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Glyphosate and Soil

Introduction

Over the last decade, about 6.1 billion kilograms of the herbicide glyphosate have been applied
worldwide.! Glyphosate [N-(phosphonomethyl) glycine] is an active ingredient in a range of weed
killer products, created for use in agriculture, horticulture and at amenity sites. Its use globally has
risen almost 15-fold since 1996, when genetically engineered glyphosate-tolerant "Roundup Ready”
crops were introduced.? In Great Britain in 2014, 1.9 million kilograms of glyphosate were used on
agricultural and horticultural crops, on 2.2 million hectares.?

Despite being the most heavily applied herbicide in the world,* in 2015 glyphosate was classified
as ‘probably carcinogenic to humans' by the International Agency for Research on Cancer, the
specialized cancer agency of the World Health Organization, following a review of evidence from
human exposure studies and in research on laboratory animals.> Furthermore, in 2016, scientists
raised their concerns about the safety of glyphosate based herbicides and call for new investments
in epidemiological studies, biomonitoring, and toxicology studies.®

Whilst the effects of glyphosate on human health are coming under scrutiny, scientists are now
concerned about our insufficient knowledge of the ecological safety of glyphosate, the way it
behaves in the natural environment, how it interacts with living organisms, and the pathways
through which it is degraded.”

Glyphosate has been considered an environmentally safe herbicide because it is assumed to

be inactivated quickly after spraying due to rapid sorption onto particles in the soil, and its fast
degradation by microbes.® In addition, the mechanism by which it kills plants (inhibiting the
shikimic acid metabolic pathway)? is thought to be unique to plants and some micro-organisms,
including bacteria, algae and fungi, and thus theoretically not a threat to mammals.!® However,
evidence from several studies now shows that glyphosate-based herbicides, via multiple
mechanisms, can adversely affect the biology of mammals. Furthermore, the half-life of glyphosate,
which gives an indication of its persistence in the soil and water, is believed to be longer than
previously thought! Recent research suggests that the herbicide persists longer with the return
of crop residues containing glyphosate to the soil.!? There is evidence to suggest that glyphosate-
based herbicides can adversely affect aquatic invertebrate ecology?® and research has also shown a
negative impact on amphibian larvae (tadpoles) and earthworms.®

As well as the active ingredient of glyphosate, there is also concern about impacts of the adjuvants
(other chemical substances that are added such as solvents and surfactants) in commercial
glyphosate products, where different formulations have been found to have different levels of
toxicity compared to pure glyphosate.’®

The Soil Association has reviewed the science on the impact of glyphosate on soils and soil life.
For the world's most widely sold weed-killer, we found surprisingly little research has been done.
What research there is shows contrasting results, significant uncertainty and some evidence that
glyphosate causes harm. More research is urgently needed.

What about the impact of glyphosate on soil and soil life?

Soils are the foundation of our food security and yet a recent global scientific assessment found that
33 per cent of land is degraded due to the erosion, salinization, compaction and acidification and
chemical pollution of our soils.”” This report reviews the published and peer-reviewed scientific
evidence about the impact of glyphosate-based herbicides on soils, soil micro-organisms and

soil fauna.



Sorption of glyphosate onto soil and the risk of leaching

The risk of environmental pollution through the leaching of pesticides out of soils into water bodies
is affected by how strongly the compound is sorbed to soil. (Sorption is the process by which one
substance becomes attached to another and includes both adsorption and absorption). Compared to
other pesticides, glyphosate is recorded to have strong sorption characteristics, reducing the risk of
leaching. However, several studies have indicated that in some circumstances there is a risk of the
leaching of glyphosate into deeper soil layers, where it could end up in ground and surface waters.!®
The level of sorption depends on several soil characteristics including mineral content and type, pH,
soil redox conditions, phosphate content (that can compete with glyphosate for sorption sites) and
possibly soil organic matter.’® Rainfall and poor state of soils can increase the risk of glyphosate loss
out of soils through erosion.?°

Degradation of glyphosate

Micro-organisms in soil (bacteria and fungi)? are responsible for the degradation of glyphosate
through two chemical pathways. One pathway produces a compound known as AMPA
(aminomethylphosphonic acid) which is found in soils treated with glyphosate. This is thought

to be mildly toxic to plant growth. The second pathway produces the compound sarcosine. The
micro-organisms responsible for the degradation use enyzmes to break down glyphosate, to
obtain a source of phosphorus, nitrogen and carbon for themselves.?? Studies examining the rate of
glyphosate degradation showed some variability in results, and the process can depend on a range
of factors. There is some evidence for the rate of degradation being correlated with the population
size of bacteria in the soils.2®> Overall, sorption of glyphosate onto soil particles is thought to decrease
degradation, but glyphosate that has been sorbed can still be degraded by micro-organisms.

Rates will vary with topographical features that effect water availability,?* soil type, and increase
with temperature.?®

Effect of glyphosate on soil micro-organisms

Micro-organisms are a major portion of the biodiversity and biomass of soils and play a key role in
maintaining soil processes, and thus the functioning of ecosystems. They are considered ‘crucial

to life’, and are present in very large numbers.?® 'Ecosystem services' is a term to measure the
(monetary) benefits provided by ecosystems that contribute to making human life both possible and
worth living'?” Microbial communities in the soil form the basis of ecosystem services such as the
transformation of pollutants and the nutrient cycling® and underpin all provisioning and regulating
services.? Several groups of scientists working in the field are calling for further research on the
impact of glyphosate on microbial soil communities given the critical role that these organisms play
in ecosystem services, including in maintaining plant health in agricultural systems.*°

To date, scientific studies about the impact of glyphosate on soil micro-organisms have provided
contrasting results. Some soil-based studies have not found any threat to soil micro-organisms
from glyphosate.® Indeed, it is understood that glyphosate increases soil microbial activity when
the herbicide is added because microbes break it down and use it as a source of carbon, nitrogen or
phosphorus (as discussed above).3? However, this is thought to be a short-term effect only.>®> One
study found no effect on bacteria numbers from the use of glyphosate, but fungi and Actinomycetes
(bacterium) numbers increased.®*

In the forestry context, it has been found that in ponderosa pine plantations glyphosate has no
consequential effects on soil communities in soil based tests.® Another study found a benign effect
on microbial community structure when the commercial formulation of glyphosate was applied to
soil samples at the recommended field rate, and produces a non-specific, short-term stimulation

of bacteria at a high concentration.’6 A further study found that glyphosate has only small and
transient effects on soil microbial community structure, function and activity on field scale
experiments in agricultural soils.¥”

However, the potential non-target effects of glyphosate on soil micro-organisms are still of much
concern amongst scientists.®® There is concern about the diverse effects now reported about the
impact of glyphosate on the biology and ecology of rhizosphere micro-organisms, and on their
interactions with plant roots when released into the rhizosphere, the region of soil that surrounds,
and is influenced by, plant roots.*



Effects on soil microbial community population, function and structure

A recent study suggested that glyphosate may have an indirect effect on the soil microbial
community function and structure in arable ecosystems which should be further evaluated. This
research, that looked at the impact of glyphosate (as RoundUp) on the soil bacterial communities in
the rhizosphere of glyphosate-treated barley, found that the abundance of the culturable bacterial
community, and the total bacterial composition were affected, and there was a proliferation of
protists (a varied group of single celled organisms). This is likely due, at least in part, to an increased
availability of easily degradable carbon compounds from the roots killed by the glyphosate.*

Another study examining the effects of glyphosate (as RoundUp) on soil bacteria, found that
proteobacteria increased in relative abundance for corn and soya crops, following glyphosate
exposure, whilst the relative abundance of Acidobacteria decreased in response to glyphosate
exposure. This is a significant observation because Acidobacteria are believed to be highly involved
in biogeochemical processes, such as for cellulose degradation. Decreases in the abundance of
these bacteria over the long-term could impair the ability of soil to perform certain biogeochemical
reactions performed by these organisms.*

Recent research demonstrated that a Roundup formulation (R450) was toxic to the soil fungus
Aspergillus nidulans, at doses far below the recommended agricultural application rate, and
concluded that the herbicide might potentially impair agricultural soil ecosystems.*?

Impact on mycorrhizal fungi

Arbuscular mycorrhizal fungi (AMF) improve water access and soil minerals for plants, improve
drought tolerance and help with resistance against pathogens. Recent research has found that
glyphosate (and/or its metabolite AMPA) reduces the spore viability and root colonisation of
AMF, and could reduce plant diversity.** Another study found a 40% reduction of mycorrhization
after the application of Roundup in soils that had been amended with the mycorrhizal fungi,
Glomus mosseae.*

Impact of repeated glyphosate applications

There is evidence now to suggest that repeated glyphosate applications can impact on soil
microbial communities as they adapt to repeated glyphosate applications.** One study found that
a single exposure to soils of glyphosate (technical grade) caused only minor changes to microbial
community function or structure. However, in soils where there had been no previous application
of glyphosate, microbial respiration increased in response to glyphosate exposure. This potentially
reflects a stress response of species sensitive to glyphosate. In contrast, in soils that have been
chronically exposed to glyphosate, the microbes did not have this response. This is most likely due
to the gradual elimination of glyphosate sensitive species.*

Another study, found a negative impact of glyphosate (RoundUp) on non-pathogenic soil borne
microfungi species in boreal forest soil, and suggested that repeated herbicide applications caused

a shift in the fungal species towards those more resistant to exposure.#’” This effect was not found
in a study looking at the impact of long-term glyphosate use on soils in Argentina on soil microbial
communities. One possible reason for this lack of difference could be explained by the adsorption of
glyphosate to soil which would make it unavailable for microbial communities.*®

Increase in micro-organisms causing disease in crops

It has been reported that using glyphosate as a weed control in agricultural systems has led to

the increased severity or re-emergence of crop diseases.* There is concern over how the use of
glyphosate increases the potential for the development of pathogen levels that affect crop health,
altering the communities of rhizosphere microbes involved in nutrient transformation, and shifting
the balance between micro-organisms that are beneficial and detrimental to plant health.’® For
example, one study found that the disease severity and frequency of the soil borne fungus Fusarium
solani f. sp. Glycines, the cause of Sudden Death Syndrome, in glyphosate-tolerant soya beans was
higher after application of glyphosate compared to no herbicide application.®



There is now evidence to suggest that it is not just the direct disruption of the shikimic acid
metabolic pathway which is responsible for the herbicidal properties of glyphosate. It is now
believed by some scientists that the herbicidal efficacy of glyphosate is largely due to colonization
of roots of affected plants by soil-borne pathogens and that glyphosate somehow compromises the
ability of plants to defend against pathogens that inhabit the rhizosphere. Many of plants defences
are reliant on the shikimic acid pathway, and as glyphosate blocks this pathway, it is conceivable
that glyphosate would render plants more susceptible to pathogens.5?

Research on glyphosate-resistant soybeans found that glyphosate altered particular rhizosphere
micro-organisms.’®* In one study, the colonisation of roots by Fusarium fungi increased steadily as
soybean growth progressed and as the rate of glyphosate increased. This suggests that glyphosate
affects the ability of plants to suppress potential pathogen colonisation and root infection. Further,
by suppressing Fluorescent pseudomonads bacteria and Mn-reducing rhizobacteria, glyphosate
lowers two plant defence mechanisms for warding off pathogens.’* A different laboratory study,
found no effect of glyphosate (Roundup) on Trichoderma or Gliocladium genera of fungi. However,
both Fusarium and Pythium fungi genera populations increased proportionally to the increase in
glyphosate concentrations, a concern given that both genera contain plant pathogens.

Conversely, one study has looked at the impact of glyphosate, active ingredient and glyphosate
commercial formulations, in laboratory tests, at field concentrations, on four types of
entomopathogenic fungi - fungi that are understood to play a positive role in controlling pest
insects in agricultural systems. They found that glyphosate active ingredient had no impact on
the fungi, but that the glyphosate formulations (different brands of Roundup) did have a negative
impact. The authors say that it is important that the impact of the supposedly inert ingredients in
these formulations is further studied.%®

Impact on soil fauna: Earthworms

Earthworms act as ‘ecosystem engineers’ by shredding plant litter, mineralising it and soil organic
matter in their guts, and producing casts that enhance soil nutrient availability and promote plant
productivity. Their burrowing enhances soil root penetration and water infiltration.”

Whilst at least two studies have not indicated any negative effects of glyphosate on earthworms,*® at
least six other studies found damaging effects of the herbicide. One study found that the earthworm
Eisenia fetida avoids soil contaminated by the glyphosate based herbicide Groundclear, and this
impact on locomotor activity could compromise the survival of the worms.*® In another study, the
number of hatched Eisenia fetida Andrei cocoons was significantly reduced in earthworms exposed
to Roundup treated soils, and the number of juveniles was also significantly lower, indicating

that glyphosate has a deleterious effect on the viability of cocoons. This study too found that the
earthworms also avoided the soil treated with the herbicide. Earthworms have chemoreceptors and
sensory turbercles and present a high sensitivity to chemicals in the soil.®°

Another laboratory study on Eisenia foetida earthworms demonstrated severe effects on the
development and reproduction caused by glyphosate (active ingredient only) at a range of
concentrations, indicating that it may have significant toxic effects on soil biota. There was a
decrease in the mean weight of the earthworms, and no cocoons or juveniles were found in the soil
containing the herbicide.®

In a different earthworm greenhouse experiment, Roundup application initially stimulated
surface casting activity of Lumbricus terrestris L. However the number of produced casts ceased
dramatically about one week after herbicide application; cumulative cast mass produced by L.
terrestris four weeks after herbicide application was reduced by 46% compared to the area not
treated by herbicides. The activity of soil dwelling earthworms, Aporrectodea caliginosa, was

not affected. The reproduction success of both earthworm species substantially decreased after
herbicide application. The hatching rate of cocoons decreased from 43% to 17% for L. terrestris and
from 71% to 32% for A. caliginosa when cocoons were collected from soil without herbicide or with
herbicide treatment, respectively.5?



Another study looked at the impact of Roundup on ecological interactions between the earthworm
species, Lumbricus terrestris, and symbiotic arbuscular mycorrhizal fungi (AMF). The applications
of Roundup reduced earthworm activity (as measured by the disturbance of toothpicks) in areas
which contained AMF only. Earthworm activity (as measured by surface cast production) was not
influenced by the application of Roundup or the presence of AMF. The application of Roundup led
to earthworms that were heavier and that were less active at the surface. This is probably because
there was abundant food in form of dead roots, or AMF in the soil that prohibited the earthworms
from foraging from the surface.®®

A recent 2016 study found that in the long term (132 days), the continuous consumption of leaf litter
contaminated with glyphosate (Cheminova) decreased the earthworms (Pontoscolex corethrurus)
growth rate, with a clear decline in their total biomass. However, no consistent effect was seen on
cocoon production.®

Research into the glyphosate on other soil fauna is extremely limited. A meta-analysis of the impact
of a range of herbicides on soil nematodes concluded that herbicides do affect soil webs with a
variety of impacts on different nematode assemblages.®® The only study looking specifically at
glyphosate and nematodes made a comparison with ‘conventional herbicide’ and not with soil that
did not receive any herbicide treatment.®®

Further research required

The scientific evidence on the impact of glyphosate on the soil and soil life is far from conclusive.
Research indicates potential impacts in increasing crop diseases, changing the composition

and functioning of soil micro-organism species and ecosystems, and recently published studies
are showing a negative impact on earthworms. Scientists working in this field are calling for
future research to be carried out. This is urgent given the widespread and heavy use of
glyphosate worldwide.

Recommendations for future research

e Research should examine the impact of glyphosate on other soil fauna in addition to
earthworms; nematodes, ants, beetles, termites, spiders, anthropods, molluscs and protozoa.

e Research should look at both the impact on specific species of soil fauna and microflora but also
the knock-on' succession effects of changes in the soil ecosystem.

e Research should consider the differences between the impact of glyphosate on soils as an active
ingredient only, and when it is combined with other ingredients in a range of commercial
products.

e Many of the studies described in this report have looked at glyphosate in the context of its use in
relation to genetically-modified glyphosate resistant crops. In the UK context, where GM crops
are not commercially grown, it is just as important to consider the use of glyphosate in relation
to non-GM crops, and in amenity situations.

e Research should consider whether there is a significant build-up of AMPA in soils, which is

produced when glyphosate is broken down, and whether this is problematic or not, as it is
considered mildly toxic to plants.

Cover image: Wheat being sprayed with glyphosate immediately before harvest.
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