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Abstract - The agricultural sector is a force to encourages the rise in the economic level of an
agricultural country, such as Indonesia. However, agricultural programs that are not followed
carefully can undermine the order of an agrarian state. Therefore, the concept of sustainable
agriculture was introduced and has become a commitment for many countries in the world. One
application of sustainable agriculture is the use of effective and environmentally friendly fertilizers.
Biofertilizer is considered an alternative to chemical fertilizers that have more advantages.
Biofertilizers contain a consortium of microbes that are beneficial to plants. In addition, biofertilizers
can improve soil fertility. Many studies prove the effectiveness of biofertilizers in increasing crop
yields. Currently, biofertilizers have been widely used in Indonesia, but sometimes the potential of
laboratory-tested biofertilizers cannot be found in the field. Another issue is shelf life. This review
focused on the effectiveness and shelf life of the biofertilizer. In this review, we try to collect data
from previous studies and compile it into a framework that can help overcome the constraints of
biofertilizer applications. The analysis was carried out with the introduction of biofertilizers,
constraints in the practice of their use, and strategies to overcome those obstacles. Obstacles to the
use of biofertilizers can be overcome by selecting potential microbes in order to survive in the soil.
The addition of organic matter can also be done to add nutrients to the soil. In addition, storage of the
product under adjusted conditions can maintain its effectiveness.
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1 Introduction

Agriculture is an important sector in the economic component of a country because it contributes
significantly to national economic growth and stability. According to research by the Food and
Agriculture Organization (FAO), the agricultural sector contributed about 3.9 percent to the gross
domestic product (GDP) globally in 2019 [1]. In developing countries, the agricultural sector's
contribution to GDP is much greater. In Asian countries such as Indonesia and India, the agricultural
sector contributes between 15% and 17% to GDP [1]. In addition, food provision and food security
are also important components of the agricultural sector's contribution to a country's economy.
Research by FAO (2020) shows that around 80% of global food consumption comes from agricultural
products [2]. This shows how important the agricultural sector is in driving a country's economy. In
an effort to improve the economy, most agricultural sectors, especially conventional agriculture, use
various chemical fertilizers to get maximum results in a short time. According to data obtained from
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the FAO (2020), in 2019, the use of nitrogen fertilizers in China reached 47 million tons, in the United
States, as much as 11.7 million tons, and in India, in 2020, it is estimated to reach 10 million tons [1].
However, the use of chemical fertilizers in the agricultural sector is becoming a global concern. The
continuous use of chemical fertilizers can cause various problems. Chemical fertilizers that are not
absorbed by plants can dissolve in rainwater and flow into waterways, causing eutrophication and
damaging aquatic ecosystems [3], reducing populations of soil microorganisms that are important for
nutrient cycling and soil health [4], affecting the number and diversity of insects and other soil
organisms [5], and reducing the availability of nutrients in the soil [6]. The impact of these chemicals
not only affects the current generation but also future generations.

The problem with the use of chemical fertilizers in agriculture is not in accordance with point 12
of the Sustainable Development Goals (SDGs), namely responsible consumption and production. The
goal is to achieve sustainable management and efficient use of natural resources, including safer and
more sustainable management of chemical products. Therefore, alternative technologies that are
environmentally friendly are needed so as to create sustainable agriculture [7]. One technology that
attracts attention is biofertilizer. Biofertilizer is an organic fertilizer product containing live
microorganisms that are beneficial to plants. Microorganisms in biofertilizers can be of various types,
including bacteria, fungi, and algae. The microorganisms in biofertilizers colonize around plant roots,
forming mutualistic associations and assisting in converting nutrients available in the soil into a form
that can be taken up by plants [8]. Some types of biofertilizers generally involve Rhizobium,
Azotobacter, Azospirillum, Phosphobacteria (Pseudomonas), and several types of mycorrhiza, such
as arbuscular mycorrhiza fungi (AMF) [9-11]. Microbes contained in biofertilizers have their
respective roles, such as Rhizobium and Azotobacter bacteria, which have the ability to fix nitrogen
from the air into a form that can be used by plants; Pseudomonas and Bacillus can dissolve phosphates
bound in the soil; and so on. Several researchers have conducted research on biofertilizers. Research
conducted by Kaushal et al. (2019) found that the use of biofertilizers in peanut plants can increase
plant growth, nutrient uptake, productivity, and agricultural sustainability [12]. Shakoor et al. (2021)
conducted research on rice plants and showed that the use of biofertilizers can significantly increase
rice growth, yield, and quality [13]. Goswami et al. (2020) also conducted research on corn plants
and found that the use of biofertilizers can increase plant growth, nutrient uptake, crop yield, and
agricultural sustainability [14]. In addition, the use of biofertilizers can reduce dependence on
expensive chemical fertilizers, save production costs, and increase farmers' profits. The conclusion
of the study is that fertilizer has the potential to achieve sustainable agriculture and can maintain
economic stability in the long run. Biofertilizer is currently used in various countries, including
Indonesia, but there are several obstacles to the use of biofertilizer, namely that the potential of an
effective biofertilizer tested in the laboratory has not been found to be effective in the field. Therefore,
the purpose of this study is to analyze strategies to overcome these obstacles so that they can be used
as guidelines for improving sustainable agriculture.

2 Materials and Methods

The research conducted in this scientific paper uses the literature review method to explore and
analyze scientific research and articles relevant to the use of biofertilizers in the context of sustainable
agriculture. The literature review method is a systematic approach to collecting, reviewing, and
compiling information in the scientific literature. This approach allows us to understand and infer
existing findings and gain deeper insights into the use of biofertilizers in advancing sustainable
agriculture. The first step in this method is the identification of the topic that is the main focus of the
research. In this case, the topic chosen was "biofertilizer for sustainable agriculture”. After that, a
literature search is done through various online databases, such as Google Scholar, PubMed,
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ScienceDirect, and other related research databases. This search uses a combination of keywords such

as "biofertilizer", "sustainable agriculture™, "soil microbes", and "biofertilizer effect”.

After completing the literature search, a selection of articles to be included in the literature review
is carried out based on relevance to the research topic and the quality of the research. The selected
articles are carefully analyzed to identify the research methodology used, key findings, and results
relevant to the use of biofertilizers in sustainable agriculture. The results of the article analysis are
then grouped based on certain themes or aspects, such as the benefits of biofertilizers on crop
productivity, their effect on soil quality, or their impact on the environment. Information from
relevant articles is systematically organized to build a coherent and informative literature review
structure. From previous research, it was found that the use of biofertilizers can provide a number of
benefits in supporting sustainable agriculture. Biofertilizers contain beneficial microbes such as
bacteria that can interact with plants to increase nutrient availability, increase tolerance to
environmental stress, and stimulate root growth and crop production. In addition, biofertilizers can
also improve soil quality by improving structure, providing phosphate solvent microbes, and reducing
heavy metal poisoning. However, there are also several challenges that need to be overcome regarding
the use of biofertilizers. One of them is the effectiveness and stability of microbes in biofertilizers
during storage and application.

Thus, this literature review provides a deeper understanding of the use of biofertilizers in the
context of sustainable agriculture. Findings from previous studies show that biofertilizer has great
potential to be one of the environmentally friendly solutions in increasing agricultural productivity
and sustainability. However, more research is needed to understand in more detail the mechanisms
of action and influence of biofertilizers on plants, soils, and the environment, as well as to address
technical challenges associated with the effectiveness, stability, and application of biofertilizers.

3 Results and Discussion

Biofertilizer is a type of organic fertilizer consisting of a consortium of living microorganisms such
as bacteria, fungi, and algae that are applied to soil and plants to improve the quality and productivity
of agriculture naturally [15]. The microorganisms in the biofertilizer will colonize around the roots
of plants, forming mutualistic associations and assisting in converting the nutrients available in the
soil into a form that can be taken up by plants [8]. The microorganisms used in biofertilizers have a
special ability to increase the availability of nutrients to plants, increase soil bioactivity, and improve
soil quality. One important mechanism by which biofertilizer works is nitrogen fixation.
Microorganisms such as Rhizobia bacteria form mutualistic relationships with Leguminosae plants,
called nodulations. During this process, Rhizobia is able to capture atmospheric nitrogen and convert
it into a form available for plants to absorb [16]. In a study conducted by Shivay and Prakash (2019),
it was found that rhizobia-based biofertilizers can increase nitrogen levels in soil and crop yields due
to their ability to fix nitrogen [17]. Biofertilizer is also able to increase the availability of other
micronutrients, such as phosphorus and potassium. The presence of microorganisms in biofertilizer
can increase soil microbial activity, which helps increase the solubility of phosphorus bound in the
soil [18]. They can also produce organic acids and enzymes that work to dissolve phosphorus so that
it is accessible to plants. Igbal et al. (2020) did research that showed biofertilizers made from
Azospirillum, Bacillus, and Pseudomonas bacteria helped corn plants absorb more potassium. This
led to better growth and yield [19]. Bacteria in biofertilizers are also able to produce plant hormones
such as auxins, cytokinins, and gibberellins [20]. These hormones have an important role in
stimulating root growth, the formation of new shoots, and the flowering of plants. In the soil,
biofertilizer microorganisms interact with plant roots and stimulate the production of plant hormones,
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which in turn stimulate plant growth and productivity. In addition, research conducted by Singh et al.
(2020) also shows that biofertilizers can play a role in controlling pathogens and plant diseases [21].
Microorganisms in biofertilizers, such as bacteria-producing antibiotic compounds, are able to fight
plant pathogens that have the potential to cause disease [21]. Research by Savaranakumar K. et al.
(2016) found that mushroom-based biofertilizers also have antifungal effects and are able to control
the growth of fungal pathogens in plants [22].

Some of the factors that affect biofertilizers are the strain of microorganisms used, the number

and concentration of microbes, environmental factors, agricultural practices, application time, and
how the product is stored.

1

Good microbial strains are selected based on their specific abilities, such as the ability to perform
nitrogen fixation or the ability to produce compounds that stimulate plant growth. Studies have
shown significant differences in the ability of biofertilizers to fix nitrogen or increase nutrient
availability depending on the type, number, and activity of the microorganisms involved [23].
The number and concentration of microorganisms Research shows that the addition of
microorganisms in the right concentration can increase the efficiency of biofertilizer [24].
Research conducted by Singh et al. (2019) showed that higher concentrations of VAM (vesicular-
arbuscular mycorrhizal) fungi in biofertilizers increase phosphorus uptake by plants and result
in better growth and yield [25].

Environmental factors affect the quality and performance of biofertilizers. Environmental
conditions such as temperature, humidity, and pH can affect the survival and activity of
microorganisms in biofertilizers. Research conducted by Saravanakumar et al. (2020) showed
that the optimal temperature for Pseudomonas fluorescens, one of the microorganisms in
biofertilizers, is between 25 and 30°C [26]. While the optimal pH for microbes is between 6 and
8, Unsuitable environmental conditions can also reduce microbial activity and affect the quality
of biofertilizer.

Agricultural practices such as soil cultivation and weed control are also success factors in the
effectiveness of biofertilizers. Research by Smith et al. (2019) shows that soil bulking using
appropriate tools can increase the penetration of biofertilizer into deeper soil layers to facilitate
the colonization of biofertilizer microorganisms and increase their interaction with plant root
systems so as to increase nutrient supply and plant growth [27]. Furthermore, research by Patel
et al. (2018) showed that weed control using non-chemical methods could increase the
effectiveness of biofertilizers [28]. This happens because the use of synthetic chemical herbicides
can inhibit the growth of microorganisms in biofertilizers, while organic approaches to weed
control create a more conducive environment for biofertilizer microbial activity.

The application time also affects the effectiveness of the biofertilizer. Research conducted by
Giri et al. (2004) found that applying biofertilizers in the early phases of plant growth can
significantly increase growth, nutrient absorption, and crop yield [29]. Biofertilizer application
at this stage gives plants early access to nutrients provided by microorganisms in biofertilizer.
Research conducted by Thakur et al. (2018) shows that applying biofertilizer in the middle of the
plant growth cycle can optimize nutrient absorption and increase crop yield production [30].
Feeding at this stage helps the plant maintain the balance of nutrients needed during the active
growth phase. Then, according to research conducted by Siswanto (2015), the application of
biofertilizer at the flowering and fruiting stages of plants has a positive impact on flower quality,
fruit setting, and increased crop yields [31]. This period is a critical phase in plant development,
and biofertilizers can provide additional nutrients necessary for good flower formation and
fruiting.
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6 The way biofertilizer is stored, transported, and applied can affect the survival of microorganisms
in biofertilizer as well as their ability to provide benefits to plants [32]. Research by Pathak et al.
(2019) showed that biofertilizer stored in low-temperature conditions and applied by injection
method to plant roots resulted in better growth and yield of corn plants [33]. At the time of
transportation, it is also important to ensure that the biofertilizer is not exposed to extreme
temperatures or conditions that can damage microorganisms. Packaging that is resistant to
moisture and extreme temperatures can be selected to help protect the product during
transportation [34].

Several countries in the world have applied this biofertilizer technology. Most show results in
the form of increased agricultural productivity and sustainability. India is one of the countries that
actively uses biofertilizers in agriculture. Research shows that the use of biofertilizers, such as
Rhizobium and Azotobacter, can improve nitrogen fixation and plant growth, as well as reduce the
use of synthetic nitrogen fertilizers [35]. Biofertilizers can also increase nutrient levels in plants and
reduce the use of chemical fertilizers [36]. Biofertilizers have also been applied in Brazil to improve
organic farming and sustainability. Studies show that the use of biofertilizers containing diazotrophic
microorganisms can provide the nitrogen needed by plants and promote plant growth [37]. In
addition, biofertilizer can also improve soil quality and increase soil microbial activity [38].
Biofertilizer has also been used in China as an environmentally friendly alternative for farmers.
Studies show that the use of microbe-based biofertilizers, such as Rhizobium, Azotobacter, and
Phosphate Solubilizing Bacteria (PSB), can improve nitrogen fixation, crop production, and soil
quality [39]. The last example is the United States (US). Although the use of biofertilizer in the US
has not been as widespread as in other countries, research shows that biofertilizer has the potential to
be an effective alternative in sustainable agriculture because it can restore fertility to the soil. Several
studies have shown that the application of biofertilizers, such as phosphate-dissolving
microorganisms, can increase the availability of phosphorus in the soil and promote plant growth
[40]. In addition, biofertilizer can also partially improve soil quality parameters and soil microbial
kinship [40].

Although the potential of biofertilizer in agricultural absorption has been widely studied,
investigations into its practical use are just beginning. The potential of biofertilizer technology is
enormous, but various aspects and hurdles need to be overcome, especially during large-scale use.
Until now, data on energy produced from biofertilizers is still small, although there have been many
studies that examine their effectiveness in use. Here are the advantages [35, 36, 38] and lack [41, 42]
of biofertilizer:

Table 1. Advantage and lack of biofertilizer.

No Advantage Lack
1 | Environmentally friendly because it reduces the increase in residues Has sensitivity to temperature and
of synthetic chemicals in the environment humidity
2 Can increase plant productivity by increasing nutrient absorption Effectiveness depends on the type of
microbe and its plants
3 It can help restore the biological balance of the soil because it There can be competition between
increases the population of microorganisms microbes in the soil
4 Has ease in exploring and modifying microbes according to needs Limitations in the provision of
nutrients

To increase the effectiveness of biofertilizer, it is necessary to conduct further research on the
microbes involved in biofertilizer. Studies could focus on characterizing microorganisms, such as
tolerance to extreme environmental conditions, enzymatic activity, and their effects on plant growth.
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In addition, the selection of the right strain of microorganisms for different types of plants and the
environment is also important to maximize the positive effects of biofertilizers on plants. Research
that has been done on several microbes and their effectiveness [24], includes:

Table 2. Types of microbes and effectiveness

No Types of Microbes Effectiveness
1 Rhizobium and It takes atmospheric nitrogen and converts it into compounds that can be used by
Azotobacter plants.
2 Azospirillum Increases nutrient absorption, produces plant growth compounds, and stimulates
root growth.
3 Bacillus subtilis and produces antibacterial and antifungal compounds, as well as stimulates root
Pseudomonas fluorescens growth
4 Bacillus megaterium increase soil microbial density, improve soil structure, and increase nutrient
availability for plants
5 Bradyrhizobium forms a symbiosis with the roots of legume plants

In addition, competition with existing soil microbes is a challenge in the use of biofertilizers.
Microbes in existing soils can compete with biofertilizer microbes for nutrient sources and living
space, thereby reducing the effectiveness of biofertilizers. One approach that can be taken is to choose
biofertilizer microbes that have antagonistic properties against aggressive soil microbes or can
suppress their growth [43]. Several studies have shown that using certain antagonistic biofertilizer
microbes, such as Bacillus spp. or Pseudomonas spp., can reduce the impact of competition with soil
microbes and strengthen the successful use of biofertilizers [44, 45]. The addition of nutrients by
using biofertilizer along with organic matter such as compost, green manure, or manure can increase
the availability of nutrients and the effectiveness of biofertilizer. One study found that the
combination of biofertilizer with organic fertilizer increased the availability of nutrients such as
nitrogen, phosphorus, and potassium in the soil and increased the growth and yield of watermelon
plants [46]. Regular soil analysis can also be performed to assess the nutrient status of the soil.
Through soil analysis, farmers can find out the level of nutrients present in the soil, including nutrient
deficiencies that may need to be addressed using biofertilizer. Research shows that periodic soil
analysis is essential for efficient nutrient management and can raise awareness about plant nutrient
needs [21].

To maintain stabilization, biofertilizer production can be carried out consistently and with high
quality. Improved production technology can involve the use of optimized media, such as organic
crop residues or agricultural waste, as substrates to produce biofertilizer [47]. Temperature and
humidity control in the production process, as well as strict monitoring of quality, such as the life of
microorganisms and the level of contamination, are also important for high-quality biofertilizers. In
addition, the use of supporting materials such as stabilizing agents or adhesives can also increase
microbial stability during storage [48]. Storage at low and dry temperatures is also an important factor
in maintaining the quality of biofertilizers, where low temperatures can slow down the degradation
process and maintain microbial viability [33]. The use of airtight and sterile packaging is also
important in maintaining the cleanliness and quality of biofertilizer during storage [34].

4 Conclusion

Biofertilizer is an organic fertilizer applied to the soil to improve soil quality and productivity and is
made from microorganisms such as bacteria, algae, and other organisms. These bacteria colonize the
soil, encourage mutualistic relationships, and aid in the transformation of nutrients into useful
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compounds. Biofertilizers can increase soil bioactivity, increase nutrient content, and improve soil
quality. Factors that affect the success of this biofertilizer are the selection of microorganism strains
used, microbial concentrations, environmental factors, and how to store products. Strategies that can
be done to overcome existing obstacles are making adjustments between microbes and nutritional
needs in plants, selecting superior microbial strains, and maintaining product stability by maintaining
temperature, humidity, and quality monitoring. The use of biofertilizer has great potential for
increasing the efficiency of resource use, reducing environmental pollution, and producing higher-
quality agricultural products. Therefore, research and development continue to be carried out to
increase understanding of biofertilizers and their application in sustainable agriculture.
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