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Last year, the European Union 
(EU) banned outdoor use of 
several neonicotinoid insecti-

cides due to the risk posed to wild 
and managed bees. Several Cana-
dian provinces have also recently 
placed partial restrictions on neonic-
otinoids, and some U.S. states have 
partially restricted the use of neonic-
otinoids as part of their Pollinator 
Protection Plans. 

Because neonicotinoids are the 
most-used insecticides in the world, 
there has been pushback from grow-
ers based largely on the belief that 
neonicotinoids are an indispensable 
tool. But is that the case? This is the 
topic for our twenty-first “Notes from 
the Lab,” where we highlight “Alter-
natives to neonicotinoids,” written 
by Hervé Jactel and colleagues and 
published in the journal Environment 
International [129:423-429 (2019)].

Two years before the EU ban on 
neonicotinoids occurred, the French 
Agency for Food, Environmental 
and Occupational Health and Safety 
(ANSES) was commissioned by the 
French Ministry of Agriculture to as-
sess the risks and benefits of alterna-
tives (chemical and non-chemical) 
to neonicotinoids. This resulted in a 
group of independent scientific ex-
perts comprehensively assessing all 
available alternatives to neonicoti-
noids for pest management. For each 
neonicotinoid use, target pest and 
crop plant, all alternatives were iden-
tified and ranked in terms of their ef-
ficacy for controlling the target pest, 
applicability (i.e., the alternative was 
directly usable or requiring further 
research and development), durabil-
ity (i.e., risk of resistance to target 
pests) and practicability (i.e., ease of 
implementation by farmers).

The panel considered eight cat-
egories of potential alternatives to 
neonicotinoids: 1) other chemical 
insecticides, 2) biological control 
with predators or parasitoids, 3) bio-
logical control with fungi, viruses or 
bacteria, 4) biological control via al-
ternative farming  practices, such as 
intercropping or crop rotation, 5) use 
of semiochemicals for activities such 
as mating disruption or mass trap-
ping, 6) physical control, such as oils, 
nets or trenching, 7) genetically im-
proved plants, and 8) plant defense 
elicitors. Each potential alternative 
was then independently given a 
semi-quantitative score (1-3) for ef-
ficacy, applicability, durability, and 
practicability by multiple experts 
following a systematic literature re-
view of the topic. If major discrepan-
cies occurred between the experts, a 
discussion took place and consensus 
values were determined. 

The panel considered an alterna-
tive pest control method to be di-
rectly useable as a replacement (sub-
stitutable) for a neonicotinoid use 
if its overall score for efficacy and 
applicability was ≥ 2. Similarly, the 
substitutability of a category of po-
tential alternatives was defined as 
the number of methods or products 
with efficacy and applicability scores 
≥ 2 divided by the number of meth-
ods or products from that category.  
Overall, the panel considered 152 
authorized uses of neonicotinoids 
concerning 120 target crops and 279 
insect pests. They evaluated 2,968 
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case studies using the four criteria 
(efficacy, applicability, durability, 
and practicability).

So, what did they find? Can usage 
of neonicotinoids be replaced or not? 
The short answer is yes. Only 6 of the 
152 authorized uses of neonicotinoids 
(4%) were considered non-substitut-
able. In 18% of cases, other chemical 
controls were the only substitutable 
alternative to neonicotinoids. How-
ever, for most neonicotinoid uses 
(78%), the authors identified viable 
non-chemical alternatives. In other 
words, a chemical insecticide could 
be an effective substitute, or a non-
chemical control measure could be 
used as an effective substitute. This 
is an important finding since replace-
ment chemical insecticides oftentimes 
come with their own risks to bees, 
which may be greater or less than the 
risk from neonicotinoids.

What are the potential alterna-
tives to neonicotinoids? Seven of the 
eight categories of potential alterna-
tives to neonicotinoids contained vi-
able substitutes. Nearly all alterna-
tive chemical insecticides (98%) were 
considered substitutable. The most 
substitutable non-chemical methods 
were physical control (65%), such as 
oils, nets or trenching, followed by bi-
ological control with fungi, viruses or 
bacteria (54%), biological control via 
alternative farming practices, such as 
intercropping or crop rotation (27%), 
and biological control with predators 
or parasitoids (26%). Highlighting 
the need for more research on mating 
disruption and mass trapping, semio-
chemicals were a substitutable alter-
native only 18% of the time. Similarly, 
genetically improved plants were a 
substitutable alternative only 4% of 
the time, highlighting the need for 
more plant breeding research and, 
dare I say it, GMOs (yes, more insec-
ticides are oftentimes used when an-
ti-GMO sentiment causes growers to 
shy away from highly effective tools 
such as Bt, which is a gene insertion 
from a naturally occurring soil bacte-
rium, Bacillus thuringiensis).

OK, I use neonicotinoids and 
you’ve piqued my interest. If I’m 
thinking about replacing them, what 
should I consider? The most com-
mon alternative to neonicotinoids, 
with high efficacy and immediate ap-
plicability and practicality, is the use 
of other chemical insecticides (89% 
of cases). Particularly substitutable 
are those insecticides belonging to 
previous generations of substances, 
such as pyrethroids and organophos-
phates. However, these insecticides 
come with their own risks to bees. For 
example, even though pyrethroids 
are non-systemic insecticides (i.e., 
they can’t be incorporated into plant 
tissues, including pollen and nectar, 
while neonicotinoids can), and are 
rapidly broken down in the environ-
ment compared to comparatively 
persistent neonicotinoids, many py-
rethroids are still highly toxic to bees. 
They’re also well-known to synergize 
with several fungicides and become 
even more toxic to bees (see Van Dyke 
et al. 2018 for a systematic review of 
this topic, including recommenda-
tions for growers).

Reducing chemical insecticide us-
age is the safest bet for bees. And 
importantly, in 78% of cases, at least 
one substitutable non-chemical alter-
native was identified for a particu-
lar target pest on a particular crop. 

However, the truth is that chemical 
pesticides are effective and easy to 
use (compare spraying an orchard 
vs. covering it with a net or adding 
trenches!). Furthermore, incorpora-
tion of non-chemical controls into 
IPM programs is chronically under-
researched, underfunded and there-
fore underdeveloped. But Jactel and 
colleagues have documented a large 
number of substitutable bee-friendly 
non-chemical replacements for neo-
nicotinoids. Furthermore, most of the 
non-chemical methods can be used 
simultaneously, which generally in-
creases their overall efficacy.

If we truly care about minimizing 
pesticide risk to bees, it must be ac-
knowledged that neonicotinoids are 
not the only problem. That said, they 
are part of the problem, and the study 
by Jactel and colleagues is an impor-
tant contribution that outlines viable 
and effective substitutes.

Until next time, bee well and do 
good work,

Scott McArt
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Neonicotinoids are effective insecticides 
against most aphid pests.

Wireworms are secondary plant pests 
that are often targeted by neonicotinoids.


