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ABSTRACT
Fulvic acid is a natural tampon and an appropriate chelating agent that has high ionexchange ability and increasing absorption of minerals in plants. This paper examined
the effects of extractants (sodium hydroxide, sodium polyphosphate, urea and EDTA)
and the extraction time (1, 7 and 9 days) on the physicochemical properties of
vermicompost-produced fulvic acid. Finally, various methods were compared to the
universal method of humic substances. Different qualitative and quantitative analysis
such as detecting the functional groups (FTIR), measurement of functional groups,
spectrophotometric ratios and humification indices were carried out on fulvic acid.
Results showed that the highest and lowest amounts of fulvic acid were extracted by the
sodium hydroxide and urea, respectively. Various extractants made negligible changes
in the type and quality of the Fulvic acid functional groups. Results indicated that
sodium hydroxide was the best extractant and the minimum amounts of fulvic acid were
extracted by the urea. Urea-extracted fulvic acid had the most functional groups of total
acidity and phenolic OH. The most carboxyl functional groups and spectrophotometric
ratios were detected in EDTA solution. At the end, by the comparison of various
methods, universal method despite the low extraction amount had more functional
groups and higher efficiencies compare to others.

INTRODUCTION

I

n depth of soil there are the layers and materials
such as oil, coal and humic substances.
According to the solubility of humic substances
at different pH, they divided to three categories;
humic acids (HA) that are soluble in alkaline
aqueous solutions, but precipitate in acidic
solutions, fulvic acids (FA) that are soluble under
all pH conditions, and humin represents the
insoluble (Francioso 1998; Amir et al. 2008).
Fulvic acid is a natural tampon and an
appropriate chelating agent with high ion-exchange
ability which increases the absorption of minerals
in plants, resulting in enhancing the plant resistance
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to environmental stresses and increased quality and
quantity of agricultural products (Gonder et al.
2005; Sun et al. 2012). Fulvic acid is also presents
in the human body, serving as enhancement agent
for immunity and vitamin absorption and poisons
excretion (Paolis et al. 1997). In other words, fulvic
acid simply enters biological activities in all plant
and animal orders.
The structure and physicochemical properties of
fulvic acid depend on the extraction sources and
conditions (Event et al. 1978; Ghosh and Das
Sanyal 2012). Acidic functional groups such as
carboxyl groups, phenols, metoxies and carbonyls a
have been observed in all fulvic acids (Stevenson
1994; Hemati et al. 2012).
Factors affecting the quantity and quality of the
extract are type and concentrations of the
extractants, extraction time and purification
percentages (Jaromir et al. 2001; Huey et al. 2010;
Hemati et al. 2012). Extractants used for organic
and polar solvents then, dissolution in organic
extractants is the result of similarity of
intermolecular forces between the solutes and
solvents (Hayes 2006). They show low extraction
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percentages but keep the structure of humic
substances with the least change. Urea solution and
Ethylene diamine tetra acetic acid are examples of
organic extractants (Garcia et al. 1993; Jackson et
al. 1996). Polar solvents like sodium hydroxide and
sodium pyrophosphate have a high extraction
percentage due to their high alkaline power and
ionization properties and their ability to break the
hydrogen bonds in humic substance but lead in
degradation of molecular structure (Event 1956).
Fulvic acid is found in different sources such as
soil lignin, peat, compost and vermicompost
(Hemati et al. 2012). Final product of the
decomposition of organic material in the presence
of composter earthworms, is vermicompost
biofertilizer stimulating plant growth. Due to the
reducing contaminants and high microbial
populations and nutritional elements, it is
considered as one of the best organic fertilizers
(Ravindran et al. 2008).
Understanding the dynamics of vermicompost
is necessary for assessing specific conditions such
as the composition and abundance of
microorganisms, organic carbon, total nitrogen,
total phosphorus and potassium, humic acid and
enzymatic activity (Pramanik al. 2007).
Use of chemical fertilizers and heavy metal
pollutants makes serious environmental issues.
Therefore, it’s necessary to replace them with
organic and biologic fertilizers particularly humic
ones. Using of fulvic acid in specific contexts
requires respective extractant and extraction
conditions. Despite many studies on humic
substances, the best extractant and conditions with
the maximum efficiency as organic fertilizers have
not been precisely identified.
The present study used different solvents at
three different times for fulvic acid extraction from
vermicompost. Finally, the best extraction
conditions were introduced by measuring indices
such as functional groups and spectrophotometric
ratios.

MATERIALS AND METHODS
The organic material used for fulvic acid
isolation was vermicompost that obtained from cow
manure and crop residues in a ratio of 50–50%.
Extraction was performed with solvents including
sodium hydroxide, urea, ethylene diamine tetra
acetic acid (EDTA) and sodium pyrophosphate at
three different times.
Extraction and purification of humic acid and
fulvic acid
The procedure used for the extraction of the
humic acid (HA) and fulvic acid (FA) fractions was
the method developed by the International Humic
Substances Society (Swift 1996).

76

Vol 2 Issue (3): 75-80

Briefly, 20g of air dried samples of
vermicompost were mixed with 200 ml of 0.5 M
NaOH under N2 at a ratio (vermicompost/solution)
of 1/10 (w/v). Before centrifuging, samples were
shaked for 18 hour at 150 rpm. The treated slurry
was left to stand by 1, 7 and 9 days in dark at room
temperature, then, the supernatant was separated by
centrifugation at 10,000 rpm. The supernatant was
acidified at pH of 1.17–1.50 with HCl 6 M in order
to separate the humic acids from alkaline
suspension containing humic acid and fulvic acid.
The precipitated (HA) and the supernatant (FA)
were separated by centrifuging at 4500 rpm for 30
min. The HA fraction was suspended in a solution
of 0.1 M HCl/0.3 M HF to remove mineral
impurities. The FA was purified by using an
adsorption resin XAD-8, and the alkaline elute was
passed through H+ -saturated cation exchange
resin. Subsamples of both fractions were freezedried for chemical analysis (carter et al. 2006).
Extraction of fulvic acid was conducted in five
replications.
Acidic functional groups were determined
according to conventional methods described by
Page (1982). E3/E5 and E4/E6 ratios were
determined according to conventional methods
described by Campitelli et al. (2006). All of these
analyses were carried out in three replications.
Infrared spectroscopy measured by methods
explained by Abbt-Braun and Frimmel (1999).

RESULTS AND DISCUSSION
The extraction amount
Table 1 presents the results of fulvic acid
extraction from vermicompost with different
extractants at times of one, seven and nine days.
According to the results, sodium hydroxide was the
best extractant. While, sodium super phosphate,
EDTA and urea extracted the highest amounts of
fulvic acid. Extraction rate was increased in all
treatments with increasing extraction time.
Increasing the fulvic acid extraction rate
depends on the solvent ability to make complexes
with metal cations bonded with the carboxyl and
phenolic groups (Huey et al. 2010; Paolis et al.
1997). Given the high alkaline power of sodium
hydroxide solution and high reactivity of sodium
metal compared to other metal cations, higher
amounts of fulvic acid were extracted (Eladia et al.
2005; Hemati et al. 2013).
Humification ratios
Tables 2, lists the humification indices at
durations of one, seven and nine days. Sodium
hydroxide had the most humification indices (HR,
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Table 1: Amount of fulvic acid extraction
1 day
Extractant
NaOH Urea Na4 p2O7 EDTA
V.C
2.30
0.40
1.40
0.83

NaOH
3.13

Table 2: Humification indices at different time
1 day
Extractant
HR
HI
HA/FA
NaOH
50.7
38.1
3.3
Urea
8.9
6.7
3.1
Na4p2 O7
30.6
28.0
3.0
EDTA
18.0
13.5
3.0

Urea
0.90

7 day
Na4p2O7
2.40

7 day
HI
52.3
14.5
38.8
17.5

HR
69.4
19.5
51.9
20.1

HI and HA / FA) and urea had the least ones.
Polymerization ration (HA / FA) indicates the
formation of more complex molecules (HA) from
easily biodegradable molecules (FA) (Amir et al.
2008; Hemati et al. 2012). This index increases in
sodium hydroxide because of its extraction ability
of aromatic compounds and stable heavy polymers.

EDTA
1.23

NaOH
3.73

HA/FA
3.1
3.0
3.0
3.0

Urea
1.07

HR
82.1
23.2
43.0
35.5

9 day
Na4p2O7
2.60

9 day
HI
61.7
17.3
57.2
26.6

EDTA
1.63

HA/FA
3.0
3.0
3.0
3.0

indices (HR and HI) (Veeken et al. 2000; Amir et
al. 2010). Time increasing leads in conducting
condensation polymerization reactions and further
extraction of humic substances and heavy
polymers. This would explain the increasing of
these indices with time increasing (Veeken et al.
2000).
Infrared spectroscopy

Humification indices (HR and HI) are the
measures of the quality and the degree of saturation
of humic substances. The degree of saturation is
determined based on pathogen agents, watersoluble compounds and compounds with
quantitative resistance to biodegradation (Amir et
al. 2008; Padmavathiamma 2008). Higher degrees
of saturation mean lower factors and enhanced
quality of the resulting fulvic acid. HR index
indicates the stability; the degree of decomposition
and conversion of unstable organic matter into
humic substances through humification process.
This index, thus, depends to changes in extraction
resource (Sanchez et al. 1999).
HI ratio denotes the degree of saturation and
stability. Increasing the amount of humic acid
shows higher stability. HI index enhancement
depends on the ability of solvents to extract
materials with humic substances precipitated in the
acidic environment. This explains the index
increasing in extraction by sodium hydroxide
solution. Due to the low percentage of stable humic
substances extracted, urea has low humification
indices (Aparna et al. 2008; Hemati et al. 2013).
Simple unstable materials turn into aromatic
polymers and more stable materials during the
composting process with increased microbial

Figure 1, 2, 3 and 4 show the infrared spectra of
all the fulvic acids studied. The fulvic acids
extracted from different treatments, showed very
similar infrared spectra. In all of them the main
absorbance bands were: a broad band around 3400
cm−1 due to H-bond and OH groups, two bands in
the region 3000–2850 cm−1 due to aliphatic C–H
stretching, a shoulder in the region 1740–1720 cm−
1 due to C=O groups, a strong band at 1650 cm−1
due to C=C in aromatic structures and hydrogen
bonded C=O, a shoulder at 1600 cm−1 due to
aromatic C=C, a shoulder around 1540 cm−1
probably due to C=O from peptide groups, a peak
around 1510 cm−1 due to aromatic C=C, a peak at
1460 cm−1 due to aliphatic C–H groups, a broad
band in the region 1290–1220 cm−1 due to C–O
stretch and OH deformation, a peak around 1125
cm−1 due to aliphatic CH2, OH or C–O groups,
and finally a peak around 1035 cm−1 due to C–O
stretch of carbohydrates (Stevenson 1994;
Francioso et al. 1998; Hemati et al. 2012).
FTIR spectrals as a tools used for a functional
groups determination of fulvic acid. There are no
significant differences in major peaks between the
spectra for fulvic acids extracted by different
extractants. Based on the measured spectra, most

Table 3: Function groups of fulvic acid
1 day

NaOH
Urea
Na4p2O7
EDTA

acidity

carboxyl

6.80
8.16
7.20
7.67

3.70
3.69
3.87
4.10

7 day
phenolic
OH
3.10
4.47
3.33
3.57

acidity

carboxyl

6.40
7.20
6.77
7.16

3.50
3.47
3.67
3.47

population. This material increases the stability
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9 day
phenolic
OH
2.90
3.73
3.10
3.69

acidity

carboxyl

6.16
7.03
6.40
6.90

3.30
3.30
3.53
3.67

phenolic
OH
2.86
3.70
2.87
3.23
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Table 4: Spectrophotometric ratios of fulvic acid
1 day
NaOH
Urea
Na4p2O7
EDTA

E 4/E6
5.73
5.70
5.57
5.83

7 day
E3/E5
6.37
6.50
6.23
6.53

E4/E6
5.20
5.43
5.53
5.63

9 day
E 3/E5
5.90
6.27
6.10
6.23

E 4/E6
4.83
5.10
5.07
5.63

E 3/E5
5.37
5.80
5.70
6.13

Table 5: Physicochemical characteristics and quantitative values of the Universal method
Function groups
Amount
Universal
method

2.12

acidity

carboxyl

7.17

3.87

3.30

functional groups were common in all treatments.
Therefore, NMR Page proposed methods
(1982) could be used to quantitatively determine
the factor of functional groups.

Figure 1: FTIR spectra of NaOH- extracted fulvic acid

Spectrophotometric ratios of functional groups
of fulvic acid
Table 3 gives the results of the analysis of
fulvic acid functional groups (total acidity,
carboxyl groups and phenolic OH-) in different
treatments and durations of one, seven and nine
days. Urea- extracted Fulvic acid had the most
functional groups of phenolic hydroxyl and total
acidity and EDTA showed the most carboxyl
functional groups. Sodium hydroxide-extracted

Figure 2: FTIR spectra of Urea- extracted fulvic acid
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spectrophotometric ratios
phenolic
OH

E4/E6

E3/E5

5.60

6.30

fulvic acid had the least functional groups (total
acidity, carboxyl groups and phenolic OH-).
The content of functional groups in fulvic acid
depends on the extractant nature, extraction
resource and extraction conditions (Tan 2003;
Eladia et al. 2004). Thereby, urea increased
phenolic OH- groups in extracted fulvic acids
through the oxidation of phenolic groups in lignin.
Since the total acidity is the sum of carboxylic and
phenolic OH-groups, urea indirectly increases the
total acidity (Hemati et al. 2012). Carboxyl groups
in the EDTA could increase the carboxyl groups of
this solvent. Several reports note that reduction in
extractant power leads in less structural changes in
humic substances; the resulted Fulvic acid had the
most carboxyl groups (Stevenson 1982). Increasing
the time of extraction degrades the humic acid
nature, causing attachment, detachment and reattachment of organic molecules leading to
different chemical reactions, forming new
compounds. All these stages decrease functional
groups with increasing extraction time.
Table 4 presents E3 / E5 and E4 / E6 ratios in
Fulvic acids extracted from different treatments.
The results indicated that EDTA-extracted Fulvic
acid has the highest ratios. These ratios were
significantly decreased with increasing the
extraction time.
E3 / E5 ratio represents the molecular size; the
sizes of fulvic acid molecules had a negative
relationship with this ratio (Tan 2003; Huey et al.
2010; Hemati et al 2012). Increase this ratio in
EDTA -extracted fulvic acid implies the decreasing
of its molecular size. Aliphatic structure in fulvic
acid extracted can explain this decrement (Jaromir
et al. 2008; Gonder et al. 2008). Examining the
humification indices indicated a positive
relationship between the extraction time and
stability of humic substances, resulting in increased
intensity of absorption particularly in long
wavelengths. This reduces spectrophotometric
ratios with increasing the extraction time. Further
spectrophotometric ratios increasing, caused to
ionization of heavy polymers, bold and aromatic
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Figure 3: FTIR spectra of pyrophosphate - extracted
fulvic acid

molecules and this leads to a reduction ratio
spectrophotometry.
E4/E6 ratio denotes the ratio of aromatic to
aliphatic compounds and compaction of Fulvic acid
molecule. So, increasing of this, increased aliphatic
compounds and contrast and vice versa. Increasing
the aromatic compounds leads in reduced
compaction and complexity of fulvic acid molecule
(Campittelli et al. 2006). Increasing of time
resulted
in further
ionizing
of heavy
macromolecule aromatic polymers and reduced
spectrophotometric ratios.

Figure 4: FTIR spectra of EDTA - extracted fulvic acid

Universal method
Physicochemical
characteristics
and
quantitative values of the Universal method are
given in table 5. Based on these results, it was
found that the extraction rate of the universal
method is less than sodium hydroxide but more
than other solvents. Moreover, universal methodextracted fulvic acid had less functional groups and
spectrophotometric ratios than the other solvents.

CONCLUSION
According to the plans and objectives of acid
fulvic, various methods are used to extracting it.
The extractant type and extraction conditions
influence the quantity and quality of the resulting
acid fulvic. Increasing of alkaline degree in
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extractant and the extraction time leads to
quantitative increasing. The results of infrared
spectroscopy (FTIR) showed no significant impact
of the extraction conditions on the qualitative
structure and functional groups of fulvic acid; all
the treatments showed similar spectra. All
spectrophotometric ratios and functional groups
(total acidity, total carboxyl and phenolic OH) were
significantly reduced by increasing the time and
alkaline power of the extractant. Urea and EDTA
solutions show closed quality indices but EDTA
more appropriate due to the higher amount of fulvic
acid extractied. Sodium pyrophosphate solution is a
qualitative- quantitative intermediate for organic
solutions (urea and EDTA) and sodium hydroxide
solution. When the quality and quantity are equal
importance in fulvic acid extraction, sodium
pyrophosphate can be used.
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