(

, Iﬂ Popular Article
Q__@\ ﬁo;lé Domain: Agriculture Science
—_—\5 Vol 4 Issue 10, October 2025, 5283-5288

Role of Humic Substances on Soil Health and Crop

Ghorband V. K. '* and Bhagyaresha R. Gajbhiye **
L«Student, College of Agriculture, Latur, VNMKYV, Parbhani, Maharashtra, India
DOI:10.5281/TrendsinAgri.17465726

Abstract

In recent years, extensive research has been conducted to enhance both the quality and
quantity of agricultural production. While, mechanization and the development of hybrid
seeds have significantly contributed to agricultural progress, soil health remains a crucial
factor. Soils deficient in organic matter often prove unsuitable for plant growth. To address
this challenge and improve crop yields, humic substances are increasingly being incorporated
into soils across various regions. Today, humic substances is commercially available in
several forms such as powder, granules, liquid, and flakes and can be applied using different
methods, including soil application, foliar spray, seed treatment, root dipping, drip irrigation,
or in combination with chemical fertilizers. To know the optimum dose of the humic
substances, various studies were conducted on crops and discovered a positive response in
yield attributed to character, yield, and soil properties. This review enlightens the relevance
of humic substances on different crops and soil health, and boosts agricultural productivity.
Introduction

Soil organic matter is the fraction of the soil that consists of plant and animal tissue in
various stages of breakdown (decomposition). Most of our productive agricultural soils have
between 3 to 6 % organic matter. Organic matter is made up of plant tissue and animal
manures. Humic substances (HS) are remains of decomposed plant and animal materials such
as lignin, tannins, cellulose, and cutins (Tan et al., 2000; Billingham, 2012; Hayes and Swift,
2020). HS are classified as humic acids (HA), fulvic acids (FA), and humins based on their
solubility in water, acidic or alkaline solutions (De Melo ef al., 2016). Humic substances are
an extremely important soil component because they constitute a stable fraction of carbon,
thus regulating the carbon cycle and the release of nutrients, including nitrogen, Phosphorus
and sulphur. Additionally, the presence of humic substances improves water holding capacity,
pH buffering and thermal insulation (Stevenson, 1994 and Ayuso et al., 1996). Humic acid
increase soil nutrients availability, especially micronutrients by chelating and co-transporting

micronutrients to plants (Yang et al., 2021); reduce the transportation of toxic heavy metals
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by precipitating them, thus reducing toxic heavy metals intake by plants (Wu et al., 2017).
Humic acids also increase crop growth by increasing plant growth promoting hormones such
as auxin and cytokinin, which aid in stress resistance, nutrients metabolism, and
photosynthesis (Billingham, 2012). Humic substances also improve plant nutrient uptake,
plant root growth and plant water retention.

Composition of Humic Substances:

Humic substances are complex organic compounds composed of:

D

*» Carbon: Main structural element

R/

% Hydrogen: Forms functional groups

R/

% Oxygen: Forms functional groups like carboxyl and hydroxyl

D)

% Nitrogen: Present in smaller amounts, influencing properties

L)

% Sulphur: May be present, affecting reactivity
Functional Groups- Carboxyl (-COOH):
- Hydroxyl (-OH): Involved in hydrogen bonding and reactivity
- Phenolic: Influences reactivity and antioxidant properties

Classification of humic substances are typically classified into three main fractions:

Stable Organic Matter - Humus

Humus
|
) |

[

Humic substances Non-humic substances
i.e. polysaccharides, proteins,
lignins, etc. In their natural or
transformed states

Fulvic acid Humic acid Humin
soluble in acid insoluble in acid insoluble in acid
soluble in alkali soluble in alkali insoluble in alkali

Fig 1. Classification of Humic substances
Extraction of Humic Substances:
Extraction of humic substances from organic matter present in soil is based on their
solubility in water in acidic and alkaline condition. Commonly used method is treatment with
alkali; dilute NaOH and Na,COs3. Treatment with alkali converts insoluble polyvalent cation

humates and mineral humates to soluble sodium humates. If soil is high in Ca or CaCOs3; it is
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treatment with HCL prior to alkali treatment.
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Using methanol and benzene as a diluent
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Fig 2. Scheme for extraction and fractionation of humic substances
(Source: Biswas and Mukherjee, 1994)
Chemical nature of Humic Substances:

e Humic substances are polymeric compounds, builts up mainly of aromatic units.

e Aliphatic structure (Fatty acids, etc.) are also present as branches on the chain.

e Major functional groups in humic substances are carboxyl, phenolic hydroxyl, amino,
quinone, ketone, etc.

e HS have a high molecular weight.

e Humic substances have a negative charge, allowing them to interact with positively
charged ions and molecules.

e Humic substances are heterogeneous mixtures of compounds, making their chemical

nature complex and dynamic.
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Humic substances and their influence on soil Health

Humic acids are organic compounds that play crucial roles in enhancing the qualities
of soil, the growth of plants, and other agronomic factors. According to the research that was
conducted, HA has the potential to have a beneficial effect on the soil's physical, chemical,
and biological properties. These properties include the aggregation and relative proportion of
soil particles, the capacity of soil to hold water, cation exchange capacity (CEC), pH, carbon
content in the soil, enzymes activity, macronutrients cycling, and availability (Ampong et al.
2022). Humic acid contains many compounds, including macromolecule, hydrophobic,
hydrophilic, and functional groups. The hydrophilic nature of humic acid attracts the
hydrogen ions that lead to increased water holding capacity of the soil. Organic humus
contains humic acid (HA), which has the potential to have a significant impact on soil health
and plant development. Also, it helps to improve the soil's structure and water storage capacity
(Fahramand et al. 2014). Addition of humic acid to the soil, whether by addition or adsorption,
both help increase aggregate stability, while the adsorption method gives more significant
results (Chaney and Swift 1986). Humin acts as a stable carbon sink, contributing to long-
term carbon storage in soils. Fulvic acid and humin also play a significant role in sustainable
agriculture and environmental resilience.
Humic substances and their influence on crop production

A form of organic material known as humic acid can be used to improve the quality
of soil and enable plants to take in more water and minerals. As a consequence of this, there
is a possibility that the severity of the condition will decrease as a consequence of this
improvement. It's possible that the compounds could directly influence soilborne plant
diseases in humic substances. HA is a stable portion of carbon, which regulates and releases
nutrients such as nitrogen and phosphorus, which could cause increased growth and yield
metrics. This would lower the need for inorganic fertilizer for plant growth. HA stimulates
the uptake of major and minor nutrients, the activation and inhibition of enzymes, enhance
the activity of microorganism in rhizosphere, improve membrane permeability and protein
synthesis, and increase the biomass production. There is a possibility that the potential of
humic acid to reduce the severity of diseases that affect strawberry plants is associated with
the roots of the plant growing more quickly and, as a result, absorbing a greater quantity of
nutrients and water (Khafagi et al. 2018). Humic substances also improves plant
photosynthetic activity, plant root growth and supports healthy microbial activity and

ultimately enzyme activity.
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Future prospects

= Application of humic substances with fertilizers opens vast area for study to scientists
in future.

* As humin is insoluble in both acid and alkali their application in current aren’t
evolved, but with modern techniques like NMR (Nuclear magnetic resonance),
scanning electron microscope (SEM), X-ray diffraction technique, helps to study their
structural composition.

= Currently the cost of production of humic substances is high but with more study and
research their production might become economical in future.

Conclusions

» Application of humic substances enhances soil physical, biological and chemical
properties.

» These substances also increase the cation exchange capacity (CEC) of the soil,
enhancing nutrient retention and availability to plants.

» Application of RDF with humic substances, enhance the fertilizer use efficiency.

» Humic substances not completely substitute to chemical fertilizers but acts as
complementary to them.

» Application of chemical fertilizers causes environmental pollution (volatilization,
Denitrification, Leaching losses) which can be minimized by use of humic substances.

» HA application has potential significant effects on crop agronomic performance and
soil quality parameters.

» Application of humic substances show positive effect on soil microbes.

» Humic substances play a crucial role in stimulating soil microbial activity, leading to
the breakdown of organic matter and the cycling of nutrients.
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