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BENEFICIAL

MICROORGANISMS
TO HELP PLANTS

TOLERATE DROUGHT

The incidence and severity of droughts continue to increase across
the globe, posing a significant threat to agricultural productivity and
our ability to feed a rapidly increasing human population. However,
drought-stressed plants encourage a shift in the microorganism
communities surrounding their roots, which in turn may help the
plants to tolerate drought conditions. By harnessing this system,

Dr Devin Coleman-Derr and his team at the USDA Agricultural
Research Service and University of California, Berkeley, aim to
develop microbial-based treatments to improve the drought
tolerance and productivity of important crop species.

A Growing Threat

Drought is one of the greatest threats
to our agriculture. In the USA alone,
droughts have caused economic
losses of billions of dollars over the
past few decades, in large part due

to crop failure and decreased crop
yields. Unfortunately, the incidence
and severity of drought is expected to
rise over the coming decades due to
climate change, further exacerbating the
difficulties of feeding a growing human
population.

However, plants, such as our food crops,
are not passive bystanders in their
ecosystems. While they cannot uproot
themselves and move somewhere

more suitable, they have the ability to
respond to environmental challenges
and counteract some of the detrimental
effects of stressors such as decreased
water-availability.

Scientists have recently discovered that
plants can even alter their microbiome
- the community of microorganisms
surrounding their roots - in response

to environmental stressors. The
composition of the plant microbiome
may be crucial in maintaining plant
health under different growing

conditions.

Dr Devin Coleman-Derr and his
team at the University of California,
Berkeley, have been investigating
the mechanisms that plants use

to change their microbiomes, and

the consequences that this has for
drought tolerance, plant health, and
productivity. By understanding these
processes, the team aims to develop
microbial-based treatments that alter
crop microbiomes to confer beneficial
traits such as drought tolerance.

Such treatments could help maintain
crop productivity without the need to
develop new drought-tolerant plant
varieties. They would also reduce or

replace the chemical fertilisers and
pesticides that are currently used to
maintain crop productivity during
periods of drought, decreasing the
negative environmental impacts of
agriculture and increasing sustainability
and soil health.




Counteracting Drought Stress

To feed a burgeoning global human
population, it is predicted that global
food supply will need to increase by
70%. However, an increase in the
incidence and severity of droughts

and other extreme weather events
compound this challenge by reducing
agricultural productivity.

Farmers have responded to this major
problem by cultivating greater areas of
land, while also using greater quantities
chemical fertilisers to counteract

the decreased yield and pesticides

to mitigate the reduced resilience of
drought-stressed plants to pests and
diseases. In some regions, farmers have
resorted to cultivating arid and semi-
arid land to maintain crop production
levels, because of a lack of suitable
farmland.

Traditionally, the predominant method
to counteract these effects was the
development of new plant varieties
that had greater yields and could
withstand specific environmental

stressors. But producing new varieties
with the required characteristics is
time-consuming and labour-intensive,
and is not optimal for adapting to

new challenges as they arise, or to the
distinct agricultural ecosystems found in
different areas.

Plant microbiomes may offer a solution
that does not rely on producing multiple
new crop varieties to mitigate each
arising challenge. Both natural and
cultivated plants possess their own
microbiome, which changes according
to the particular conditions in which the
host plant is grown.

‘Many of the microorganisms offer
benefits to the host, improving nutrient
uptake, preventing pathogen attack,
and increasing plant growth under
adverse environmental conditions,

says Dr Coleman-Derr. ‘In return these
microorganisms receive shelter from the
surrounding environment and access to
a carbon-rich food supply.

By harnessing these beneficial
microorganisms, treatments could

be developed that improve yield

and confer drought tolerance to a
range of plants, without the need to
individually develop new varieties

of each crop species. Indeed, plants
treated (or ‘inoculated’) with mixtures
of microorganisms obtained from other
plants that have been grown under
drought conditions, show improved
drought tolerance, even when the two
plant species are different. ‘The ability
to transfer stress-resistance solutions
from one crop species to another
through a microbial inoculum has the
potential to save years of plant breeding
effort, states Dr Coleman-Derr.

Additionally, many of the beneficial
microorganisms improve the resistance
of their host plants to more than one
environmental stressor. In arid and
semi-arid farmland, crops are often
subjected to multiple concurrent
stressors, such as drought, heat, salinity
and poor nutrient availability.




Encouraging Helpful Bacteria

Dr Coleman-Derr and his colleagues have been comparing the
relative abundance of bacteria in the root microbiome of plants
grown under normal versus drought conditions, in many of our
staple crops - wheat, barley, oat, maize, sorghum and millet.

Under normal conditions, the team found that Gram negative
bacteria - a bacterial class with a thin lipid bilayer membrane
as its outer surface — are dominant in the microbiome
composition. But under drought conditions, Gram positive
bacteria - which are encased by a thick and relatively more
impermeable cell wall - are relatively more abundant.

Gram positive bacteria are more resistant to desiccation

than their Gram negative counterparts, but Dr Coleman-

Derr and his colleagues demonstrated that this shiftin the
microbiome composition is not due to soil moisture levels
alone. They found that differences in the relative abundance
of Gram positive and Gram negative bacteria were minimal
when measured in control soils under varying moisture levels.
However, they observed a marked increase in the relative
abundance of Gram positive bacteria in the soils surrounding
plant roots when grown in drought conditions. This highlights
the plant-mediated response of the microorganisms in the
microbiome, driven by the plant’s responses to environmental
stressors.

This microbiome control is facilitated through the production
and release of substances into the surrounding soils by the
plants themselves. Dr Coleman-Derr and his team have
identified two key plant-produced substances that may alter

the microbiome composition under drought stress. The first,

a type of ester derived from glycerol, is used in development
of new bacterial cell walls, and thus positively regulates

the abundance of Gram positive bacteria within the plant
microbiome. The second, a reactive oxidative substance,

is particularly damaging to the outer cell membrane of
Gram negative bacteria, and thus negatively regulates their
abundance within the microbiome.

Based on previous findings, Dr Coleman-Derr and his team
suggest that a greater relative abundance of Gram positive
bacteria may improve drought tolerance in plants. A particular

group of Gram positive bacteria called Actinobacteria, which
were in much higher levels in the microbiomes of sorghum
plants grown under drought conditions, have been shown in
certain cases to improve growth and general plant health by
boosting disease resistance, enhancing nitrogen availability,
and regulating plant growth.

In another experiment, Dr Coleman-Derr and his team
measured a 30% increase in the root growth of sorghum
seedlings grown under drought conditions when they had been
inoculated with a type of Gram positive Actinobacteria.

The Future of Microbiome Treatments

Whilst the results of these investigations are promising,

Dr Coleman-Derr has identified key areas for his team and
other scientists to pursue further. To further understand the
mechanisms behind the microbiome shifts and associated
drought tolerance, Dr Coleman-Derr and his team are delving
into the genetics of the microorganisms involved.

By isolating a subset of the Gram positive bacteria that

are enriched during periods of drought, the team hopes to
identify the key genes responsible for the drought tolerance
characteristics conferred by the microbiome to the plant. This
may offer additional opportunities to develop microbial-based
agricultural treatments on a large scale.

Another branch of the team’s current research involves testing
how similar the known regulatory substances produced by
plants are across different plant species, and identifying
additional microbiome-regulating substances produced under
drought stress. ‘Provoking changes in plant metabolism could
allow for indirect control over microbiome structure, without
the need for inoculation, explains Dr Coleman Derr. ‘Many
simple drought-induced compounds, including sugars and
amino acids, may be partially responsible for Gram positive
enrichment, and direct application of these compounds could
allow for programmable enrichment at the onset of, or even
prior, to drought stress.

Finally, Dr Coleman-Derr and his team are also extending

their research from the laboratory to the field, with the aim of
refining the best method of inoculating crops with beneficial
microorganisms, and the impact that this has on drought
resistance in crops grown in whole agricultural systems. Ideally,
in the future, the technologies they are developing will be
transferable to a range of crop species, robust enough for use
across various regions of the world, and able to be optimised
for the specific growing conditions of that area.

With climate change, and in particular, droughts, posing a
significant threat to our ability to meet the food demands of
the growing human population, microbial-based treatments
may form an integral part of the arsenal we use to sustain crop
production into the future.
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