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WHY THIS MATTERS

Chemical fertilizers account for up to 45 percent of input costs
for some crops. Engineered biofertilizers may reduce these
costs and increase crop yields.

KEY TAKEAWAYS

»  Engineered biofertilizers are made of microbes and other
organic materials that improve nutrient supply in soil.

»  The lack of a clear definition for biofertilizers leads to
uncertainty about whether existing regulations apply.

»  Current regulations may also not be equipped for
genetically engineered microbes, which may hamper
U.S. competitiveness.

THE TECHNOLOGY

What is it? Biofertilizer technology uses organic materials, such
as microbes (bacteria, fungi, and algae) to make agricultural
products that enhance plant growth, improve soil health, and
increase nutrient supply. Engineered biofertilizers use genetic
engineering and combine multiple strains of microbes to improve
these effects. These products may increase crop yield by 5 to 20
percent, although results vary by crop and local conditions.

How does it work? Biofertilizers are typically applied to seeds as
a coating or to soil as a powder or liquid. They work through
several direct and indirect mechanisms (see figure). For example,
biofertilizers can convert soil nutrients, such as potassium and
phosphorus, into soluble forms accessible to plants.

With genetically engineered biofertilizers, microbes are altered to
be more effective. For example, tools such as CRISPR (a
gene-editing technology) can be used to transfer a beneficial trait
from one microbe species to another or to tailor a microbe for
specific crop types or environments.
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How mature is it? Biofertilizers have been used in commercial
agriculture since the 1890s. We identified two engineered
biofertilizers containing genetically engineered microbes
introduced in the 2020s. While engineered biofertilizers appear
promising in the lab, real-world effectiveness is unclear.
According to researchers, biofertilizers containing multiple
strains of microbes can enhance plant health more than single-
strain formulations can. Researchers have also found that
genetic engineering can help to design and optimize various
strains to work synergistically to enhance biofertilizer
effectiveness.

Studies suggest that biofertilizer use is more widespread in
some South American countries than in the U.S. For example,
Brazil uses biofertilizers in general on over 90 percent of its
soybean acres, compared to 15 percent in the U.S. A 2020
study estimated that Brazil's biofertilizer use provides over $15
billion in net savings annually on nitrogen fertilizer.
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The biofertilizer market is growing. According to a market
intelligence firm, in 2025, the U.S. market stood at $640 million
and is expected to reach $1.3 billion by 2031. In contrast, the
U.S. chemical fertilizer market is expected to exceed $39 billion
by 2031.

OPPORTUNITIES

= Economic benefits. Fertilizer costs have increased due
to tight global supplies, energy shocks, and trade
disruptions. Increased crop yields and reduced fertilizer
costs could mean more profit for U.S. farmers. Because
biofertilizers can reduce the need for chemical fertilizers,
they may reduce the effect of price volatility, including for
nitrogen and other fertilizers that can be derived from
critical minerals, such as potash and phosphate rock.

= Environmental benefits. Biofertilizers may improve soil
health and mitigate pollution by reducing the amounts of
chemical fertilizers used and their associated runoff.
Runoff can flow into rivers and oceans, causing harmful
algal blooms and dead zones, which threaten human
health and fisheries.

CHALLENGES

= Regulatory uncertainty. The U.S. lacks a clear
regulatory definition for biofertilizers, which leads to
uncertainty about whether they are subject to existing
regulations. Failing to follow regulatory requirements can
be costly for manufacturers. For example, the
Environmental Protection Agency, in 2020, levied a
$300,000 penalty under the Federal Insecticide,
Fungicide, and Rodenticide Act to one company selling an
unregistered biofertilizer.

= Regulation of engineered microbes. Researchers
believe that the current U.S. regulatory system is not well
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equipped to regulate genetically engineered microbes,
leading to a large burden on industry, which may impede
innovation and further complicate reviews of biofertilizers
that use these microbes.

= Unclear cost-effectiveness. In 2023, an industry survey
found that farmers not using biofertilizers would use them
if their profitability could be demonstrated. This survey
also found that the lack of widespread acceptance of
biofertilizers was associated with a need for further
education.

POLICY CONTEXT AND QUESTIONS

= What could improve the quality and reliability of
engineered biofertilizers?

= How effective are engineered biofertilizer products in
protecting U.S. farmers from the impacts of fertilizer price
increases and volatility?

= To what extent can existing regulatory frameworks support
effective development and use of new and existing
engineered biofertilizers?
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