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ABSTRACT

The research work focusing the suitable method for extracting humic acid
from manuresat farmer’s field. The results reveal that the humic acid extracted
by KOH and NaOH have aloosely honeycomb structure characterized by
apredominance of flakes and fragmentsadhering on the surfaceand fractions
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exhibited a distinct physical appearance, being close-grained and lumpy.
Chemical analysis shows that the predominant components are Mg, Fe,
Na, K, Ca, and Pinhumicacids. Furthermorethe EDS spectraal so show the
presence of Mg, Fe, Na, K, Ca, and Pinthe humic acid extracted with KOH
and additional mineralsAl, Si, Sand Cl inthe humic acid. The HAE3 Humic
acid (KOH used for extraction) was showed higher seed germination (88%)

and vigour index (31.51%) in paddy (Oryza sativa).
© 2014 Trade ScienceInc. - INDIA

INTRODUCTION

Humic acid (HA) isastable mgor component of
humic substances (HS) formed from decomposed soil
or natura organic matter mainly includesplant resdues
(lignin) fromsoil, d gaeand microorganismsfrom aguatic
sourcé?!, Humusforming processiscaled Humifica
tion and the degree and quality of formed humusfrom
organic matter decompositionisprimarily determined
by presenceof ratio of H/C, O/C and N/C atomic ra-
tios; acidic functional group contents, especially car-
boxylic and phenoalic groupswhich arethe mgjor func-
tional group in humic acidi*®'; molecular weight and
spectroscopic parameterg41529, HA core structure
congstsof dkyl and aromatic unitsin crosslinkswith
oxygen and nitrogen groups?*l, during composting pro-
cessmoreamount of arometic compoundsfrom polysac-

charidesareincorporated in humic acid core structure
called humificationl*¥. Therecent extensive study on
humic substanceswithmoderninsruments (likeHPSEC,
ESI-MS) saysthat smd| and heterogeneoushumic mol-
ecules(asmentioned above) sdf assemblein corestruc-
tureformation and this supramol ecular conformations
are stabilized by involvement of weak forcesincludes
Van der Waals, n- m and CH- «t bonds and hydrogen
bondd?. Formation of humic acid aggregatesand its
strong interactions are depend upon therichness of O-
contai ning groups and bonding capacity between them
through chargetransfer and hydrogen bonding*!, Sail
humic acidiscomplex structure, solublein akainepH
duetoionization of acid functional groupin HA struc-
ture but gets precipitated in acidic pH because of pro-
tonation in carboxyl group from acidic environment!>4.,
In alkaline pH, the negative charge or ionized part of
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humic acid structure (carboxyl and phenolic OH) in-
volveincomplexationreactionswith metd ionslikeMg,
Ca®! leadstoincreasein HA molecular weight and
adsorption process¥, e.g., remova of humicacid from
water by adsorbing capacity of HA through protona-
tion at low pH (3) with activated carbon coated with
ironand also by increased HA concentration”. The
important functionsof HA inenvironment areregula
tion of carbon cyde, releasing nutrientsfrom compacted
soil and makesitsavailability to plantsthrough cation
exchange capacity of HABZ,

Many studiesweredone on humic acid functiona
for sructuredeterminationand molecular weight analysis,
but all thesefindings saysabout hypothesisof humic
acid structural arrangement. Few studiesare carried
out which arevery useful to seeactual humic acid to-
pography/textura understanding invariousconditions
including pH and presence of reactiveions. The suc-
cessof thisresearchishighly shared with other sup-
porting datafrom EDX vaue, FTIR, NMR, CP-MAS.
Inthisstudy HA extracted from vermicompost by dif-
ferent extraction methodsare used for textural studies
through SEM and advantages of theextraction method
iscompared with Energy Dispersive X-ray Analysis
(EDAX) vdues. Thisishd pful for preparation of humic
acid solutionin required concentrationfor field appli-
cation asfertilizer d ong with necessary supplements.

MATERIALSAND METHODS

Samplecollection

Organic manure of vermicompost samplewascol-
lected from Shri AMM MurugappaChettiar Research
Centre, Chennai, Indiawhich was used for extraction
of HumicAcid (HA).

Humicacid extraction

Thehumicacid wasextract from vermicompost by
fivedifferent method such asIHSSmethod (HAEL),
rapid method (HAE2), modified of rapid method
(HAEJ)®3, boiling method (HAE4) and modified boil-
ing method (HAES)!®.

M odified of rapid method (HAE?3)

Two hundred gram (dry weight basis) manure
sampleswere placedinto 5 liter conical flask and 2000
mL of 0.1 M KOH solution was added and the bottles
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weretighten with cotton plug. Theremaining werefol-
lowed assame asin themethod HAE2!*2,

M odified of boiling method (HAEDS)

Here 200 g of manure was taken into a conical
flask and mixed only with distilled water for HA extrac-
tion and the procedure wasfollowed asin the method
HAE4 to get theHA inprecipitated form.

Physico-chemical analysisof humicacids

Wet HA extracts were analyzed for its physico-
chemica parametersin conventional methodsincduding
pH, Electro Conductivity (EC), Nitrogen (N), Phos-
phorus (P), Potassum (K), Sodium (Na), Calcium (Ca),
Magnesium (Mg), Iron (Fe), Copper (Cu), Zinc (Zn)
and Manganese (M n) described by Tandon®".

SEM and EDAX analysisof humicacids

From dl theextraction methodsdried HumicAcid
(HAE1to HAED) at 40°C and two commercial prod-
uct such as Himediahumic acid (HAC6) and China
humate (HAC7) were sent to IIT Madras for SEM
observation and obtaining EDA X vaues. Thesample
wasweighted (0.2 g) and prepared in flat and smooth
especidly for quantitativeand quditative determination.
All humicacid sampleswereandyzed for their micro-
structureand eemental compositionsunder SEM (FEI
QuantaFEG 200-High Resolution).

Seed ger mination humicacid extracted by differ-
ent method

Whatman No. 1 filter paper adopted amodifiedroll
towd method asper ISTA™ withfour replicationseach
@ 20 seedsof the Paddy (white ponni). Therollswere
thendippedindifferent dilutions (30, 50, 70 and 100mg/
100ml) of humicacid (HAEL to HAES) aongwith con-
trol wherethetowel waskept in distilled water. The
germination set up wasmaintained at 30+ 2°C and 75
+ 3 % Relative Humidity (RH). After the germination
period of 15 daysthe germination test was eval uated
asnormal and abnorma seedlingsand ashard and dead
seedsas per ISTA™M, Then based onthenormal seed-
ling thegermination percentage, root length, shoot length
and vigour index were cal cul ated.

1) T1-Control (Digtilled water)

2) T2-T5-HAELhumicacid usedindifferent con-
centration (30, 50, 70, 100mgin 100ml )

3) T6-T9-HAE2humicacid usedindifferent con-
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centration (30, 50, 70, 100mg100mi-1)

4) T10-T13-HAE3humicacidusedindifferent con-
centration (30, 50, 70, 100mg100mi-1)

5) T14-17 - HAE4 humic acid used in different con-
centration (30, 50, 70, 100mg100mi-1)

6) T18-T21-HAE5humicacidusedindifferent con-
centration (30, 50, 70, 100mg100mi-1)

RESULTSAND DISCUSSION

In this study oven dried HA aggregates were ob-
served under SEM, itsnutrients content were estimated
through EDAX and its physico-chemical parameters
wereandyzedin order to know thedifferencesbetween
extraction methodsfor asingle sample (vermicompost)
andto sdlect aposs blebest method for HA extractionin
largescdefor fieldtrid goplication.

HA extraction by boiling methodshaving lessquan-
tity of HA and high quantity of theelementsthan other
extraction methods, it indicatestheimproper HA ex-
traction by boiling but the remaining methodsfor HA
extraction showed maximumyiddfromthemanurewith
lesser nutrient contamination (TABLE 1). Humic sub-
stances changetheir structure depending on pH and
the type of metals present. The oxidized sitesonthe
moleculearesaturated withionslikea uminumand po-
tassum relatively easily, whichisreadily exchanged for
all mgjor micronutrient ionsin the soil228, Physico-
chemica propertiesof different humic acidsrevealed
presenceof significantly higher amount of mgor micro-
nutrientsin HAE3 and HAEL than thecommercia hu-
mic acids(TABLE 1), Thisishelpful to prepare HA
formul ationswith other necessary supplementsin de-

Sredratiofor successful absorption of nutrientsby plants
and hel psto prevent excess or wastage applications of
thesenutrients.

SEM images of al the HA extracts show aggre-
gated pattern of humic moleculesdueto drying (Figure
1toFigure7). Ingenera HA isaheterogeneous or-
ganic compound and the core structure mainly com-
posed of hydrophobic and hydrophilic moleculespar-
ticularly carboxyl and phenolic groups, thesemolecules’
ratio play arolein charge determination of HA struc-
turea so leadsto weak behavior of HA in acidic condi-
tion.

Negreet al.[?Y, said that €limination of water dur-
ing freezing of HA increasestheinteraction between
humic molecules, related to this concept, astudy was
carried out by Saab et al.'#1, Pontieet al '3, and Zara
et al.l'", reveal ed that aggregation of HA inacidic pH
wasthrough reduction of negative chargesin HA struc-
tures, wesk € ectrostati c forces and hydrogen bonding
between humic mol ecul esleadsto macromol ecular con-
figuration; and dso said that flexible structureof HA in
dkdinepH isduetoionization of functiona group get-
ting increased which causes strong el ectrostatic repul -
sion and bresk down of weak el ectrostatic forcesleads
to dispersed configuration. Inthisstudy also thesame
condition had occurredin ovendried HAs, theimages
of studied HA sshowed highly compacted precipitated
structure especialy in Figures 1, 6 and 7 with some
extent of regular forms, in caseof Figure2, 3and 4 the
HA precipitates showed uneven and highly heteroge-
neity inther structuredueto particledistribution, thisis
supported by EDA X va ues, reved that moreor lessall
the particlesare present inthesethreeextractswith smi-

TABLE 1: Physicochemical propertiesof humicacid extracted by different method

Sample OC pH EC N P K Ca

Mg Na Fe Mn Zn Cu Yield (g/200g)

HAE 1 2768+ 7.02 558 277 077 055 0.62
0.80 +0.20 +0.16 +0.08 +0.03 +0.02 +0.02

HAE 2 4468 7.67 371 182 041 0.67 0.89
+1.29 £0.22 £0.11 £0.05 +0.01 +0.02 +0.02

HAE 3 3253 738 506 235 050 127 0.90
+0.94 +0.21 +0.14 +0.07 +0.01 +0.03 +0.03

HAE 4 3832 723 432 070 160 028 054
+1.11 +0.21 +0.13 +0.02 +0.05 +0.01 +0.02

HAE 5 2821 776 345 062 089 019 044
+0.23 £0.10 £0.02 +0.02 +0.01 +0.01

623 354 132 007 005 048

+0.18 £0.10 +0.04 +0.00 +£0.00 +0.01

582 423 070 0.04 006 0.06

+0.81
42.92
+0.17 +0.12 +0.02 +0.00 +0.00 +0.00

HACGE 4

55.10
HACT 1'%

+0.02

+0.02

+0.02

+0.00

+0.01

+0.02

+0.01

0.60 0.30
+0.01
0.29
+0.01
0.31
+0.01
1.06
+0.03

2319.02 338.00
+76.03 +9.76
2403.00 242.00
+69.37 +6.99
1996.00 226.00
+57.62 +6.52
988.00 40.00
+28.52 +£1.15
0.98 789.00 32.00
+0.03 +22.78 +0.92
021 26.99 89.00
+0.01 +0.78 +£2.57
037 1776 5.00
+0.01 +0.51 +0.14

76.00 17.00
+2.19 +0.49
79.00 12.00
+2.28 +0.35
32.00 6.00
+0.92 +0.17
65.00 3.00
+1.88 +0.09
43.72 2.40
+1.43 +0.07
48.00 39.00
+1.39 +1.13
2.00 2.00
+0.06 +0.06

109.32

0.72 83.075

0.77 85.67

0.09 46.23

0.12 32,66

0.75

0.13
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Figure2: SEM imageand EDAX dataof HAE2 extracted by rapid method
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Figure3: SEM imageand EDAX data of HAE3 extr acted by modified rapid method
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Figure7: SEM imageand EDAX dataof HAC7

lar atomic weight but their distributionislower in HA
extractsby IHSS, and commercial HAS, indicatethe
purity of HA extracts (TABLE 2). The study of
Giovandaet al > saysthat rich O containing groups
in humic structure tendsto form strong interactions by
chargetransfer and hydrogen bonding, thispoint ishelp-
ful to explainthe heterogeneity structure of HA inthis
study with theresultsof EDAX analysis showing that
highatomicweight of Oinamost al theextractswhich
leadsto precipitation of HA aongwith other nutrients.
Thisconcept isfurther confirmed by astudy of Bratskaya
etal.*, and said that whilereducingthepH HA lost its

colloidal stability, and during this precipitation metals
adsorbed inHA also gets precipitate, thistechniqueis
used in metal recovery processand ingold micro and
nanoparticles production™. Thisismaketo know re-
covery of nutrient concentrationin HA structureduring
acidification andto calculatethedilution ratio of HA
withwater for field application. In case of Figure5and
EDAX vauesshowsmoderatere ationship valuewith
others, and showed that water in boiling state d so can
extract someamount of HA.

EDAX vauesof other important particles(are S,
P, Mg, Fe, Ca) are present in HA extracted by modi-

TABLE 2: Atomicweight (%) of particlespresent in precipitated humicAcids(HA)

SAMPLE  HAE1L HAE2 HAE3 HAE4 HAES HAC6 HAC?
ELEMENT \(%t At% Wit% At% \(%t f/‘ot \(%t f/‘ot \(%t ;;Ot \(%t ;;Ot \(%t ’(f/‘ot
CcK 204 444 647 742 57.25 67.07 5647 67.55 5551 6508 48.68 64.93 68.35 76.65
OK - - 244 21 3251 2859 27.33 2454 3436 3025 2341 2344 2253 18.97
NaK - - 133 079 008 005 468 292 - - 102 071 044 026
AIK - - 105 054 097 051 08 043 107 056 037 022 324 162
SiK 023 021 235 115 284 142 206 105 492 247 027 016 47 225
K 061 05 094 04 094 041 039 018 035 015 249 124 - -
KK 421 281 031 011 176 063 03 011 032 011 2197 9 019 007
PK - - 012 005 006 003 017 008 031 014 - - - -
MgK - - 016 009 011 006 014 009 058 033 - - - -
Cak - - 065 022 08 03 089 032 258 091 - - 056 019
CIK 361 266 275 107 18 072 677 274 - - - - - -
Fek 029 013 128 032 08 021 - - - - - - - -
NiK e L - - - - - - - - -
ZnK 024 01 - - - ; ; - . - - - - -
MoK - L - ; - - - 178 03 - -
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fied rapid method and itsmodified method followed by
other extractsof HA. All these areimportant for plant
growth.

M ore than 240 auxin-like mol ecul es have been
described in Humic substance® which stimulate the
plant and growth of plant. Theeffect of humicacidin
germination and vigour index of paddy (Oryza sa-
tiva-white ponni) seed were examined. The highest
germination percentage (90 %) was observedin 30
mg humic acid of HAEL, which wasfollowed by hu-
mic acid of HAE3(T10,T11,T12- (88 %)). Incase
of vigour index the maximum percentage (31.51 %)
of vigour index noticedin 30 mg humic acid of HAE3
(T11) and minimum vigour index percentage was

foundin distilled water (T1) (20.44 and 22.35 % re-
spectively) (TABLE 3). Thisisinagreement with pre-
vious reports on the presence of intrinsic IAA-like
mol ecul es clustered within the HA supramol ecular ar-
rangement(*& which inducing the plant growth and
seed germination. The assembling and disassembling
behavior of HA molecular domainsand their dynamic
release of different molecular congtituents?” may then
explain why humic compounds had been previoudy
found to possess hormone-like activities similar to
those of auxins, gibberellins, cytokinins and
polyamines®®, Malik and Azam*® and Busato!®®
showed that Humi c Acidsenhanced whest root length
by 321% and maizeroot.

TABLE 3: Determination of seed ger mination and vigour index of Paddy

S.No  Treatments Germination (%) Root length (cm) Shoot length(cm) Vigour index (%)
1 T1 81.67 19.23+0.89 7.68+0.31 22.35
2 T2 90.00 23.50+1.39 7.800.52 28.17
3 T3 80.00 21.85+0.71 7.84+0.06 23.75
4 T4 83.00 22.74+0.83 8.21+0.71 25.80
5 T5 83.00 22.89+0.21 8.69+0.29 26.31
7 T6 88.00 25.81+0.25 8.50+0.17 30.30
8 T7 86.00 24.21+1.70 8.00+0.25 27.92
9 T8 83.00 23.54+1.08 8.06+0.42 26.09
10 T9 88.00 23.45+0.86 8.16+0.25 28.80
11 T10 88.00 24.03+1.75 8.58+0.32 31.51
12 T11 88.00 26.98+0.29 8.69+0.39 23.18
13 T12 71.00 24.08+0.42 8.200.19 26.17
14 T13 81.00 23.83+0.43 8.21+0.06 26.17
15 T14 85.00 22.94+1.11 8.94+0.29 27.09
16 T15 86.00 23.67+0.06 9.60+0.34 28.84
17 T16 80.00 23.06+0.09 9.91+0.52 26.23
18 T17 80.00 21.83+0.17 9.67+0.49 25.20
19 T18 81.00 24.74+1.66 8.23+0.24 26.93
20 T19 86.00 23.25+0.64 7.68+0.64 26.81
21 T20 78.00 23.52+1.29 7.88+0.28 24.60
22 T21 83.00 24.19+0.26 7.83+0.48 26.69
essentia nutrientsfromitsstructure. SEM ishighly effi-
CONCLUSION cient for thisand thedatafrom EDA X werehighly sup-

Therearevery few studieswere conducted on HA
for SEM anaysisand to screen thequality of extracted
HA for fild applicationinlargescae. Inthisstudy five
methodswerefollowed, and theresulting HAswere
subjected for characterization through preci pitation be-
havior of HA infivemethodsa ongwith minima lossof

portiveto andyzethe particlesinHA precipitates, this
isuseful to select the possible, economic and practical
method HA extractionfromvermicompost inlargescae
application aongwith required supplements. Herethe
concluded method isRodlizaet al method. Application
of HA reducestheinvestment for fertilizer and hel ps
profitablegrowth of plants.
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