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INTRODUCTION

Humic substances, such as those listed in the afittajeplay a vital role in soil fertility and pfe nutrition. Plants grown
on soils which contain adequate humin, humic aftitis), and fulvic acids (Fas) are less subjectress, are healthier,
produce higher yields; and the nutritional quatifynarvested foods and feeds are superior. Theexalhumic substances
in soil fertility and plant nutrition relates toghmany functions these complex organic compoundsipe as a part of the
life cycle on earth. The life-death cycle invohasecycling of the carbon containing structural poments of plants and
animals - through the soil and air - and back th®living plant

Man became distracted from the importance of ogeampound cycling when it was discovered thatlselacidic based
N-P-K “fertilizers” could stimulate plant growth akge industrial concerns took advantage of the ildtscovery to
market industrially processed “fertilizers” frommeiral deposit. Continued use of these acidic feetis in the absence of
adequate humic substance (in the soil) has causeg serious sociological and ecological problemanMeeds to
reconsider his approach to fertilization techniggiving higher priority to soil humus.

The urgency to emphasize the importance of hunbstamces and their value as fertilizer ingredidats never been more
important than it is today. All those concernedutibe ability of soils to support plant growth dee assist in educating
the public. Humic substances are recognized by smbkscientists and agronomists as the most ilmpbdomponent of a
healthy fertile soil. To illustrate how humic sudastes function, the following summary, based oniphbd scientific
data, has been prepared as a guide for an eduglgpiamgram. In addition, by understanding how thessdon containing
substances function, professionals will have addolindation on which to design environmentallyeteble sustainable
agriculture programs.

DESCRIPTION OF TERMSUSED IN THE SUMMARY

A brief discussion of several important terms \w#llp clarify to the reader the significance of hamsubstances, and how
scientists have subdivided and described specifiagts from these substances. Key features oéthesacts have been
discovered as agriculturists have worked to undacsthe structural and functional properties of lusnbstances.

ORGANIC MATTER - Organic matter is defined as a grouping of cartimtaining compounds which have originated
from living beings and been deposited on or withia earth’s structural components. Soil organicenancludes the
remains of all plant and animal bodies which hatkeh on the earth’s surface or been purposelyiegly man in the
form of organically synthesized pesticides. A fersoil should contain from 2-8 percent organicteraimost soils contain
less than 2%. In acid, leached soils, which arero$iandy, substantial portions of the organic méatte the form of plant
debris and fulvic acids (FAS). In neutral and alkalsoils a large percentage of the organic mésterthe form of humic
acids (HAs) and humin.

When organic matter is burned, there remains @wasiash. The residual ash is composed of the aigdrace elements
required by plants and animals during their norgraivth processes. Thus organic matter containsnalieéements
required by plants

An accurate measurement of the soil would be helpfmonitoring soil fertility. Currently the besixtractant for
removing organic matter from a soil is 0.5 norn@dism hydroxide (NaOH) (working under N2). The sed¢dest
extractant is sodium pyrophosphate decahydrateRFR@Z 10H20 (pH 9.8)). Neither one of these extrastes able to
remove all of the organic matter from a soil samf@bviously since these chemicals are the best kribis impossible to
determine the exact amount of organic matter ptesihin a soil. In reality soil organic matternst a measurable soil
component. The organic matter content of a soil@emeported on soil tests, is only an estimate drganic carbon
content of a soil can be measured and would bechmore valuable indication of the potential hurchemistry of a soil.
The soil’s carbon content would be a desirable piat soil test report.



HUMUS- Humus is defined as a brown to black complex \@eiaf carbon containing compounds not recognizeteu

a light microscope as possessing cellular orgaioizan the form of plant and animal bodies. Hunsiséparated from the
non-humic substances such as carbohydrates (a fregtion of soil carbon),fats, waxes, alkanes tigggs, amino acids,
proteins, lipids, and organic acids by the fact thstinct chemical formulae can be written forgaenon-humic
substances. Most small molecules of non-humic sumissts are rapidly degraded by microorganisms witiersoil. In
contrast soil humus is slow to decompose (Degradégr natural soil conditions. When in combinatigth soil minerals
soil humus can persist in the soil for several maddears. Humus is the major soil organic matenmonent, making up
65% to 75% of the total. Humus assumes an importdetas a fertility component of all soils, farércess of the
percentage contribution it makes to the total swiks.

HUMIC SUBSTANCES - humic substances are the components of humussasuca as high molecular weight
compounds that together form the brown to blackdydilic, molecularly flexible, polyelectrolyteslted humus. Many
of the components of humus are heterogeneousivedialarge stable organic complexes. They functmgive the soil
structure, porosity, water holding capacity, cato anion exchange, and are involved in the doelatf mineral
elements. The elemental analysis of humic subssams@als that they are primarily composed of aarbgygen,
hydrogen, nitrogen, and sulfur in complex carboaiich (aliphatic components that make up approxiiya@? - 50% of
the total) C-C-C-C and 4, 5, and 6 member carbogsr{aromatic components that make up 35% - 60&beofotal) with
C-C, C-N, and C=0 groupings.

Preliminary understandings about how humic subs®ace formed is based on 4 published theorieigh)n
modifications, (2) Quinone -Amino Acid Interactio3) Microbial Synthesis of Aromatics, and (4) TWellard Reaction
(a sugar - amino acid reaction sequence). Eactlidescribes complicated biotic and abiotic reawim which a variety
of organic compounds, such as phenolic compoundslignins), complex carbohydrates, and nitrogenswbstances are
resynthesized to form large complex polymers. bfeoifor these polymerization reactions to procésatganic mineral
catalysts must be present. Therefore, the avaiabil trace minerals is a requirement for the fatimn of humic
substance. The extreme variability in the molectéatures of humic substances relates back tordmimsor compounds
and the environmental conditions under which thaictsubstances formed.

Humic substances have been shown to contain awaidlety of molecular components. Some typical congmds are:
polysacharides: fatty acids: polypeptides; ligniesters: phenols; ethers; carbonyls; quinonegidigieroxides; various
combinations of benzene, acetal, ketal, and laatal, furan ringed compounds; and aliphatic (cadi@ins) compounds.
The oxidative degradation of some humic substapoeduces aliphatic, phenolic, and benzene carboaglids in
addition to n-alkanes and n-fatty acids. The mpJonolic acids released contain approximately 3dxyd (-OH) groups
and between 1 and 5 carboxyl (-COOH) groups.

Humic substances can be subdivided into three nfigotions (1) HUMIN, (2) HUMIC ACIDS (Has), and\&ULVIC
ACIDS (Fas). These sub-divisions are arbitrarilgdzhon the solubility of each fraction in watenest¢d to different acid
- alkaline (pH levels) conditions. Some of the mdg@atures of humic substances are summarizedyur&il.

HUMINS - Humins are that fraction of humic substances whighnot soluble in alkali (high pH) and are ndubte in
acid (low pH). Humin are not soluble in water ay @t. Humin complexes are considered macro-orgavary large)
substances because their molecular weights (MWjer&om approximately 100,000 to 10,000,000. In parison the
molecular weights of carbohydrates (complex sugarsye from approximately 500 to 100,000. The cleaiand
physical properties of humins are only partiallglarstood. Humins present within the soil is the tmesistant to
decomposition (slow to breakdown) of all the husibstances. Some of the main functions of humitisinvihe soil are
to improve the soils water holding capacity, to i soil structure, to maintain soil stability,ftomction as a cation
exchange system, and to generally improve soilifgrtBecause of these important functions hunsithie key component
of fertile soils.



HUMIC ACIDS - Humic acids (Has) comprise a mixture of weak aifih(carbon chains) and aromatic (carbon rings)
organic acids which are not soluble in water uradgd conditions but are soluble in water under lalkaconditions.
Humic acids consist of that fraction of humic salpsies that are precipitated from aqueous solutioenvthe pH is
decreased below 2.

Humic acids (HAs) are termed polydisperse becatifeetr variable chemical features. From a thrematisional aspect
these complex carbon containing compounds are deresi to be flexible linear polymers that existasdom coils with
cross-linked bonds. On average 35% of the humitt @A) molecules are aromatic (carbon rings), wkfile remaining
compounds are in the form of aliphatic (carbon eipamolecules. The molecular size of humic acid&gHange from
approximately 10,000 to 100,000. Humic acid (HA)ypeers readily bind clay minerals to form stablgamic-clay
complexes. Peripheral pores in the plant are capafihccommodating (binding) natural and synthetganic chemicals
in a lattice (clathrate) type arrangement.

Humic acids (HAs) readily form salts with inorgamiace mineral elements. An analysis of extractsatfirally occurring
humic acids (HAs) will reveal the presence of o&@rdifferent mineral elements present. These tebaments are bound
in humic acid molecules in a form that can be rgadilized by various living organisms. As a reshilimic acids (HAS)
function as important ion-exchange and metal-coripte(chelating) systems.

FULVIC ACIDS- fulvic acids (FAs) are a mixture of weak aliphatitd aromatic organic acids which are soluble in
water at all pH conditions (acidic, neutral andaditke). Their composition and shape is quite vdeiabhe size of fulvic
acids (FAs) are smaller than humic acids (HAs)hwaitolecular weights which range from approximate00 to 10,000.
Fulvic acids (FAs) have an oxygen content twice tfdaumic acids (HAs). They have many carboxyl@®QH) and
hydroxyl (-COH) groups, thus fulvic acids (Fas) arech more chemically reactive. The exchange capatiulvic acids
(FAs) is more than double that of humic acids (HA3)is high exchange capacity is due to the tatahlver of carboxyl (-
COOH) groups present. The number of carboxyl grgupsent in fulvic acids (FAs) ranges from 520 1@ cmol
(H+)/kg. Fulvic acids collected from many differesdurces and analyzed, show no evidence of methGxy3) groups,

they are low in phenols, and are less aromatic emetpto humic acids from the same sources.
<

Racause of the relatively small size of fulvic ac{@A) molecules they can readily enter plant rostisms, and leaves. As
Q enter these plant parts they carry trace raisdrom plant surfaces into plant tissues. Fuditl (FAS) are key
ngredients in high quality foliar fertilizers. Ral spray applications containing fulvic acid (F#)neral chelates, at
specific plant growth stages, can be used as aapyiproduction technique for maximizing the plaptsductive capacity.
Once applied to plant foliage fulvic acids (FAgrsport trace minerals directly to metabolic sitethe plant cells. Fulvic
acids (FAs) are the most effective carbon contgimimelating compounds known. They are plant corbpgtthus non-
toxic, when applied at relatively low concentraton

HUMATES - Humates are metal (mineral) salts of hu@As) or fulvic acids (FAs). Within any humic sthnce there
are a large number of complex humate molecules f@imeation of a humate is based on the abilityhef tarboxyl (-
COOH) and hydroxyl (-OH) groups (on the outsidehe polymers) to dissociate (expel) the hydrogen @nce the
hydrogen ions dissociated a negatively chargednaai@OO- or -CO-) results. Two of these anions loend to positive
metal cations, such as iron (Fe++), copper (Cuzif) (Zn++), calcium (Ca++), manganese (Mn++), erayjnesium
(Mg++). The simplified reaction (-COO- + Fe++ >>Q0Fe+ + H) proceeds to bind two anions, frequeamtd€OOH and
a -COH group. The humate composition of any oneibsbstance is specific for that substance. Thesetexists a large
variability in the molecular composition of differehumic substances. Humates from different mingeglosits would be
expected to have their own unique features.
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HUMIC SUBSTANCESAND THEIR INFLUENCE ON SOIL FERTILITY

Humic substances are a good source of energy f@fioéal soil organisms. Humic substances and namib (organic)
compounds provides the energy and many of the @mlinequirements for soil microorganisms and saiireats. Beneficial
soil organisms lack the photo synthetic apparaiw@pture energy from the sun thus must surviveesidual carbon
containing substances on or in the soil. Energsestavithin the carbon bonds function to providerggdor various
metabolic reactions within these organisms. Berafgoil organisms (algae, yeast, bacteria, fungimatodes,
mycorrhizae, and small animals) perform many bemaffunctions which influence soil fertility andgmt health. For
example the bacteria release organic acids whitimahe solubilization of mineral elements boundoil. Bacteria also
release complex polysacharides (sugar based cordgptirat help create soil crumbs (aggregates).cBaihbs give soil a
desirable structure. Other beneficial soil micr@migms such as the Actinomyces release antibimtioghe soil. These
antibiotics are taken up by the plant to proteeigiainst pests. Antibiotics also function to credgsirable ecological
balances of soil organisms on the root surface@giane) and in soil near the root (rhizospherehdralso perform many
beneficial functions in soils. For example, micazee aid plant roots in the uptake of water andetielements. Other
fungi decompose crop residues and vegetative mattsising bound nutrients for other organisms. Wrthe organic
compounds released by fungi aid in forming humus soil crumbs. Beneficial soil animals create tufike channels in
the soil. The channels allow the soil to breattd exchange gases with the atmosphere. Soil anetsdsaid in the
formation of humus, and help balance the conceatraif soil microorganisms. A healthy fertile soust contain
sufficient carbon containing compounds to susta@ltillions of microscopic life forms required faffertile and a healthy
plant. A living soil is a fertile healthy soil.

Humus functions to improve the soil's water holdaoapacity. The most important function of humicstalnces within the
soil is their ability to hold water. From a quaative standpoint water is the most important sutzstalerived by plants
from the soil. Humic substances help create a alelgirsoil structure that facilitates water infittcen and helps hold water
within the root zone. Because of their large swefaea and internal electrical charges, humic anbss function as water
sponges. These sponge like substances have titg tibliold seven times their volume in water, aager water holding
capacity than soil clays. Water stored within thie-$oil, when needed, provides a carrier mediunmédrients required by
soil organisms and plant roots.

Available water is without doubt the most importantmponent of a fertile soil. Soils which contaighhconcentrations of
humic substances hold water for crop use duringpg@srf drought. This is why growers who apply htedbased
fertilizers and integrate production practices Whiceserve humic substances, can frequently haavasip during periods
of dry weather.

Humic substances are key components of a friabtesé) soil structure. Various carbon containing teuisnbstances are
key components of soil crumbs (aggregates). Comgaelxohydrates synthesized by bacteria and hurnbistances
function together with clay and silt to form soggregate. As the humic substances become intimassiyciated with the
mineral fraction of the soil, colloidal complexeshumus-clay and humus-silt aggregates are formieese aggregates are
formed by electrical processes which increase thesive forces that cause very fine soil partiated clay components to
attract each other. Once formed these aggregaligsteate a desirable crumb structure in the talp making it more
friable. Soils with good crumb structure have imma tilth, and more porous openings (open spatégse pores allow
for gaseous interchange with the atmosphere, angréater water infiltration.

The mean residence times of these organo-minenaplex aggregates varies with different humic sulsta. The mean
residence time of humic substances within theseegages, based on radiocarbon dating, using egtfiamh non-
disturbed soil, is as follows: humin, 1140 yeansnic acid, 1235 years; and fulvic acid, 870 yeltan has shortened the
residence time of humic substances by excessitiéZieg and by using tilling practices that cawesaessive weathering
of soils. Soils abused by applications of anhydmusnonia and by other destructive practices (thdseh destroy humic
substances) can shorten residence times by séwardied years. The turnover time of organic cardaied each year
from plant and animal residues averages approxlyn@@eyears, under ideal conditions. In order tirehumic
substances within the soil growers need to implémpesduction practices which prevent their deconitpms Growers
need to develop practices which retain the resieléince of humic substances. It is essential tocdeistructive
fertilization practices, rotate crops, minimize figdes usage, deep plowing, and mix crop residluése top soil by using
minimum tillage practices. Soils which contain ad&ig humic substances have improved tilth (worktgjpand are thus
more efficiently maintained for crop production.

Degradation or inactivation of toxic substancesm&diated by humic substances. Soil humic substgnoesion to either
stabilize or assist in the degradation of toxicsdabces such as: nicotine, aflatoxin, antibiofptgnols, and most organic
pesticides. In the microbial degradation processati@f the carbon contained within these toximsdleased as CO2. A
portion of these toxic molecules, primarily therastdic ring compounds are stabilized and integratighin the complex
polymers of humic substances. Humic substancesdilactically charged sites on their surfaces wifictction to attract
and inactivate pesticides and other toxic substarfeer this reason the Environmental Protectionnsgeecommends the
use of humates for clean up of toxic waste sitemnyvbioremediation companies apply humate baseggonus to toxic



waste sites as a part of their clean up programweérs interested in cleaning up their soils (destigpvarious toxic
pesticides) can accelerate the degradation of psigoxins) by applying humic substances. Growsdrs farm soils low
in humus need to include the purchase of humictanbses in their fertilizer budget. The cost of hamsubstances can be
more than offset by reduced costs of other fedilingredients.

Humic substances buffer (neutralize) the soil pH merate carbon dioxide. Humic substances functiobuffer the
hydrogen ion (pH) concentration of the soil. Repddteld studies have provided experimental evideheat the addition
of humic substances to soils helps to neutralieegpth of those soils. Both acidic and alkaline sais neutralized. Once
the soil is neutralized, then many trace elemeamt®érly bound in the soil and unavailable to platts, because of
alkaline or acidic conditions, become availabléh® plant roots. Humic substances also liberateoradioxide (CO2)
from calcium carbonates present within the soike Téleased CO2 may be taken up by the plant oaytform carbonic
acids. The carbonic acids act on soil mineraletease plant nutrients.

Soil enzymes are stabilized and inactivated by lewsubstances. Soil enzymes (complex proteins)tabiéliged by humic
substances within the soil by covalent bondingbiization renders these enzymes less subject ¢ootiial degradation.
Once stabilized and bound to the humic substanmagree activity is greatly reduced or ceases totfancHowever

many of these bonds are relatively weak. Duringgasrof pH change within the soil, these enzymesheareleased.
When some components of humic substance reactswoitlenzymes they are more tightly bound. For eXanghenolic-
enzyme complexes are frequently attached to cfagther stabilizing the enzymes. These enzyme li&zakibn processes
help to restrict the activity of potential planttipagens. As the potential plant pathogen releazgnees designed to break
down the plant’s defenses, the pathogens enzynuesrigebound to humic substances. As a result thegans are unable
to invade potential host plants.

Soil temperatures and water evaporation rate at@lizied by humic substances. Humic substancegibmto help
stabilize soil temperatures and slow the rate dewavaporation. The insulating properties of husuibstances help
maintain a more uniform soil temperature, especiliring periods of rapid climate changes, sucbadd spell or heat
waves. Because water is bound within the humictanioes and humic substances reduce temperatutedtions, soil
moisture is less likely to be released into thecesjpiere.

The electrical features of humic substances inffedmown chemical reactions. Both groups of complganic acids,
humic acids (HAs) and fulvic acids (FAs) have bpesven to be involved in three specific chemicalcteons. These
reactions are commonly termed: (1) electrostattufmbic) attraction, (2) complex formation or chiéda, and (3) water
bridging.

Electrostatic attraction of trace minerals redueeshing into subsoil. Electrostatic attractiomudtal cations to anionic
sites on the humic substance keeps these ionsléaching into the subsoil. The metal cation is &@psttached, thus can
be released when attracted to another strongerielacharge. The cation is readily availablehe soil environment for
transport into the plant roots or exchanged fortlaometal cation

Electrically charged sites on humic substancestfondo dissolve and bind trace minerals. Whenramlex reaction with
metal cations occurs on the humic substance suitfé&eéermed chelation. Two negatively chargedsibn the humic
substance attract metal cations with two negatiagges. As a result the cation binds itself to ntbe one charged
anionic site. By forming organo-metal chelatesséherganic acids bring about the dissolution ahgry and secondary
minerals within the soil. These minerals then bee@wailable for uptake by plant roots. The gretiteraffinity of the
metal cation for humic acid (HA) or fulvic acid (ffAhe easier the dissolution of the cation fromous mineral surfaces.
Both the acidic effects and the chelation effegigesr to be involved in dissolution of minerals &tding processes.
Evidence for the dissolution of minerals can bepsued by x-ray diffraction and infrared analysthelation of plant
nutrients such as iron (Fe), copper (Cu), zinc (&mgnesium (Mg), manganese (Mn), and calcium (€&)ces their
toxicity as cations, prevents their leaching, améases their uptake rate by plant roots.

The chelation exchange reaction involves a tramsiélement. The release of these trace minerailghiet plant is quite
different from the classical cation exchange sysfEne cation with a plus two charge, present inctielate, cannot be
replaced by a singly charged cation such as H+oKMa+. Cations with one positive charge are untbleplace a metal
ion, such as Cu++, with two positive charges. Tinelated metal ion can be exchanged by anotheritiared ion that has
two positive charges. The chelates provide thaeramechanism by which depleted nutrient elemerggeplenished at
the root surface. The chelation process also iseethe mass flow of micro nutrient mineral elers@iftthe root. The
chelation of heavy toxic metallic elements preseithin the soil is also influenced by humic substes present. When
toxic heavy metals such as mercury (Hg), lead (&td,cadmium (Cd) are chelated these organo-metaplexes become
less available for plant uptake. Detailed studieshelation of heavy metals in industrial sludgs Hiustrated the value of
humic substances in preventing uptake of these toeitals. Keep in mind that free metal cations ascke+2, Cu+2, and
Zu+2 are incompatible with plant cells. Direct dpations of metallic salts, such as iron sulfatgper sulfate, and zinc
sulfate, to correct trace element deficiencies,a@rse serious problems when the soils lack safftdiumic substances
for buffering. Trace minerals should be applieéinorganic chelate, preferably by humic acids (Hag] fulvic acids



(FAs). Many scientific studies have shown that husubstances [humic acids (HAs) fulvic acids (FAsHsent in the
root zone reduce the toxicity of metal cations.

Water bridging is an important function of humiadnlvic acids. Water bridging by humic substaniceslves the
attraction of a water molecule followed by theattion of a mineral element cation (Simply illuséc by (-COO - H20 -
Fe+) at an anionic site on the humic (HA) or fuleidd (FA) polymers. The water holding capacityhafic substances
and their ability to bind trace mineral elementsdtion together in water bridging. Water bridgisgoelieved to improve
the mobility of nutrient ions through the soil sttun to the root. These mechanisms also help rebhaadhing of plant
nutrients into the subsoil. Recent experimentsdaig that water bridging may be more common in lewsubstances than
originally believed.

Humic substances aid in the decomposition of sailemals by forming metal-organic-clay complexepracess termed
soil genesis. Soil formation (soil genesis) invalaecomplexing of transition mineral elements, saglsopper (Cu), zinc
(Zn), iron (Fe), and manganese (Mn) from soil matemwith humic acids (HAS), fulvic acids (FAs) acldys. This
complexing process inhibits crystallization of thesineral elements. The complexing process is ihquatrolled by the
acidity of these weak acids and the chelating i humic substances. In the absence of humistanbes trace minerals
elements are converted to insoluble precipitatel si8 metal carbonates, oxides, sulfides, and Rigle. Thus the
presence of humic acids (HAs) and fulvic acids (PA&hin soil inhibit the development of new soiimerals. For
example, crystallization of iron to form iron ox&l&s inhibited by the presence of humic acids (H&®) fulvic acids
(FAs). Soils deficient in humic substances may amnadequate iron, however the iron present isugatly bound in
forms which render it unavailable to plant roots.the concentration of fulvic acids (FAS) increaséhin a soil.
Transition metal crystallization is first delayeddathen inhibited at high fulvic acid (FA) concettons. Cations of these
transition metals (e.g. Cu++, Zn++ and Fe++) ald hrelarge humic polymers by chelation, for futuetease to soil
organisms on plant roots. These physical and ct@mpiocesses prevent leaching of plant nutrierttstime subsoil.

Stored energy and trace mineral content of huntistsunces helps sustain soil organisms involvetaimsimutation. The
presence of humic substances within saline sditssé soils which contain high salt concentratieng, sodium chloride)
aid in the transmutation of the sodium ions. Tla@s$mutation reactions, a biological process thetigscwithin living
organisms, result in the combining of sodium witkeaond element, such as oxygen, to form a neweglerAlthough the
theory of transmutation has met considerable opiposby some traditional physicists and chemisisldgist have
recorded convincing data to prove that transmutaticcurs in living organisms. Application of humihsimic acids, and
fulvic acids to saline soils, in combination witheific soil organisms, results in a reductioniia toncentration of
sodium salts (e.g. NaCl). The reduction is notelated with a leaching of the salt, rather withirammease in concentration
of further elements. The addition of humic subsésno soils containing excessive salts can helpoethe concentration
of those salts. By reducing the salt content dadibits fertility and health can be “brought badk’provide a more
desirable environment for plant root growth.

HUMIC SUBSTANCESAND THEIR INFLUENCE ON PLANT GROWTH AND
DEVELOPMENT

Plant growth is influenced indirectly and diredbly humic substances. Positive correlations betweemumus content of
the soil. Plant yields and product quality haverbpeblished in many different scientific journdisdirect effects,
previously discussed, are those factors which pleeinergy for the beneficial organisms within toi, snfluence the
soil’'s water holding capacity, influence the so#tsucture, release of plant nutrients from soienals, increased
availability of trace minerals, and in general ioygd soil fertility. Direct effects include thoskanges in plant
metabolism that occur following the uptake of oliganacromolecules, such as humic acids, fulvicad@hce these
compounds enter plant cells several biochemicahgbsioccur in membranes and various cytoplasmigpoaents of
plant cells. Some of the biochemical improvementglant metabolism, as influenced by humic subsisnare
summarized in Figure 2.

Uptake of major plant nutrients is mediated by humibstances. One stimulative effect of humic sutests on plant
growth is enhanced uptake of major plant nutriemitsogen (N), phosphorus (P), and potassium (KheWadequate
humic substances are present within the soil theirement for N-P-K fertilizer applications is remhd. As the level of
humic substances in soils become depleted the alisig demand for higher concentrations of N-P-Kiltss Many
growers have over the past several years reparteddsing demands for soluble acid fertilizersrioheo to maintain crop
yields. Such observations indicate something isngnithin the soil. Increased leaching of nitraggtifizer ingredients
into the ground water is also a warning of problemyxsome. These trends reflect losses in soil higulxstances. Growers
could reduce their fertilizer requirements andirethe fertilizer ingredients within the plants tog zone by the
application of humate based fertilizers. The agtian of either dry or liquid humic substancesddssdramatically
increases fertilizer efficiency. Other researchmrge reported increased uptake of calcium (Ca)Maghesium (Mg)



when plants are irrigated with liquid suspensiohuwmic acids (HAs) or fulvic acids (FAs). Anothlegy mechanism,
which maximizes fertilizer efficiency and relatesat function of humic substances, is a reductiaiéntoxicity and
leaching of nitrogen compounds into subsoil watkmic substances hold these major plant nutriengsmolecular form
which reduces their solubility in water. These lngdprocesses reduce leaching nitrogen into theauand help prevent
volatilization into the atmosphere.

The absorption of humic substances into seeds pasitive influence on seed germination and segdigvelopment. The
application of humic (HA) or fulvic acids (FA) teeds will increase the seed germination; resultifggher seed
germination rates. Application rates of humic adidés) or fulvic acids (FAs), required for improveéed germination,
range from 20 to 100 mg/liter of seed. In orderifoproved germination to occur the humic substameest be present
within the cells of seeds. As the humic substaecdsr the seed cells, respiration rate increaselscall division processes
are accelerated. These same respiratory procesisasae root meristem development and activate gfosving points
within the seedlings. Humic substances have besrodstrated to enhance mitotic activity during c@lision under
carefully controlled experiments. Placement of ¢hiegmic substances on seed (seed treatment) dn\hih seed furrow
will significantly improve seed germination and dkeg development. Excessive concentrations of louamids (HAS)
and/or fulvic acids (FAs) can inhibit seed germioatand at high concentrations can kill young siegdl Therefore
follow recommended rates when applying humic sutzsis.

Humic substances have a very pronounced influendbegrowth of plant roots. When humic acids (Hasj/or fulvic
acids (FAs) are applied to soil, enhancement df irdbation and increased root growth are observduis the common
observation that humic acids (HAs) and fulvic adqi@as) are root simulators. In most experimentatists plant root
growth is stimulated to a greater extent compamestimulation of aboveground plant parts. Carefdigigned
experiments have been conducted under controlledittons to measure plant responses. For examgpécate
treatments of plants grown within the greenhousth and without humic acids and fulvic acids hassirated how humic
substances influence root growth. In treated ragights averaged from 20 to 50% heavier comparehetoveights of
non-treated roots. The type of humic substancebkemplpad a significant influence on the percenincfease. Not all
humic substances contain a desirable moleculamungxdf humins, humic acids (HAs) and fulvic aci&ié&\§) capable of
rapid stimulation root growth. Some humic substapbecause of their large molecular sizes, fabestitnulate plant root
development. Root stimulation occurs when the snatlolecular components within fulvic acids (FAxocat a
concentration which ranges from 10 to 100 mg/létesolution. Growth is further stimulated when fighacids (FAs) are
used in combination with HUMIC acids (HAs) and athequired plant nutrients. Humic substances impnoant
nutrition, however they are not complete nutridntshemselves. Excessively high concentrationsuafib substances can
result in a reduction in root weight. For optimufard growth humic acids (HAs) and fulvic acids (FAsould be applied
at relatively low concentrations. Application of WMUC substances within a fairly wide range of cortcations are highly
beneficial to plant root development.

Humic acids (HAs) and fulvic acids (FAs) are exestlfoliar fertilizer carriers and activators. Agition of humic acids
(HAs) or fulvic acids (FAs) in combination with tra elements and other plant nutrients, as folieaysp can improve the
growth of plant foliage, roots, and fruits. By iresing plant growth processes within the leaves@ease in
carbohydrates content of leaves and stems occheselcarbohydrates are then transported downehes shto the roots
where they are in part released from the root twige nutrients for various soil microorganismstbe rhizoplane and in
the rhizosphere. The microorganisms then reledasls aad other organic compounds which increasavadability of
plant nutrients. Other microorganisms release “larealike” compounds which are taken up by plantso®he required
concentration of humic acids (HAs) and/or fulviédsc(FAs) within the foliar spray should be relaliwlow, generally
less than 50 mg of concentrated dry humic substpacéter of water. Foliar fertilizers containitgimic acids (HAs) and
fulvic acids (FAs) on combination with nitrogen,tassium, phosphorus and various trace minerals heae
demonstrated to be from 100 to 500% more efficommpared to applications of similar fertilizerstbh@ soil. Foliar
fertilizers are also more economical because smgliantities of fertilizer are required to obtaigrsficant plant response.
Plant nutrients within foliar fertilizers are rapicabsorbed by the plant leaves. Within 8 hoursradpplications of humic
substances are applied, changes in many differetdbuolic processes are detected. Enhanced carladéggiroduction
can be detected within 24 to 48 hours after fdeading by use of a refractometer. Enhanced cadrabg production can
either result in improved product quality or incsed yields.

Young plant roots, and growing plants are moreaasjve to applications of humic substances. Acfigebwing plant
tissues are the mist responsive to applicatiorsiofic substances. Younger tissues have activepoansiechanisms that
move the required nutrients to sites of metabadttvdy. For example, foliar applications of hunsabstances to young
actively growing leaves results in a greater insecia plant growth when compared to foliar applaad to older plant
leaves. Actively growing plant parts involved iflaivisions and other growth processes, readitggnate various trace
minerals and growth regulating compounds into oimgonetabolic processes. In contrast older plartspa which
metabolic processes have slowed are unable tdesffig utilize added humic substances and assatiai&ients. The
concentrations of dry humic acids (HAs) within gpray solution should range from 5 to 100 mg ger bf water for
optimum response. Differences in the active ingretdi of a specific substances may require chartbege
concentrations. At higher concentrations, aboverh@®f dry humic acids (HA) per liter, plant, shoahd even root



growth may be inhibited, depending on the substanceler test. Plants respond more slowly to saliegtions of humic
substances because a large percentage of the bubstances is retained within the roots duringtgaowth. In most
plants less than 30% of the humic substances frasgtin the roots are translocated up the stertwstime plant leaves.
Foliar applications of relatively small molecularits of humic substances containing trace mindmisactively growing
plants) can be timed to meet the needs of spaaldiat growth requirements. Applications can be tdrtwactivate
vegetative growth, flowering, fruit set, or fillirend ripening of fruits.

Side dress applications of commercial liquid huagas (HAs) and fulvic acids (FAS) to soils duricrgp production
results in direct root uptake. As noted above winemic substances are taken up by plant roots twspounds become
concentrated within the roots. Uptake of smalletenolar components of humic substances is bothyeaasd
metabolically active. The uptake of high molecwiaight humic acids (HAs) by roots is primarily pass while the
uptake of smaller fulvic acids (FAs) polymers igwparily metabolic. After humic acids (HAs) and fidwacids (FAS) reach
a concentration in the root, then a fraction (frer80 %) of the total concentration is transport&o the shoots and
leaves. Radioactive carbon studies indicate tragtkatest concentration of humic substances adatastin plant cell
walls and cellular organelles such as the mitochiarehd ribosomes. Other similar experiments usaajoactive carbon
labeled humic acids (HAs) and fulvic acids (FAgjigates that low molecular weight fulvic acids (ffAse much more
active compared to high molecular weight humic s¢ldAs). However some metabolic reactions may regoiwv
concentrations of humic acids (HAs) in combinatiath fulvic acids (FAS). Root growth is primarilyisiulated by the
molecular components of humic acids (HAs) and fubgids (FAS).

Humic acids (HAs) and Fulvic acids (FAS) have direffects on plant cell membranes. HUMIC acids (Hisrease the
permeability, ease by which mineral elements maektand forth through the cell membranes, resultiren increased
transport of various mineral nutrients to sitesngftabolic need. Humic substances influence bothdpydlic (having
water affinity) and hydrophobic (lacking water affy) sites on the membranes surfaces. In addititany scientists
believe that the phospholipid components of the brames are electrically altered by humic substankes result of
these electrical changes, the membrane surfacenascmore active in the transport of trace mindrals outside the
plant cell into the cell cytoplasm.

Energy metabolism is accelerated and the chlordpbyltent of plant leaves is enhanced by the pasehhumic
substances. When Humic Acids (HAs) and fulvic a¢kisS) are applied to plant leaves the chloropbgtitent of those
leaves increases. As the chlorophyll concentrdtioreases there is a correlated increase in trekemf oxygen.
Chlorophyll development within plant leaves is mprenounced when fulvic acids (FAS) are presetihéfoliar
fertilizer. Organic acids [humic acids (HAs) andvia acids (FAS) also increase the concentratiomessenger
ribonucleic acids (m-RNA) in plant cells. MessenB&A is essential for many biochemical processehiwicells.
Activation of several biochemical processes redualen increase in enzyme synthesis and an incieake protein
contents of the leaves. During these metabolic ggsan increase in the concentration of severabitapt enzymes is
detected. Some of the enzymes which are reportettitease are: catalases, peroxidases, diphenakxid
polyphenoloxidases, and invertase. These enzyntiesigcthe formation of both carrier and structypadteins.

Some molecular components of humic substance® aegtilate plant growth hormones. Both humic afitiss) and
fulvic acids (FAs) inhibit the enzyme, indole acedicid oxidase (IAA-oxidase), there by hinderinghldestruction. The
plant growth regulator, indole acetic acid (IAA)fsems many important functions within growing plgrarts. When 1AA
is protected from IAA degrading enzymes the IAA tiones to stimulate growth processes. Unfractiahatemic acids
(HAs) are the most effective in regulating planivgth hormones. Humic substances also influence efeymes
involved in growth regulation. When the activitygrowth regulators is maintained within plant tissuplant metabolism
remains functional and normal growth processesicoatto occur.

Humic substances increase production of high ensdgyosine triphosphate (ATP) within plant cells.various
metabolic systems are activated by humic substaart@screase in the production of high energy phaspbonds (ATP)
occurs. The high energy phosphate bonds of ATPtifamas a major driving energy for many differergtabolic
reactions.

Humic substances provide many free radicals totygels. Free radicals are “active sites” on thipers which function
as electron donors. Free radicals assist in exeptisitive effects on seed germination, root itidi@and plant growth in
general. Free radicals contain one or more unpaiextrons, are highly reactive, short lived, aagable of participating
in many different reactions. The free radical cahtef humic substances is related to the humificastate of the humic
substance. The greater the humification (low Hi®sd the darker the color of the humus. Thus huawids (HAS)
contain a higher free radical content compareditad acids (FAS), which have a high H:C ratio. Tiegatively low free
radical content of fulvic acids (FAS), associatathvihigh H:C ratios, is indicative of a low degrefechemical
condensation for these substances. Humic acids)(El#xg#ain two types of free radicals. The firstsslas a permanent,
stable type which persists for longer periods. 3&eond class is a transitional paramagnetic typehaik transitory. Each
free radical type has a specific function (e.galyat, photo sensitizer, and activators) in varimetabolic processes
within living cells.



SOURCES OF HUMIC SUBSTANCESAND THEIR VALUE ASFERTILIZER
INGREDIENTS

Humic substances commonly occur within soils, watpeat, and in carbon containing minerals sudir@sn coals, low
grade lignites, and leonardites. Most all soils eders on the earth surface contain some humistanbes in the form of
humin, humic acids (HAs), or fulvic acids (FAS). Wever the concentration of humic substances ircafjural soils has
reached seriously low levels. In general soils ana higher concentration of humin and humic a¢itiss). In contrast,
since fulvic acid (FA) is water soluble it occutg@atively high concentrations in both soils amater. Soil humic
substances consist of a higher percentage of dngpounds (aromatic) compared to humic substanoes vater.
Fertilizer grade humic substances can be obtaired €arbon containing mineral deposits throughoahyrparts of the
world. Within the United States there are severales and seams of carbon containing mineral depesitable for
obtaining good agricultural grade humic substances.

Humic substances can form naturally within soilsgarly managed. Certain production practices cémthald the humus
content of soils. Practices such as crop rotatisimg balanced fertilization programs, plantinguiegs, plowing under
green manures, returning organic matter to the, lapglications of compost, and using minimum tidggactices can all
help build humus. Any production practices whiclmage the activities of living components of thd sbbuld be
avoided. Protect the beneficial organisms respéméilo forming humus, and they will perform thedbjs. Humus building
practices are slow, time consuming, and may bdydsiwever they pay large dividends over timeotder to rapidly
return many damaged soils to their former prodectiapacity growers should consider additional a#téves. An analysis
of this situation indicates that the most rapid prattical solution to improving soil fertility ihie addition of humates
(mined humic substances) directly to the soil ofoéiar fertilizers. On most soils the applicatioofshumate based
fertilizers is more important than applying tradital N-P-K fertilizers. Humic substances will maizenthe efficient use
of residual plant nutrients, reduce fertilizer asind help release those plant nutrients preskeatlyd in minerals and
salts.

Naturally occurring humic substances from low grigeites and leonardites (natures soil conditishesre superior
fertilizer ingredients. The best source of humibstances for fertilizer use is from leonarditesohardite is defined as a
highly oxidized low grade lignite that containsedatively high concentration of the smaller moleculnits (fulvic acids).
The smaller humic acids (HA) and fulvic acid (FAplecules have higher fertilizer value and are igadken into the
plant along with trace minerals. The quality antlgaf any one mined humate or humic acid prodegedds on many
different factors. A good humic material can betdsgd by improper mining or processing. Thus dlbt@nmercially
marketed humic substances are equal in quality.Méry difficult for individuals purchasing a hutesbased fertilizer to
tell the difference between a high quality humibstance and a low quality humic material, with@lidratory tests. The
real test of any humic product is in the field. Geos interested in improving soil fertility and ptehealth need to set up
field tests, with an open mind. Many growers haiedtseveral different commercial humic substarefeig discovering
one that improves crop yields and product qualityteeir soils. In setting up test plots it is bsestablish side-by-side
comparisons in the field with a uniform soil ty@de whole field should be fertilized as usual amel$econd half treated
with a dry humic substance before planting. In addiliquified humic substance should be applieth® soil and to the
foliage as spray during the growing season. Incsielg a specific commercial humate product the megmcern relates to
product quality. Determine if the humate is a blehtiumic acids and fulvic acids or is it primariiymic acids. Avoid
purchasing pure humic acids. Secondly, does th&eted product have consistency between differetthies. An
erratically performing product is of minimal valutnother important question is, how rapidly does phoduct perform in
terms of its ability to improve plant growth? Orfettee best approaches is to ask around and findvbigh company has
quality control procedures in their mining and istiial processing operations. Established companiitssexperience of
working with humates and have a good track recertegally market superior humate-based fertilizers.

Quality of humic substances extracted from compastsnfluenced by the composting ingredients acstiniques.
Compost starting materials that contain large mdesccompounds such as lignins, paraffinic macr@oales, suberins,
melanins, cellulose (wood products) and variouggwtnols have superior values. In addition to tmesee complex
compost ingredients a blend of compounds contaisimgller molecules, such as animal wastes or slsdgeld also be
added to the compost. The length of the compogténgpd, how the compost is turned and waterediafimences the
quality of compost. A superior compost can be pregppdy adding dry Leonardite in with the plant @amimal wastes. The
added Leonardite creates a more complete balarfidezte mineral elements required by the compostirgoorganisms.
With time the microorganisms and small animals @nésan synthesize complex humic substances. & lgegcentage of
the currently available plant and animal residusgetoriginated from heavily mined agricultural soMany of the by-
products of the food industry lack important mirger@nd vitamins. This fact should be evident framserved vitamin and
mineral deficiencies, observed in man and aninTdis. vitamin and mineral supplement industry is dase the fact that
marketed foods and feeds lack certain nutrientirements. By applying a complete humate basedifertior a more
complete compost, soil fertility and plant heal#mde restored.

New standards are needed to monitor the qualibpofate based fertilizers currently marketed. Thesamer needs



protection from inferior products. There are mahyrhic acid type” products currently marketed inUrgted States.
Some of these “humic” products have been develbgeddustrial chemists, industrial concerns havelenaany attempts
to manufacture humic acids using different indastprocesses. As a result several “synthetics” e produced,
marketed, purchased, and used. Most of these digttave been polymers of vinyl acetate, maleid,gmlyvinyl

alcohol, hydrolyzed polyacrylonitrile, carboxymelitsllulose, polyacrilates, isopropyl acrylamide grady-quaternary
ammonium compounds. Generally these synthetic homiecules have performed poorly in terms of thitity to
improve soil fertility or plant growth. These prams should not be defined as humate based fertilipgedients since
their performance under field conditions are veratic. A chemical analysis of their molecular feats reveals that these
“synthetics” lack many of the properties of natlyralccurring humic substances. They lack the mdtedgatures which
improve soil fertility and are frequently incomgaé with plant metabolic processes. Other indulsgriaups have obtained
from mature, alkali-insoluble lignite-like coalseated these materials with degradative and oxidatiocesses to produce
smaller alkali soluble “humic” solutions. The retsud) oxidized mixtures from black coals or ligngeals are termed
“regenerated humic acids” or “ulmins”. These “ulgiimave characteristics which are similar to huagi@s derived from
low grade lignites, however are quite differentroieally, thus the term “regenerated” is a misnoriéere is no evidence
that these “ulmins” have desirable fertilizer grgdeperties. Hopefully members of the Internatiddamic Substances
Society can propose quality standards (labelingaflocommercially marketed humic substances anelde laboratory
procedures capable of monitoring the quality delisingredients. Until standards can be designéi;hware acceptable to
the industry, growers and gardeners should purdhasete based (dry and liquid) products that haenlextracted from
highly oxidized mined low grade lignites or leoniéed. Humic substances from such mineral deposit®rolosely
resemble humic substances normally found in festi¢és and in healthy plants.

Application of humate based dry or liquid fertilisecan improve product quality and increase praducis outlined
above humic substances are the building blockerbife soils and healthy plants. One importanteedsr adding humate
based fertilizers to the soil is that the produzer again become a steward of the soil. By deve¢ppimore ecologically
sound agricultural productions system it is posstblreduce soil, water, and air pollution. In aiddi, crop yields will
improve and the nutritional value of the harvegisstucts will significantly improve in quality. Trextent to which
humate based fertilizers improve crop yields depeadthe history of cropping practices used on éiatdh Soils severely
damaged by excessive use of acidic fertilizersestipides generally respond slowly the first y&enerally the first
improvements observed are in product quality. Agcteoil conditions are remediated (corrected) additional humate-
based fertilizers are applied, crop yields and pebdjuality continue to improve.

A word of caution. Avoid applying excess fertilizgjof any type) to soils or plant surfaces. Indixts who apply
fertilizers to soils (e.g. producers, farmers, gaddeners) should keep in mind that excessive @dpins of any fertilizer
can create imbalances and even reduce soil ferflliie positive impact of humic substances on pimotvth can be
reversed by applying excessively high concentratafithese fertilizers. Follow recommendations treate been based on
many years of experience.



