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1. Introduction

Rodents are among the major pests that have accompanied human society and agri-
culture since ancient times. As ecological opportunists, they are frequently associated with
fields, orchards, farms, livestock stables, grain stores, food industry facilities, and many
other places in the agricultural and anthropogenic environment [1,2]. Rodent harmfulness
lies not only in the quantitative damage and crop loss they cause [3,4], but also in the risk of
contamination of food stores by feces and urine [5–7], vectorship of mycotoxigenic fungi on
stored crops and commodities [8], and transmitting diseases to humans or livestock [2,9]. In
addition, unattended rodenticide baits may become sources of infestation for storage arthro-
pods, since many arthropod pests may feed and develop on rodent baits [10]. Some harmful
species of synanthropic rodents are classified as invasive organisms with economic and en-
vironmental impacts on native fauna and flora [11–13]. It is thus obvious that rodents have
a high societal significance with implications for many human activities in both the human-
made and natural environment. Effective control of agriculturally important rodents is
essential not only from an economic point of view, but also from the point of view of ensur-
ing food security and safety as well as national public health in each country. However, the
numbers of scientists and thus publications dealing with rodents are still small in relation to
the numbers of scientists and publications concerning insect pests [14]. Given this shortage
of research and the agricultural and societal importance of rodents, a call for a Special of
Agronomy was therefore prepared, with the title “Rodents in Crop Production Agricul-
tural Systems” (https://www.mdpi.com/journal/agronomy/special_issues/rodents_crop)
(accessed on 26 October 2022). From the current areas of interest related to integrated rodent
control, the following range of topics was chosen: rodent monitoring, control, rodenticides,
repellents, attractants, biological rodent control, secondary intoxications, damage caused
by rodents in fields and commodity stores, rodent population dynamics, rodent health
risks to humans and animals, case studies from the field, and policy positions. This appeal
has had a positive response in the rodentology community in the form of the submission
of a number of high quality articles. The result was a published set of eight thematic arti-
cles [3,4,15–20]. These articles included 23 authors from five geographical areas that include
Australia, the Czech Republic, Serbia, Taiwan, and the USA (California and Colorado).
The prepared articles largely covered six key species of pest rodents, including Microtus
arvalis [4,15,18], Mus musculus [3,17], Rattus rattus [19], Arvicola amphibius, Microtus agrestis
and Clethrionomys glareolus [4]. Regarding these rodent pests, the articles thematically
cover a number of important topics in the field of rodent control and risk management.
The content of the accepted and published works is briefly described in the following
two sections.

2. Evaluation of Rodent Impacts on Crops and Orchards

The body of published work in this Special Issue on the negative impacts of rodents
in agriculture includes two review publications [15,20], and two regular publications [3,4].
Witmer [20] overviewed various types of damages caused by rodents and their extent on a
worldwide scale. He documented that damage levels in crops can vary from insignificant
to very significant (>30%) or to almost complete crop loss. As an example of the severe
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levels of rodent damage that can occur, he reported that in Asia alone, the amount of grain
consumed by rodents would provide enough food to feed 200 million people for a year. In
addition, Witmer [20] provided an extensive account of the main rodent genera that cause
significant damage to human resources and property in various countries and continents.
The recent extraordinary increase in the population of M. arvalis in Middle Europe was the
motivation for the literature review provided by Aulicky et al. [15]. The aim of this paper
was to map the historical outbreaks and crop damage caused by the common vole in Czech
Republic territory. The published records of vole population outbreaks and heavy crop
damage have been documented in the Czech literature since the turn of the 20th century,
even in crops planted in highly fragmented and diversified agricultural landscapes. This
overview is thematically followed by the publication of Suchomel et al. [4]. They reported
an unusual damage of apple tree orchards by rodents in two localities in the Czech Republic.
In 2019, 24% of trees in the Czech orchard were gnawed by the common vole population.
Recent work on rodent damage is also related to the exceptionally widespread increase in
pests in agricultural landscapes and farms. This is specifically related to the increase in
house mouse numbers in Australia [3]. Brown and Henry [3] claimed that losses caused by
mice were estimated to amount to AUD 140,000 (range = AUD 7000–461,580; equivalent
to 30–40% loss of value) and included estimates of physical damage to hay/fodder bales,
rodenticides, and labor costs.

3. Rodent Control and Monitoring

In terms of rodent control or monitoring, the published papers in this Special Issue
include explorations of the use of baits and other chemical methods [15,17,18,20], the
attractiveness of various types of non-toxic monitoring baits [3], and a survey-based analysis
of the conditions under which different methods for rodent control are used in practice [16].
The current global policy trend is a general reduction in the number of registered chemicals
for the control of pests of agricultural and epidemiological importance, whether in terms
of rodenticides or insecticides or other types of pesticides and biocides [1,15,21,22]. For
example, the review by Aulicky et al. [15] in this Special Issue notes that in the 1930s there
were more than 100 various rodent preparations against the common vole in the Czech
regions (current Czech Republic—CR). Currently, there are only six preparations with three
active ingredients registered in the CR. Zinc phosphide is the only active ingredient that
has been used from the 1940s to the present, whereas anticoagulants were banned for vole
control in the CR in 2011 owing to the high environmental risks. Such a trend inevitably
reduces the possibilities for effective rodent control and enhances the risk of increasing
rodent resistance. However, despite the reduction in rodenticide active ingredients, many
current rodent management practices still rely on chemical products. Best et al. [16] reported
results from a survey of 126 Taiwan farmers on their knowledge, attitudes, and control
practices for rodent pests of agricultural importance. One-third of the farmers stated that
they currently use rodenticides. However, the results indicate environmentally friendly
practices given that the use of rodenticides is mainly reactive as opposed to preventative.

Formulations involved in the current rodent pest control programs are mainly based
on acute (e.g., zinc-phosphide) or chronic (e.g., anticoagulants) rodenticides. Anticoag-
ulants show a delayed toxic physiological response in the affected rodents [23,24] and
accumulate in the body of poisoned rodents. Secondary poisoning of natural scavengers or
predators may follow after the consumption of the intoxicated rodent bodies. Therefore,
effective and safe rodent control and monitoring is a challenge. The papers included in
this Special Issue [15,16,18,20] highlight, among other things, the importance of rodenticide
products and identify application procedures that are not only sufficiently effective, but
also limit negative effects on non-target organisms. However, designing the appropriate
bait formulation for the target rodent species is difficult in terms of balancing the type and
concentration of active ingredients, and its attractiveness, palatability, and safety. Reliable
and economical methods for laboratory screening/testing of baits are needed under labora-
tory and field conditions. This Special Issue also covers this aspect of rodent control [17,18].
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Namely, Frankova et al. [17] compared the simple no-choice with the more economically
demanding choice feeding tests for the laboratory evaluation of the efficacy of rodenticide
anticoagulant-based preparations in wild populations of house mice. They analyzed the
mice survival and bait intake of the various rodenticide commercial preparations differing
in their toxic active substance (warfarin, bromadiolone, brodifacoum, difethialone) and
nontoxic food lure components. They mostly found insignificant differences in the survival
of mice treated with eight examined baits within the no-choice and choice feeding tests.
They discussed implications of this finding for the standardization of rodent bait testing
approaches. Jokic and Blazic [18] explored the efficacy of the most widely used acute ro-
denticide zinc phosphide and anticoagulants (bromadiolone and brodifacoum) on common
voles; baits were applied at reduced doses of active ingredients and as a mixture of both
active ingredients. All the baits tested, including baits based on the two active ingredients,
showed satisfactory results. The authors claimed that the use of anticoagulant rodenticides
with reduced contents of active ingredients may significantly reduce their exposure to
non-target animals.

New works on innovative rodenticide formulations associated with gels (that are often
called rodenticide “soft baits”), liquids, polymers, and encapsulated active compounds
point the way towards further development to effectively manage rodent populations and
mitigate the negative effects of rodenticides [25–27]. Gels and liquids can be used not only
for direct rodent control but also as a suitable matrix for the formulation of repellents [28]
and antifeedants or as attractants for rodent monitoring using nontoxic baits. Non-toxic
soft baits are increasingly used to monitor rodent abundance in commensal settings [29]
and may be an effective attractant in agricultural fields as well. For example, in this Special
Issue, Brown and Henry [3] evaluated the attractiveness of a soft bait, a wax block, peanut
butter, and a control (i.e., no bait applied) to roof rats when applied within tracking tunnels.
They did not observe a difference in visitation to any of the tested attractants, although
all attractants yielded greater visitation rates than control tunnels. They concluded that
monitoring tools that provide shelter may increase the detectability of rodents.

4. Conclusions

Apart from the extensive pest control effort in the private sector, or by international
organizations (FAO, WHO, etc.) or governments, there are still substantial damages
caused by rodents to agricultural production and the food industry. The increasingly
severe issue of rodent infestations—associated with a large increase in rodent popula-
tions [3,15,30,31] and ecological invasions [13]—is particularly important in the context
of climactic changes [32–34]. The epidemiological risks of rodents [9,35] and their neg-
ative impacts on crops and stored agricultural commodities are particularly significant
in light of conflicts and crises in food distribution due to the COVID-19 pandemic and
the increasing urbanization of rural and natural landscapes [36]. We hope that this Spe-
cial Issue will help to stimulate targeted research and the development of advanced
procedures for managing rodent pests in the future. Due to the positive international
response from a number of specialist authors on the topic of harmful rodents in agri-
culture, the next volume of this Special Issue has been prepared. The editors have
opened a new call for papers in the Special Issue “Rodents in Crop Production Agricul-
tural Systems—2nd Edition”—Dr. Radek Aulický, Dr. Marcela Fraňková—Guest Editors
(https://www.mdpi.com/journal/agronomy/special_issues/S26Q67959N) (accessed on
3 November 2022).
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