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Humic acid (HA) has been reported to increase plant growth and crop yields, as well as
improve soil fertility. However, the potential utilization of HA extracted from various
organic waste composts as organic amendment in suboptimal soils has not been studied
in depth. The experiment used a two-factor Completely Randomized Design (CRD) with
three replications. Four types of HA were used, namely bagasse HA (BHA), water
hyacinth HA (WHA), market waste HA (MHA), and commercial HA (CHA). It also
comprised of four doses HA i.e., 0.05, 0.10, 0.15 and 0.20% (of soil on w/w base). The

results revealed that fluctuations in soil pH and nutrient release with the HA application
had a variable quadratic response pattern. Organic carbon increased by 17%, while total
N and available P decreased by 5% and 38.6% during the last weeks of incubation. The
HA application could improve the growth response and nutrient uptake of maize
significantly. CHAo.20% Was the best interaction treatment which had the highest average
value on dry weight and NPK uptake, which were 98.0 g pot?, 178.8 mg plant, 27.4 mg
plant? and 216.9 mg plant?, respectively. The scanning electron microscopic (SEM)
showed that HA could increase in the length and density of maize root hairs. Furthermore,
the HA application significantly increased pH, CEC, C-organic content and availability
of soil nutrients.

1. INTRODUCTION

The sustainability of the production system and
environments are the main factors in agricultural development
in order to realize a country's food sufficiency [1, 2]. Limited
land capacity and water resources, widespread degradation
and conversion of agricultural land, use of quality seeds that
are not yet optimal, and high pest and disease attacks pose a
threat to agricultural revitalization. With the availability of
productive land resources decreasing, while the need for food
continues to increase, then as an alternative option that is
expected to increase agricultural productivity is the use of
suboptimal lands. Kang et al. [3] stated that suboptimal land is
responsible for about 36 percent of the world's agricultural
land.

Suboptimal land is land that has low productivity and soil
fertility so that it is not able to support plant growth optimally
and is not economically profitable, either due to natural causes
or due to human activities [4, 5]. Therefore, as an effort to
increase land productivity, it is necessary to improve soil
fertility and essential nutrient cycles through the addition of
organic matter, balanced fertilization, and/ or liming
application [6, 7]. Shahid and Al-Shankiti [8] stated that the
organic matter addition can increase the efficiency of
inorganic fertilizers through positive interactions in improving
the quality of soil biological, chemical and physical properties.

679

Utilization of compost, manure, plant mulch and biochar as
sources of organic matter can effectively improve plant
physiology and restore soil nutrients [9-11].

Humic acid (HA), a humified organic compound, is a
potential natural resource that can be utilized to increase
nutrient availability, plant growth and production [12, 13].
This substance is defined as a dispersed colloidal material that
is amorphous, brown-black in color, has a relatively high
molecular weight with a particle size between 0.01-0.10 pm,
and consists of an aromatic carbon skeleton and has functional
groups that partially contain oxygen atoms [14]. HA can be
extracted from compost, vermicompost, mineral soil, peat,
lignite or coal [15-18].

The use of HA, as an environmentally friendly soil
amendment, is said to increase the land capacity as a growing
medium, while providing nutrient for crops. The indirect effect
of HA is associated with physicochemical and biological
improvements in soil, including aggregation, aeration,
permeability, cation exchange capacity, water and nutrient
retention, mineralization of organic matter, as well as
population and activity of soil organism [19, 20]. In addition,
the role of HA in increasing plant growth and crop yields is
directly influenced by the bio stimulant effect of HA on plant
improvement which is characterized by structural and
physiological changes in plant roots and shoots in increasing
the efficiency of nutrient use [21, 22]. Furthermore, HA has
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high levels of phenolic acid, which contains auxin-like
structures that are effective in increasing enzymatic activity in
plant roots and HC-ATPase activity [23]. Nardi et al. [24]
added that this compound can increase the rate of
photosynthesis and plant respiration, reduce the rate of
transpiration, and increase protein synthesis and hormonal
activity in plants. The HA application can increase plant
tolerance to environmental stressors (such as heavy metals,
salinity, drought), including suppressing soil-borne disease
infections in root plants [25-28].

Therefore, in order to increase the carrying capacity of
suboptimal land for improving plant productivity with a slight
negative effect on the environment, the use of HA as a natural
soil amendment needs to be studied more deeply. In this study,
a greenhouse experiment was conducted to evaluate the
effectiveness of HA on soil nutrient release and plant nutrient
uptake, as well as its effect on plant physiology and growth of
hybrid maize. Another objective of this study was to compare
four types of HA with different sources while at the same time
getting the best dose of HA application.

2. MATERIALS AND METHODS
2.1 Humic acid preparation

The humic acid used was the result of the compost
extraction from bagasse (by-products) of the Kebon Agung
sugar mill, water hyacinth biomass in the Selorejo reservoir,
and organic waste of the Karangploso market located in
Malang regency, East Java province, Indonesia. HA extraction
method was used a modification of Stevenson [29] especially
using NaOH as a base solution to extract organic waste
compost (alkali extraction method).

The procedure started by weighing 100 grams of compost,
then put into a centrifuge bottle and 1,000 mL of 0.1 N NaOH
solution was added, and then shaken for 24 hours. After being
allowed to stand for a while, the filtrate was separated from the
precipitate by centrifugation (at 6,000-10,000 rpm) for 20
minutes and filtered with Whatman 42 paper. Extraction was
carried out again on the precipitate obtained in the previous
step. The precipitate obtained was known as the humin
fraction. Furthermore, the filtrate was acidified with
concentrated H,SO4 until it reached pH 2.0 and shaken for 2
hours at 130 rpm, then allowed to stand for 24 hours. At this
stage, the HA will precipitate. The filtrate was separated from
the precipitate by centrifugation (at 6,000—10,000 rpm) for 15
minutes and filtered with Whatman 42 paper. The filtrate
obtained called as the fulvic acid (FA) fraction. The precipitate
obtained was dried in a freezer-dryer or oven-dryer at a
temperature of 40°C for 2x24 hours, to remove the water
content before determining the HA functional group using an
infrared spectrophotometer.

In addition to HA derived from compost, commercial HA
derived from Leonardite was also used as a comparison.

As additional information, differences in types of HA
compost were not significantly affected to the content of
functional groups. However, the highest yield and C-humic
content of HA compost was found in the bagasse compost
(7.01% and 0.26%, respectively). Another characteristic of
HA compost that used for this research consisted of having
infrared spectrum at wave numbers 2927,94-2941,44 cm™ (for
aliphatic C-H stretching for —CH, —CHs), 1602.85-1614.42
cm (for aromatic C-C groups); 1508.33-1512.19 cm™ (for
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COO-symmetric stretching or N-H deformation and —-C=N
stretching), 1452.5 cm™ (for aliphatic C-H groups), and
694.37-819.75 cm? (for C-H surface deformation and
vibration).

2.2 Soil preparation

The soil for the pot experiment was obtained from a field at
research farm of Politeknik Pembangunan Pertanian Malang,
East Java, Indonesia. Soil texture is clay loam and is classified
as Typic Dystrudepts (Soil Survey Staff, USDA, 2014). Based
on the physicochemical characteristics of the soil, it showed
that the experimental soil was very low C-organic content and
deficient in N and P nutrition (Indonesian Soil Research
Institute, 2012). The soil having pH 5.97; C-organic 0.70%;
total N 0.09%; P-Olsen 9.50 mg kg''; total P 98.70 mg
100g™"; CEC 24.58 cmol(+) kg'; extractable K, Ca, Mg and
Na 0.36, 6.98, 1.76 and 0.61 cmol(+) kg, respectively. In
addition, the soil bulk density was 1.25 g cm™ and the
volumetric water content under the field capacity (62.0) and
permanent wilting point (64.2) conditions were 0.42 and 0.29
cm® cm 3, respectively.

For the experiment, bulk surface soil samples (0-20 cm)
were collected using a composite soil sampling technique.
Then the soil was air-dried and ground to pass through a 2 mm
sieve.

2.3 Incubation setup

The pot incubation was carried out at the soil laboratory,
Politeknik Pembangunan Pertanian Malang-Indonesia, to
observe the effect of various sources and doses of HA
application on soil nutrient release to support nutrient recovery
and soil chemical properties in suboptimal land. The
experiment used a two-factorial completely randomized
design (CRD), which each combination treatment with three
replicates. The first factor used four sources of HA, namely
bagasse humic acid (BHA), water hyacinth humic acid (WHA),
market organic waste humic acid (MHA) and commercial
humic acid (CHA). And followed by four doses of HA, namely
0.05, 0.10, 0.15 and 0.20% (of soil on w/w base). Before
applied to the soil, HA was buffered at a pH of 7.0 (neutral).

In the incubation experiment, air-dried soil sample that
passed through a 0.2 mm sieve was mixed evenly with HA
based on the treatment. Then it was put into pots, where each
pot contains 500 grams of soil, and incubated for eight weeks.
During the incubation periods, the soil moisture content was
maintained at 80% of the field capacity condition, and the soil
temperature was in the range of 25-30°C. Parameters
determined in this stage were soil pH using digital pH meter
(Ohaus type Starter 3100), C-organic (%) by Walkley and
Black method, total N (%) by micro Kjeldahl method, and the
availability of P nutrient (mg kg'!) by wet oxidation was using
spectrophotometry. Furthermore, observations were carried
out periodically every two weeks.

2.4 Greenhouse study

The pot experiment was conducted in a greenhouse at
Politeknik Pembangunan Pertanian Malang, to evaluate the
potential of HA for improving plant growth and nutrient
uptake of hybrid maize in suboptimal land. Meanwhile, the
external environmental conditions have a monthly rainfall
average of 11-589 mm, an average daily temperature of 22.5—



26.2°C, and average relative humidity of 66-95%. As with the
incubation experiment, the calculated amount of HA
according to the prescribed dose was thoroughly mixed with
the air-dried soil of each pot, separately. Pots were filled with
18 kg soil passed through 2 mm sieve. The experiments were
laid out in CRD with three replications of each treatment. After
one week of HA application, two pre-soaked healthy seeds of
maize hybrid (BISI 2) were planted =4 cm deep in each pot.
Thinning of seedlings into one plant pot?* was done after a
week (three leaf stages). Furthermore, basic fertilization was
given according to the recommended doses of N, P, and K for
maize, namely 300, 175 and 100 kg ha*, respectively were
applied in the form of Urea, SP-36 and KCI [30]. Pots were
irrigated using de-ionized water to maintain soil moisture
during whole experimental period. Other agronomic practices
were carried out as needed. Maize was harvested after 56 days
of growth initiation (tasseling stage) or at eight weeks after
planting (WAP). This stage takes place when the plant reaches
its full height and begins to shed its pollen [31].

2.5 Plant and soil measurements

The plant parameters measured just before harvesting were
plant height, number of leaves, and stem diameter using a ruler
and digital caliper. Meanwhile, root length and plant fresh
weight were measured directly after harvesting using an
analytical balance (Matrix type AJ1002B). Furthermore, the
third fully expanded leaf from each plant was selected to
determine chlorophyll content using spectrophotometry (a
destructive method) [32]. The plant samples were air-dried and
oven-dried at 65°C for 2x24 hours. After reaching a constant
weight, the plant dry weight was recorded.

The oven-dried shoot samples were finely ground with
chamber and stainless-steel blades. Plant tissue analysis was
carried out to determine nutrient uptake by each sample as the
effect of HA treatment. Nitrogen was determined by the wet
oxidation method with H>SO4 using a Kjeldahl distillation
apparatus, while phosphorus and potassium were determined
by the wet oxidation method with HNO3 and HCIO4 using a
UV-visible spectrophotometer and flame photometer. Total
uptake of N, P and K was calculated separately for each
nutrient by using the Eq. (1):

(NC x DM)
100

Nutrient uptake (1)

mg

where, NC is nutrient concentration (%); DM is dry matter (mg
plant™).

Subsequently, the air-dried root samples were randomly
selected for electron microscopic examination [33].
Observation of root samples using scanning electron
microscopic (SEM) to compare the morphology and density of
root hairs in the treatment with and without HA. The density
of root hairs was determined visually from each root segment
observed with a microscope.

Post-harvest soil analysis began with collecting soil samples
from each pot. After air-drying, the soil sample was ground
and filtered using a 0.2 mm sieve. The chemical properties
analyzed included soil pH, C-organic using the Walkley and
Black method, total N using the micro-Kjeldahl method,
available P using spectrophotometry, exchangeable K and Na
using flame photometry, Ca and Mg by wet oxidation method
using AAS, and also CEC by ammonium acetate compulsory
displacement method.
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2.6 Statistical analysis

Data were analyzed using Variance Analysis Method
(ANOVA). The post hoc tests were carried out using methods
Duncan's Multiple Range Test (DMRT) at the 95% confidence
level (a=0.05).

3. RESULTS AND DISCUSSION

3.1 Pattern of soil pH and nutrients release by application
of humic acid during incubation period

The effect of HA application from various sources to soil
pH at each dose showed the same pattern, which tended to
decrease until the fourth to sixth week, and increase again at
the end of incubation period slowly (Figure 1). The average
pH value was in the range of 5.75 to 6.00 (slightly acid) at the
end of the incubation period. Based on the type, CHA had a
higher pH value than other types at each given dose. At low
doses, pH changes tend to be slower, so that the minimum pH
value was achieved longer. Meanwhile at high doses, changes
in pH tend to be faster, so that the minimum value was
achieved more quickly. Zaremanesh et al. [34] stated that the
addition of HA into the soil caused the exchange of [H*] with
soil colloids, where their position was replaced by single
and/or multiple cations, causing a decrease in soil pH.
However, along with the increase in the dose of HA and the
length of the incubation period, there was an increase in the
affinity of the [OH] originating from the carboxylic group (—
COOH) and phenolic compounds (—OH). Furthermore, [OH]
will neutralize [H*] in the soil solution or adsorbed, so that the
concentration of exchangeable [H*] decrease and pH can
increase. In addition, based on the value of the determination
coefficient (R?), a fairly high number was obtained which
indicated that the addition of HA to soil pH was influenced by
incubation time.

Other external factors that may affect the fluctuation of soil
pH value include humidity, temperature, texture, buffering
capacity and CEC of soil. The effect of temperature and water
content indirectly affects the activity of microorganisms and
the decomposition process of soil organic matter. Furthermore,
along with the increase in soil organic matter, the natural
buffering capacity and CEC of the soil also increases, resulting
inan increase in pH in the soil which tends to be acidic through
the mechanism of releasing carboxyl and hydroxyl groups in
humus [35]. Likewise, with soil texture, the indirect effect is
related to the content of clay and organic matter in the soil,
where clay soils tend to be more resistant to changes in pH
than sandy soils because they have a higher buffer capacity.

As with soil pH, the application of various sources and
doses of HA to the soil organic carbon content showed the
same pattern (except the 0.05% dose), which decreased up to
fourth weeks, then increased in the sixth week of incubation
(Figure 2). The percentage decrease in C-organic content in
the initial phase and an increase in the final phase reached
29.1% and 17.1%, respectively. The average value of C-
organic at the end of the incubation period ranged from 0.72
to 1.32%, where the highest content was found in the CHAG.10%
treatment. The decrease in organic carbon at the beginning can
be caused by the activity of microorganisms in the soil that
utilize organic carbon or other substances as substrates in their
metabolic processes and release CO, and H,O [36]. However,
in general, with increasing doses of HA given, the soil C-
organic content tended to increase. This is because carbon is



the main constituent of all organic materials, including the HA.

Gaffney et al. [37] stated that humic substances contain 40—

60% carbon, 30-50% oxygen, 4-5% hydrogen, 1-4%
nitrogen, 1-2% sulfur, and 0-0.3% phosphorus. Added by

Ahmad et al. [38], humic substances (HA and FA) compose
65-70% of soil organic matter. Based on the R? value
obtained, it showed that the addition of various sources and
doses of HA to soil C-organic was affected by incubation time.
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Figure 1. Effect of various sources and doses of humic acid on soil pH fluctuation under incubation periods
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Figure 4. Effect of various sources and doses of humic acid on available Phosphorous fluctuation under incubation periods

The concentration of total nitrogen released during the
incubation period was presented in Figure 3. At each dose, all
HA treatments had the same trend, namely increasing at the
beginning, and tending to decrease after the fourth week to the
end of the incubation period. The percentage decrease in total
N in all treatments reached 5.4%, while the increase reached
6.4% during four weeks of incubation. The average total N
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released at the end of the incubation period was 0.09-0.10%,
where the values obtained were not significantly different
between HA treatments. The short time span so that these
nutrients are available in maximum quantities can be used as a
consideration in determining the right time to apply N fertilizer
according to the needs of the plant growth stage. The increase
in total N at the beginning indicates that organic compounds



release their nutrients gradually through the mineralization
process of organic N (amino acids) into inorganic N
(ammonium and nitrate) by proteolytic enzymes [39].
However, according to Al-bataina et al. [40] there are other
factors that can affect the release of N, namely the content of
polyphenols in organic compounds which are considered as
immobile N forms. This is related to the toxicity of
polyphenolic compounds to microorganisms that play a role in
the nitrogen mineralization process of organic compounds, as
well as their strong affinity for amide groups and their high
protein binding capacity, so that the total N measured
decreases. In addition, the use of nutrients by microorganisms
to synthesize biomass can also reduce the availability of these
nutrients in the soil [41, 42]. In line with our results,
Niedzinski et al. [43] found that the percentage of total N
released by organic fertilizers from poultry manure and fungal
substrates was only 20-32% and 15-20% during an incubation
period of 35 days, which was lower than inorganic fertilizers
(DAP-diammonium  phosphate) which reaches 70%.
Furthermore, based on the R? value, the total N release pattern
in each HA treatment showed the effect of incubation time.
In addition to N, the concentration of available phosphorus
released during the incubation period was presented in Figure
4. Based on the pattern of available P release, the highest
concentration occurred in the fourth to sixth weeks, which was
in the range of 33.43-56.47 mg kg™, and tended to decrease at
the late incubation period, which reached 19.87-33.97 mg kg~
I, The graph also showed that the highest available P mean

value was found in the CHA treatment at each given dose.
While the available P concentrations was known to increase
with increasing doses given to each type. The high value of
released P could be caused by the ability of HA to increase soil
pH and decrease soil P adsorption capacity [44]. A similar
trend was also found by AyanfeOluwa et al. [45] that the
highest increase in available P during the incubation period
occurred at the sixth to eighth weeks in Alfisols and at the sixth
to tenth weeks in Ultisols with 60 kg N ha! of conventional
compost added, and then decreased until the end of the
incubation period. Based on the R? value, the pattern of
available P release indicates the influence of incubation time
(except at a dose of 0.05 and 0.10%)).

There are several other factors that may influence
fluctuations in the availability of P nutrients in the soil include:
(1) soil texture; soil that has a high clay content, has greater P
retention power, (2) types of clay minerals; kaolinite clay
which contains Fe and Al oxides, fixes P higher than
montmorillonite and vermiculite clays, (3) soil pH; on acid soil,
P are fixed by free Fe and Al or oxyhydroxides, whereas in
alkaline soil, P fixed by Ca or Mg ions into insoluble form. In
addition, soil pH affects the form of P availability in the soil
solution, where at low pH the dominant form of HPO,*, while
at high pH the dominant form of H,PO.", (4) soil moisture;
high soil water content can increase the solubility of available
P and does not limit movement of P towards the root zone to
be absorbed by plants, (5) total soil P content; soils containing
very high P tend to release P into the soil solution [46-48].

Table 1. Effect of various sources and doses of humic acid on physiological and agronomical attributes of maize hybrid at eight
weeks after planting (WAP)

Plant height Stem diameter  Root length Total Chlorophyll
Treat-ment Leaves number 1
(cm) (cm) (cm) (mg mL?)
Type
BHA 1345 a 13 a 14 a 76.3 b 3.2 a
WHA 141.2 b 13 a 1.4 ab 69.3 a 35 b
MHA 1369 13 a 1.4 a 77.7 b 35 ab
CHA 150.6 c 13 a 15 b 80.2 b 3.3 ab
Doses
0.05% 136.7 b 13 a 14 a 69.8 a 3.6 b
0.10% 128.6 a 13 a 14 a 74.1 b 3.3 2
0.15% 147.6 ¢ 13 a 14 b 81.6 ¢ 3.3 a
0.20% 150.2 ¢ 14 b 1.6 b 77.9 ¢ 3.3 2
TxD
BHA0.05% 126.0 a 12 a 1.3 ab 63.0 a 3.3 abe
WHAo0s% 1282 a 12 a 1.3 ab 66.3 ab 3.4 abed
MHAoo0s% 1367 ¢ 13 ab 1.3 ab 81.0 od 3.9 d
CHA0.05% 156.0  df 13 abe 1.6 bed 69.0 b 3.8 od
BHAo.10% 128.0 a 13 ab 1.3 a 61.7 a 3.3 abed
WHAo10% 1283 a 13 abe 13 ab 64.3 ab 3.4 abed
MHAG0.10% 128.8 a 13 abe 14 abe 78.7 ¢ 3.4 abed
CHA0.10% 129.3 a 13 ab 14 abed 91.7 e 3.0 a
BHA0.15% 1488 13 abe 1.7 bed 84.3 d 3.2 ab
WHAo1s%  146.0  bed 13 ab 1.4 ab 81.7 od 3.7 bed
MHAo15%  130.2 a 13 ab 1.3 ab 86.0 d 3.0 2
CHA0.15% 165.3 f 13 abe 1.7 od 64.7 ab 3.2 ab
BHAo.20% 1350 ® 14 be 15 abed 96.3 e 3.0 a
WHAO0.20% 162.3 ef 14 be 1.8 d 64.7 ab 35 abed
MHAo20% 1517 9 14 ¢ 15 abed 65.0 ab 35 abed
CHAO0.20% 1517 14 ¢ 15 abed 85.7 d 3.0 a
Means 140.8 13 15 75.9 3.4
CV (%) 6.3 4.7 13 4.1 9.2

Note: The number displayed is the average value; Numbers followed by the same letters in the same column showed no significant differences based on the DMRT

Test at a=0.05
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3.2 Response of growth and nutrient uptake of maize in
greenhouse

The effect of HA application from various sources and
doses to suboptimal soil on physiological and
agromorphological aspects of hybrid maize was performed in
Table 1.

Based on the analysis of variance (ANOVA), it was known
that interactions between source and dose of the HA
application was significantly (p< 0.05) affected to plant height,
leaf number, stem diameter, length roots, as well as the total
chlorophyll content of maize. Among the treatments, the
average optimum plant height was obtained in the CHA, both
at doses of 0.15 and 0.20%, where the highest value of 165.3
cm was found in the CHAo1s%. Furthermore, the average
number of leaves reached 12 to 14 strands plant?, with the
highest number found at MHA20% and CHAg20%. The
increasing in the dose of HA affected the increase in the
number of leaves, although the types of treatment were not
significantly different. Meanwhile, the highest average stem
diameter and root length of 1.8 cm and 96.3 cm were found in
WHA 200 and BHAo 200, respectively. Similar results were
also obtained by Aziz et al. [49] which states that the addition
of HA at a dose of 4 kg ha! can increase maize growth more
optimally with an average plant height 127.1 cm, leaves
number 15.5 strands and stem girth 10.2 cm (3.2 cm).

Additionally, the results showed that the highest total
chlorophyll content was found in the MHAq 5%, Which was
3.88 mg mLL. Chlorophyll is an important photosynthetic
pigment for plants, and greatly determines the photosynthetic
capacity. According to Meganid et al. [50], the addition of HA
can increase the chlorophyll content and leaf area. It was
further explained that humic substances could increase
chlorophyll synthesis and/or delay the degradation of
chlorophyll in leaves, as well as facilitate the process of
respiration and photosynthesis through modification of
mitochondrial and chloroplast functions [51].

Improvements in the physiological and growth
characteristics of maize were assumed to be a positive
response of plants to the use of HA. It can be seen that
statistically the difference in the dose given significantly
affects the observed parameters, and numerically shows that
the higher the dose given, the higher the value obtained (except
for the total leaf chlorophyll). Trevisan et al. [52] stated that
these organic compounds interact with root cells which in turn
affect plant physiology and growth. It was further explained
that it is possible that in the structure of humic substances there
are hormone-like substances, which are directly involved in
photosynthesis, respiration, protein synthesis, and other
enzymatic reactions [53]. Application of HA into the soil can
also increase the population and activity of microorganisms,
as well as improve the rhizosphere, which is accelerated by the
presence of root exudates [54, 55]. This allows plant roots to
explore a wider volume of soil, while supporting plant
adaptation to suboptimal soil conditions that have low nutrient
content and lack of water. Stimulation of root hairs and
increased root initiation by HA can optimize soil nutrient
uptake which in turn improves plant growth characteristics,
and increases the role of roots as anchoring plants [56, 57].
Furthermore, based on SEM micrograph results (Figure 5), the
HA application showed an increase in the length and density
of root hairs compared to the control (no HA). Schmidt et al.
[58] stated that the addition of HA caused various changes in
root morphology, such as an increase in the length and density
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of root hairs, the formation of ectopic root hairs, and an
increase in cell proliferation in the root base tissue. This is
because these compounds affect genes in epidermal cells,
which specifically play a role in the early stages of root cell
differentiation, accompanied by changes in proteins involved
in energy metabolism and protein transport [59].

Figure 5. SEM of maize root treated with and without humic
acids: (A) control (no HA), (B) with BHA, (C) with WHA,
(D) with MHA, and (E) with CHA. Bars 500 pum. (F) another
SEM of maize root hair treated with humic-like acids from
vermicompost [60]

The response of the HA application to wet weight, dry
weight and nutrient uptake of hybrid maize was presented in
Table 2. In terms of plant wet and dry weight parameters
(shoot and root), the results showed a significant effect of HA
addition to those parameters (p< 0.05). Generally, the highest
average wet and dry plant weights were found in CHA at each
dose given. The highest average values were obtained at
CHAG.15% and CHAG 200, Which were 424.3 and 98.0 gram pot
! for wet and dry plant weights, respectively. This value was
higher than the maize dry weight obtained by Khaled and
Fawy [61], which was 20.2 grams pot?, in the application of
humic substances through the soil at a dose of 2 grams kg* and
0.0 mM NacCl. This showed that the response of plants to the
HA application through the soil was very positive, by
increasing the role of roots in the mechanism of nutrient
absorption from the soil and nutrients transport to plants. In
addition to being a biostimulant, HA has phenolic and quinone
groups that interact with enzymes in plant cells and stimulate
plant metabolism, thereby promoting growth optimization and
increasing crop yields [62].

Along with plant dry weight, it was found that HA
application had a significant difference (p< 0.05) on N, P and
K nutrient uptake, with the highest average nutrient uptake
found in CHA20%, which was 178.8 mg N plant™!, 27.4 mg P
plant! and 216.9 mg K plant’!, respectively. In general, the
increase in nutrient concentration and absorption was directly
proportional to the levels of HA given. Besides that, CHA
gave the best effect than other types of HA on plant nutrient
uptake. According to Palanivell et al. [63], increased nutrient
absorption and efficiency of nutrient use by plants is the role
of humic substances as nutrient chelators. In addition, this
organic compound also has a high cation exchange capacity,
allowing for the retention and release of nutrients at the right
time for plant needs. It was further explained that HA can
increase the synthesis and activity of plasma membrane H'—
ATPase, an enzyme that converts energy for transmembrane
transport of nutrients, then energizes secondary ion
transporters and promotes plant nutrient uptake [64].

3.3 Effect of various sources and doses of humic acid on
post-harvest soil properties

Statistical analysis showed that the HA application from
various sources and doses had a significant effect on pH, CEC,



C-organic content and availability of soil nutrients (Table 3).
The results exhibited that the average soil pH was in the range
of 5.45 to 6.30 (slightly acid), where these values (except
BHA.10%) had met the prerequisites for maize to grow well,
namely pH 5.6-7.5 [65]. As one of the main aspects in
determining soil quality, the average C-organic content of the
soil tends to increase with the addition of HA dose, with the
highest value obtained at CHA20% 0f 1.21%. Similar results
with the study [66], the value of C-organic increased
significantly as the application level increased for each type of
HA used. Furthermore, based on the correlation analysis
between plant response and soil characteristics, there was a
positive correlation between soil pH and C-organic content
with root length, dry weight, and plant N, P and K uptake
(namely r=0.41, r=0.48, r=0.37, r=0.49, and r=0.43 for pH
and r=0.39, r=0.674, r=0.45, r=0.59, and r=0.49 for C-organic;
r table 1%=0.37). Application of HA through the soil can also
increase CEC, where the highest value was found in the
BHA 0s%, Which was 21.80 cmol(+) kg. Although based on
the table it was known that the dose treatment did not show a
significant difference. However, different results were
obtained by Duong et al. [67] which stated that the increase in
CEC was in line with the increase in the dose of organic matter
given. This is influenced by the number of binding sites owned
by humified organic compounds to bind cations and water.
Mindari et al. [68] also added that the CEC HA values derived
from compost, coal and peat were quite high, namely 80.72,
104.09 and 116.83 cmol(+) kg™.

N, P and K are essential nutrients needed in large quantities

by plants, so the availability of these nutrients in the soil is
very crucial. The highest average values for total N and
exchangeable K were obtained by CHA20% at 0.18% and 1.31
cmol(+) kg, while the highest mean available P was found in
WHAG.10% at 65.0 mg kg™, This nutrient concentration was
higher than the results of research by Arjumend et al. [69]
which obtained values of 0.35% N, 5.05 mg P kg™ and 0.36
cmol(+) K kg in the HA application at a dose of 200 mg kg
!, The increase in soil nutrient status was possibly due to the
influence of HA which can inhibit urease activity, so that N
loss through leaching and volatilization processes can be
reduced [70, 71]. The same thing also happened to P, where
the HA application was possible to increase the availability
and absorption of these nutrients by reducing the deposition
rate of calcium phosphate (Ca—P) or aluminum phosphate (Al
P) because of the potential to form metal bridges with HA
and/or FA [72, 73]. Likewise the increase in K, Zhang et al.
[74] reported that HA stimulates the binding and release of K
in the soil by influencing the surface properties of clay
minerals and the reaction of K* with clay minerals. Apart from
N, P and K, in this study, exchangeable Ca and Mg were also
observed. Based on results, the highest Ca content was found
in the BHA 200 at 8.35 cmol(+) kg and the highest Mg was
found in the BHAg 150 at 2.59 cmol(+) kg™*. In general, the
addition of HA can improve soil nutrient status when
compared between low-dose and higher-dose nutrient status.
This showed that HA can be used as a soil amendment,
because it was able to improve the fertility of sub-optimal
agricultural land and increase plant growth and production.

Table 2. Effect of various sources and doses of humic acid on fresh weight, dry weight and nutrient uptake of maize hybrid at
eight weeks after planting (WAP)

Fresh weight

Dry weight

Nutrient Uptake

Treat ment N P K
—--(gpoth- - (mg plant*)-----

Kind
BHA 262.2 a 60.9 & 1266 @ 149 @ 1198 =@
WHA 230.2 ¢ 62.4 b 1304 @ 158 @ 1346 @
MHA 224.6 b 43.0 @ 1319 @ 161 @ 1253 2
CHA 349.2 d 93.4 ¢ 1637 P 209 b 1543 b

Doses
0.05% 227.6 b 61.8 b 1344 @ 137 @& 1062 @
0.10% 179.5 a 58.9 a 1300 @ 140 @ 1239 @®
0.15% 299.8 ¢ 67.5 ¢ 1375 @ 194 b 1367 b
0.20% 359.3 d 714 d 1508 @ 207 b 1672 ¢

KxD
BHA0.05% 225.0 b 480 ® 1189 @ 111 @ 1029 @
WHA0.05% 230.7 bc 483 & 1193 & 116 ® 1022 @
MHA0.05% 255.0 d 55.3 b 1190 @ 141 @ 1015 @
CHAG0.05% 403.3 h 95.7 e 1804 b 180 bed 1180 @
BHAG0.10% 201.0 2 46.0 @ 1177 & 123 @ 1133 @
WHAG0.10% 245.0 od 500 @ 1288 & 123 @& 1114 @
MHAO0.10% 233.3 be 50.3 b 1301 @ 143 ac 1238 a
CHA0.10% 255.0 d 63.3 ¢ 1422 @ 172 acd 1348 @b
BHAo.15% 292.7 e 72.3 d 1288 @ 194 o« 1370 @
WHAG0.15% 258.3 d 56.0 b 1297 @ 194 '« 1302 @
MHAO0.15% 256.7 d 51.3 1379 @ 176 bcd 1320 @
CHA0.15% 424.3 i 97.3 e 1534 @& 224 de 1475 @
BHA0.20% 330.0 f 77.3 d 1411 @ 170 abcd 1259 @
WHAG0.20% 403.3 h 95.3 e 1426 ® 200 <« 1821 be
MHAO.200% 356.7 9 72.7 d 140.7 @ 182 bed 1440 @
CHA0.20% 347.0 9 98.0 e 1788 b 274 & 2169 ¢

Means 266.5 64.9 138.2 16.9 1335
CV (%) 3.0 6.3 17.2 20.3 22,5

Note: The number displayed is the average value; Numbers followed by the same letters in the same column showed no significant differences based on the DMRT

Test at a=0.05
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Table 3. Effect of various sources and doses of humic acid on soil properties after harvesting

C-org N-total Av. P K Ca Mg CEC
Treatment pHH:O = 7" Qfpmmmm L I — L (G N ——
Kind
BHA 57 =@ 084 & 013 & 210 =@ 027 @& 773 b 221 °® 189 °b
WHA 57 =@ 080 @ 015 ¢ 353 b 037 ® 643 @ 180 ® 185 @
MHA 59 b 083 @ 015 P 305 P 059 ¢ 7.04 ® 170 =@ 170 =@
CHA 6.1 ¢ 102 b 014 2 284 @ 08 ¢ 720 ® 198 @ 188 b
Doses
0.05% 57 =@ 08 @ 014 * 310 ° 053 & 674 @ 204 ® 187 @
0.10% 58 °® 086 *® 013 * 281 ® 046 @ 687 @ 165 =@ 176 @
0.15% 58 °® 087 °» 015 * 297 ® 049 @& 735 & 193 ® 182 =@
0.20% 6.0 ¢ 09 ¢ 016 ° 264 ° 059 & 743 * 207 °® 186 @
KxD
BHA0.05% 56 ® 065 @ 013 =@ 185 @ 018 a 722 b 208 acd 218 d
WHAo;s% 56 ® 079 b 014 @ 160 ¢ 044 ©« 432 @ 180 d 168 @
MHAs% 5.8 bede (088 bed (15 ac 585 ef 090 ¢ 7.88 b 225 bed 1871 abed
CHA0.05% 5.8 bede Q94 ce 013 @ 310 e 01 ¢ 757 b 203 @«d 184 b
BHAo.10% 55 @ 081 °® 014 *® 115 =@ 024 ® 730 b 175 ¥ 167 @
WHAo10% 58 b4 078 b 015 @ 650 f 052 <« 731 5 199 a«d 209
MHAo10% 6.1  °©f 0.84 P 013 ° 130 @ 051 <« 645 ® 161 ® 144 @
CHAo0.10% 6.0 % 100 ¢ 013 & 230 < (56 <« 645 d 162 d 184 b
BHA0.15% 57 ® 096 % 013 @ 290 e 047 «@ 8o P 259 ¢ 20.1 b
WHAo1s% 56 ® 079 P 016 bd 370 °f 019 @& 733 b 188 @c 175 ac
MHAo1s% 5.9 ¢ 078 b 016 b 225 acde gg49 bed 729 b 142 a 175 @c
CHA0.15% 6.1 ©f 103 ¢ 014 @ 345 df 091 ¢ 682 5 18 d 189 b«
BHA0.20% 6.0 d%f 093 e Q14 ® 250 aedf (19 b 835 b 241 «@ 167 B
WHAo20% 59 <€ 086 bd (017 < 230 acde (35 @ 78 b 191 ad 188 b
MHAo20% 57 9 (084 b 016 bd 280 bedef (54 o g55 d 152 2 18.0 abcd
CHAo0.20% 63 f 121 f 018 ¢ 295 ckf 137 f 806 P 244 <« 208 «
Means 5.8 0.87 0.14 28.8 0.52 7.10 1.92 18.3
CV (%) 2.9 6.4 8.7 13.9 25.6 18.7 18.4 11.0

Note: The number displayed is the average value; Numbers followed by the same letters in the same column showed no significant differences based on the DMRT

Test at a=0.05

4. CONCLUSIONS

The fluctuations of soil pH and soil nutrient release with
application of HA from various sources at various doses
suggested the varied patterns, where the curves of soil pH and
soil organic carbon tended to decrease at the beginning and
then increase until the end of the incubation period.
Meanwhile the curves of total N and P available increases at
the beginning and then decreases until the end of the
incubation period. At low doses, pH changes tend to be slower,
while at high doses, changes in pH tend to be faster. Organic
carbon content increased by 17%, while total N and available
P decreased by 5% and 38.6% during the last weeks of
incubation. Generally, with increasing doses of HA given, the
soil C-organic content and available P concentrations tended
to increase to each type of HA applied.

Based on the obtained results the application of humic acid
can significantly improve the growth response and nutrient
uptake of maize. Commercial humic acid gave the highest
increase in plant height, stem diameter, root length, fresh
weight, dry weight, and nutrient uptake of N, P and K
compared other derived. Along with the increase in the given
dose, the use of humic acid from various sources increased the
plant growth and nutrient uptake, except for total chlorophyll
content and N uptake. Generally, CHAg20% was the best
interaction treatment which had the highest average value on
dry weight and NPK uptake, which were 98.0 g pot, 178.8
mg plant?, 27.4 mg plant*and 216.9 mg plant?, respectively.

The application of humic acid increased pH, CEC, C-
organic content and availability of soil nutrients significantly.
However, the response of soil nutrient status to each type of
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humic acid was different. The highest mean value of pH, C-
organic, N and K was found in commercial humic acid
treatment (namely 6.30, 1.21%, 0.18% and 1.31 cmol(+) kg™,
the highest of available P was in humic acid from water
hyacinth compost (namely 65.0 mg kg), while the highest of
CEC, Ca and Mg was obtained on humic acid from bagasse
compost (namely 21.8 cmol(+) kg?, 8.35 cmol(+) kg™ and
2.59 cmol(+) kg't). Furthermore, in soil pH, C-organic content,
total N and Mg, the mean value increased significantly as the
dose of HA application was increased. This showed that the
use of humic acid on suboptimal land can improve soil fertility
and maize growth effectively.

REFERENCES

[1] Amatucci, F.M., Pascale, A.M., Serluca, M.C. (2015).
Green economy and social responsibility in the Italian
agri-food sector: The focus on the wine sector. Journal of
Corporate  Governance, Insurance, and Risk
Management (JCGIRM), 2(2): 178-196.

Strachinaru, A.L., Strachinaru, A.V. (2020). Sustainable
development and environmental protection in Romania.
Journal of Corporate Governance, Insurance, and Risk
Management (JCGIRM), 1(1): 156-175.

Kang, S., Post, W.M., Nichols J.A., Wang, D., West,
T.O., Bandaru, V., Izaurralde, R.C. (2013). Marginal
lands: Concept, assessment and management. Journal of
Agricultural Science, 5(5): 129-139.
https://doi.org/10.5539/jas.v5n5p129

Sirappa, M.P., Leovold, M., Titahena, J. (2014).

(3]

(4]



(3]

(7]

(8]

[9]

[10]

[12]

[14]

[15]

[16]

Improvement of suboptimal land productivity approach
by land and plant management. Journal of Tropical Soils,
19(2): 109-119.
https://doi.org/10.5400/jts.2014.19.2.109

Wojcik-Len, J., Sobolewska-Mikulska, K. (2017). Issues
related to marginal lands with reference to selected
agricultural problematic areas. Journal of Water and
Land Development, 35(X-XI1I): 265-273.
https://doi.org/10.1515/jwld-2017-0093

Islam, M.R., Talukder, M.M.H., Hoque, M.A., Uddin, S.,
Hoque, T.S., Rea, R.S., Alorabi, M., Gaber, A., Kasim,
S. (2021). Lime and manure amendment improve soil
fertility, productivity and nutrient uptake of rice-
mustard-rice cropping pattern in an acidic terrace soil.
Agriculture, 11: 1-16. https://doi.org/10.3390/agriculture
11111070

Zhang, H., Hobbie, E.A., Feng, P., Zhou, Z., Niu, L.,
Duan, W., Hao, J., Hu, K. (2021). Responses of soil
organic carbon and crop yields to 33-year mineral
fertilizer and straw additions under different tillage
systems. Soil and Tillage Research, 209: 104943.
https://doi.org/10.1016/j.stil.2021.104943

Shahid, S.A., Al-Shankiti, A. (2013). Sustainable food
production in marginal lands—Case of GDLA member
countries. International soil and water conservation
research, 1(1): 24-38. https://doi.org/10.1016/S2095-
6339(15)30047-2

Igbal, R., Raza, M.A.S., Valipour, M., Saleem, M.F.,
Zaheer, M.S., Ahmad, S., Toleikiene, M., Haider, 1.,
Aslam, M.U., Nazar, M.A. (2020). Potential agricultural
and environmental benefits of mulches—a review.
Bulletin of the National Research Centre, 44(1): 1-16.
https://doi.org/10.1186/s42269-020-00290-3

Siedt, M., Schéiffer, A., Smith, K.E., Nabel, M., RoB3-
Nickoll, M., van Dongen, J.T. (2021). Comparing straw,
compost, and biochar regarding their suitability as
agricultural soil amendments to affect soil structure,
nutrient leaching, microbial communities, and the fate of
pesticides. Science of The Total Environment, 751:
141607. https://doi.org/10.1016/j.scitotenv.2020.141607
Wandansari, N.R., Soemarno, Suntari, R., Kurniawan, S.
(2021). Organic waste management as compost to
improving germination and sweet corn production.
Nveo-Natural Volatiles & Essential Oils Journal| Nveo,
8(4): 1854-1877.

Nasiri, A., Sam-Daliri, M., Shirani-Rad, A., Mousavi, A.,
Jabbari, H. (2021). The response of growth and yield of
canola genotypes to humic acid application in different
plant densities. Gesunde Pflanzen, 73(1): 17-27.
https://doi.org/10.1007/s10343-020-00524-4

Ibrahim, H.I., Juma, S.S. (2021). Effect of mineral
fertilization and humic acids on availability of NPK in
soil and maize growth. Annals of the Romanian Society
for Cell Biology, 25(6): 11414-11418.

Tan, K.H. (2011). Principles of Soil Chemistry. 4th ed.
New York: CRC Press.

de Souza, F., Braganga, S.R. (2018). Extraction and
characterization of humic acid from coal for the
application as dispersant of ceramic powders. Journal of
Materials Research and Technology, 7(3): 254-260.
https://doi.org/10.1016/j.jmrt.2017.08.008

Urdiales, C., Sandoval, M.P., Escudey, M., Pizarro, C.,
Knicker, H., Reyes-Bozo, L., Antilén, M. (2018).
Surfactant properties of humic acids extracted from

688

[17]

[19]

[20]

[21]

[22]

(24]

[25]

(27]

(28]

(29]

volcanic soils and their applicability in mineral flotation
processes. Journal of Environmental Management, 227:
117-123. https://doi.org/10.1016/j.jenvman.2018.08.072
Klavins, M., Purmalis, O., Grandovska, S., Klavina, L.
(2019). Properties of soil and peat humic substances from
Latvia. Agron. Res., 17(2): 499-508.
https://doi.org/10.15159/AR.19.045

Spaccini, R., Cozzolino, V., Di Meo, V., Savy, D,
Drosos, M., Piccolo, A. (2019). Science of the total
environment bioactivity of humic substances and water
extracts from compost made by ligno-cellulose wastes
from biorefinery. Sci. Total Environ., 646: 792-800.
https://doi.org/10.1016/j.scitotenv.2018.07.334

Zhou, L., Monreal, C.M., Xu, S., McLaughlin, N.B.,
Zhang, H., Hao, G., Liu, J. (2019). Effect of bentonite-
humic acid application on the improvement of soil
structure and maize yield in a sandy soil of a semi-arid
region. Geoderma, 338: 269-280.
https://doi.org/10.1016/j.geoderma.2018.12.014

Xu, J., Mohamed, E., Li, Q., Lu, T., Yu, H., Jiang, W.
(2021). Effect of humic acid addition on buffering
capacity and nutrient storage capacity of soilless
substrates. Front. Plant Sci., 12: 1-12.
https://doi.org/10.3389/1pls.2021.644229

Garcia, A.C., van Tol de Castro, T.A., Santos, L.A,
Tavares, O.C.H, Castro, R.N., Berbara, R.L.L, Garcia-
Mina, JM. (2019). Structure—property—function
relationship of humic substances in modulating the root
growth of plants: A review. Journal of Environmental
Quality, 48(6): 1622-1632.
https://doi.org/10.2134/jeq2019.01.0027

Sible, C.N., Seebauer, J.R., Below, F.E. (2021). Plant
biostimulants: A categorical review, their implications
for row crop production, and relation to soil health
indicators. Agronomy, 11: 1-20.
https://doi.org/10.3390/agronomy11071297

Canellas, L.P., Olivares, F.L, Aguiar, N.O., Jones, D.L.,
Nebbioso, A., Mazzei, P., Piccolo, A. (2015). Humic and
fulvic acids as biostimulants in horticulture. Scientia
Horticulturae, 196: 15-27.
http://dx.doi.org/10.1016/].scienta.2015.09.013

Nardi, S., Pizzeghello, D., Muscolo, A., Vianello, A.
(2002). Physiological effects of humic substances on
higher plants. Soil Biol. Biochem., 34: 1527-1536.
Yigit, F., Dikilitas, M. (2008). Effect of humic acid
applications on the root-rot diseases caused by Fusarium
spp. on tomato plants. Plant Pathol. J., 7(2): 179-182.
https://doi.org/10.3923/pp;j.2008.179.182

Garcia, A.C., Berbara, R.L.L., Farias, L.P., Izquierdo,
F.G., Hernandez, O.L., Campos, R.H., Castro, R.N.
(2012) Humic acids of vermicompost as an ecological
pathway to increase resistance of rice seedlings to water
stress. African Journal of Biotechnology, 11(13): 3125-
3134. https://doi.org/10.5897/AJB11.1960

Asadi, M., Sedghi, M., Sharifi, R.S. (2013). Effects of
humic acid on the germination traits of pumpkin seeds
under Cadmium stress. Not. Sci. Biol., 5(4): 480-484.
Hatami, E., Shokouhian, A.A., Ghanbari, A.R., Naseri,
L.A. (2018). Alleviating salt stress in almond rootstocks
using of humic acid. Sci. Hortic. (Amsterdam)., 237:
296-302. https://doi.org/10.1016/j.scienta.2018.03.034
Stevenson, F.J. (1994). Humus Chemistry (Genesis,
Composition, and Reactions), 2nd ed. Canada: John
Wiley and Sons, Inc.



[30]

[31]

[33]

[34]

[35]

[36]

[37]

[39]

[41]

[42]

[43]

Tuherkih, E., Sipahutar, I.A. (2008). Effect NPK
compound fertilizer (16:16:15) on maize growth and
yield (Zea mays L.) in Inceptisols. Balai Penelit. Tanah:
77-90.

Nleya, T., Chungu, C., Kleinjan, J. (2016). Corn growth
and development. In iGrow Corn: Best Management
Practices. D. E. Clay, C. G. Carlson, S. A. Clay, and E.
Byamukama (Eds). South Dacota: www.iGrow.org: 5-9.
Manolopoulou, E., Varzakas, T., Petsalaki, A. (2016).
Chlorophyll determination in green pepper using two
different extraction methods. Current Research in
Nutrition and Food Science Journal, 4(1): 52-60.
https://doi.org/10.12944/crnfsj.4.special-issuel.05
Gulhane, A.R., Giri, G.K., Khambalkar, S.V. (2018).
Scanning electron microscopy (SEM) of seed infected
with seed borne fungi. Int. J. Curr. Microbiol. App. Sci.,
7(7): 4096-4101.

Zaremanesh, H., Akbari, N., Eisvand, H.R., Ismaili, A.,
Feizian, M. (2020). The effect of humic acid on soil
physicochemical and biological properties under salinity
stress conditions in pot culture of Satureja Khuzistanica
Jamzad. ECOPERSIA, 8(3): 147-154.

Dvora’¢kova’, H., Dvora’¢ek, J., Gonza'lez, P.H., VI¢ek,
V. (2022). Effect of different soil amendments on soil
buffering capacity. PLoS One, 17(2): 1-16.
https://doi.org/10.1371/journal. pone.0263456
Gougoulias, C., Clark, J.M., Shaw, L.J. (2014). The role
of soil microbes in the global carbon cycle: Tracking the
below-ground microbial processing of plant-derived
carbon for manipulating carbon dynamics in agricultural
systems. Journal of the Science of Food and Agriculture,
94(12): 2362-2371. https://doi.org/10.1002/jsfa.6577
Gaffney, J.S., Marley, N.A., Clark, S.B. (1996). Humic
and fulvic acids and organic colloidal materials in the
environment. In Humic and Fulvic Acids. Gaffney et al.
(Eds). ACS Symposium Series. Washington, DC:
American Chemical Society.

Ahmad, I., Saquib, R.U., Qasim, M., Saleem, M., Khan,
A.S., Yaseen, M. (2013). Humic acid and cultivar effects
on growth, yield, vase life, and corm characteristics of
Gladiolus. Chilean Journal of Agricultural Research,

73(4): 339-344. https://doi.org/10.4067/S0718-
58392013000400002
Li, S., Wang, Z., Miao, Y., Li, S. (2014). Soil organic

nitrogen and its contribution to crop production. Journal
of Integrative Agriculture, 13(10): 2061-2080.
https://doi.org/10.1016/52095-3119(14)60847-9
Al-bataina, B.B., Young, T.M., Ranieri, E. (2016).
Effects of compost age on the release of nutrients.
International Soil and Water Conservation Research, 4:
230-236. https://doi.org/10.1016/j.iswer.2016.07.003
Cao, Y., He, Z., Zhu, T., Zhao, F. (2021). Organic-C
quality as a key driver of microbial nitrogen
immobilization in soil: A meta-analysis. Geoderma, 383:
114784.
https://doi.org/10.1016/j.geoderma.2020.114784

Li, Z., Zeng, Z., Song, Z., Wang, F., Tian, D., Mi, W.,
Huang, X., Wang, J., Song, L., Yang, Z., Wang, J., Feng,
H., Jiang, L., Chen, Y., Luo, Y., Niu, S. (2021). Vital
roles of soil microbes in driving terrestrial nitrogen
immobilization. Global Change Biology, 27: 1848-1858.
https://doi.org/10.1111/gcb.15552

Niedzinski, T., Sierra, M. J., Lab, etowicz, J., Noras, K.,
Cabrales, C., Millan, R. (2021). Release of nitrogen from

689

[44]

[46]

[47]

(48]

[49]

[50]

[51]

(53]

[54]

granulate mineral and organic fertilizers and its effect on
selected chemical parameters of soil. Agronomy,
11(1981): 1-13.
https://doi.org/10.3390/agronomy11101981

Purwanto, B.H., Wulandari, P., Sulistyaningsih, E.,
Utami, S.N.H., Handayani, S. (2021). Improved corn
yields when humic acid extracted from composted
manure is applied to acid soils with phosphorus fertilizer.
Applied and Environmental Soil Science, 1-12.
https://doi.org/10.1155/2021/8838420

AyanfeOluwa, O.E., AdeOluwa, O.0., Aduramigba-
Modupe, V.O. (2017). Nutrient release dynamics of an
accelerated compost: A case study in an Alfisol and
Ultisol. Eurasian Journal of Soil Science, 6(4): 350-356.
https://doi.org/10.18393/ejss.318795

Nursyamsi, D., Suprihati. (2005). Sifat-sifat kimia dan
mineralogi tanah serta kaitannya dengan kebutuhan
pupuk untuk padi (Oryza sativa), jagung (Zea mays), dan
kedelai (Glycine max). Jurnal Agronomi Indonesia
(Indonesian Journal of Agronomy), 47(33): 40-47.
Bueis, T., Bravo, F., Pando, V., Kissi, Y.A., Turrién,
M.B. (2019). Phosphorus availability in relation to soil
properties and forest productivity in Pinus sylvestris L.
plantations. Annals of Forest Science, 76(97): 1-13.
https://doi.org/10.1007/s13595-019-0882-3

Asomaning, S.K. (2020). Processes and factors affecting
phosphorus sorption in soils. Sorption in 2020s, 1-15.
https://doi.org/10.5772/intechopen.90719

Aziz, T., Gola, A.Q., Mahesar, M.A., Domki, A.N., Ali,
B., Kashif, M., Mastoi, M.S., Khan, M., Korejo, M.A.
(2019). Effect of humic acid levels on fodder production
of maize (Zea mays) varieties under agro-climatic
conditions of Tandojam-Sindh Pakistan. Pure and
Applied  Biology (PAB), 8(2): 1661-1667.
http://dx.doi.org/10.19045/bspab.2019.80108

Meganid, A.S., Al-Zahrani, H.S., El-Metwally, Selim, M.
(2015). Effect of humic acid application on growth and
chlorophyll contents of common bean plants (Phaseolus
vulgaris L.) under salinity stress conditions. International
Journal of Innovative Research in Science, Engineering
and Technology, 4(5): 2651-2660.
https://doi.org/10.15680/IJIRSET.2015.0405001

Shen, J., Guo, M., Wang, Y., Yuan, X., Wen Y., Song,
X., Dong, S., Guo, P. (2020). Humic acid improves the
physiological and photosynthetic characteristics of millet
seedlings under drought stress. Plant Signaling &
Behavior, 15(8): 1-13.
https://doi.org/10.1080/15592324.2020.1774212
Trevisan, S., Francioso, O., Quaggiotti, S., Nardi, S.
(2010). Humic substances biological activity at the plant-
soil interface. Plant Signaling & Behavior, 5(6): 635-643.
https://doi.org/10.4161/psb.5.6.11211

Nagasawa, K., Wang, B., Nishiya, K., Ushijima, K., Zhu,
Q., Fukushima, M., Ichijo, T. (2016). Effects of humic
acids derived from lignite and cattle manure on
antioxidant enzymatic activities of barley root. Journal of
Environmental Science and Health, Part B, 51(2): 81-89.
https://doi.org/10.1080/03601234.2015.1080516

Li, Y., Fang, F., Wei, J., Wu, X., Cui, R., Li, G., Zheng,
F., Tan, D. (2019). Humic acid fertilizer improved soil
properties and soil microbial diversity of continuous
cropping peanut: A three-year experiment. Scientific
Reports, 9(12014): 1-9. https://doi.org/10.1038/s41598-
019-48620-4



[55]

[56]

[58]

[59]

[60]

[61]

[62]

[64]

Tang, C., Li, Y., Song, J., Antonietti, M., Yang, F. (2021).
Artificial humic substances improve microbial activity
for binding CO,. iScience, 24(6): 1-14.
https://doi.org/10.1016/j.isci.2021.102647

Saruhan, V., Kusvuran, A., Babat, S. (2011). The effect
of different humic acid fertilization on yield and yield
components performances of common millet (Panicum
miliaceum L.). Scientific Research and Essays, 6(3):
663-669.

Smith, S., de Smet, I. (2012). Root system architecture:
Insights from Arabidopsis and cereal crops.
Philosophical Transactions of the Royal Society B:
Biological Sciences, 367: 1441-1452.
https://doi.org/10.1098/rstb.2011.0234

Schmidt, W., Santi, S., Pinton, R., Varanini, Z. (2007).
Water-extractable  humic  substances alter root
development and epidermal cell pattern in Arabidopsis.
Plant and Soil, 300: 259-267.
https://doi.org/10.1007/s11104-007-9411-5

Nunes, R.O., Domiciano G.A., Alves, W.S., Melo,
A.C.A., Nogueira, F.C.S., Canellas, L.P., Olivares, F.L.,
Zingali, R.B., Soares, M.R. (2019). Evaluation of the
effects of humic acids on maize root architecture by
label-free proteomics analysis. Scientific Reports,

9(12019): 1-11. https://doi.org/10.1038/s41598-019-
48509-2
Canellas, L.P., Olivares, F.L. (2014). Physiological

responses to humic substances as plant growth promoter.
Chemical and Biological Technologies in Agriculture,
1(3): 1-11.

Khaled, H., Fawy, H.A. (2011). Effect of different levels
of humic acids on the nutrient content, plant growth, and
soil properties under conditions of salinity. Soil and
Water Research, 6(1): 21-29.

Chen, Q.,Qu,Z.,Li, Z., Zhang, Z., Ma, G., Liu, Z., Wang,
Y., Wu, L., Fang, F., Wei, Z., Zhang, M. (2021). Coated
diammonium phosphate combined with humic acid
improves soil phosphorus availability and photosynthesis
and the yield of maize. Frontiers in Plant Science, 12.
https://doi.org/10.3389/1pls.2021.759929

Palanivell, P., Susilawati, K., Ahmed, O.H., Majid, N.M.
(2013). Compost and crude humic substances produced
from selected wastes and their effects on Zea mays L.
nutrient uptake and growth. Hindawi: The Scientific
World Journal, 2013: 1-115.
http://dx.doi.org/10.1155/2013/276235

De Hita, D., Fuentes, M., Fernandez, V., Zamarrefio,
AM., Olaetxea, M., Garcia-Mina, J.M. (2020).
Discriminating the short-term action of root and foliar
application of humic acids on plant growth: Emerging

role of jasmonic acid. Frontiers in Plant Science, 11(493):

690

[65]

[68]

[69]

[70]

[71]

(73]

[74]

1-14. http://dx.doi.org/10.3389/fpls.2020.00493

Hanifa, H., Utami, S.N.H., Wulandari, C., Yusuf, W.A.
(2019). Soil chemical properties and corn productivity as
affected by application of different types of fertilizer and
planting method in acid sulfate soil. In IOP Conference
Series: Earth and Environmental Science, 393: 1-9.
http://dx.doi.org/10.1088/1755-1315/393/1/012001
Giimiis, I., Seker, C. (2015). Influence of humic acid
applications on soil physicochemical properties. Solid
Earth Discuss, 7(3): 2481-2500.
http://dx.doi.org/10.5194/sed-7-2481-2015

Duong, T.T.T., Penfold, C., Marschner, P. (2012).
Differential effects of composts on properties of soils
with different textures. Biology and Fertility of Soils, 48:
699-707. http://dx.doi.org/10.1007/s00374-012-0667-4
Mindari, W., Aini, N., Kusuma, Z. (2014). Effects of
humic  acid-based buffer+cation on chemical
characteristics of saline soils and maize growth. Journal
of Degraded and Mining Lands Management, 2(1): 259-
268. http://dx.doi.org/10.15243/jdmIlm.2014.021.259
Arjumend, T., Abbasi, M.K., Rafique, E. (2015). Effects
of lignite-derived humic acid on some selected soil
properties, growth and nutrient uptake of wheat
(Triticum aestivum L.) grown under greenhouse
conditions. Pakistan J. Bot., 47(6): 2231-2238.

Liu, X., Zhang, M., Li, Z., Zhang, C., Wan, C., Zhang,
Y., Lee, D. (2019). Inhibition of urease activity by humic
acid extracted from sludge fermentation liquid.
Bioresour. Technol., 121767.
http://dx.doi.org/10.1016/j.biortech.2019.121767

Pang, L., Song, F., Song X., Guo, X., Lu, Y., Chen, S.,
Zhu F., Zhang N., Zou, J., Zhang P. (2021). Effects of
different types of humic acid isolated from coal on soil
NH; volatilization and CO, emissions. Environmental
Research, 194: 110711.
http://dx.doi.org/10.1016/j.envres.2021.110711

Santos, S.R., Silva, E.D.B., Alleoni, L.R.F., Grazziotti,
P.H. (2017). Citric acid influence on soil phosphorus
availability. Journal of Plant Nutrition, 40(15): 2138-
2145.
http://dx.doi.org/10.1080/01904167.2016.1270312
Yang F., Tang, C., Antonietti, M. (2021). Natural and
artificial humic substances to manage minerals, ions,
water, and soil microorganisms. Chemical Society
Reviews, 50: 6221-6239.
http://dx.doi.org/10.1039/DOCS01363C

Zhang, W., Chen, X., Zhou, J., Liu, D., Wang, H., Du,
C.W. (2013). Influence of humic acid on interaction of
ammonium and potassium ions on clay minerals.
Pedosphere, 23(4): 493-502.
http://dx.doi.org/10.1016/S1002-0160(13)60042-9





