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1. Introduction

Humic acid (HA) is a group of molecules that bind 
to plant roots and aid in the absorption of water 

and nutrients. It is a complex mixture of small, large, 
and polydisperse molecules that shape and accumulate 
as a result of microorganism decomposition and 
transformation (Ding et al., 2019). In the beginning, 

Schulten and Schnitzer (1993) suggested HA structure 
that consisted of alkyl benzene moieties that were 
covalently bound. (Schulten and Schnitzer, 1993). 
HA has been reported to be a self-structure of small 
heterogeneous molecules connected with each other 
through hydrogen bonds and hydrophobic dispersive 
forces. Some researchers believe that HA does not 
possess distinct structures; however, its structure 
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dependents upon the source and the exact extraction 
conditions that produced it (de Souza and Braganca, 
2018). It is thought to be a self-assembled superstructure 
kept together especially by hydrophobic dispersive 
forces and hydrogen bonds between relatively small 
heterogeneous molecules. Carboxylic acid, phenolic 
hydroxyl, sulfonic acid, carbonyl, and methoxy groups 
are only a few of the active groups found in HA. Acidity, 
ion exchange, colloidal properties, and complexation 
properties are all influenced by these factors (Yuan 
et al., 2018). HA is commonly used in agriculture, 
medicine, health, and wastewater management (Santos 
et al., 2016). HA possess negative charge in aqueous 
solutions due to having carboxylic and phenolic groups 
(El-sayed et al., 2019).

HA can effectively remove metal ions from water 
and increase its consistency (do Nascimento and 
Masini, 2014). In addition, HA channels are used 
as battery cathode expansion agent, surfactants, 
water soluble fertilizers, flocculants, soil remediation 
agent, ceramic additives, boiler anticrustator, and 
compound fertilizers (Shui-hua et al., 2012). High 
surface functionality guarantees that HA is a strong 
adsorbent with a high ability to manage emissions 
related to waste gas (Sun et al., 2015). HA is found 
in lakes, marshlands, lignite, oxidized bituminous 
rock, weathered coal, shale, and flora/fauna residue 
(Vaz et al., 2015; Manzak et al., 2017). As a reserve of 
HA of almost 45% of global coal reserves and lignite 
has drawn significant attention (Zhang et al., 2018). 
However, its direct and widespread use is limited 
due to the abundance of low calories, high moisture, 
and oxygen functional moieties (Wang et al., 2018). 
In comparison to HAs derived from soil and peat, 
lignite HAs had lower oxygen and nitrogen content, 
less carboxylic groups, higher carbon content and 
biochemical activity and more aromatic moieties. 
Unlike soil HAs, lignite HAs have been found to 
have saturated long chain alkanoic acids with a clear 
preference for even numbered homologues (Doskocil 
et al., 2018). 

HA has beneficial effects on plant nutrient uptake, 
transport and micronutrient availability. In relation 
to this, one study suggests that high levels of HA 
negatively effect on the plant growth and decrease the 
nutrients contents (Turkmen et al., 2004). However, 
there is insufficient knowledge on the effect of HA on 
plant growth. Therefore, this study aimed to extract 
and characterize humic acid (HA) from agriculture 

soil and to investigate its effect on wheat (Triticum 
indicum) seed germination.

2. Materials and Methods

2.1 Extraction of humic acid from soil
For the isolation and purification of HA from 
agriculture land of Khairpur, Sindh, Pakistan, the 
International Humic Substances Society (IHSS) 
method was applied (Zou et al., 2021). 100 g of dried 
soil samples were washed with 10% HCl and stirred 
for 1-2 hours at room temperature for decalcination, 
and then allowed to dissolve in 0.1M NaOH at pH 
12 with a sample/extractant ratio of 1:10 and shaken 
in a mechanical shaker for 7-8 hours. The suspension 
was centrifuged at low speed (1500 rpm) for 10 
minutes, then kept at room temperature overnight 
to separate the residues from the alkaline solution. 
After decantation of the supernatant solution, dark 
brown HA solutions were obtained. It was acidified 
with concentrated HCI (6 M) at pH 1 and permitted 
to stand for 16 hours with continuous stirring. The 
suspension was centrifuged for 20 minutes at 5000 
rpm, keeping the temperature at 4°C. To isolate the 
coagulated HA, the supernatant and floating content 
were discarded, and the HA was thoroughly washed 
several times with purified water for decalcination. 
Finally, a sample of HA was collected (Shimadzu) 
(Xavier et al., 2012).
 
2.2 Characterization of humic acid 
Various techniques were employed to characterize 
HA isolated from agriculture soil.

2.3 X-ray diffraction (XRD) 
Powdered XRD patterns of samples were observed 
by Diffractometer system (XPERT-PRO). The 
specification for instrumentation were Cu; voltage/
current, 10 kV/50 mA; scan speed, 4°/min, 1.5 nm 
wavelength, 2Θ ranging from 10–80 (Xavier et al., 
2012). 

2.4 Fourier transform infrared spectroscopy (FTIR)
SENSIR was used to record the FTIR spectra of 
samples. Scans were obtained from 4000–400 cm-1 
after the samples (2 mg) were powdered in a clean 
glass pestle and mortar (Moraeset al., 2011; Xavier et 
al., 2012).

2.5 Scanning electron microscopy (SEM)
By gold coating the surface of the samples, SEM 
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images of the samples were obtained using a Joel 
JSM-840 SEM with a 10 kV accelerating voltage. 
Electricity was used in a sputtering system to make 
the SEM conductive (Xavier et al., 2012).

2.6 Effect of HA on wheat seed germination
Untreated and unprocessed wheat (Triticum indicum) 
seeds were used to test the effect of HA on wheat seed 
germination on cellulose filter paper using the Paper 
Towel Method defined by ISTA in light transparent 
trays in the presence of light (Zhang et al., 2020).

Wheat seeds were washed in distilled water and then 
placed in a series of petri dishes with filter paper, 10 
seeds per plate at about 1 cm.

Filter papers were previously humidified with 
distilled water. 2 mL of HA treatment solution 
with concentrations ranging from 5 to 20 ppm was 
distributed evenly on filter paper. Seeds were kept 
humid as well as seed growth was recorded after 
interval of 24 hours.

Seeds were mounted vertically on racks in an incubator 
at a controlled temperature (20-300°C) with aeration.

Seeds were tracked and re-moistened on a regular 
basis until germination was complete. After 15 days 
germinated seedling were harvested and germination, 
relative root elongation (RE) seed germination (SG), 
root length (RL), shoot length (SL), root and shoot 
fresh weight (FW) and dry weight (DW) were 
recorded (Khan et al., 2012; Ullah et al., 2013). DW 
was achieved after the drying seedlings in oven at 
60°C for 48 hours. Three replicates were performed 
for each test along positive and negative controls 
(soil and water, respectively). Seeds with roots 
longer than 5mm were considered geminated. The 
germination percentage in each test was measured by 
root length with a ruler on filter paper. The RE and, 
SG were calculated according to following formulae, 
respectively.

2.7 Statistical analysis
With the assistance of IBM SPSS Statistics V21.0 

software, data was analyzed using analysis of variance 
(ANOVA), and then the least significant difference 
(LSD) test was used to compare the humic acid 
treatment means.

3. Results and Discussion

3.1 Humic acid extraction from soil
UV–Vis is a significant strategy for recognizing the 
sub-atomic construction of HA. The area and force of 
the pinnacles are firmly identified with the unsaturated 
securities and substituent gatherings of the particle. 
Investigation of the separated HA arrangement was 
performed by recording the spectra from 200 to 900 
nm is appeared in Figure 3. 

The assimilation sign of HA diminished 
monotonically in the apparent light locale (400–
700nm). For the close bright locale (200–400nm), 
a frail retention level (sweet-smelling structure) 
showed up alongside an enormous ingestion top at 
cycle 400 nm, demonstrating the presence of formed 
carbonyl gatherings with two twofold bonds in the 
HA particle. This outcome was predictable with the 
aftereffects of the infrared range investigation and 
demonstrated that HA contained more oxygen-
containing utilitarian gatherings which shows that 
the UV-Vis spectra of secluded humic acids from soil 
and coal and are comparable in nature (Xavieret al., 
2012).

3.2 Characterization of humic acid (HA) 
3.2.1 XRD analysis 
The crystalline nature of isolated humic acid were 
investigated by XRD the pattern exhibited which 
shown in Figure 1. 

In the XRD example of detached humic acid, 
appearance of blue shading clear sharp force tops at 
17.26o, 31.85o, 44.61o and 45.59o which demonstrates 
the translucent idea of particles present in disengaged 
humic acid as demonstrated in Figure 1. The red 
shading force tops which demonstrates the particles 
in secluded humic acid overall it very well may be 
reasoned that detached humic acid is semi translucent 
the normal gem size was 39.48x10-9nm. Debye–
Scherer’s formula given underneath. 

D=kλ/βCosθ

Where; k is Sherrer steady (1.542A), β is the full width 

Chandio et al.



Journal of Innovative Sciences
June 2021 | Volume 7 | Issue 1 | Page 202

at half-most extreme, λ is the X-beam frequency, and 
θ is the Bragg diffraction point.

Figure 1: UV-VIS spectra of isolated Humic acid.

Figure 2: X-ray diffraction pattern of isolated hu-
mic acid from soil.

3.3 Fourier transform infrared spectroscopy (FTIR)
The varieties in the natural practical gatherings present 
in the HAs were assessed by FTIR investigation 
FTIR spectra were recorded in the scope of 4500–
400 cm-1 (Figure 3). In the locale of ~3500 cm−1, 
the hydrogen holding associations structure of 
free hydroxyl gatherings and π bonds usually get 
weakened. In the 3600 to 3300 cm−1 territory, the HA 
particles had solid and wide assimilation tops. These 
pinnacles ought to be ascribed to the hydrogen bond-
related – OH extending or – NH extending vibration 
assimilation tops in phenolic and carboxylic corrosive 
constructions. This outcome showed that the oxygen-
containing useful gatherings, for example, ether 
bonds and ester bonds in separated HA and expanded 
the substance of carboxyl gatherings and phenolic 
hydroxyl bunches in HA atoms. The extending 
vibration retention groups of aliphatic C-H bonds 
were in the 3000 to 2700 cm−1 territory. Among these 
wavenumbers, 2923 cm−1 and 2853 cm−1 were the 

even and lopsided extending vibrational pinnacles 
of the C–H securities in the immersed hydrocarbon 
gatherings – CH3 and – CH2, individually.

Figure 3: FTIR spectra of isolated humic acid (A, B).

Inside this reach, the force of the assimilation 
pinnacle of CH3 at 2923 cm−1 for HA. Be that as it 
may, the tops in the 1900 to 1000 cm−1 territory were 
predominantly credited to the oxygen-containing 
useful gatherings in HA. The top at 1696 cm−1 
addressed the sharp C=O extending vibration 
pinnacle of carboxylic acids, aldehydes, and ketones. 
The top at 1604 cm−1 might be ascribed to C=O in 
amides (amide I band), quinones, or ketones. The 
tops in the expansive recurrence scope of 1550 to 
1790 cm−1 could be essentially credited to protonated 
carboxylic corrosive (– COOH), carboxylate anion 
(– COO–), and ester carbonyl (- COOR) gatherings, 
just as to some other utilitarian gatherings. The top at 
1440 cm−1 was allotted as the out-of-plane extending 
vibrational retention pinnacle of C–H in aliphatic 
CH3. The top at 1371 cm−1 was ascribed to the twisting 
of the hydroxyl bunch, the C–O extending vibration 
of a phenolic hydroxyl bunch, the C–H disfigurement 
of a methyl or methylene bunch, or the topsy-turvy 
extending vibration of COO–.

3.4 Scanning electron microscopy (SEM) analysis 
The morphology of HA was examined utilizing 
SEM. SEM showed the granular design of HA that 
have been removed from soil sources (Figure 4). By 
and large, they show semi gem like structures total 
alongside different shapes. The precious stones have 
been found in XRD examination with breadths in the 
scope of 5 to 10μm (Figure 4A, B). This outcome is 
in concurrence with other examination (Xavieret al., 
2012).

3.5 Effect of HA on wheat seed growth
3.5.1 Percent germination in the hydroponic culture
It is obvious from the data (Figure 5) that wheat 
seeds have germinated in HA. However, HA with 
the concentration of 5ppm showed improved seed 
growth compared to other concentrations used in this 
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study (p > 0.05). The findings of this research were 
consistent with those of other studies which reported 
that higher HA negatively effect on seed growth 
(Türkmen et al., 2004).

Figure 4: SEM images of isolated Humic acid, (A) 
5μm, (B) 10μm.

Figure 5: Effect of different concentrations of HA 
on seed germination of wheat.

3.5.2 Plant height in the hydroponic culture (Shoot 
length)
The shoot length of wheat seedlings in HA was 
measured from 0 to 20ppm. at different concentrations 
of synthetic fertilizer HA, the shoot length effect 
of wheat plant was estimated with HA, at 5ppm 
(37.13mm), 10ppm (17.2mm) 15ppm (11.7mm) 
20ppm (9.7mm) but foliar application of HA affected 
plant growth, especially in a lowheight concentration 
(Figure 6). These results are in consistent with other 
study (El-Ghamry et al., 2009).

3.5.3 Plant height in the hydroponic culture (Root length)
The effect of synthetic fertilizer HA concentrations on 
the root length of wheat variety are shown in Figure 7. 
The root length of wheat species in HA ranged from 
0 to 20 ppm. Root length of wheat plant for effect 
of HA, were as follows: At 5 ppm (18.1mm) 10ppm 
(16.42mm) 15ppm (14.89mm) 20ppm (13.9mm). 
The root length was found to be inhibited when the 
HA concentration was increased. At 5ppm, there was 
a significant increase in root length (P >0.05).

Figure 6: Effect of different concentration of HA 
on shoot length of wheat.

Figure 7: Effect of different concentration of HA 
on root length of wheat.

3.6 Effect of HA on growth parameters (fresh and dry 
weight of wheat seeds)
Figure 8 shows the effect of synthesized fertilizer 
(HA) on the fresh/dry weight of wheat species. also see 
Figure 9. By affecting their fresh/ dry weights at distinct 
concentrations, the application of synthetic fertilizers 
significantly affected wheat seeds. The treatments had 
no noticeable effect on the weight of the fresh/ dry 
plants. Data relating to the synthetic effect shows the 
effect of synthesized fertilizer (HA) on the fresh/
dry weight of wheat species. The fresh/dry weights 
of synthetic fertilizers at various concentrations had a 
significant impact on their application. The effects of 
synthetic fertilizer treatment, HA with all treatments 
5, 10, 15, 20ppm on fresh/dry weight of shoot and 
root of wheat species are shown in Figures 8 and 9. 
The fresh/dry weight of wheat shoots and roots in 
HA ranged from 0 to 20 ppm. Fresh/dry weight of 
wheat at 5ppm (1.23/0.57g) 10ppm (1.13/0.37g), 
15ppm (1/0.23g), and 20ppm (0.93/0.20g). The data 
show that increasing the HA concentration to 20ppm 
significantly decreased the fresh/dry weight of the 
shoot and root (P>0.05).

Chandio et al.
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Figure 8: Effect of different concentration of HA 
on fresh weight of wheat.

Figure 9: Effect of different concentration of HA 
on dry weight of wheat.

Conclusions and Recommendations

The soil humic acid investigated in this study was 
conventionally isolated from agriculture lands of 
Khairpur Sindh by IHSS method and spectral 
features obtained by using various techniques such as 
X-ray diffraction, Fourier transform infrared (FTIR), 
scanning electron microscopy (SEM) and UV-Vis 
spectroscopy. The results show that carboxylic and 
phenolic groups are abundant in isolated HA, which 
contribute the most to humic material surface charge 
and reactivity. This study indicated that humic acid 
with the concentration of 5ppm should be used 
in agricultural soil for best wheat seed growth. 
Further research may be conducted for more insight 
information about mechanism and effects of HA on 
other plants.
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