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ABSTRACT
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Humic substances are derived from Soil Organic Matter (SOM) whichiis
playing amajor rolein agriculture. Quality, maturity, nativity assessment
and activity of humus are determined by hydrophobic and hydrophilic
(HB/HI) index, which is based on chemical composition of core structure
of humic substances. Because till now there is no exact chemical formula
or structure for HA and it is vary depend on source material, microbial
populations, physical and chemical environment for humic substances
formation, butingeneral itiscomposed of C,H, O and N. Important functions
of Humic substancesin environment are, it aids in nutrient solubilization
from drought and compacted soils, nutrient uptake by plants, heavy metals
immobilization, controlling soil erosion, improved multiplication of essential
microorganisms (EM) for agriculture. This review introduces the basic
properties, composition, chemical reactivity and characterization of HS
with highlighting the need of innovative research for better fundamental
understanding of the mechanisms, formation transformations and
application of humic substances.
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INTRODUCTION

Theclear knowledge of soil andits vegetation of
each respectiveareahel p usto use proper application
of necessary supplements. Dueto globdizationfarmers
usechemicdsindl areasof agriculturewithout itsknow-
edgeof usage, activity or itsproperty in particular leve,
leadsto becomeacausefor seriousenvironmenta prob-
lems (including bioaccumul ation, biomagnifications,
changesinbiodiversity and climate changes) which ulti-
matdly endsinrisk of peopl€’s health. The present situ-
ation beforeusisto takeanimmediateand intel lectual
step for theimprovement of agriculturewith correct

implementation of natural with chemica methodsand
thusimproving/ not damaging the present environment.
Human activitiesinimmediate past and | ast ten yearsto
s0il causeschangesin organic matter, typeof biologica
influencesover organic matter and availableV sbounded
nutrientsin thesoil. These changes createimpact inpH
and nutrient cyclingintheenvironment. Inreally soil
OM isnot ameasurable soil component.

Soil organic matter (SOM) isnot ameasurablecom-
ponent and it ispresent in fertile soil (2-8%), neutral
and dkainesoil (40-60% intheform of humicacidand
humin) and acid leached soils (Petit). SOM encompass
al OM fractionspresent in soil, including crop resdues
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(litter), plant residuesin varying stages of decomposi-
tion, microbial biomass, dissolved OM and stable hu-
mus’¥. Humus doesnot occur donein soil, itismade
up of humic substances composed of C, O & H. Hu-
mic substancesincludehumicacids(HAS), fulvicacids
(FAs) and humins. Humic acidsaretheend product of
microbial degradation of plant and animal debrisand
areoneof themost important congtituentsof fertilesoils.
Humic acid isdefined asaportion of soil humusthat is
solubleinakaline solution, but insolubleinacid solu-
tion, whichistheform of organic matter that oftenis
added to the soil toincreasefertility.

SOURCESOFHUMICACID

Humic acidsare present in soil (65-75%) composts
vermicompost®, activated dudge’®, sewagedudge?,
urban waste compost, sugar canefilter cake, leonardite
cod®, organic matter inlow land rice soil§*¥, rhizo-
sphere s0il*, organic soilsor histosol§Y, wetland soils,
natural wetland environments!”, deep seasediments“,
estuariesand lakes® and in other aquatic systems®.

FORMATION OFHUMICACID

I nitial formation or formation of neo polymers

Humification or humus formation is described
through composting process?. Composting determines
theincreasein humic substance content. M onitoring of
humificationindirectly actsasakey factor to know the
quality of composting. In early stage of this process
oxygen rich compoundslike polysaccharide (diphatic
C), lipidsand proteins (called interference materials)
are degraded to other oxygenated compounds? par-
ticularly carboxylic and ester groupswith anincrease
of aromatic structures suggest the partia formation of
neo-humic polymers (humification)™. Whileother, more
oxidized, recd citrant compoundsare neo-formedinthe
courseof humification. During composting theexten-
sivedegradation suffered by interferencemateria sor
organic compoundslikelignin, cellulose, hemicellulo-
sesand proteinswhich leadsto release of great variety
of ssmple organic compounds such as carbohydrates,
amino acids, smple peptidesand phenolsof low struc-
turd complexity™. Thisstudy isconfirmed by anayz-
ing soil using Tetramethylammonium Hydroxide
Thermochemolysis-GC/MS (TMAH-GC/MS), in
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whichlignin derivativeswereana yzed in different soil
sizefractionsand the resulting dataindicatesthat the
soil fractions, >250- pm chromatogram reveals more
lignin-derived compoundsand their relativeintensities
aremore pronounced than in <2- um chromatogram.
During humification, thesestructuresarefurther trans-
formed to aromatic humic-likestructures, wherelignin
sidechainsare oxidized. Further Soumiaet a. (2010)
has explained through composting of activated sudge,
inthat on 135" day of composting ali phatic C content
isdecreased to 30.1 and high content of aromatic Cto
45.6 and carboxyl C content of 24.3, andin FTIRand
BCNMR andysisshowsaromatic C/diphatic Cratio
decreased at initial times and then increased, which
showed theinitia phase of intense biodegradation of
thelargeamountsof diphatic compounds, eventhough
someimbal ances during composting wasthere. These
aliphatic structures then decomposed during last step
of compostingwith the help of microbia communities
proliferating after thedegath of origina onestothesyn-
thesis of new, more humified material§2%. Kogel-
Knabner (2002) a so suggeststhat these subsequently
formed structuresof aliphaticscould either berel eased
through degradation of ligninsor could originatefrom
microbid tissues.

Formation of corestructures

Aliphatic and aromatic constituentsform the core
structure of humic substancesor called true humic ac-
idg? or core humic acids and these are derived from
variousorganic sourceswhich areinvolvedin degrada-
tionreactiong*. The presenceof non-humic substances
inhumic acid from soil areamino acids, hydrolysable
phenolicacid, hexoseand uronic acid asmixtures, which
smeared the spectrd dataof HA material$%3. Theevo-
lution of core humicacid from municipa sewagewaste
(MSW) composting showed that the nucleusdid not
changeitschemica structureduring theprocessthat it
differed from the humic acidsonly in the pr-esence of
the organic molecules(interferencemateridss) that were
eliminated or rapidly degraded during compostingi*4
whereas, the humic materia remains constant'¥. Re-
searchersbelievethat the chemical and biochemical
reactionsthat occur during humificationtransformthe
organic matter through stabilization of aromatic struc-
tures, leading to arel ative enrichment of aromatic car-
bon and selective preservation of alkyl carbon of soil
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biopolymersresistant to decomposition, such ascutins
and suberins.

Sructural conformation and stability

Humic acid’s chemical stability and interaction with
environment were determined by hydrophobicity na-
ture®, Insam (1996) has stated that the cova ent poly-
merization of HSisby random condensation and oxi-
dation processes of S mplemonomeric unitsinto mac-
romol ecular polymers, and they arein chain (linear or
branched), that causesit’s resistance to microbial deg-
radation and consequent long residencetimefor soil
humic components. Therelatively large abundance of
aromaticand alkyl Cinall HA indicated agenera ma
jor contribution of hydrophobic carbon (HB) to humic
composition and these hydrophobicity causethestrict
association of aromatic and alkyl C with clay and silt
particled®. HSarerdatively small moleculesheld to-
gether by weak interaction forces, forming asupramo-
lecular structure®™. The supramol ecular organizations
are stabilized only by weak forcessuch asdispersive
hydrophobicinteractions (van der Wad's, z-, and CH-
7) and hydrogen bondswhichisbeing progressively
moreimportant at low pH vaues®. InsolutionHS are
macromol ecul es and assumerandom coil conforma:
tions, becomemiscdlesor “pseudomicellar’ structures.
Organic acidsin soil solution induce conformational
changesin hydrophobic domainsof HA®.

Aromaticity index for determining nativity

The hydrodynamic[hydrophilic (HI) or hydropho-
bic (HB)] volume of humic moleculeswill determine
the sourcefromwhich humusisformed. Thearomatic-
ity index (aromatic and phenolic carbons abundance)
of HAsof oxidized coa ismorethanlignitecod, deter-
mineby HI/HB index and higher va uesfor thisindex is
highly hydrophobicthan othersand lower vauesishigher
hydrophilic nature of HA™!. Coal -derived humicacid
distinguished from humic acid derived from natural
sourcesby thefact that it containsahigher aromaticity
and ahigher ratio of phenolicto carboxylic groupsin
theratio of about 1,46:1,08 respectively*.

PROPERTIESOFHUMICACID

Molecular size
Molecular size of humic acid considered to bea

function of the strength of hydrophobicinteractionswith
bi oactive mol eculesand hydration radius of the severa
different heterogeneous moleculesassociated inhumic
substances®. In generd akyl componentsaccount for
thelargest molecular dimensionsof HAB? and their
strong reciprocal hydrophobic interactionsleading to
largemolecular aggregeates, athough carbohydrate-cel-
lulose Cisanimportant component of HA from stabi-
lized compost materia!*+%3%4, The presenceof auxinin
HA wasalso reportedi?.

Molecular Szedeterminationindirectly evd uatethe
chemical groups presentintheHA and it canbeinves-
tigated through e ementa andyss. Theeementa com-
position and atomic ratios (carbon distribution) of HA
isolates can be seen through *C-CPMAS-NMR spec-
tra. In particular the summation of particular chemical
shift regionin ppmwill show theimportant nature of
HA characterization. They are summation of [{ 162-
110)/ (0-162) * 100] for AD (aromaticity degree),
[(162-110) + (46-0)] for HB (hydrophobic C) and
[(185-162) + (90-65) + (65-46)] for HI (hydrophilic
C). Pseudo-2D DOSY techniqueisparticularly suit-
ablefor complex samplessuch asHA becauseit pro-
videsadirect correlation of trandationd diffusion (D)
withthechemica shiftinthesscond dimension. Through
thisevauationfor threedifferent NM R spectrd regions
will tell thechemicd natureof HAS. (i) 9.0-5.0 ppmfor
protons on unsaturated carbons, nitrogen hetero atoms
and amides; (ii) 4.4-2.9 ppmfor protonson CH,,, CH,
or CH carbons directly bonded to O, N or carbohy-
dratesand (iii) 2.9-0.0 ppmfor alkyl protons, including
those on akyl carbonsthat aretwo or more carbons
away from aromatic ringsor polar functional groups?.

Solubility

Humic acidsdissolvein akalinesolutions(pH 7-8
and above) are called asmobile HA (MHA) and be-
come precipitateinacidic pH (1-2). But water scien-
tistsconsider that the precipitatesformsat pH 2 to be
HAsbecause non humic substances|likesomeproteins
also get precipitated under similar conditions, and so
theprecipitatesat pH 1 might be considered asthe HA
fractionfl.

Hydrodynamic sizeof ahumic materid richinpolar
components (hydrophilic) will bekept smal whendis-
solvedin aqueous solutions dueto stabili zation exerted
by hydration of water, conversely, more hydrophobic
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materials self- associatein large dimensionsand be-
come separated from water, thereby decreasingthetota
freeenergy of the dissolved system!®¢,

The solvation or soluble nature, pol arity, cation ex-
change capacity (CEC) and diffusion behaviour of hu-
mic acid depends on the abundance of polar (hydro-
philic) and apolar (hydrophobic) Cinhumicacid sruc-
ture, waseva uated by HI/HB ratio (Thisa so depends
ontopological and physiological arrangementsd inter-
actions/ bonding (of corestructure) of HAE, Thishy-
drophobicity nature of HA aso playsarolein sorption
of bioactivemoleculesin theenvironment. Thelarger
the potential hydrophobicincorporation of bioactive
molecules(e.g., auxinlike structures, some enzymes
like protease) in humic structure tends to the larger
chemical diversity of such bioactive molecules (polar
mol ecules) and themorediversetheir bioactivity™. It
was previoudy postul ated that the hydrophobic humic
components derived from plant degradation and mi-
crobid activity areableto randomly incorporate more
polar moleculesand hence protect them against degra:
dation®,

Humicacid aging or maturity

Study ontheage of formed humuswill explainits
importanceto know thetype and amount of humic com-
ponentspresencein humusor humicacids Withincress:
ing humification, thecolor of theHA typically darkens
fromyellowish-brown to brownto nearly black™. Veet
a. (2004)1“8 were studied the mineraization kinetics of
s0il organic matter inlowland ricesoilsby comparingthe
mobilehumicacid (MHA) with cacdumhumeate (CaHA),
and said that MHA isafreshly formed humic acidin
smdl mass, formed after puddling of land before crop-
ping, hashigher N concentration, lower C concentration
andC/N ratio, smaller E, vauethan CaHA indicaing the
humified ageof CaHA. They dsoreported that Gener-
ally MHAs of different soilsin dry powder statewere
brown, dark-reddish brown and CaHA fraction was
darker thanthe MHA fraction and CaHA fractionwould
bebetter protected against microbid degradationthrough
itsstabilization by polyvaent cations.

TOOLSFORHUMICACID
CHARACTERIZATION

Humic acid characterization can be performed by
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several tools. Many numbers of researches has been
carried out al over theworld using varioustechniques.
Each hasitsadvantage over humic acid study, thetools
used are primarily UV spectrum, UV deconvol ution,
followed by FTIR, NMR, ESR, CP-MAS,GC-MS,
chromatography, SEM, TEM, Radio labeling, AFM,
thermal imaging, ultrafiltration techniqueetcfor con-
centrated characterization'?,

Techniquesand itsapplication for HA study

Thefirstindirect evaluation of HA aromaticity was
undertaken by Kononova (1961) viathe E /E_ ratio
using UV spectrophotometer. Thisratio isbetweenthe
absorbance at 465 and 665 nm. In this as the E /E,
ratio dropsthisindirectly indicatestherisein aromatic-
ity together with humification for organic matter stabili-
zation. Aromatic structure can beindirectly measured
by the presenceof C/H atomicratio, becausethe mea
surement of C/H atomicratio in humicacid could bea
ratio of theakyl C and the conjugated C linked to aro-
matic systems. Sugar canefilter cakecontainrelatively
low C/H atomicratio, HAsfrom urban waste compost
and sewagesludge usually exhibit higher H/Crratio. If
enriched with aromeati ¢ carbon meanstherewould bea
dropinH/Cratio.

In accordancetothis, Chenet al. (1977) reported
that thisratio a so predictsthe size of the humic sub-
stancesin theform of molecular weight. Ultraviol et
(UV) andvisible (Vis) absorption spectratechniqueis
used for study of arometic carboxyl and phenolic groups
and C=C systemg®".. UV spectroscopy can confirms
thematurity state of compost e.g. theabsorbancearound
250-300 nm shows the presence of aromatic group-
ings, thisisamgjor partin HA structureandformedin
matured compost through “secondary synthesis” by
microorganisms. UV spectroscopy a so represents ab-
sorbanceat low range of UV wave engthsfor mineral-
ization phenomenon'?,

NMR techniquesareuseful for quantification study,
and to determinethestructural unitsinHSlike carbon
atomsin carbohydrates, aromatic rings, carboxylic ac-
idg*073, Thedegree of condensation of aromatic rings
in humic acid can be measured by NMR CP/IMASC
techniqueswith polar dephasing (DD) measurements®.

Fourier Transform Infrared Spectroscopy (FTIR)
areuseful for qualitative study®? and providesinfor-
mation about the stretching and deformation vibrations
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of chemical bonds between atoms showing electric di-
pole moment characterized by non-zero value. Itis
possibleto differentiate the source and the humification
condition of the organic matter through FTIR spectrum.
FTIR spectrum of sugar canefilter cakeHShasrela
tively low degree of humification, such asFA (fulvic
acid), hasaspectrum without CH,, CH, and CH ab-
sorption bands (generally located around 2900-2850
cmrt) and the presence of wideand diffuseabsorption
band at 1100 cm* ischaracteristic of low-humified HS.
Thegrowth promotersand other organic modifiers
makewesk ationwith humicmoleculesthisiscon-
firmed by peaks obtained for eluting solutions in
HPSEC!*Y., The presenceof auxinin HA was detected
by different methodsincluding immunoassaysor gas
chromatography —mass spectrometry,

APPLICATION PROPERTIESOFHUMIC
ACIDINAGRICULTURE

Humicaddismainly used asplant growth substance,
but other newer studies and approachesareemerging
onhumicacidforitsbetter utility andimpact inenviron-
ment.

Humic acid asfertilizers

Humic acids can be acomplement to synthetic or
organicfertilizersand in someingtances, fertilization can
beeliminated entirely if sufficient organic material is
present and the soil can become sdlf sustaining through
microbia processes and humus production, because of
their ability to chelatemicronutrients, thusincress ngthelr
bio-availability™. Theeffectivenessof HA over plant
growth (metabolic stimulation) isbased on low molecu-
lar size HS (LM S-HS)™ and that could have large
content of aromatic, carboxyl and phenalic carbong®.

The successful application of organicfertilizersin
organicfarmingisbased on the presence of humic mat-
ter. Fernandez et al. (1996)124 pointed out that under
field conditions, foliar gpplication of leonardite extracts
stimulated the shoot growth and promoted the accu-
mulation of K, B, Mg, Ca, and Feinleaves. Therea-
sonfor HA activity over plant growth were confirmed
by the research on Maize seeds (Z. maysL. var. DK
585) by using different molecul ar fractionsof HA for
enzymatic cycleof respiration and suggested that the
gtimulation of plant metabolism may bemoreprecisely

attributed to specific classes of compoundsin humic
substances or humic structures*l.

In soil application of 2 g humus (70% w/w, pH
5.17, EC: 4.80 mS/cm) /kg soil to plants (corn) in-
crease dry weight and nutrient uptake (especially N)
but theresultsbecame negativefor 4g humus/kg of soil
andinfoliar gpplication of humicacid (humicacid: 15%
wiv, pH 10.66, EC: 28.8 mS/cm) thehighest dry weight
and nutrients uptake were obtained with 0.1% dose
and decreased wtih 0.2% but the amounts except for
Fe, Cu, and Mn were found higher than in the con-
trol®4, Thisisbecause application of very high doses
of humic acidsisless effective®!, but Cooper et al.
(1998)1*8 gpplied humic substancesfor creeping bent
grassinsand cultureat rates of 100, 200 and 300 mg/
| and found that therate of application did not haveany
effect onthe plant growth. Regarding these Pavlikova
etal. (1997)* alsoclearly indicated in their study by
using humic acidintheform of potassumhumateeven
at high concentration (20 mg/L) asfoliar spray which
did not affect theyield of crop.

Humic acid in contact with r oot system

Lu-lakis and Petras (1995) have stated that water
uptakeincreases nutrient absorbance by therootsin
the presence of humic acid, which enhancesthedevel -
opment of latera roots. HA fractionsfrom earthworm
compost was observed to show greater root Size, more
branched roots, root hairswith larger surfaceareaand
stimulation of H*- ATPase activity in maize plantg*!.
Increase in root fresh weight (30.1%) and root dry
weight (56.6%) was examined in broad bean (Vicia
fabaL.) plant, thisisduetotheincreased uptakement
of K* and Na' (111.4% and 86.4% respectively) with
thehelp of HA. Micronutrients Ce?*, Fe** and Mn?* in
root cells of HA treated plants seem to be increased
dueto membrane permeability and transport whichis
caused by activation of voltage-depen-dent cation chan-
nel sor voltage-independent cation chan-nels (VIC) by
Na* which entersroot cellsand increase |lateral root
devel opment and total root bio-mass. But ahigh Na
content in soil solution hasa so an antagonigtic effect on
the uptake of Caand Mg®.

Humic substances may interact with the phospho-
lipid structures of the cell membranesand react ascar-
riersfor nutrientg4. The surfaceactivity of humic sub-
stancesin plant surface isdueto the presence of both
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hydrophilic and hydrophobic sites*¢l.

Humicacidshaving carboxyllicand phenolic groups
will enhancethe absorbance capacity of nutrientsin
roots by in-creasing H+-ATPase activity in the root
cellg'%, Muscolo et a. (2007)“% postul ated that the
interaction between root system and humic matter is
possiblein therhizosphere when humic moleculesin
the soil solution are small enough to flow into the
apoplast and reach the plasmamembrane. Simpleor-
ganic acids exuded by plant roots and microbes 51
help for releasing auxin likemoleculefrom humic struc-
turewhich could not bedone, if HS structureisdam-
aged by chemica modification or environmenta fac-
tors. Thisleadsto inactivation of thecell receptorsin
plasmamembraneby H+-ATPaseactivity for theregu-
lation of cytoplasmicpH and theactivation of cdll wall-
losing enzymes and proteinsthrough acidification of
apoplast in plant roots®”. Humic structure from
vermicompost was chemicaly modified usng different
acidic, basic and methyl compounds and the altered
mol ecular weight humic acidswere used for mai ze plant
growth study and the study states that there was no
relationship between bioactivity and molecular size of
humic acid, but hydrophobic index appear to play an
important roleinthebioactivity of themodified humic
matter.

Microbial activity on humic substances

Bacteriacan use humic substancesasorganic el ec-
tron acceptors and capable of reducing humic sub-
stance“?. According to Scott et al. 19987 the el ec-
tron accepting capacity of humic substances extracted
from soilswas much greater than dissolved humic sub-
stancesof aquatic systems. Humic acid extracted from
wetland soilsand incubated in an anaerobic chamber
showed thefinal ratio of CO,:CH, >2, suggesting that
humic acids may strongly limit the production of CH,
by serving asthermodynamically favorableorganicdec-
tron acceptors or terminal € ectron acceptor (TEMS).
Humic substanceand og anthraquinone-2, 6-disulfonate
(AQDYS) hasbeenisolated from natural wetland envi-
ronments and has reported that thisanalogue acts as
TEMSY, Jason et d. 2009, hypothesi zethat the chemi-
ca makeup of humic substances extracted from differ-
ent wetland soils causes different range of ratiosin
CO,:CH, production.

Humic substancesare susceptibleto microbid deg-
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radation inthe environment. Theratesof bacteria deg-
radation of HS may vary with age, source materials
and bacterial community composition. The uptake of
HSinliving cells(Escherichiacoli) and plants(sprouts
and root system of Triticumaestivum) at different con-
centrationsisdemonstrated by radio labeling of humic
acid with tritiumf®l, The adsorption capacity of HSto
biologica surfacesor any organic or inorganic materi-
aswill increases with increased H/C atomic ratio.
Thurman (1985) said that the structural complexity of
HSfor microbial degradationwhichtypicaly contain
anaromatic core, diphatic sdechains, carboxyl groups
and phenolic hydroxyl groupsamong other chemical
moietiesand based on thisEsham et d. (2000)% were
categorized their bacteria culturesinthreemajor phy-
logenetic groups (a-Proteobacteria, y-Proteobacteria
and Gram —positive bacteria) which were capable of
growth in enrichment culturemediawith estuarineHS
asthe sole carbon source.

(Moran and Hodson, 1994; 1990) have reported
that utilization of HS contai ning reca citrant compounds
become more complex material to microbia mineral-
izationinlow ratesof [*C] inHSand low ratesminer-
dization dsoreported for naturd humic substancesfrom
freshwater and marinewetlands. Humic acidsfraction
of Natural Organic Matter (NOM) in drinking water
can readily react with chlorineto form carcinogen com-
pounds and this became a serious problem, but this
risk can be reduced by local microbes (Sreptomyces
sp, Aspergillus sp, and Actinomycetes sp), it utilizes
HA as carbon source leadsto its decol ourization and
degradation and thisdirectly showing decreasein ali-
phatic structura unitsrapidly than more condensed aro-
matic structureswhich were resi stant to biodegrada-
tion.

CONCLUSION

Different typesof organicfertilizerisprepared and
followed in various partsof theworld but itseffective-
nessisqualified by humicacidratio. Itisthebasicand
unavoi dable component to quaify any matured organic
matter and proper utilization of it to plants. Many re-
searches are carried out for humic acid characteriza-
tion; UV- spectroscopy isuseful and easy tool for pre-
liminary cal culation of molecular size of humic acid.
Followed by chemicd sructureandysisby varioustech-
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niguesisemerging. Application of humic acidin soil
instead of direct application of compostswill helpsto
direct uptakement of nutrientsin solubleform by plants.
Further investigation on humic acid molecular Sructure
createan awarenesson itsapplicationin variousfields
including medicinefor itsantioxidant properties, water
purification, growth supplement inmicrobid mediaand
asoashedthdrink.
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