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However, the undeniable impacts of intensive use of chemical fertilizers,
pesticides, and intensified farming practices contribute to soil erosion.
Synbiotics, a combination of prebiotic and probiotic offer an alternative
approach to preserve and improve the quality of soil. The main objective of
this review is to provide comprehensive overview of the application of the
synbiotic approach to the productivity of the agriculture. The review covers

soil fertility factors, as well as the roles of synbiotic, prebiotic and probiotic in

Keywords: enhancing the growth of plant in agriculture. Biofertilizers, consisting of

Probiotic, organic matter and beneficial microbes, establish a symbiotic relationship

Prebiotic, with plants, enhancing both soil health and plant growth. The combination of
Synbiotic probiotic and prebiotic can generate high production of agriculture yield.

©OUTM Penerbit Press. All rights reserved

INTRODUCTION that maximise the product yield while causing zero impact

In accordance with a report released by Food and
Agricultural Organization (2022), there is a sharp increase in
the number of people that are facing malnutrition, crisis on
shortage of food as well as unable to fulfil the food supplies
for family needs from 2019 to 2020. With growing
population in the world, lacking agriculture resources
brought to world hunger that causes significant number of
death. Production of agriculture should be enhanced in
terms of productivity in order to untangle the food
insecurity problem. Nonetheless, the undeniable impacts of
intense use of chemical fertilizer, pesticide, and intensified
farming lead to soil erosion (Mushtaq et al., 2021). Soil
erosion refers to the degradation of soil nutrient content
and organic matter, which is most likely to happen rapidly in
topsoil, the most upper layer of soil. Declination of soil
organic matter and nutrient affects the cultured crops
production and yield which leads to replacement of new
batch of soil in order to retain the crops productivity.
However, aggressive disposal of soil further increases the
production of agricultural wastes (Maximillian et al., 2019).
Thus, the practices on producing sustainable food sources
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to the environment are encouraged to resolve the issues
(Thomas et al., 2022).

In research led by Basu et al. (2021), it is stated that
there is unavoidable loss of 60 to 80% fertilizer as
consequences of leaching and evaporation. In order to
rectify the loss of nutrient, maintaining high amount of soil
microbes is able to preserve, recycle the soil nutrient and
exhibit a pest-suppressive property. Probiotics is one of the
microbial-based inoculant type which consists only one
species or multiple species of microbial communities that
are able to propose positive impact on soil microbial activity
(Santos et al., 2019). Probiotics contain beneficial microbes
that enhance soil nutrient availability and stability by
increasing the production of bioactive compounds and
facilitating the conversion of organic waste into inorganic
forms that are more readily available for plant uptake. A
study conducted by Adewole & llesanmi. (2011) has
concluded that the treatment with the highest
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concentration of bio-soil amendment led to the optimum
growth of okra. This finding further confirms that the
supplementation of probiotics enriches soil quality.

The non-digestible substrates that serve as a nutrient
source for these beneficial microorganisms are known as
prebiotics (Gibson et al., 2017). As explained by Huang et al.
(2019), prolonged use of inorganic fertilizers leads to loss of
microbial diversity in soil. In this context, prebiotics are able
to restore the microbial richness of soil by selectively
promoting the growth of probiotics. Some of these microbes
possess novel antimicrobial properties, which make them
valuable in suppressing soil-borne diseases and inhibiting
plant pathogens like Phytophthora, Pythium, Rhizoctonia,
and Fusarium (Du et al., 2021). By harnessing prebiotics in
agriculture, probiotics are able to thrive and play their roles
in facilitating plants’ nutrient uptake by breaking down
organic matter into small, simple forms (Woo & Pepe, 2018).

Synbiotics are a combination of prebiotics and probiotics
which have been proposed to have a synergistic impact by
inhibiting the growth of pathogenic bacteria and promoting
the growth of beneficial organisms Gyawali et al. (2019).
Probiotics and prebiotics complement each other's positive
effects. For example, prebiotics increase microbial diversity
and soil microbial health by encouraging the growth of soil
microorganisms already present in the soil-plant system and
improve soil structure, biochemical activity, and microbial
population and diversity, especially in degraded soils.
Synbiotics have the potential to improve soil quality through
various mechanisms (Lou et al.,, 2017). Probiotics in
synbiotics introduce beneficial microorganisms to the soil,
contributing to increased microbial diversity.

SOIL FERTILITY
Soil constitutes the outermost layer of the Earth’s surface. It
has nonnegligible roles in facilitating the exchange and
transfer of mass and energy among the atmosphere,
hydrosphere, biosphere, and lithosphere (Ferreira et al.,
2022). Soil formation and soil degradation are two intrinsic
and significant natural processes as they play a vital role in
influencing soil fertility (Adhikary, 2020). As defined by
Kome et al. (2019), soil fertility refers to the capability of soil
to supply sufficient nutrients in appropriate proportions to
sustain the growth and development of plants. It serves as a
key factor in sustaining all living forms on Earth as it
accounts for over 95% of global food production (Borrelli et
al., 2020). The concept of soil quality has been evolving
throughout the years and its new definition describes soil as
a finite, non-renewable resource (Mufioz-Rojas, 2018).
Recently, the major concern in agriculture is the
deterioration of soil health and quality. Bhatt et al. (2019)
stressed that organic fertilizer is relatively low in nutrient
content but is effective in enhancing biological and physical
attributes of soil. In contrary, inorganic fertilizer
encompasses all nutrients in readily available forms, but its
extravagant and prolonged use leads to soil degradation and
environmental pollution. Despite that soil can be
regenerated via natural processes, the formation requires a
significant amount of time as the organic matter mainly
comes from decomposition of biomass and plant residues
(World & Group, 2018). As outlined in the study by Delang,
(2018), soil degradation may lead to a variety of drastic
consequences including depletion of soil nutrients,
acidification, declined crop vyield, reduced livestock
production, and elevated frequency of landslides and floods.
According to (Heger et al.,, 2018), empirical research
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indicates that poverty is correlated with the deterioration of
soil fertility. This is primarily because the environmental or
agricultural sectors constitute a significant proportion of the
income in rural areas. Thus, soil quality serves as the basis of
the productivity of agricultural sectors, which is crucial in
ensuring food security and alleviating poverty globally
(Stewart et al., 2020).

FACTORS INFLUENCING SOIL FERTILITY

Understanding soil fertility and plants’ nutritional
requirements provides valuable insights for optimizing
fertilizer usage in agriculture (Wang et al., 2019). The
attributes affecting soil fertility include physical, chemical,
biological, as well as mineralogical properties, which are all
interactive in influencing plant health.

Physical

Physical indicator included bulk density, water holding
capacity and soil porosity. Water holding capacity is closely
related to soil moisture as the higher the water holding
capacity, the more moisture content retains in the soil.
Water holding capacity is influenced by the number of
pores, pore-size distribution, and the specific surface area of
the soil (Vengadaramana & Jashothan, 2012). According to
Sofo et al. (2019), this capability is essential to support plant
or crop growth and sustain their survival particularly in
drought seasons. Higher water holding capacity act as a
water storage that supplied water for plant growth, when
necessary, in specific emergency condition. Apart from
water holding capacity, porosity in soil will be one of the
factors affect moisture content. Three classes of soil
porosity are grouped based on their respective size which
included macrospore, mesopore and microspore (Jim & Ng,
2018). Macrospore is the porosity class that execute the best
aeration and water infiltration in soil contributed by its
diameter of 60 um or more. Pore that falls within of 0.2 to
60 um are considered as mesopore that most utilised as
moisture reservoir. The smallest pore is classified as
microspore which has a diameter less than 0.2 pm aids in
moisture retaining in soil environment. Soil texture and its
structure are influenced by the soil porosity which highly
dependent on the particle size distribution.

Bulk density is one of soil fertility characteristic that
highly rely on the structure and texture of soil. Hence, it is
considered as a key factor on determine soil porosity and its
moisture content (Al-Shammary et al., 2018). Owe to the
ratio of soil dried mass to volume increase indicated
increase in bulk density, it proposes a negative impact on the
soil included aeration, root growth, denitrification process
and soil community according to report of (Hikouei et al.,
2021). Referring to study from (Krohn et al.,, 2021), as a
conducive soil environment, soil with lower bulk density will
perform better nutrient-holding ability compared to that
with higher bulk density.

Chemical

Organic carbon, nitrogen, phosphorus, potassium, and soil
pH is the main concerns in maintaining soil fertility.
Understanding the dynamics of soil organic carbon is
beneficial to sustainable agriculture. Soil organic carbon can
be divided into labile organic carbon and stable organic
carbon, with the former serving as an essential source of
nutrients for both plants and soil microorganisms (Yuan et
al., 2021). Owe to its enhancing capability on essential
nutrient availability, improving productivity of soil microbes
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and physical properties of soil, it is regarded as a
fundamental element in soil.

Most of the plant molecules which comprised of amino
acids, ATP, chlorophyll, and nucleic acids require nitrogen
building blocks. Nitrogen monomer converted into essential
complex molecules by biosynthesis in soil community. Soil
microbial activity is profoundly affected by the availability of
nitrogen and carbon, which are the two elements that
dynamically linked (De Notaris et al., 2020). The presence of
nitrogen in soil is important for promoting root
development, maintaining nutrient levels, and enhancing
absorption of other nutrients (De Notaris et al., 2020).

Plants usually uptake phosphorus for growth in the form
of inorganic orthophosphate ions (Hallama et al., 2019).
Nevertheless, most phosphate that naturally present in soil
environment will be in organic and insoluble forms that are
not readily absorbable for plant. Even though by introducing
foreign inorganic and soluble phosphorus into the soil the
foreign phosphorus will be fixed rapidly and converted back
its organic and insoluble form. This insoluble phosphorus
will accumulate in the soil surface that led to limited
phosphorus nutrient. For such circumstances, based on Mili¢
et al. (2019) study, to increase the concentration of soluble
phosphorus that available for plant uptake, incorporate
organic matter into soil and promote adsorption
competition will be an alternative.

About 69% of the NPK balance comes from potassium,
which is the seventh most prevalent element in the Earth's
crust due to the 1.5 times more removal of potassium by
plants compared to nitrogen (Pandurang Gurav, 2018).
Potassium is remarkably necessary for plants to develop
roots and regulate turgor pressure that involved in stomata
functions during photosynthesis (Sustr et al.,, 2019).
Proteins, carbohydrates, lipids, and organic acids
metabolism required the stimulation of potassium
according to (Sattar et al., 2019).

According to Kome et al. (2019), the mineralogical
composition of soil exerts direct influence on the soil’s
ability to restore its nutritional content, which has been
reduced as a consequence of plant nutrient uptake, fixation,
and leaching. The vast majority of elements that are
essential for plant growth, including calcium, magnesium,
sulphur, and manganese, can be naturally found in soil. The
type of ions involved in the ion exchange reactions
determines a significant part of the cation exchange
capabilities of soil, which is vital in regulating the availability
of nutrient elements for plant uptake.

Beside of elemental composition in soil, pH value is a
critical effect that used to maintaining the biogeochemical
process in soil. The optimal soil pH value varies depending
on the type of crops being planted and is essential to be
determined. Commonly, the pH range that fall within 5.5 to
6.5 is ideal for maximising the availability of nutrients in
most of the plants but there will be some exception
(Msimbira & Smith, 2020). Slight alteration of soil pH value
brings impacts on organic matter mineralisation, enzyme
activities, degradation of pollutants and microbial growth
(Neina, 2019). Based Hong et al. (2018), soil acidification has
the potential to exacerbate the loss of cation nutrients,
which in turn lowers the availability of critical nutrient
elements and leads to decreased plant production.

Biological
Soil biodiversity is inclusive of the abundance and variety of
living organisms in the soil ecosystem which directly
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contribute to its soil quality and fertility that bring
consequences to plant health and growth (Wiesmeier et al.,
2019). Microbial community with various mechanisms
diversified the soil nutrient content. Nitrogen fixation,
decomposition of organic matter, convert soil nutrient into
absorbable state for plant uptake. Biosynthesis molecule
from soil microbe play a role in degradation of complex
molecule into smaller molecules that are easier for plant
absorption (Burns et al., 2013). Some microbes interact to
form a synergic relationship that can effect on nutrient
availability, disease suppression and growth (Ma et al.,
2019).

Microorganisms possess the ability to promptly respond
to changes in soil environment, making them valuable
indicators for assessing soil quality and fertility (Dominchin
et al.,, 2021). Nevertheless, their presence in soil is
indispensable due to their physiological roles. According to
(Guo et al., 2023), approximately 34% of nitrogen is utilised
by plants while the remaining is reduced by denitrification
or lost to soil and water. Nitrogen cycling is one of the most
intensely studied roles of soil microorganisms. As illustrated
in Figure 1, it involves the conversion of atmospheric
nitrogen to plant-available organic nitrogen, which is then
returned to the atmosphere. A complete nitrogen cycling
process comprises five stages, which are nitrogen fixation,
nitrification, assimilation, ammonification, and
denitrification. During nitrogen fixation, nitrogen-fixing
bacteria like Rhizobium and Bacillus reduce atmospheric
dinitrogen to inorganic nitrogen compounds with the use of
nitrogenase (Rosenblueth et al., 2018).

Atmosphere
nitrogen

Nitrogen inputs

NH3
Nitrous

oxide

De-nitrification

W
“ Organic
__—" nitrogen ‘

Immobilisation

Volatillization
Nitrate
Mineralization

itrification——— Ammonium

. Nitrite
Leaching
Exchanaable and

Figure 1 The conversion of atmospheric nitrogen to plant-
available organic nitrogen, which is then returned to the
atmosphere.

Nitrifying bacteria like Nitrosococcus and Nitrosomonas
transform the ammonia into nitrates through the
nitrification process (Eubeler et al., 2010). Nitrates,
ammonia, and ammonium resulted from nitrogen fixation
and nitrification are assimilated by plants with the aid of
root (Lindstrom & Mousavi, 2020). During ammonification,
the organic nitrogen found in plant residues or secreted by
plants as waste products are converted by prokaryotes and
fungi into ammonia which are subsequently released into
the soil. Finally, nitrates are processed into nitrogen by
denitrifying bacteria like Pseudomonas and Clostridium in a
process known as denitrification. The nitrogen gas is then
returned to the atmosphere (Eubeler et al., 2010). Table 1
shows several organisms involved in the cycling of nitrogen.
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Table 1 Examples of organisms involved in the cycling of

nitrogen
Process Principle Organisms References
Nitrogen | The complex Rhizobium, (Igiehon &
fixation process of reducing | Pseudomonas | Babalola,
an N, molecule to , Bacillus, and | 2018)
an N molecule Azospirillum
needs significant
energy which one
of the plants need
for development
and metabolism.
(Rashid et al, 2016)
Nitrificat | The biological | Nitrosomanas | (Chen et
i conversion of | , Nitrobacter, | al., 2018)
ammonia or | Nitrospira,
ammonium to | and
nitrite  and then | Nitrosospira
nitrite to nitrate.
(Rahimi et al., 2020)
Ammonif | The process of | Proteus and | (Behrendt
ication ammonium (NH4+) | Bacillus etal,
being released 2015)
from organic
nitrogen molecules.
(Caceres et al,
2018)

Denitrific | Denitrification is | Pseudomonas | (Jang et
ation the process of |, al., 2019)
removing ION from | Polaromonas,

tributaries to the | and
atmosphere  and | Cellulomonas
transforming it into

the biologically less

reactive form of N,.

(Kim et al, 2016)

PROBIOTICS IN AGRICULTURE

With growing population in the world, lacking agriculture
resources due to pest and plant disease can be trickled by
promoting of fertilizer and pesticide. Nonetheless, the
undeniable impact of using chemical fertilizer and pesticide
is that they will erode the soil quality as well as pollute the
environment (Mushtaq et al., 2021). Scientists have found
an alternative to replace chemical fertilizer that potentially
increasing crop production while retaining the soil quality at
the same time (Woo & Pepe, 2018). Probiotics are living
organisms that execute a beneficial effect on the host
organisms when present in adequate amount. Complex
activities performed by the probiotics interact with plant at
microscopy level in the soil environment is proved to boost
plant health and soil quality (Santos et al., 2019). Probiotics
must establish the following characteristics to be defined as
beneficial microbes on the treated crop. These included aids
in niche colonisation, create an induced systemic resistance
in host organisms and perform antagonistic traits on
pathogenic microbes. Plenty of studies have obtained
positive outcomes of the probiotics effect on vyield
production and soil fertility. Study have found that the
above properties are achieved by three generalised
mechanisms: (a) replace the soil nutrient; (b) convert the
nutrient in available state for plant uptake; (c) elevated the
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accessibility of plant towards the nutrient elements
(Menendez & Garcia-Fraile, 2017).

Plant Nutrient Uptake

Plant nutrient uptake is highly improved by as nitrogen-
fixing microbes which included genera members of
Rhizobium, Bacillus, Paenibacillus, Azotobacter and
Gluconoacetobacter. This nitrogen-fixing bacteria able to
facilitate the uptake process of essential and limited
nutrients, nitrogen, phosphorus, and iron. Nitrogen-fixing
microbe capable to capture atmospheric nitrogen and
conversion is needed in a plant-absorbable state (Kumar et
al., 2017). Studies have shown that Azotobacter performed
nitrogen fixation in rice crop and have been tested for
biofertilizer usage in cereal included wheat, barley, oat and
maize while Gluconoacetobacter, Azospirillum, and
Herbaspirillum sugar cane have been a positive nitrogen
fixing microbes in sugar cane. Significant concentration of
Azoarcus, Azospirillum and Burkholderia is found in rice
crops root escalated the nitrogen concentration at the
surroundings. Lactobacillus plantarum secrete organic acid
such as succinic acid solubilize the phosphorus that ease for
plant uptake on phosphorus nutrient. Secretion of indole-3-
acetic acid (IAA) synthesized from Rhodobacter sphaeroides
has known to propose a better nutrient uptake by plant
roots (Nimnoi et al.,, 2014). Last but not least, genera
Rhizobium and Bradyrhizobium is found in roots of rice and
wheat association have obtained an increasing trend in the
yield’s nutrient content (Xavier et al., 2023).

Enhancing Overall Crops Growth

Probiotics that live within the soil community have the
ability to produce an essential compound known as
phytohormone that crucial in plant development. Auxins,
gibberellins, cytokinin and ethylene are commonly seen key
phytohormone that involve in most of the plant biological
activities. Auxin, indole-3-acetic acid (IAA) is an essential
component in coordinates the activities in bacterial
community found in soil environment. Cytokinin promotes
root apical dominance, vascular differentiation as well as
cambium sensitivity, and cytokinesis. Seeds are germinated
and emerge, develop leaf and steam, flowering, and fruiting
with the regulations of phytohormone gibberellins (Wang &
Komatsu, 2022). Ethylene has the overlapped effects found
in gibberellins which are developing fruits and flowers as
well as promotes seed germination. Gibberellins and
ethylene different in a way that ethylene does stimulate
secondary root formation and elongation of root hair. Each
of the phytohormone propose their significant importance
in regulation of plant activities (Arif et al., 2020).

Bacillus spp. have been reported to exert auxin
producing ability in the development of potato, rice and
cucumber that promotes the crops’ growth (Saxena et al.,
2020). Thuja seedling incorporated with Bacillus subtilis
propose better resistance to drought stress while Bacillus
cereus a gibberellins-producing strain escalated the yield
growth of red pepper plants (Lastochkina et al., 2020).
Paenibacillus polymyxa was also reported as a good
phytohormone producer by Bent et al. (2001) that it
elevated the IAA concentration level in pine. Crops included
pepper, tomato, strawberry, red carnation, lettuce, and
carrot shown an increment in term of growth by supplement
of auxin-producing probiotics strains — Rhizobial strains such
as Rhizobium leguminosarum (Brigido et al., 2017). Tomato
plants treated with gibberellin-producing microbes,
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Sphingomonas sp. LK11, an enhancement in plant growth
was derived from the outcome of the study (Kong et al.,
2015).

Lactobacillus plantarum increase the soil nutritional
content and diversify the soil microbial community. In study
carried out by Liu et al. (2023), the soil inoculated with
Lactobacillus plantarum shows an increment on water-
soluble carbohydrates, protein and dry matter compared to
the controls. The diversified microbial community and
elevated soil nutrient will boost the crop quality and growth.
The similar outcome was observed in Kang et al. (2015),
which the inoculation of Lactobacillus plantarum,
Rhodobacter sphaeroides and Saccharomyces cerevisiae on
shoot and root length as well as the dry weight of cucumber
crops shown an escalation via the increment secretion of
IAA. This combination even elevated 17 amino acid contents
in soil.

Establish a beneficial soil community
A healthy soil community can hinder the microbial activities
carried out by soil pathogen. Accumulation of beneficial
probiotics in soil community direct or indirectly avoid
spreading of pathogenic microbes. The probiotics’ ability to
synthesize antimicrobial substances such as antibiotic,
siderophore and cell wall degrading enzymes contribute to
the elimination of harmful microbes in soil (Chandran et al.,
2021). Generally, Bacillus spp., Pseudomonas spp.,
Acinetobacter spp., and Paenibacillus spp. have exhibit the
above properties, but Bacillus spp. and Pseudomonas spp.
are frequently proved for their antagonistic properties
against pathogenic microbial activity in several literatures.
Bacillus spp. produce antibiotic that are necrotic to
Gram-positive, Gram-negative bacteria, and pathogenic
fungi community. Bacillus subtilis is proved to inhibit several

soybeans seed pathogenic fungi which included
Colletotrichum  truncatum, Macrophomina phaseolina,
Rhizoctonia solani, Phomopsis sp., and Sclerotinia

sclerotiorum (Araujo et al., 2005). Production of hydrolytic
enzyme which included Chitinase and pB-glucanase in
Pseudomonas spp. aids in suppression of Rhizoctonia solani
and Phytophthora capsica that ae considered the most seen
pathogenic microbes in soil community. The fluorescens,
putida and rothia species of Pseudomonas provoke the
defence system against disease produced by Furasium udum
and Spodoptera litura, respectively by the existing of
hydrolytic enzymes and siderophore (Kumar et al., 2010). In
addition, Lactobacillus plantarum was used to treat in
pepper seedling process shown a significant improvement in
resistance on the leaf spot disease that caused by
Cercospora capsici. The treated seedling has lower severity
of Cercospora leaf spot compared to the untreated seedling
(Adedire et al., 2019). Lactobacillus spp. do exhibit
antifungal and antibacterial activity that eliminates harmful
pathogen in soil community (Jegadeesh et al., 2018).
Lactobacillus casei is considered a preferred probiotics as it
elevated the amino acids and nutrient content in fresh waste
from agriculture. Lactobacillus casei inoculated in fresh
waste of grape berries shown remarkable improvement of
325.5% of total free amino acid compared to the controls
(zhao et al., 2023).

A study found out that the co-existence of both Bacillus
spp. and Pseudomonas spp. exhibit a mutualism and positive
interaction in the coculture medium. The synergy of the co-
existing probiotics provides an insight on producing
fertilizers and pesticides. The bioactive compounds
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produced by both Bacillus spp. and Pseudomonas spp. act as
mediators that controls, suppress and eradicate the
destructive community brought by pathogens in soil
community (Lyng & Kovacs, 2023). The cocultivation of both
Bacillus spp. and Pseudomonas spp. in monoculture execute
an additive effect in the bioactive compounds that enhances
overall plant immunity towards pathogen.

Thereby, the beneficial impact of probiotics validates
their applicability as biofertilizer, whether using a single
strain or multiple strains that combine different beneficial
effects. Eliminating pathogenic microbes in soil community
elevated the quality of soil microbial biomass without
eroding the soil quality.

PREBIOTICS IN AGRICULTURE

The concept of prebiotics has evolved over the past few
decades. As explained by Kaur et al. (2021), the termination
was first introduced to the public in 1995 as non-digestible
food ingredients that can selectively promote the growth of
specific bacteria in the gastrointestinal tract, leading to
improved human health. Presently, the definition has been
revised to substances that are selectively utilized by
microorganisms in the host’s body, exerting health benefits
while preserving the overall beneficial effects mediated by
the microflora.

Prebiotics are renowned for their remarkable ability to
promote the growth of probiotics and enhance their
metabolic activities while retarding the growth of
pathogenic microorganisms (Lockyer & Stanner, 2019).
While some can be synthesized by digesting
polysaccharides, prebiotics are naturally occur in a wide
range of food including onion, garlic, oats, barley, and
almond (Davani-Davari et al., 2019). According to Khangwal
and Shukla (2019), some of the common prebiotics, such as
inulin, galactooligosaccharide (GOS), and
fructooligosaccharide (FOS), have been produced in large
scale while the production of other prebiotics like
xylooligosaccharide (XOS) and arabinoxylooligosaccharide
(AXOS) are still undergoing development phase.

Nonetheless, apart from their benefits to human health,
several studies suggested that prebiotics exhibit several
potential applications in agriculture such as facilitating
nutrient uptake by plants, altering soil microbial
communities, accelerating the process of decomposition,
and retarding soil diseases (Yousfi et al., 2021). Vassileva et
al. (2020) reported that prebiotics are advantageous in
stimulating the growth of soil microorganisms that are
already present in the soil, thereby enhancing the diversity
and health of soil microorganisms. There are numerous
types of prebiotics. The vast majority of them are
oligosaccharide carbohydrates, but there are also some of
the prebiotics that are not classified as carbohydrates. Some
of the commonly known prebiotics include inulin, FOSs,
GOSs, and XOSs. The chemical structure of fructans, GOSs,
and XOSs is shown in Table 2.

Besides, prebiotics can also improve the soil structure,
metabolic activity, and microbial population and diversity
(especially in damaged soils) (Strachel et al., 2017). Moving
to details, prebiotics are natural non-digestible fibers that
serve as a food source for beneficial bacteria in the gut,
primarily the probiotics. These fibers are resistant to
digestion where they are selectively fermented by specific
bacteria (Davani-Davari et al., 2019). Hence, they act as
substrates for the growth and activity of beneficial bacteria
leading to a balanced and diverse gut microbiota.
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Table2 Chemical structure of
galactooligosaccharides and oxylooligosaccharides

fructans,

Types of | Chemical Source of prebiotics
Prebiotics Structure
Fructans fructose Linear inulin (Jerusalem
joined by B (2- | artichoke, chicory)
1) linkage Inulin neoseries (Onion,

asparagus, agave),
Linear levan (Rye grass),
Mixed levan (Wheat, rye
barley)

Levan neoseries (Oat)
(Wang & Cheong, 2023)

Human's milk and cow's
milk
(Ashwini et al., 2019)

Galactooligosac
charides

galactose and
glucose bound
by B (1-3) and

B (1-4)

linkages
Xylooligosacchar | xylose  units | Xylan (Oats, birch wood,
ides linked by B (1- | corn cobs)

4) linkages

The majority of prebiotics are a subset of carbohydrate
groups and mostly oligosaccharide carbohydrates (Davani-
Davari et al., 2019). Oligosaccharides are carbohydrates
made up of 3-10 monosaccharide units connected by O-
glycosidic bonds and can be classified based on their
chemical composition as Pectic-oligosaccharides (POS),
xylooligosaccharides (XOS), arabinoxylooligosaccharides
(AXOS), fructooligosaccharides (FOS) and
isolmaltooligosaccharides (IMO) (Vazquez-Olivo et al.,
2019). Table 3 described the characteristics of prebiotic
compound. Oligosaccharides can be divided into digestible
and nondigestible, the latter is made up of monosaccharides
connected by non-hydrolyzable glycosidic linkages
(Vazquez-Olivo et al., 2019).

Table 3 Characteristics of prebiotic compound

Prebiotics  Characteristics References
FOS - oligomers of fructose (Taiseer et
- generic structure: a-D- al., 2014)
Glu-(1-2)-[B-D-Fru-1-2-]
n, wherenis2to4
- composition B (2-1)
fructans
- can be easily dissolved
in hot water
Inulin - a polysaccharide which  (Figueroa-
plants store as a Gonzdlez et
nutrient. It is a small- al., 2019)

molecule FOS

- polymers of fructose

- generic structure: a-D-
Glu-(1-2)-[B-D-Fru-1-2-
In, where nis up to 60

- composition B(2-1)
fructans

- defined as a
polydisperse

carbohydrate material
consisting mainly, if not
exclusively, of B-(2-1)
fructosyl-fructose links

- can be easily dissolved
in hot water
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GOS - general structure, a-D- (Figueroa-
Glu-(1-4)-[B-D-Gal-1-6-  Gonzalez et
In, where nisfrom2to al.,, 2019)
5
- produced by the
enzymatic
transgalactosylation of
lactose with B-
galactosidase]
- GOS tolerate  high
temperatures and low
pHs
Lactulose - disaccharide with  (Martins et
structure, B-D-Gal-D-(1-  al., 2019)
4) D-Fru
Fructans

Fructans include inulin and FOSs. The structure of fructans is
a linear chain of fructose linked by the B (2-1) glycosidic
bond. FOSs are also referred to as oligofructose or
oligofructan. They can be found in wheat, oats, artichoke,
garlic, onion, and bananas. Owing to their bifidogenic
properties, FOSs are often utilised as a nutrient source by
Bifidobacterium (Dou et al., 2022). Inulin is a polymer of
fructose which is joined by the B (2-1) glycosidic bond. It is
primarily found in chicory root and is reported to facilitate
nourishment of probiotics including Streptococcus,
Lactobacillus, and Bifidobacterium (El-Kholy et al., 2020).
Despite that, as clarified by Scott et al. (2014), the types of
bacteria stimulated is dependent on the chain length of
fructans, hence marking the potentials of this compound in
promoting the growth of other bacterial species. Other
microorganisms that are capable of producing exoinulinases
for the hydrolysis of inulin include Aspergillus, Bacillus,
Penicillium, Pseudomonas, Kluyveromyces, Xanthomonas,
and Chrysosporium (Mutanda et al., 2014).

Galactooligosaccharides

This category includes oligolactose, oligogalactose, and
oligogalactosyllactose (Martins et al., 2019). In the industry,
GOSs are usually produced commercially through
transgalactosylation with the use of B-galactosidases during
the hydrolysis of lactose (Botvynko et al., 2019). They
contain a terminal glucose residue and galactose units that
are joined together by glycosidic bonds via a process known
as transgalactosylation catalysed by B-galactosidase. Similar
to FOSs, GOSs are proclaimed to stimulate Lactobacillus and
Bifidobacterium (Stewart et al., 2020). Rinninella et al.
(2019) also revealed that GOSs pose positive effects on the
growth of Bacteroidetes, Enterobacteria, and Firmicutes.

Xylooligosaccharides

XOSs are composed of xylose units linked by B (1-4)
glycosidic bonds (Nordberg Karlsson et al., 2018). While they
are abundant in milk, honey, bamboo shoots, fruits, and
vegetables, XOSs can also be produced from the hydrolysis
of xylan via enzymatic, chemoenzymatic or chemical means.
Agricultural residues like corn cobs, wheat bran, wheat
straw, rice hulls, barley hulls, and brewery spent grains are
commonly utilised as a source of xylan in large-scale
production of XOSs (Jain et al., 2015). Nordberg Karlsson et
al. (2018) reported that Bifidobacterium and Lactobacillus
are capable of utilising XOSs from food material, validating
the prebiotic properties of this compound. Moreover, XOSs
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are proven to have stimulating effects on Bacteroides,
Enterococcus, and Weissella (Palaniappan et al., 2021).

Other Oligosaccharides

As described by Jiang et al. (2020), in vitro studies have
discovered a type of starch which is not digestible by
amylase but is fermented by probiotics. This compound is
termed the resistant starch. They are naturally present in
potato, banana, ground beans and grains. According to
DeMartino & Cockburn. (2020) the primary degraders of
resistant starch are Bifidobacterium and Ruminococcus.
Apart from that, another study showed that the presence of
resistant starch is able to elevate the concentration of
Bacteroidetes, Akkermansia, and Allobaculum (Tachon et al.,
2013).

Pectic oligosaccharides (POSs) refer to carbohydrates
derived from pectin. Hence, cellulosic components and cell
walls of vascular plants are abundant in POSs. The prebiotic
characteristic of POSs on the growth of Lacticaseibacillus,
Limosilactobacillus, and Bifidobacterium was reported by
Foti et al. (2022). Consumption of POSs also promote the
growth of Lactobacillus, Faecalibacterium, Eubacterium, and
Roseburia (Tan et al., 2018).

Soybean oligosaccharides (SBOSs) are primarily found in
soybean. These molecules are considered bifidogenic as
they demonstrate considerable efficacy in improving the
growth of Bifidobacterium and Lactobacillus (Pérez-Lopez et
al., 2016). When digested, they are degraded into short-
chain fatty acids that serve as an energy source which
supports the growth of probiotics (Kim et al., 2023). While
carbohydrates are more commonly described as prebiotics,
there are certain compounds, like flavanols derived from
cocoa, that are not categorised as carbohydrates but are still
considered as prebiotics. A study conducted by Tzounis et al.
(2011) proposed the prebiotic properties of flavanols in
stimulating lactic acid bacteria.

The majority of naturally occurring prebiotics are
present in a number of fruits and vegetables, including
tomatoes, beans, grains, asparagus, onions, raw garlic, etc
(Shie-lih et al., 2020). Most prebiotic compounds come from
its wastes such as peel, stem, and roots (Zhang & Cai, 2023;
Soua et al., 2020; de Albuquerque et al., 2020). Table 4
showed some of the studies of potential prebiotics from
different sources agricultural.

Interestingly, agriculture by-products are a good source
to obtain prebiotic compounds as they are low-cost and
abundant raw materials (Vazquez-Olivo et al., 2019). The
agriculture by-products contain rich sources of added value
ingredients that can serve as prebiotics including fibre-rich
fraction (Sah et al., 2016). Furthermore, most of these fiber
compounds remain undigested during the digestive process
which is one of the characteristics of prebiotics (Redondo-
Cuenca et al., 2023).

Table 4 Sources of prebiotic compounds from agricultural

United
Kingdom

(Wang et al.,
2015)

Rapeseed

India (Chatterjee
& GA
Manuel,

2016)

Rind of banana, sweet lime,
apple, tomato, and guava

(Redondo-
Cuencaetal,,
2023)

Asparagus Spain

Sources of prebiotics Research- References
based
Palm flesh, palm embryo, Thailand (Wichienchot
jackfruit flesh, jackfruit seed, etal, 2011)
and okra pod
Mushroom - (Thatoi et al.,
2018)
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SYNBIOTICS IN AGRICULTURE

The combination of probiotics and prebiotics in a synbiotic
is designed to create a mutually supportive environment,
enhancing the survival and effectiveness of the beneficial
microorganisms.  Synbiotic combines probiotics and
prebiotics that work synergistically to provide health
benefits to the host organism, often the human body. The
term "synbiotic" is derived from the words "synergy"
(working together) and "biotic" (relating to living organisms)
(Mahmud & Chong, 2021).

Compost and animal manure can be regarded as
synbiotic products since they contain microorganisms, some
of which have beneficial properties; furthermore, PBM
could be added to the compost as an inoculant (Adam et al.,
2016). Symbiotic organisms include the members of
Rhizobiaceae which forms symbiotic relationship with
leguminous plants (Mahanty et al., 2016). Based on the
above considerations, strategies for microbial management
of soil to increase its fertility can be based on prebiotics,
probiotics and it is better with synbiotic. Prebiotics and
probiotics combined, known as "synbiotics," are thought to
have a synergistic effect by preventing the growth of
pathogenic bacteria and fostering the development of
beneficial organisms (Gyawali et al.,, 2019). Through
promoting the growth of soil microorganisms already
present in the soil system, the prebiotics enhance microbial
variety and soil microbial health, and these two always
cooperate to promote and enhance each other's beneficial
effects. This allows the available microbes to grow and
multiply continuously.

Moreover, solid-state fermentation-based inoculants
can be categorized as synbiotics as well. The SFF is rich with
multiple organic matters which include probiotic and
prebiotic substances. The mineralized organic substances
function as carriers and prebiotics. Meanwhile, the plant-
beneficial microorganism functions as a biocontrol and
probiotic in plant growth. SFF is crucial to the bioconversion
of agricultural waste (Vassilev et al.,2018). The nutritious
substrate in SSF is important for the synthesis of a variety of
bioproducts, including organic acids, biofuels, enzymes, and
biosurfactants. This can lead to results in biocontrol and
biofertilizer products for the agriculture industry (Vassilev et
al.,2018).

Overall, the synbiotic effect is a promising area of
research that can be applied to soil treatment. However,
further studies are required to better understand the
mechanisms of action and the optimal conditions for
utilizing substrate mushroom spent as a synbiotic agent.
Thus, we aim from this study to investigate how the
synbiotic effect of mushroom spent can be applied to soil
treatment.
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APPLICATION OF
INDUSTRY

BIOFERTILIZER IN AGRICULTURE

Biofertilizer is microbial formulations that can enhance plant
growth (Mahmud & Chong, 2021). Biofertilizer composed of
organic material that can be recycled back into the
environment. An example of biodegradable matter is empty
fruit bunch biomass (Mahmud & Chong, 2021), cheese
cotton whey (Moghana & Sumathy, 2020) and fruit wastes
(Devi & Sumathy, 2017). Formulation of biofertilizer
composed of beneficial microorganisms, where both organic
matter and microbes will possess dual effects (Li et al.,
2022). Both of them interact symbiotically with plants
(Mahmud & Chong, 2021).

Biofertilizers consist of one or more living
microorganism colonize the rhizosphere to enhance soil
productivity by fixing atmospheric nitrogen and solubilizing
various nutrients, thereby providing direct or indirect
benefits to crop growth and yield through multiple
mechanisms (Allouzi et al., 2022). Biofertilizers contribute
nutrients through natural processes, including nitrogen
fixation, phosphorus solubilization, and the stimulation of
plant growth, along with the production of growth-
promoting substances (Sneha et al., 2018). Nitrogen fixation
is when nitrogen-fixing microorganisms converted the
atmospheric nitrogen into ammonia, which can be easily
assimilated by plants through the process of biological
nitrogen fixation (BNF) (Mahanty et al., 2016). Microbes
solubilize inorganic phosphorus into soluble forms of
monobasic and dibasic phosphorus, which in turn enhances
plant yield (Allouzi et al., 2022).

In Malaysia, the use of microbial inoculants in industry
dates back to the late 1940s, and the most widely used
biofertilizer is mycorrhiza inoculums (Lim & Matu, 2015).
Research on biofertilizers in China started in 1958 with the
collection, isolation, and screening of rhizobia strains for
legume inoculation (Atieno et al., 2020).

It was reported that the combination of three bacterial
biofertilizer namely Pseudomonades, Bacillus lentus and A.
brasilense increased the expression of antioxidant enzymes
(Mahanty et al., 2016). Antioxidants are crucial for soil
remediation because they reduce the oxidative stress
brought on by reactive oxygen species (ROS) in the soil
which are generated by a variety of factors such as UV
radiation, pollution, and plant metabolism (Zandi & Schnug,
2022). All these ROS can cause damage to the soil structure,
microbial communities, and plant growth.

Thailand has researched beneficial microorganisms
resulting in the addition of 30-50 strains to the repository
every year and several biofertilizers comprising rhizobia, P-
solubilizing bacteria (PSB) and other plant growth-
promoting rhizobacteria (PGPR) have also been developed.
Co-inoculation with bradyrhizobia and PGPR results in a
higher quantity of the most effective nodules, improved
plant yield, and enhanced nitrogen fixation (Prakamhang et
al., 2015). However, their production has only been carried
out on a modest scale, due to the restricted funding of
research projects and the small participation of the private
sector, which has led to a low level of farmer adoption of
these technologies (Atieno et al., 2020). Besides, the local
environment and plant species have a significant impact on
the distribution and functioning of soil microorganisms.
Because of this, the application of biofertilizer in the field
does not always manage plant diseases or encourage plant
growth (Li et al., 2022). Several biofertilizers on the market
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have not been thoroughly tested scientifically, resulting in
subpar products that have little or no effect on crop yields
and soil fertility. The farmers end up losing confidence in
these products and going back to the traditional method of
applying chemical fertilizers (Atieno et al., 2020). Inoculating
plants with biofertilizers such as R. leguminosarum,
Rhizobium sp. IRBG 74, and Bradyrhizobium sp. IRBG 271
resulted in a higher single-leaf photosynthetic rate
(Mahanty et al., 2016).

Table 5 Effect of chemical fertilizer on agriculture

Effect of chemical fertilizer References

Accelerate the soil acidification, (Mahmud

contaminate the groundwater and & Chong,

the surrounding environment, and 2021)

damage plant roots, thereby

increasing their vulnerability to

harmful diseases.

Pollute soil and water, destroy fauna  (Atieno et

and microbial communities, reduce al., 2020)

soil fertility, and increase crop

disease susceptibility.

Contaminate water, lose nutrients, (Chojnacka

and deteriorate the soil. et al.,
2020)

Damage the ecosystem, human (Yi et al,

health, and living environments. 2020)

Harmful to human health such as (Ajeng et

infant methemoglobinemia, polluted al., 2020)

air and groundwater resulting from
eutrophication, and damage to crop
roots that prevents plants from
absorbing nutrients.

The phosphorus needs to be soluble whether in the form
of monobasic or dibasic for the plants to absorb as nutrients
for growth (Mahanty et al., 2016). Despite of numerous
amounts phosphorus found in the soil, they are insoluble
and unavailable to the plant growth. Insoluble phosphorus
can come in two different forms, inorganic or organic. In
addition, most of the time the soluble inorganic phosphorus
used as chemical fertilizers becomes immobilized after being
applied to the field. Hence, it becomes unavailable to the
plants and gets wasted. Therefore, a crucial role is played by
bacteria that can solubilize inorganic phosphorus as a
workable alternative to supply phosphorus to the plants
such as Enterobacter sp. (Mendoza-Arroyo et al., 2020). The
bacteria play a big part to synthesize the low molecular
weight organic acids such as gluconic and citric acids into
solubilize inorganic phosphorus (Teles et al., 2024). The
hydroxyl and carboxyl groups present in low molecular
weight organic acids can chelate the cations bound to
phosphate resulting in the conversion of insoluble
phosphorus to its soluble form.

CONCLUSION

The main purpose of the study is to examine of how the
prebiotic, probiotic and synbiotic approach enhances
agricultural productivity. Prebiotics restore soil microbial
richness by selectively promoting probiotic growth.
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Harnessing prebiotics in agriculture allows probiotics to
thrive, facilitating nutrient uptake in plants by breaking
down organic matter into simpler forms. The prebiotic,
probiotic and symbiotic approach are commonly applied in
the human gut but has seen limited application in
agriculture. The potential of prebiotic, probiotic and
symbiotic approach must be maximized. The prebiotic,
probiotic and symbiotic approach are commonly applied in
the human gut but has seen limited application in
agriculture. The potential of prebiotic, probiotic and
symbiotic approach must be maximized. Future research
should prioritize evaluating the efficacy of prebiotic,
probiotic, and synbiotic processes in biofertilizer, as well as
lowering their costs to achieve competitiveness with
inorganic fertilizers.
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