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ABSTRACT
Biostimulants are organic products made up of peptides and amino acids which are readily available to plants. Changes in farming
are being caused by agro-ecological practices that take into account biodiversity and the way soil works. In agriculture, biostimulants
can be used to keep plant growth and productivity without use of chemicals. Biostimulants can be used to identify and enhance
specific soil microorganisms and they can help them grow and thrive. Soil microbial activity and the activity of important plant growth
hormones or enzymes are also considered to help crops grow and yield more. The words “soil health” and “soil tilth” aren’t new in the
world of farming. Many factors, many of which are biological, affect the health of soil. With the application of biostimulants soil health
gets improved by influencing soil health indicators. Chemical fertilizers affect soil environment, which ultimately affects the human
and animal lives. Microbes in the soil called arbuscular mycorrhizal fungi (AMF) play an important role in maintaining long-term soil
fertility by forming mutualistic relationships with the roots of food crops, which help them, grow and thrive. Plants thrive under biotic
and abiotic stress, due to the activation of defense mechanisms through these substances. Biostimulants from seaweed extracts are
very popular because they help plants to grow and be more resistant to stress. Repeated applications of biochar could make the soil
more carbon-rich and productive, which could lead to more crop biomass and biological carbon sequestration over time. This review
summarizes the description of biostimulants and their role in soil health.
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Products like biostimulants are seen as an entirely new
generation of agricultural tools for sustainable farming. The
health of a country’s soil is a critical and delicate resource
because it determines the overall yield of a country’s crops,
which feeds their population. It’s a serious problem when a
country has to rely on outside sources to meet its
population’s demand for food and other agricultural products
(Kapoore et al., 2021). Agricultural productivity has
enhanced in India as a result of the Green Revolution in
order to meet public demand and to sell crop products
commercially. With chemical inputs like fertilizers, pesticides,
fungicides, insecticides, nematicides and weedicides as well
as intensive irrigation practices of green Revolution helped
achieve the goal to some extent. When crop yields start
declining despite fertilizer application following the Green
Revolution, this indicates that the soil has lost its fertility.
Beneficial soil organisms can’t live there if there are toxic
chemicals in the soil. The pollution of groundwater and air,
as well as the harm they caused to human and animal health,
were all additional consequences of these chemicals. The
need to restore soil health and the natural environment is
therefore pressing. Soil and environment can be nourished
by using natural fertilizers such as biofertilizers,
vermicompost, farmyard and green manure and
biopesticides, all of which can be used in a sustainable way
to increase crop productivity (Srivastava et al., 2020). An
agroecosystem’s viability and the services it provides to
humanity depend on healthy soil, which must be managed
in harmony with environment. Due to human activity, the
soil ecosystem and its services have been adversely
affected. Soil ecosystems do indeed serve as the basis for

all life on Earth, providing food, shelter and oxygen. There
are a wide variety of microorganisms that thrive and maintain
nutrients in soil. Nutrients in soil are essential to the health
of plants and the foundation of agriculture on which people’s
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livelihoods depend and the health of the soil is a determining
factor in performance. Plant growth and yield are directly
influenced by the quality of the soil in which they grow and
are true regardless of how the soil is cultivated. To maintain
soil health, it is important to consider everything from its
depth to its texture and its porosity to its density and its
ability to flow water. Soil health is the capacity of soil to
sustain the living community which essentially depends on
soil physical, chemical and biological environment. Soil
health indicators given in (Fig 1) are frequently being
benefitted due to application of biostimulants.

It is the aggregates (sand, silt, clay) that make up soil
and their association that forms peds (larger units of structure).
Aeration, water movement, heat conduction, resistance to
erosion and the growth of plant roots are all influenced by the
structure of the soil, which in turn is affected by soil water
content. Biostimulants are classified into four categories viz.,
extracts, acids, microbials and other natural products (Fig 2).

Seaweed extract as biostimulant
Overall, it is affirmed that algae are non - vascular plants
with vulnerable reproductive structures which produce
oxygen and photosynthesize. There are 30,000 to more than
1 million species of these “simple organisms,” according to
various estimates (Kocira et al., 2019). Algae can be divided
into macro and micro varieties, this article, focuses on macro
algae (also known as seaweed) and micro algae
(phytoplanktons). Littoral zone seaweeds go by the names
of greens, browns and reds, depending on their colour. From
hot tropics to “icy polar regions,” these plants grow along
the world’s coastlines in every climatic zone (Kaur I. 2020).
Many people and businesses use and benefit from seaweed
liquid fertilizer (SLF), such as dried seaweed mulch or dried
seaweed meal. For millennia, seaweeds have been used
for this purpose. The extracts were eventually accepted as
liquid fertilizers and considered as a tonic due to their
medicine-like properties that promoted plant growth.

Fig 2: Classification of biostimulants.

Fig 1: Soil health indicators.
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Seaweed extracts, on the other hand, were argued to be
plant biostimulants because of their high levels of nitrogen,
phosphorus and potassium (Zhang and Schmidt, 1997).
Based on their origin and content, biostimulants can be
divided into three major categories: organic, inorganic and
synthetic (Yakhin et al., 2017).  In addition to HS, HCP and
amino acid-containing products, there are humic substances.
Active components in seaweed extract are the most
investigated among biostimulants from numerous sources.
Now there is commercially available seaweed liquid extracts
made from seaweed biomass using a variety of production
methods, such as alkaline or acid hydrolysis, cellular
disruption under pressure, or fermentation (Craigie, 2011).
Horticulturists, farmers and orchardists use them as
biostimulants to boost plant growth and fruit production. An
extract of brown alga, Ascophyllum nodosum (L.), has been
commercialized as Acadian to improve various plant growths
attributes under normal and stressful conditions. It has been
shown that Kelpak, a brown seaweed extract, can be used
as a biological stimulant. Eckol, a new phlorotannin found
in Kelpak, has auxin-like properties and has been shown
to promote plant growth in a number of studies. Instead
of toxic, polluting chemical fertilizers, seaweed extracts
are biodegradable and contain nutrients essential to
plant growth (Selvam and Sivakumar 2013, 2014). The
efficiency of various liquid fertilizers is thought to be
enhanced by additional plant-specific molecules found
in  seaweed extracts. W hen plants are exposed to
seaweed extracts, bioinformatics studies have identified
plant genes that are activated (Jannin et al., 2013).
Extracts can also enhance soil structure, water retention
capacity and soil microbes, among other things (Nair
e t  a l . ,  2012). Compounds that help  p lants cope
environmental stress and improve their effectiveness are
widely known. The extraction of various macro-algae
species from seaweed yields seaweed extracts, which
is based on extraction method, can yield a variety of
biologically active compound mixtures. As a result, plant
responses can be unpredictable, making it difficult to
pin down the exact mechanism by which an effect occurs.
There is a g rowing in terest  in  uncover ing these
resources’ untapped potential by employing multiple
disciplines and high-throughput strategies, incorporating
p lant physiology with  molecu lar biology and plan t
agronomy as well as multi-omics methodologies. New
perspectives on the idea of seaweed extract (SE), based
on existing scientific understanding and taking into
account of both academic and industrial c laims in
accordance with market requirements, are the goal of
this review. Analysis of extraction process and its impact
on nutrient uptake and their role in biotic and inorganic
stress tolerance are examined, with emphasis on the
metabolic and genetic mechanisms. The possible impact
of the recently implemented plant biostimulant regulation
on the seaweed extract industry is acknowledged.

Humic acid as biostimulant
Humic substances extracted from various sources have
been extensively found to boost iron nutrition of crop plants.
In soil sediments, the existence of humified organic matter
will further help to build up a supply of Fe for plants that
exude metal ligands and provide Fe-HS complexes that can
be used directly by plant Fe uptake. Research shows that
HS can stimulate the transcriptional and post-transcriptional
mechanisms that are involved in Fe acquisition. Fe-HS
complexes, instead of other naturally or synthetically derived
chelates, may have modified the distribution and allocation
of Fe in the plant. Treatment with HS influenced root
morphological characteristics and plant membrane activities
related to primary and secondary metabolism, hormonal and
reactive oxygen balance and nutrient acquisition. There are
many ways in which soil- or exogenously supplied sulfonated
Fe-HS complexes can influence iron uptake; including
providing an easily accessible form of iron and directly
affecting plant processes. It may also be considered eco-
friendly to use Fe-HS from a variety of sources, sizes and
solubilities for crop fertilization (Zanin et al., 2019). Soil HS
are generally thought to be the result of degradation and
re-synthesis of organic material, particularly plant residues,
in soil. From phenolic compounds that have been degraded
by microbial activity, polymerization/polycondensation has
resulted in them. Due to their aromatic nature, soil
hydrocarbons have a high molecular weight (MW). Organic
molecules, including amino acids and aliphatic chains, can
be incorporated during condensation process to form
substances of medium-high molecular weight. Hydrophobic
interactions and hydrogen bonds between groups of small
humic molecules may also contribute to soil HS (Piccolo,
2002). Depending on the pH, ion concentration and mineral
content of soil solution, humic molecules of various
molecular masses may form a supramolecular network
(Esfahani et al., 2015). All of these procedures imply the
existence of a wide range of HS molecular sizes and
solubilities in soil profile. It is because of this some fractions
can have direct interactions with plant roots. The dissolvable
HS is part of DOM. After extraction from soil with alkaline
solutions, humic acids (HA) and fluvic acids (FA) can be
functionally separated based on their water solubility
(Stevenson, 1994). Since soil is so diverse, the molecular
structure of soil HS is not known. However, a direct or indirect
link between these compounds and measured effects on
plant growth and nutrition is undeniable, however. Soil and
rhizosphere properties, plasma membrane (PM)-bound
activities and plant metabolic processes, are examples of
indirect effects. Instead, it has been suggested that the
extraction procedure used to extract them is to blame for
their appearance in soils, rather than natural organic matter
evolution itself (Lehmann and Kleber, 2015). Molecules
resembling humic acids have been isolated from water, peat
water extracts, as well as soil leachates which have been
treated with mild extractants (Olk et al., 2019). Even though
humic molecules can form Fe complexes with each other,
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organic materials from all across the world can provide plants
with a significant amount of Fe, despite the fact that their
chemical structures still seems to be controversial. Plants
could also benefit from the formation of Fe-HS complexes,
which are soluble and can be used directly. The capacity of
HS to complex metals and impacts the mechanisms of
nutrient uptake and plant metabolic activity provides
evidence for a multidimensional interference of organic
fractions in Fe nutrition. An emphasis is placed on water-
soluble fractions of HS in plant Fe nutrition because of their
chelating and biostimulant effects.

Biostimulants and remediation of polluted soils
Enzymatic hydrolysis has recently been used to obtain
various biostimulants, including those derived from sewage
sludge, chicken feathers, okra and rice bran. They are
applied in bioremediation of soils contaminated by numerous
pesticides such as chlorpyrifos, MCPA, oxyfluorfen, 2, 4-D,
dicamba (Orts et al., 2017). Crops are harmed by Imazamox
soil application and it is also widely used to treat organisms
other than those targeted by the drug Ortiz-Botella et al,
(2022). There was no more than a 25% decrease in soil
microbial biomass-C when this herbicide was applied @ 2.5
L ha-1, according to Vischetti et al. (2002). Subsequently,
Vasic et al. (2019) estimated those 60 days after applying
herbicide, total soil bacteria and amino heterotrophic
microorganism contents decreased by 0.048 kg ha -1.
Because of lack of data on how imazamox affects soil
biochemistry, more research is needed to better understand
how this herbicide affects soil biochemical activity. Utilizing
two enzymes (subtilisin and flavourzyme) in the
bioremediation of soil that had been contaminated with
imazamox, this paper set out to determine the behavior and
impact on soil biological properties of a new biostimulant
derived from okra. When compared to another biostimulant
derived from okra, the results show that this is more effective
(subtilisin). Carob germ enzymatic extract (CGEE) and wheat
condensed distiller soluble enzymatic extract (WCDS-EE)
were used as biostimulants to enhance dehydrogenase,
phosphatase and glucosidase activities and to prevent

atrazine mineralization. The protein/carbohydrate ratio
content of both extracts influences their extender capacity.
Fertility and atrazine persistence, both of which are
associated with increased soil activity, increased as a result
of the increase in microbial availability. As an indicator of
total metabolic activity of soil microflora, DHG is a group of
intracellular enzymes found in active bacteria and other
microorganisms in soil. Due to the fact that PHA and BGA
are hydrolytic enzymes associated in P and C cycling, they
are extremely sensitive predictors of stimulated changes in
soil properties. In soils, microbial adaptation and C and N
availability are known to influence atrazine biodegradation,
which has been studied for years (Alvey et al., 1995).
Organic amendments can help speed up the breakdown of
herbicides by promoting microbial activity (Entry et al., 1995).
It can be concluded from the data gathered that atrazine
had no effect on enzyme activity over the time.

Arbuscular mycorrhiza and soil aggregation
Plants, numerous microflora communities and their
interactions are all involved in the process of soil
aggregation, which is governed by a variety of abiotic factors
such as soil texture. For root development, plant emergence,
water filtration and a diverse variety of soil characteristics
as well as ecosystem process rates, soil aggregation is
critical. In soil degradation and land restoration
investigations, prior knowledge of soil aggregation is vital
(Lehmann et al., 2020). An iron-containing, thermo-stable
glycoprotein, glomalin, is excreted from the hyphal exudate
of AMF and acts as an aggregate binder material, which led
to the aggregate stability (Fig 3). Glomalin is found in soil in
large quantities, usually in the range from 1-10 mg g-1 of
soil (Bansal et al., 2022). Soil organic matter is protected
by aggregates from exposure to environmental factors.

The use of chitin as biostimulant
One of the most widely used and versatile polymers of -1,
4-N-acetylglucosamine, chitin is primarily obtained
commercially from prawn and crab shells (Sharp, 2013).
Sucrose is the most abundant polysaccharide in living

Fig 3: AMF and soil aggregation.
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organisms and cellulose is the second most common.
Chitosan’s hydrophobic nature and reduced water solubility
and a number of organic solvents limit its functional
applications in agriculture and considerably influence the
biological properties of chitin. As a result, chemical reactions
and the derivatives they produce are critical to better
utilization and commercialization of this biopolymer
(Shahrajabian et al., 2021). Vegetable crops have been

studied extensively for their biostimulating properties.
Complex structures, including the protein/CaCO3/chitin
nanofiber complex, that enhanced plant growth in
hydroponically grown tomatoes, or polymeric chitin
nanofibers, that demonstrate eliciting activities, have been
proposed to overcome the disadvantages of chitin (Dewang
and Devi 2022). Tomato growth and nutrient use efficiency
have improved. Increasing c rop performance was

Table 1: Impact of biostimulants on soil health indicators.

Soil health indicator Biostimulant Biostimulant Impact on References
influence soil health

(a) Available N, P, K, Mg, Ca, Biochar (a)  + Soil fertility Anton Herrero et al., (2022)
    Cu, Fe, Mn, Mo, Zn
(b) Toxic elements As, Cd, Cr, Pb (b)  -Soil contamination Hussien et al., (2020)
Soil contamination by Petroleum Biochar  -Soil contamination Dike et al., (2021)
 hydrocarbons and pesticides Ortiz-Botella et al., (2022)
Soil aggregation Chitosan  +Soil structure Hataf et al., (2018)

stabilization Sharif et al., (2018)
Shahrajabian et al., (2021)

Nutrient holding capacity Seaweed extracts  + Soil fertility EL Boukhari et al., (2020)
Nanda et al., (2021)
Mukherjee and Patel (2020)

(a) Soil organic matter, Rhizogenic  + Soil fertility Yousfi et al., 2021
     Microbial activity Garcia-Martiinez et al., (2010)
(b) Soil enzymatic activity  Enzymatic
    (Phosphatase, Drhydrogenase vegetable
     and Catalase) organic extracts + OM oxidation
Available P, K, Total bacterial Protein  +N, P cycling Kaur et al., (2021)
 count, Phosphate solubilizers, hydrolysates Colla et al., (2015)
 Nitrogen fixers
(a) Electrical conductivity, Actwave  (a)  (a) -Soil salinity Karapouloutidou and
    Exchangeable Na, Cl Gasparatos (2019)
(b) Available N, P, K, Fe,   (b)  (b) +Soil fertility Amato and Del (2021)
    Mn and Zn
N fixation, P soilubilization, AM fungi   +Soil fertility Giovannini et al., (2020)
 production of siderophores Hage-Ahmed et al., (2019)

Ferrol et al., (2019)
(a) Soil acidity and fungi Physiostart (a)  + Soil nutrient Zielewicz et al., (2021)
(b) Soil heterotrophic, oligotrophic, N-14 1900 (b)   availability Tejada et al., (2011)
     copiotrophic bacteria Dehydrogenase,  + C, P, N cycling Hellequin et al., (2020)
     Phosphatase, Urease,
Soil microbial biomass Lemon waste   + C and Ioppolo et al., (2020)
Carbon and Nitrogen watwer N regulation Bhattacharyya et al.,(2001)

Blagodatskaya and Kuzyakov
(2008)

Total soil nitrogen, Humic Acid   + Soil fertility Li et al., (2019)
Phosphorus, Potassium, +N mineralization Chen (2017)
Available N,P,K and Wang et al., (2011)
Organic matterSoil microbial
 activity, Urease
Biological nitrogen fixation Tytanit, Rooter  + N cycling Niewiadomska et al., (2019)

Nardi et al., (2016)

= Increase,     = Decrease.
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demonstrated by higher water use efficiency after betaine
and chitin was applied to lettuce grown in a regulated water
deficit irrigation system (Lin et al., 2020). Several studies
have been conducted on various biostimulants related to
their influence on soil health indicators and their
consequence on soil health. Chitosan aid in soil structure
stabilization due to its positive charge it gets attracted
between diffuse double layer of clay minerals leading to
better soil aggregation which prevents soil erosion and
accelerated mineralization of soil organic matter
(Shahrajabian et al., 2021). Biochar accelerates degradation
of soil contaminants by stimulating soil microbial population
which aid in reducing contaminants in soil (Table 1).

CONCLUSION
In climate-smart agriculture, biostimulants play an important
role and improve the efficiency with which plants utilize
nutrients. Soil health is improved, as is agricultural resilience
to climate shocks. Circular plant biostimulants increase
resource efficiencies and minimize nutrient losses. It is
reasonable to assume that natural and synthetic plant
biostimulants, as well as microbial inoculants, will play an
increasingly important role in the development of
environmental and economical viable crop production
systems within more resourceful agro-ecosystems over the
next few years, laying the groundwork for a bio-based
industry-driven future of large-scale sustainable agriculture.
This new category of agricultural inputs, known as
biostimulants, has the potential to complement synthetic
fertilizers in many ways, but there is a challenging need for
researchers and fertilizer manufacturers to better
understand the physiological and molecular mechanism
underlying their effectiveness. There are now a lot of big
players in the agroindustry who see plant biostimulants as
a legitimate agri-input and a good business idea.

Conflict of interest: none.
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