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Abstract

Currently, agricultural production management approaches are greater emphasis on environmental
sustainability. Humic substances (HSs) are the most abundant component of soil organic matter, formed
through the breakdown of organic material through a series of biochemical processes. HSs with
distinctive physiochemical and biochemical features, such as humic acid, fulvic acid, and humin, play an
important role in crop physiological growth and development. The stimulatory effects of HSs on plant
growth might be indirect (Through increased fertiliser efficiency or reduced soil compaction) or direct
(through improvement of total plant biomass). The effect of HS on plant development is dependent on
the source, concentration, and molecular weight of the humic fraction. The physiological effects of humic
substances on plant development and metabolism are investigated. This study provides a summary of the
research results on humic compounds diverse regulatory functions and their influence on plant
physiological growth and development.
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Introduction

Humic sustances (HSs) are naturally occurring, biogenic, heterogeneous organic molecules
that are yellow to black in colour, have a large molecular weight, and are resistant (MacCarthy
et al. 1990) %81, HSs are more common organic fractions in earth, which may be found in soil,
water, lake sediments, peat, brown coal, and shales. HSs account for around 25% of all organic
carbon on the planet. These substances are a type of naturally occurring complex molecular
structures that originate from the breakdown of plant and animal residues and cannot be
categorised as proteins, polysaccharides, or polynucleotides (Nardi et al. 2002) 5°1, The future
of natural organic matter, particularly HSs, has piqued the curiosity of scientists from a variety
of fields in recent decades. HSs research is complicated among the various organic substances
that occur naturally because these organic compounds are bound by or associated with soil
mineral fractions and require physical and/or chemical separation from the inorganic
components via an extraction procedure prior to physico-chemical analysis. Many fractions of
humic compounds have been separated and given specific names over the years. However,
only three of them (Humic acid, fulvic acid, and humin) have stood the test of time as being
generally beneficial. These fractions, like humic substances as a whole, are operationally
defined (Aiken et al. 1986) [“: Humic acid-A humic compound that is not soluble in water
under acidic circumstances (pH 2) but is soluble at higher pH values. Fulvic acid is the portion
of humic compounds that is soluble in water at all pH levels. Humin-A humic compound that
is not soluble in water at any pH level.

Since the 1980s, the use of HS in crop production, which is comprised of humic (HA) and
fulvic acid (FA), has been acknowledged as a long-run product (Calvo et al. 2014) 4, The use
of humic compounds in agriculture as fertiliser and soil conditioner is becoming increasingly
significant for long-term crop development. Ihsanullah and Bakhashawin (2013) found that
these humic compounds had a significant influence on soil structure and plant development.
HSs are essential for soil fertility and plant nourishment (Omaima et al. 2014) B4, Plants
growing in soils rich in humin, humic acids (HAs), and fulvic acids (FAs) are less susceptible
to stress, generate larger yields, and the nutritional content of produced crops and feeds is
superior. The chemical makeup (e.g., functional groups), hydrophobicity, and flexible
conformational shape of HS have all been linked to its role as a biological activator for plant
development (Muscolo et al. 2013; Canellas and Olivares, 2017) 44 14,
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The favourable benefits of HS on plant development can be
attributed to either indirect (Through increased fertiliser
efficiency or reduced soil compaction) or direct (Through
increased total plant biomass) effects.

One of the most significant effects of HS on plant
development is the stimulation of nutrient absorption and the
lengthening of lateral root growth, which is known as the
"auxin-like effect,"” and is associated with incresed ATPase
activity in the plasma membrane (Maggioni et al. 1987; Nardi
et al. 1991; Pinton et al. 1992; Canellas et al. 2002;
Quaggiotti et al. 2004; Zandonadi et al. 2007) [3% 49,5516, 57, 73],
The basic mechanisms include ATPase induction providing a
wider electrochemical gradient and speeding food uptake rate,
which may also be validated by overexpression of transporter
genes (Jindo et al. 2016; Zanin et al. 2018; Nunes et al. 2019)
[30, 7. 58] With HSs, the availability of micronutrients such as
iron (Fe) can be enhanced not just through chelation but also
by improving the root's ability to absorb nutrients from the
soil solution (Aguirre et al. 2009; Zanin et al. 2019) [ 761,
This impact has been linked mostly to HS's complexing
characteristics, which improve the availability of
micronutrients from sparingly soluble hydroxides (Stevenson,
1991) [¢9, Although only to a limited extent, HS, particularly
those with a low molecular mass, are taken up by plants and,
as a result, may actively influence plant metabolism (Vaughan
and Malcom, 1985; Muscolo et al. 1993) [5 41 By
functioning as hormone-like compounds, their actions appear
to be primarily exerted on cell membrane activities, boosting
nutrient absorption (Visser, 1986; Varanini and Pinton, 1995)
169 671 or plant growth and development (Vaughan and
Malcom, 1985; Nardi et al. 1996) %8 481 The use of humic
compounds increased plant height, lateral shoot number per
plant, leaf number per plant, stem diameter, leaf area, dry
weight, and total leaf chlorophyll content, resulting in
increased crop growth and development (Mustafa and El-
Shazly, 2013; Eisa et al. 2016) [45 161,

As agriculture grows more advanced and intensive
agricultural systems evolve, the use of pesticides, decreased
organic matter content, and poor physical conditions all have
a negative impact on the availability of micronutrients. There
need to understand the significance of humic compounds and
their utility as fertiliser elements has never been greater than
now. Those who are worried about soils' potential to support
sustainable agricultural production. Most soil scientists and
agronomists agree that humic compounds are the most
significant component of a healthy fertile soil for crop
development. The primary goal of this research is to discuss
the importance of HSs on plant growth and development in
boosting crop yield in modern agriculture.

Review of literature

Humic substances have an indirect and direct effect on plant
development. Positive relationships between soil humus
levels, plant yields, and product quality have been reported in
several scientific journals. Indirect impacts include those that
offer energy to beneficial organisms in the soil, influence the
soil's water holding capacity, influence the soil's structure,
release of plant nutrients from soft minerals, enhanced
availability of trace minerals, and overall improved soil
fertility. Changes in plant metabolism that occur as a result of
the absorption of organic macromolecules such as humic
acids and fulvic acids are examples of direct impacts. Taking
into account the benefits of HSs and their potential impact on
plant growth and development is reviewed in the following
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headings.

Influence of HSs on seed germination

Humic compounds and their structural features can have a
major impact on seed germination and plant development in
the early stages. The absorption of humic compounds into
seeds promotes seed germination and seedling growth (Ayuso
et al. 1996) . According to Adetumbi et al. (2019) [,
priming rice seed with humic material can improve seedling
growth and vigour in both highland and lowland rice
cultivation. Fulvic acid had a substantial effect in promoting
wheat seed germination. The effect of HSs on seed
development due to regulating the amylase activity, which is
related to respiration (Qin et al. 2016) ¢, Braziene et al.
(2021) [ made the following observation: The application of
fulvic acids for seed dressing consistently increased the
eventual germination percentage while shortening the mean
germination time in spring wheat, spring barley, and sugar
beet. When planting treated seeds in soil, pre-sowing
treatment with humic preparations has a notable stimulating
impact on germination (Shoba et al. 2019) 8. Nandhini et al
(2018) 41 revealed that soaking of seeds with humic acid
records maximum seed germination, optimum shoot and root
length of maize. Application rates of humic acids (HAs) or
fulvic acids (FAs), required for improved seed germination,
range from 20 to 100 mg/liter of seed. Humic compounds
must be present within the cells of seeds in order for better
germination to occur. As the humic substance enter the seed
cells, respiration rate increases, and cell division processes are
accelerated. These same respiratory processes enhance root
meristem development and activate other growing points
within the seedlings. In well-regulated tests, humic
compounds have been shown to increase mitotic activity
during cell division. The application of these humic
compounds to seeds (seed treatment) or within the seed
furrow improves seed germination and seedling development
dramatically.

Influence of HSs on root growth and development

Humic substances have a strong impact on plant root
development. When humic acids (HAs) and/or fulvic acids
(FAs) are added to soil, root initiation and growth are
improved. Humic acid, according to Mora et al. (2012) 2,
increased the quantity of secondary roots as well as root
growth in cucumber. Humic substance application to roots
enhances plasma membrane H+-ATPase activity, shoot
mineral nutrient concentration, and ABA concentrations in
roots (Nunes et al. 2019) B¢, Plants treated with HA had an
increase in the quantity, diameter, and length of maize roots.
This total improvement might be attributed to the activation
of PM H+-ATPase, which is critical in ion absorption and the
development of an electrochemical gradient, both of which
are required in the growth process under acidic circumstances
(De Hita et al. 2020) @Y. This enzyme combines ATP
hydrolysis with H+ transport across the cell membrane,
acidifying the apoplasts, loosening the cell walls, and
lengthening cells, resulting in increased root growth (Hager et
al. 1991) 28, Plant root development is promoted to a larger
extent in most experimental experiments than above ground
plant components. The sort of humic material used had a
substantial impact on the percentage of increase. In repeated
trials, treated root weights ranged from 20 to 50 percent
higher than non-treated root weights. When the smaller
molecular components of fulvic acid (FA) are present at
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concentrations ranging from 10 to 100 mg/liter of solution,
root stimulation occurs. Fulvic acids (FAs) boost growth even
more when combined with humic acids (HAs) and other
essential plant nutrients. Humic acids (HAs) and fulvic acids
(FAs) should be used at low doses to promote plant
development.

Humic Substances and their role in plant nutrition

The presence of HS in soil encourages root and shoot
development by improving mineral nutrition under the soil
surface. The activity of these compounds can be measured in
terms of plant yield and active growth (Zandonadi et al. 2016)
(751, HS regulate plant growth and mineral absorption through
complimentary and possibly different activities. These
impacts are categorized as either direct or indirect (Vaughan
and Malcom, 1985; Zandonadi et al. 2013) [%8 7 The
activities of HS are primarily determined by their structural
properties, functional groups, and tendency to interact with
inorganic and organic ions and molecules found in the soil
substrate (Garcia-Mina et al. 2004) 7. Furthermore, the
ability of HS to form complexes with metallic ions improves
the availability of micronutrients (zinc, manganese, copper,
and iron) and macronutrients (phosphorus), particularly when
these nutrients are scarce in the soil (Garcia et al. 2016).
Humic substances bind nutrients in a molecular form,
reducing their solubility in water. These binding processes
reduce nitrogen leaching into the subsoil and aid in preventing
volatilization into the atmosphere. Other studies have found
that increased uptake of calcium (Ca), and magnesium (Mg)
when plants are irrigated with humic acids (HAs) or fulvic
acids (FAs). Direct action of HS, on the other hand, is
associated with their localised targeted and non-targeted
actions at plant cell membranes, which can activate
biochemical and molecular processes at the post-
transcriptional levels in roots and shoots (Van Oosten et al.
2017) 181, In general, targeted actions of HS tend to increase
plant absorption of macronutrients and micronutrients. Only a
small percentage of 14-C labelled HS, particularly those with
lower molecular weight, penetrate the root apoplastic
pathway, according to Vaughan and Malcom (1985) 8, As a
result, this property can regulate the activity of HS in
increasing nutrient absorption through molecular systems and
signalling pathways found in root cell membranes (Asli and
Neumann, 2010; Nardi et al. 2016) [": 511, The full benefit of
this type of direct influence has yet to be determined.
However, it is possible that the non-specific action of HS on
the leaf or root surface could influence molecular and
biochemical processes by influencing events at both the
transcriptional and post-transcriptional stages.

Humic Substances on plant metabolic activities

A significant effect of HS activity in plants is due to its ability
to stimulate numerous metabolic pathways. Research into the
role of HS in photosynthesis control is critical because
photosynthesis is the fundamental metabolic process that
drives the generation of all O, and organic matter on the earth.
FA stimulated more chlorophyllase (a) activity than HA,
whereas HA stimulated more chlorophyllase (b) activity than
FA (Yang et al. 2004) [°], In maize plants (Zea mays L.), HA
fractions from the soil were found to increase the activity of
enzymes involved in C metabolism. They boosted the activity
of glycolytic pathway enzymes like glucokinase (GK),
phosphoglucoisomerase (PGI), PPidependent
phosphofructokinase (PFK) and pyruvate kinase (PK)) as well
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as Krebs cycle enzymes like citrate synthase (CS), malate
dehydrogenase (MDH), and isocitrate and NADP + -
isocitrate dehydrogenas (Nardi et al. 2007) ¥, Humic
molecules cause biochemical changes in plant cell membranes
and numerous cytoplasmic components when they penetrate
plant cells. The presence of humic substances is essential for
the establishment of biotic and abiotic interactions within the
plant rhizosphere (Kulikova et al. 2014, 2016) 4 %1, Many
enzymes have been identified that participate in various plant
responses to HS, such as Fe (I11) chelate-reductase (Kulikova
et al. 2014) 41, H+-pyrophosphatase (Zancani et al. 2009) [,
plasma membrane H+-ATPase (Quaggiotti et al. 2004) 7],
tricarboxylic acid cycle enzymes (Kulikova et al. 2016) 32, |t
is concluded that HS have a wide range of regulatory
activities in plants, including direct root growth stimulation
and root hair proliferation, ion-uptake rate maintenance,
proton release control, redox reactions, and root exudate
modulation (Trevisan et al. 2010; Canellas et al. 2015) [65 5],

Influence of Humic substances on plant growth and
development

The effect of HS on plant growth is affected by the source,
concentration, and molecular weight of the humic fraction.
While a low molecular size (LMS 3500 Da) fraction easily
reaches the plasmalemma of higher plant cells and is partially
absorbed, a high molecular size (HMS > 3500 Da) fraction is
not absorbed and can only interact with the cell wall. As a
result, an LMS fraction is the most likely choice for assessing
the beneficial effects of HS on plant development. The latter
effects are mediated in part at the plasma membrane level by
positively impacting the absorption of certain nutrients,
particularly nitrate (Nardi et al. 2002) % Mindari et al.
(2018) ™ found that using HSs, boosted crop yield by
improving plant growth in terms of shoot length, root length,
shoot dry weight, root dry weight, and chlorophyll content.
Humic acids generated from vermicompost increased the
growth of marigold and pepper roots, as well as the quantity
and weight of strawberry fruits and tomato fruits (Arancon et
al. 2006) [1, These might be due to humic compounds (humic
acid) bind positive ions, form chelates with micronutrients,
and slowly release them when needed by plants. They also
operate as chelating agents, preventing precipitation, fixing,
leaching, and oxidation of micronutrients in soil (Kadam et al.
2010) B Humic compounds (humic acid and fulvic acid)
with auxin activity boost nutrient absorption and dry matter
production by inducing a hormonal influence on catalytic
activity and cell permeability, there by it also improved the
development and nutritional quality young plants (Eshwar et
al. 2017) 1. Furthermore, humic acid has many effects
because it increases cation exchange capacity, which affects
nutrient retention and availability, as well as due to a
hormonal effect, or a combination of both (Chunhua et al.
1998) ¥ as a result, it can be used to solve many soil
problems, such as soil nutrient availability and chemical
reactions that affect the loss or fixation of almost all nutrients
(Abourayya et al. 2020) ™. Regulating activities of humic
substances in different crops and its effect on plant growth
and development is represented in Table 1 and Figure 1.
Foliar spray of humic compounds to young actively growing
leaves enhance plant growth more than foliar applications to
older plant leaves. Actively growing plant parts that are
involved in cell divisions and other growth processes easily
integrate various trace minerals and growth regulating
compounds into on-going metabolic processes, whereas older
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plant parts that have slowed metabolic processes are unable to
efficiently utilise added humic substances and associated
nutrients. Suh et al. (2014) %2 observed that foliar application
of fulvic acid affects tomato plant growth, fruit quality, and
yield. Foliar treatment promotes crop productivity in areas
such as olives, wheat, tomato, papaya, maize, creeping bent
grass, and others (Cooper et al. 1998; Delfine et al. 2005;
Zaller 2006; Cavalcante et al. 2011; Canellas et al. 2013) 2
22, 7% 18 181 Humic and fulvic acids (HAs and FAs) are
effective foliar fertiliser transporters and activators. It
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increases plant development processes within the leaves,
resulting in a rise in the carbohydrates content of the leaves
and stems. Enhanced carbohydrate synthesis can result in
either higher product quality or higher yields. Increased
vegetative growth can be attributed to the positive effect of
humic substances on both plants and soil in increasing
microbial activity and improving soil effectiveness in nutrient
uptake as a chelating agent, as well as bio-stimulation of plant
growth, which improves vegetative characteristics, nutritional
status, and crop yield (Abourayya et al. 2020) 11,

» Improves seed germination :
seedling growth

~ Better Root growth

» Improved plant nutrition

~ Stimulates numerous

metabolic pathways in

plant (Photosynthesis,
respiration)

» Resistances to abiotic
stresses

» Improves nutritional
quality

» Improved flowering

»# Increases crop yield

# Source of energy for
beneficial soil organisms
and microbial activity

» Increase the rate of

decomposition of OM and
Humic releases essential plant
_ substances nutrients

» Improve water holding
capacity of soil

~ Improves soil cation
exchange capacity (CEC)
and nutrient availability
(both macro and micro
nuitrients)

# Improves soil fertility and
productivity

Fig 1: Effect of Humic substances on plant growth and development

Table 1: Regulating activities of humic substances in different crops.

Parameter Mechanism of Humic substances Crop References
As the humic material enters the seed Spring-wheat, barley and sugar beet Braziene et al. 2021 1
cells, the rate of respiration rises and cell Papaya Cavalcante et al. 2011 18
Seed germination division processes speed up. These same Wheat Qin et al. 2016 I°%; Litvin et
and seedling growth respiratory mechanisms promote root al. 2020 [39]
meristem growth and the activation of Rice Adetumbi et al. 2019 [2
additional growing sites in seedlings. Maize Nandhini et al. 2018; [46]
Humic substance application to roots Cucumber Mora et al. 2012 [*2
enhances plasma membrane H+-ATPase ) Nardi et al. 2016 511: Nunes et
Root activity, shoot mineral nutrient Maize al. 2019 1531
concentration, and ABA concentrations in -
! [63]
growth roots. Plants treated with HA had an Broad bean Tamer etal. 2015 2]
increase in the quantity, diameter, and Gerbera Nikbhakt et al. 2008
length of maize roots Wheat Ali et al. 2014 B
Wheat Bezuglova et al. 2017 1%
The presence of HS in soil promotes root Rice Mindari et al. 2019
; [35]
Plant nutrition and shoot development by enhancing Pea_nut Lietal. 2019 2]
mineral nutrition under the soil surface Maize Khaled and Fawy, 2011
Cansu and Erdal et al. 2016
Apple 7]
HSs stimulates numerous metabolic Maize Nardi et al. 2007 471
Plant metabolism pathways in plants, namely Bent grass Chunhua et al. 1998 19
photosynthesis and respiration etc., Chlorella Toropkina et al.2017 [64]
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Wheat El-Bassiouny et al. 2014 [24]
Rapeseed Lotfi et al. 2018 [¥7]
Increased vegetative growth attributed to Wheat Baris et al. 2009 [
increasing microbial activity and Strawberry Arancon et al. 2006 [©!
imprc:(ving SOiI‘I] elffgctiveness in nutlrlient maize Canellas et al. 2013 1231
uptake as a chelating agent, as well as 2
d(z\r/%\?(l)thrgggt bio-stimulation of plant growth, resulting Suhetal. 2014 ][6]
P in a rise in the carbohydrates content of Tomato Arancon et al. 2006
the leaves and stems. Enhanced Suarez-Estrella et al. 2008 !
carbohydrate synthesis can result in either Rice Sivakumar et al. 2007 1591
higher product quality or higher yields '

Conclusion

The use of HS as a bio-stimulant for plant growth is a helpful
and environmentally sustainable method. Plant morphological
and biochemical changes in the root system caused by HS are
the primary variables responsible for increased nutrient
absorption, however an increase in nutrient availability caused
by chelation and partially by auxin-like effects is another way
HS contributes to plant development. HS may have a
favourable effect on higher plant metabolism, resulting in
increased cell division and plant development. LMS humic
fractions appear to do this job more easily because they can
penetrate the plasma membrane of root cells and subsequently
be translocated. As a result, the use of HS not only promotes

plant growth and development but also
conditions and contributes

improves soil
to sustainable agricultural

production Author.
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