interact 

with the bacterium Micrococcus Luteus. In this case 

humic material sprotected the organism against cell-

wall disruption by the enzyme lysozyme. [44] who 

found that preincubation of cell cultures with 

ammonium humate avoided infection by the herpes 

virus noted the function of humic substances as 

protectors of the organism. In the last decade there 

has been an increasing interest in the employment of 

humic materials in medicine and biology. The 

possibility of soil humus extract with amino acid 

complexes and vitamin B analogues being a 

candidate as a base of cosmetic and pharmaceutical 

products has been studied. The main reason for the 

increasing attention devoted to humic acids can be 

explain by their antiviral, profibrinolytic, anti-

inflammatory and estrogenic activities [45]. The 

potential of humic substances to form chelate 

complexes with heavy metals (such as cadmium)  

enable them to be used for the elimination of heavy 

metals from living organisms. Humic materials in 

aquatic systems and water sediments have been 

observed to be closely connected with efficacy of 

hydrotherapy and balneotherapy. Antibacterial and 

antiviral [46] properties of humic substances 

represent new possibilities for their medical 

application. It is great interest that many studies has 

been showed that difficult viral respiratory illnesses 

common in children are readily resolved with fulvic 

acid dietary supplementation.  Fulvic acid is a humic 

extract common to rich organic humus soil and also 

certain ancient plant deposits. Many medical studies 

show that humic substances, especially fulvic acids, 

have the power to protect against cancer and related 

cancer-causing viruses. Studies often show reversal 

of deadly cancers and tumors using special humic 

substance therapies [47]. On the other hand, humic 

acid has been shown to be a toxic factor for many 

mammalian cells, but the specific mechanism of its 

cytotoxicity remains unclear. Its redox properties 

make humic acid capable of reducing iron(III) to 

iron(II) in aqueous conditions over a broad range of 

pH values (from 9.0 to 4.0) and of reducing and 

releasing iron from ferritin, but this process is 

partially inhibited by superoxide scavengers. 

Subsequently, the iron released from ferritin has been 
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shown to accelerate the humic acid-induced lipid 

peroxidation. Humic acids have the ability to reduce 

and release iron from ferritin storage as well as to 

promote lipid peroxidation. Therefore, HA coupled 

with released iron can disturb the redox balance and 

elicit oxidative stress within a biological system. This 

may be one of the most important mechanisms for 

HA-induced cytotoxicity [48]. 
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