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Abstract

The tomato russet mite (TRM), Aculops lycopersici (Tyron), is a significant pest of tomato (Solanum lycopersicum L.),
with the ability to infest various solanaceous plants and some species outside this family. This study investigated the role of
black nightshade (Solanum nigrum L.), a globally widespread weed, as an alternative host for TRM and its implications for
pest dynamics. The development time, survival rate, and reproductive parameters of TRM were compared between tomato
and black nightshade. While TRM developed more rapidly and exhibited higher survival rates on tomato, black nightshade
supported higher fecundity and a greater proportion of female offspring. These findings suggest that black nightshade can
act as a viable host of TRM. Further experiments evaluated the adaptability of TRM populations to switch between tomato
and black nightshade. No significant fitness costs were observed when populations were transferred between these hosts,
indicating high adaptability. Additionally, we assessed the colonization potential of TRM on hosts in three different plant
families, including pepper (Capsicum annuum L.), field bindweed (Convolvulus arvensis L.), petunia (Petunia hybrida L.),
tobacco (Nicotiana tabacum L.), and white goosefoot (Chenopodium album L.). Among these, only black nightshade and
field bindweed supported population growth rates comparable to tomato, while white goosefoot supported TRM for short
periods. The results highlight the significance of black nightshade as a reservoir host for TRM, potentially serving as a “green
bridge” that facilitates pest survival during the absence of tomato crops in the field. These findings highlight the need for
TRM management strategies to include effective weed control to disrupt the pest’s lifecycle and reduce its economic impact
on tomato cultivation, especially in regions with mild winters. In addition, tomato germplasm with effective resistance to
TRM appears to be generally lacking.
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Introduction

Eriophyoid mites (Acariformes: Eriophyoidea) are among
the smallest arthropods inhabiting aboveground parts of
plants. Most superfamily members are considered special-
ized phytophages specific to one or a few closely related
host plant species (Skoracka et al. 2010). Only a few erio-
phyoid species are recognized as generalists, e.g. Abacarus
histrix (Nalepa), Aceria tosichella Keifer, Trisetacus relo-
catus Bagnjuk et Shevchenko, able to develop on multiple
plant species belonging to different families. However,
recent studies utilizing integrative approaches show that
these eriophyoid species are better characterized as unre-
solved complexes of cryptic species, comprising multiple
genetically distinct taxa ranging from broad generalists
to highly specific on a single host species (Skoracka et al.
2010, 2012, 2013; Lewandowski et al. 2014; Cvrkovié
et al. 2016; Laska et al. 2018). Unlike these species, the
tomato russet mite (TRM) Aculops lycopersici (Tyron),
appears to be a distinct, monophyletic, oligophagous spe-
cies with little to no genetic variation between European
and South American populations (Duarte et al. 2023). To
date, it has been recorded from multiple Solanaceae and
some non-solanaceous hosts (Rice and Strong 1962; Per-
ring 1996; Duarte et al. 2023).

The TRM is an important pest of tomato (Solanum
lycopersicum L.) with a global distribution (Moerkens
et al. 2018; Vervaet et al. 2021), feeding on upper and
lower epidermal cells of stems and leaves (Royalty and
Perring 1988; Pfaff et al. 2020). High TRM population
densities lead to yellowish-brown stems, leaves drying,
and fruits rusting (Royalty and Perring 1988; Haque and
Kawai 2002). Such damage can lead to over 65% crop
loss (Duarte et al. 2023). However, the severity of damage
depends not only on mite density but also on the suscep-
tibility of the plants and cultivars to these mites; different
species/varieties of Solanum host plants display differ-
ent symptomatology or damage severity upon infestation
(Kitamura and Kawai 2006).

The spread and proliferation of TRM have likely been
facilitated by the global distribution of S. lycopersicon,
which is typically highly susceptible to this mite. Accord-
ing to Duarte et al. (2023), the most plausible explanation
for the spread of TRM across continents is the adoption
of tomato as an alternate host in areas where the puta-
tive original wild host species and domesticated tomato
co-occurred. This host adaptation may have taken place
before the intercontinental expansion of tomato as a culti-
vated crop in the sixteenth century. Under greenhouse con-
ditions, TRM populations can increase rapidly on tomato
plants, with significant growth observed just six weeks
after infestation (Haque and Kawai 2002). Rice and Strong
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(1962) demonstrated that black nightshade can be a more
suitable host than tomato, and that TRM is also capable of
developing on field bindweed (Convolvulus arvensis L.), a
common non-solanaceous weed. Although TRM can per-
sist and overwinter under field conditions, this is limited to
warmer regions of the world, typically at lower latitudes.
In cooler climates (e.g. temperate zones), environmental
conditions are not conducive to outdoor survival, and the
mite overwinters only in protected environments such as
greenhouses (Perring and Farrar 1986).

The ability to exploit a range of host plants increases the
likelihood that TRM can locate alternative hosts when the
quality of the crop host declines or during seasonal crop
transitions, allowing populations to persist between cropping
cycles. This adaptive strategy mirrors the host-use flexibility
observed in other eriophyid mites. Laska et al. (2021) demon-
strated that A. tosichella is capable of surviving and reproduc-
ing on alternative, suboptimal hosts when its preferred host
is absent; this study also showed that populations could be
maintained for multiple generations on sink hosts, enabling
rapid recolonization of cultivated crops when they reappear
in the agroecosystem. This finding supports the hypothesis
that TRM populations may similarly persist and increase on
non-crop vegetation, posing a significant economic threat to
subsequent crop hosts—a dynamic documented for many her-
bivorous pests (Norris and Kogan 2000, 2005; Kumar et al.
2021). Understanding the role of wild hosts may improve IPM
approaches (Miller et al. 2013). In this context, it is essential
to understand the relationship between pest species and target
crops, as well as other plants that may represent alternative
food sources (Norris and Kogan 2000, 2005; Kumar et al.
2021; Laska et al. 2021).

Black nightshade (Solanum nigrum L.) was selected as an
alternative host to tomato in this study of the role of weeds
in managing TRM. This common weed has been reported
in over 37 crops worldwide, including tomato plantations,
reducing tomato yields by up to 80% through competition for
resources (Defelice 2003). It can also support many pests and
pathogens that attack crops (Kumral and Cobanoglu 2015),
including TRM (Perring 1996). The primary objective of this
study was to compare the life history parameters of TRM fed
on tomato and black nightshade. Of particular importance, we
investigated the adaptation costs when TRM populations were
transferred between hosts and we assessed the ability of TRM
populations reared on tomato to adapt to black nightshade.

Materials and methods
Stock colony of TRM

A stock colony of A. lycopersici came from the Department
of Applied Entomology, WULS-SGGW, in Warsaw, Poland,
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where these mites have been reared for 14 years. Young, pot-
ted tomato (S. lycopersicum ‘Tomimaru Muchoo’ variety)
plants were kept in a rearing chamber SANYO (MLR-350H)
under controlled conditions (25 + 1 °C temperature, 70+ 5%
RH, 16 h photoperiod). Two new plants were added to the
rearing chamber every two weeks, replacing the two plants
that were most damaged by TRM.

Before starting experiments, about 300 mites/plant of
TRM were transferred to black nightshade and the tomato
plant variety ‘Mei Shuai,” which was selected for further
research based on preliminary experiments (see ‘Suscep-
tibility of tomato varieties to TRM’ below). These plants
of both species were kept separately, in mesh cages (30 um
mesh size), for three weeks (about three generations) under
the same conditions.

Plant material

Seeds of tomato (S. lycopersicum, cv. ‘Mei Shuai’) and black
nightshade (S. nigrum collected from a field near Warsaw)
were sown to ensure plant availability for all experimental
procedures. The plants were grown in gardening soil in plas-
tic pots, 12 cm diameter, in a rearing chamber (Sanyo MLR-
350H) at 25 + 1 °C temperature, 70 + 5% RH, and 16 h pho-
toperiod. For experiments conducted in Munger cells, leaves
were cut from plants approximately one month after ger-
mination. Younger plants with three fully developed leaves
were used to study the population growth rate of TRM reared
on different tomato varieties and on a few alternative host
plants; the tomato varieties used were pink tomato—Mei
Shuai (Seminis), Malduo, Manekro (Syngenta), and Tomi-
maru Muchoo (De Ruiter), chocolate-coloured tomato—
Bucanero (Yuksel Tohum), red large tomato—Securitas
RZ, Pareso RZ, and Kivu RZ (Rijk Zwaan), and red cherry
tomato—Cheramy and Eyre RZ (Rijk Zwaan). In addition
to black nightshade, alternative host species included bell
pepper (Capsicum annuum L. ‘Clavesol’ (Rijk Zwaan)), field
bindweed (Convolvulus arvensis L.), tobacco (Nicotiana
tabacum L. ‘Xanti’), petunia (Petunia hybrida L. ‘Starlet’
(Selecta One)), and white goosefoot (Chenopodium album
L.), which were planted in the same way as the tomatoes and
black nightshade.

Susceptibility of tomato varieties to TRM

Ten young plants from each tomato variety, each with three
true leaves, were each infested with 10 adults of TRM. The
plants were then placed in cages of fine mesh stretched over
a metal frame measuring 30x 12.5X 12.5 cm and put into a
rearing chamber maintaining constant conditions (25+ 1 °C,
70+ 5% RH, photoperiod 16 h). Twice a week, the plants
were watered. Fourteen days after the establishment of the
experiment, the plants were cut down, and the eggs and live

mobile stages of TRM were counted. The results of these
bioassays were used to select a single tomato variety for
further testing.

Development and life history parameters
on different hosts

Separate stock colonies of TRM were established on
detached leaves of tomato (cv. ‘Mei Shuai’) and black night-
shade to study the developmental time of eggs and imma-
ture stages, survival rate, and sex ratio. All leaves were
placed lower side upwards in Munger cells, as described by
Druciarek et al. (2014). One fertilized female of TRM was
placed on each leaf for 24 h to lay eggs. Females were then
removed, leaving only one egg on each leaf. Leaf surfaces
were monitored every 24 h, and the developmental stage of
each mite was recorded (50 replicates/plant species).

To assess mite reproduction parameters (viz. fecundity,
oviposition period, female longevity), quiescent nymphs
originating from each stock colony were individually trans-
ferred to 50 Munger cells for each plant species under study.
After moulting from nymph to female adult, a male reared
separately from unfertilized eggs was added to each cell. The
cells were monitored daily by recording and removing the
eggs each female laid until she died. To maintain leaves in
good condition, the tissue paper in Munger cells was watered
daily. All experiments were conducted in a SANYO MLR-
350H rearing chamber under the aforementioned conditions.
Life tables were constructed from the observed age-specific
survival rate (I,) and specific fecundity rate (m,) [net repro-
ductive rate (R,), mean generation time (7)), doubling time
(Tp), intrinsic rate of population increase (r,,), and finite rate
of population increase (1)] (Birch 1948; Southwood 1978).

Host acceptance by TRM

Two experiments were performed to study the host accept-
ance of TRM. In the first, the mites from the stock colonies
adapted to tomato (S. lycopersicon, cv. ‘Mei Shuai’) and
black nightshade (S. nigrum) plants were studied. Ten ran-
domly selected adult mites from a population adapted to
tomato were transferred to each of ten plants of the same
tomato variety, as well as to each of ten plants of black night-
shade. Conversely, the same number of TRM specimens
adapted to black nightshade were transferred to ten plants
of the same species, as well as ten plants of tomato. All the
plants were placed in fine mesh cages (30 x 12,5% 12,5 cm)
and kept in rearing chambers under constant conditions
(25+1 °C, 70+ 5% RH, 16 h photoperiod). After 14 days,
the plants were cut down, and all developmental stages of
TRM, including eggs, were counted.

The second host-acceptance experiment evaluated
the possibility of colonization of new host plants. The
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experiment was conducted in the same way as described
above but the source population of TRM was adapted to S.
lycopersicon, cv. ‘Mei Shuai’ and mites were transferred to
six known host plants of TRM: tomato, black nightshade,
bell pepper, field bindweed, tobacco, petunia; and one non-
host species, white goosefoot. The data acquired were used
to calculate the per capita population growth rate (r). If r <0,
the population size decreased; if r> 0, the population size
increased, whereas r=0 corresponded to no change in the
population size (Skoracka et al. 2022).

Statistical analyses

The software programme STATISTICA version 13.0
(TIBCO Software Inc., Palo Alto, California, USA) was used
to analyse the experimental results. The Shapiro—Wilk test
was applied to assess the sample distribution’s normality.
When the data did not demonstrate a normal distribution,
the Mann—Whitney non-parametric t-test was selected to
evaluate differences between the two plants; otherwise, a
Student’s t-test was used. When the assumptions required
for ANOVA were not met, such as when the data did not fol-
low a normal distribution, the Kruskal-Wallis test was used
as a non-parametric alternative to determine if there were
statistically significant differences between more than two
groups. Dunn’s test was used for pairwise comparisons after
a Kruskal-Wallis test. Throughout these analyses, statistical
significance was acknowledged when the p-value derived
from the tests fell below 0.05. To assess the variation in
population parameters, the bootstrap technique was applied
according to Klimov and O’Connor (2013). This process
created 1000 bootstrap samples, from which the means and
standard deviations (SD) of R, T, T, r,,, and 4 for each
bootstrap sample were calculated. Afterwards, ANOVA was
applied to the data, followed by Tukey’s test (a=0.05).

For the sex ratio comparison, the confidence intervals
(CI) for proportion and Z score for two population propor-
tions were used. The Kaplan—Meier procedure was used to
calculate CI for the estimated survival function at various
times (Kry$ and Gront 2021; Sachs et al. 2022). The median
numbers of days of survival were compared between S. lyco-
persicum and S. nigrum using Mood’s median test (Divine
et al. 2018).

Results

Influence of tomato varieties on TRM development
The population growth rate of TRM populations varied sig-
nificantly, depending on the tomato variety (p <0.001). Dif-

ferences were observed when the mites fed on tomatoes from
the pink tomato group, specifically the varieties ‘Malduo’,
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Fig. 1 Population growth rate of Aculops lycopersici on ten tomato
cultivars

‘Manekro’, “Tomimaru Muchoo’, and the red tomato variety
‘Securitas’. The population of TRM mites that developed on
the chocolate-coloured tomato variety ‘Bucanero’ exhibited
a growth rate similar to populations on most of the other
studied varieties, except ‘Securitas’ and ‘Cheramy’. Nota-
bly, the TRM population that developed on the variety ‘Mei
Shuai’, from the pink tomato group, differed only from the
population that developed on ‘Securitas’ (Fig. 1). Given
the high rate of TRM population development associated
with the ‘Mei Shuai’, as well as the homogeneity and low
variance of the data compared to other varieties, this variety
was chosen for the experiments comparing TRM life history
parameters on tomato vs. black nightshade.

Developmental and reproductive parameters

The developmental time of immature individuals (from egg
to adult) was notably shorter on tomato than on black night-
shade (Table 1). The difference was particularly notable in
the accelerated development of female immatures on tomato
compared to black nightshade. Conversely, no difference was
observed among male immatures on the two hosts. Overall,
larvae exhibited significantly shorter developmental periods
on tomato than on black nightshade. However, the duration
of development of the remaining instars was similar on both
host plants (Table 1).

The survival rate from egg to adult was significantly
lower on black nightshade compared to tomato. No larval
mortality was observed on tomato, whereas 19% of larvae
perished on black nightshade (p =0.002; Table 2).

Female cohorts of TRM reared on both host plants exhib-
ited no differences in terms of longevity, pre- and post-ovi-
position periods, or daily fecundity. However, a significant
distinction was observed regarding total fecundity, with
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females feeding on black nightshade laying more eggs than
those on tomato (see Table 3). The population reared on
black nightshade yielded a higher female count than that on
tomato. The calculated sex ratio, representing the propor-
tion of females to the total number of adult specimens, was
10%, greater on S. nigrum than on S. lycopersicum (p=0.01;
Table 3).

Altogether, life table parameters computed from the pre-
sented data indicate that tomato is a slightly superior host
plant compared to nightshade. Despite the significantly
higher net reproductive rate observed on black nightshade
than on tomato, both the intrinsic and finite rates of popula-
tion increase were significantly higher on tomato than on
black nightshade. These differences matched the reduced
mean generation time of TRM feeding on tomato, while the
population doubling time was shorter on tomato compared
to black nightshade (Table 4).

Survival curves of TRM on tomato and black night-
shade are shown in Fig. 2. The survival rates showed the
same trend on both host plants and were not significantly
divergent (p=0.0513). The median number of days after
which TRM females died was 12 and 14 for S. lycopersi-
cum and S. nigrum, respectively; this difference was not
statistically significant (Mood’s median test p =0.064).

Table 1 Comparison of the developmental length (day length
mean+SD) of juvenile stages of Aculops lycopersici on Solanum
lycopersicum ‘Mei Shuai’ and Solanum nigrum

Stage n  Solanum n  Solanum nigrum p-value
lycopersi-
cum
Egg 47 23+0.6 47 2.6+09 0.07
Larvae 47 14+05 38 2.0+09 0.01
Nymph 43 1.7+0.5 32 1.6+0.8 0.30
Egg-Adult 43 5.5+0.7 32 62+13 0.02
Egg-Adult (female) 32 5.3+0.7 28 6.1+14 0.04

Egg-Adult (male) 11 5.9+0.8 4 60+14 0.95

Table2 The survival rate of juveniles (mean rate+SD) of Aculops
Iycopersici on Solanum lycopersicum ‘Mei Shuai’ and Solanum
nigrum

Stage n  Solanum lycoper- n  Solanum nigrum p-value
sicum

Egg 47 0.94+0.03 47 0.94+0.03 1.000

Larvae 47 1.00+0.00 38 0.81+0.06 0.002

Nymph 43 0.91+0.04 32 0.84+0.05 0.298

Egg-Adult 43 0.86+0.05 32 0.64+0.07 0.011

Table 3 Oviposition duration (days +SD), length of life, total fecun-
dity (eggs/female+ SD), daily fecundity (eggs/female/day +SE), and
sex ratio (females/all adults) of Aculops lycopersici females on Sola-
num lycopersicum ‘Mei Shuai’ and Solanum nigrum

Parameters Solanum lycoper-  Solanum nigrum p-value
sicum
Preoviposition 0.9+0.6 1.0+04 0.27
Oviposition 10.1+3.8 11.2+4.1 0.31
Postoviposition 1.0+1.7 1.5+1.6 0.10
Longevity of 12.0+3.4 13.7+£3.9 0.07
female

Total fecundity 28.2+12.8 36.6+16.4 0.03
Daily fecundity 2.8+0.8 33+1.1 0.10
n 35 38

sex ratio 0.7+0.1 0.8+0.1 0.01

Females of TRM began laying eggs the day after moult-
ing to adult form and achieved the peak of their fertility on
the fourth day, on both host species. However, on that day,
females laid more eggs on black nightshade than tomato.
After this day, the number of eggs decreased until the 19th
and 21 st days following eclosion from eggs on tomato and
black nightshade plants, respectively (Fig. 3).

Host acceptance by TRM

The population of TRM adapted to tomato was able to
survive on all studied plants although their fitness dif-
fered significantly depending on the host (p <0.001). On
plants belonging to the family Solanaceae (tomato, black
nightshade, field bindweed, bell paper, tobacco, petunia),
the value of population growth rate was higher than zero,
indicating an increase in population size. There were no sig-
nificant differences in the fitness of the population of TRM
adapted to tomato when developed on black nightshade com-
pared to the original host. Among solanaceous plants, the
least suitable hosts were tobacco and pepper (Fig. 4). The r
value was below zero only in the population tested on white
goosefoot (Ch. album), which belongs to a different family,
Amaranthaceae. The number of specimens at the end of the
white goosefoot experiment ranged from 1 to 11.

The fitness of TRM populations adapted to tomato or
black nightshade differed significantly (p =0.02) in recipro-
cal transfer experiments. The population adapted to tomato
transferred to a second tomato plant showed a significantly
higher population growth rate than the population adapted
to black nightshade moved to a second black nightshade
plant. However, the population adapted to black nightshade
had better fitness when transferred to tomato than to black
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Table 4 Life table parameters of

CF Parameters Solanum lycopersicum Solanum nigrum p-value
Aculops lycopersici on two host
plant species (day +SD) Net reproductive rate (R,) 16.51+£1.22 19.04 + 1.40 <0.001
Mean generation time (7) 11.12+0.27 12.39+0.23 <0.001
Intrinsic rate of population increase (r,,) 0.25+0.01 0.24+0.01 <0.001
Finite rate of population increase (1) 1.29+0.01 1.27+0.01 <0.001
Population doubling time (7D) 2.75+0.05 2.92+0.06 <0.001
n 35 38
6
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nightshade, while the population adapted to tomato exhib-
ited similar fitness on both host plants (Fig. 5).

Discussion

Weeds growing outside of crop fields can serve as alterna-
tive hosts for pests like TRM, supporting overwintering
populations and complicating area-wide integrated pest
management strategies (Norris and Kogan 2005; Defel-
ice 2003; Thomas et al. 2004; Werle et al. 2014). One
such weed is Solanum nodiflorum Jacq., part of the S.
nigrum complex (Jacoby and Labuschagne 2006), which
has been identified as a particularly suitable host of TRM
(Rice and Strong 1962). These authors reported that
TRM females laid more eggs on black nightshade than on
tomato, indicating that it may be a preferred host. Abou-
Awad (1979) also showed that females reared on S. nigrum
leaves at 25 °C reached adulthood within five days, lived
for 22 days, and laid an average of 16 eggs. In our study,
development on black nightshade was slightly slower—
females reached adulthood after six days and lived eight
days less—but total fecundity was more than twice as high
as observed by Abou-Awad (1979).
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The longer developmental time and lower survival rate
of TRM immatures indicate that black nightshade is a less
suitable host than tomato at early life stages. In contrast,
no significant differences were observed in the longevity
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or reproductive parameters of females reared on the two
hosts. Notably, females feeding on black nightshade exhib-
ited higher fecundity, which likely contributed to a greater
net reproductive rate in that population, albeit accompanied
by a longer mean generation time. Meanwhile, intrinsic
and finite rates of natural increase were higher on tomato,
although both populations required less than three days to
double in size. The life history parameters observed in our
study were lower than those reported by Haque and Kawai
(2003), who recorded an intrinsic rate of natural increase
of 0.29 for TRM on tomato cv. ‘House Momotaro’. How-
ever, other studies—such as those by Metwally et al. (2020)
and Al-Azzazy and Alhewairini (2018)—reported similar
or lower values, likely due to differences in experimental
temperature or tomato cultivar. In the experiments presented
here, most tomato varieties exhibited only limited protection
from TRM development, with significantly reduced popula-
tion growth recorded only for the ‘Securitas’ cultivar. These
findings suggest that tomato cultivar can influence TRM
performance, particularly in terms of fecundity and female
longevity, although immature development time remained
largely consistent. Taken together, these results highlight the
need for future studies to include both highly resistant and
highly susceptible tomato cultivars when assessing host suit-
ability for TRM. Including wild tomato progenitors, along-
side black nightshade and other potential hosts, may also
help identify the original ancestral host of TRM.

Prior studies have revealed the ability of TRM to develop
on different species of host plants. Rice and Strong (1962)
tested 30 solanaceous plant species, plus Co. arvensis (field
bindweed, family Convolvulaceae) for TRM acceptance and

the relative susceptibility of these species to mite feeding.
In 11 cases, TRM feeding caused severe damage or killed
the plants, while mite development rates varied on the other
plant species. Field bindweed was among the more suscep-
tible plants in that study, with high populations of TRM.
While Rice and Strong (1962) observed no TRM devel-
opment on Nicotiana species, our study detected limited
development on N. tabacum, suggesting the possibility of
marginal population growth. Similarly low TRM fitness was
recorded on bell pepper, aligning with earlier reports that
classified it as a suboptimal host compared to field bind-
weed. These findings confirm general trends but also high-
light variability among cultivars, underlining the importance
of choosing the same cultivars across studies when possible,
as well as selecting highly- and less-susceptible cultivars
when comparing across putative host species. Such recom-
mendations should apply to most arthropod-plant studies
where variation in host resistance or tolerance to the arthro-
pod is known. TRM population in this study declined only
on white goosefoot (Ch. album), a weed from the Amaran-
thaceae family, taxonomically more distant from Solanaceae
than field bindweed. Although population growth was not
observed, a few individuals survived after 14 days, possibly
due to short-term feeding. Similar off-host survival has been
reported for other eriophyoids, and occasional reproduction
on secondary, unrelated hosts has been observed in A. fosi-
chella (Skoracka et al. 2013), suggesting that TRM may also
temporarily persist on some otherwise unsuitable species
under favourable conditions.

The results of our studies indicate that among the studied
plants, tomato, and black nightshade were the best hosts for
TRM. On the remaining hosts, including confamilial species,
the reproduction rate of TRM was attenuated. Host prefer-
ences for some plant species above others have been com-
monly observed for polyphagous species (Skoracka et al.
2010). In our study, TRM populations adapted to the ‘Mei
Shuai’ variety of tomato showed higher fitness on this host
than populations adapted to black nightshade, indicating a
slight advantage in performance on the cultivated host. Simi-
lar patterns of host range expansion without fitness loss com-
pared to the original host have been observed in Tetranychus
urticae Koch (Salehipourshirazi et al. 2021), another poly-
phagous mite species, suggesting that such flexibility may
be a general trait among some plant-feeding mites. However,
the results of transfer experiments presented here showed
no differences in the fitness of adapted populations when
they were moved between two suitable host species. This
may suggest that a population of TRM can migrate between
tomato and black nightshade, which commonly accompanies
this crop as a weed, while bearing no cost of adaptation
to either host. As such, black nightshade, which is com-
monly present between seasons of field tomato cultivation,
could serve this pest not only as a food source but also as an
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overwintering refuge. A similar role of alternative hosts has
been documented for A. tosichella, with populations able to
persist on smooth brome (Bromus inermis Leyss.) between
wheat crops (Laska et al. 2021).

Tomato cultivars with dense trichomes may support
higher TRM densities, as these structures offer shelter from
predators and facilitate mite movement (van Houten et al.
2013), reducing the effectiveness of a biological control
component of an integrated pest management (IPM) strategy
meant to reduce pesticide application (Aysan and Kumral
2018). Thus, lack of trichome density may be an important
consideration when choosing a tomato cultivar in regions
at risk of TRM infestations. In addition, with regard to a
host-plant resistance component of an IPM strategy (e.g.
Rector et al. 1998; 2002), our results show that among the
ten tomato varieties selected for this study, none reduced
TRM population development to an acceptably low rate on
their own.

Alternative hosts such as weeds can sustain pest popula-
tions between crop cycles and increase pest pressure in sub-
sequent seasons (Kumar et al. 2021). The results presented
here indicate that within an IPM system, weed management
may contribute to effective control of TRM, as many com-
mon weeds can serve as alternative host plants and possi-
bly green bridges for this pest. Among such hosts, black
nightshade has been identified as the most suitable alterna-
tive host for TRM, on a par with tomato. This suggests that
black nightshade may play a crucial role as an overwinter-
ing refuge, facilitating the pest’s survival and subsequent
re-infestation of tomato crops. Additionally, field bindweed
might also create favourable conditions for TRM develop-
ment, and white goosefoot might support the survival of
TRM populations for a limited time, despite the taxonomic
distance between these species and the genus Solanum,
which contains the most preferred hosts of TRM. However,
we cannot exclude that with favourable conditions during
overwintering, some specimens might survive on these hosts
until spring. Diverse weed flora may therefore significantly
influence TRM dynamics in tomato fields. By controlling
black nightshade and other host weeds during the off-sea-
son, farmers can minimize TRM reservoirs and reduce the
pest’s impact during the growing season. Furthermore, the
relatively small effect of different tomato varieties on TRM
populations suggests that in addition to prioritizing weed
management, especially weed species closely related to the
crop, non-chemical control measures, such as identifying
and developing tomato germplasm with effective resistance
to TRM, should be a research priority to contribute to sus-
tainable TRM management and mitigate the development
and spread of this pest among tomato crops.

@ Springer

Author contributions

AS and ML conceived and designed research with the sup-
port of SS, BR, and EWG. AS and ML conducted experi-
ments. AS, ML and EWG processed and analyzed data. AS,
ML, BR, SS interpreted results. AS and ML wrote the manu-
script with assistance of SS, BR, and EWG. All authors read
and approved the manuscript.

Acknowledgements The authors thank the company Rijk Zwaan Pol-
ska for the seeds of tomato varieties bred by Rijk Zwaan. ML and
SS are grateful to Ministry of Agricultural, Food and Forestry Poli-
cies (MIPAAF) (currently Ministry of Agriculture, Food Sovereignty
and Forests) and Council for Agricultural Research and Economics
(CREA), Italy, for funding RETIBIO (Support activities in the field of
organic farming for the maintenance of long-term experimental devices
and the strengthening of existing networks of relationships at national
and international level; Ministerial Decree 92606, 22/12/2014) and
RETIBIO II (support activities to research networks and technical and
regulatory activities of the MIPAAF in the field of organic farming;
Ministerial Decree 95785, 22/12/16).

Funding The authors declare that no funds were received for this
research.

Data availability Data available from Zenodo repository under: https://
zenodo.org/records/14906400.

Declarations

Conflict of interests The authors have no relevant financial or non-
financial interests to disclose.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Abou-Awad BA (1979) Uber die rotgelbe tomatenmilbe, Aculops lyco-
persici (Massee) (Acari, Eriophyidae) in Agypten. Anz Schadling-
skde, Pflanzenschutz, Umweltschutz 52:153—156. https://doi.org/
10.1007/BF01905641

Al-Azzazy MM, Alhewairini SS (2018) Relationship between tem-
perature and developmental rate of tomato russet mite Aculops
lycopersici (Massee) (Acari: Eriophyideae) on tomato. J Agric
Food Environ 13:18-23. https://doi.org/10.1234/4.2018.5531

Aysan E, Nabi AK (2018) Tritrophic relationships among tomato cul-
tivars, the rust mite, Aculops lycopersici (Massee)(Eriophyidae),
and its predators. Acarologia 58(Suppl):5-17. https://doi.org/10.
24349/acarologia/20184283


https://zenodo.org/records/14906400
https://zenodo.org/records/14906400
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/BF01905641
https://doi.org/10.1007/BF01905641
https://doi.org/10.1234/4.2018.5531
https://doi.org/10.24349/acarologia/20184283
https://doi.org/10.24349/acarologia/20184283

Journal of Pest Science (2025) 98:2353-2362

2361

Birch LC (1948) The intrinsic rate of natural increase of an insect
population. J Anim Ecol 17:15. https://doi.org/10.2307/1605
Cvrkovié¢ T, Chetverikov P, Vidovié B, Petanovi¢ R (2016) Cryptic
speciation within Phytoptus avellanae s.1. (Eriophyoidea: Phy-
toptidae) revealed by molecular data and observations on molting
Tegonotus-like nymphs. Exp Appl Acarol 68:83-96. https://doi.
org/10.1007/s10493-015-9981-5

Defelice MS (2003) The black nightshades, Solanum nigrum L. et al.—
poison, poultice, and pie. Weed Technol 17:421-427. https://doi.
org/10.1614/0890-037X(2003)017[0421: TBNSNL]2.0.CO;2

Divine GW, Norton HJ, Barén AE, Juarez-Colunga E (2018) The Wil-
coxon—Mann—Whitney procedure fails as a test of medians. Am
Stat 72:278-286. https://doi.org/10.1080/00031305.2017.1305291

Druciarek T, Lewandowski M, Kozak M (2014) Demographic param-
eters of Phyllocoptes adalius (Acari: Eriophyoidea) and influence
of insemination on female fecundity and longevity. Exp Appl
Acarol 63:349-360. https://doi.org/10.1007/s10493-014-9782-2

Duarte ME, Lewandowski M, de Mendonca RS, Simoni Navia SD
(2023) Genetic analysis of the tomato russet mite provides
evidence of oligophagy and a widespread pestiferous haplo-
type. Exp Appl Acarol 89:171-199. https://doi.org/10.1007/
$10493-023-00777-4

Haque MM, Kawai A (2002) Population growth of tomato russet mite,
Aculops lycopersici (Acari: Eriophyidae) and its injury effect on
the growth of tomato plants. J Acarol Soc Jpn 11:1-10. https://
doi.org/10.2300/acari.11.1

Haque MM, Kawai A (2003) Effect of temperature on development
and reproduction of the tomato russet mite, Aculops lycopersici
(Massee) (Acari: Eriophyidae). Appl Entomol Zool 38:97-101.
https://doi.org/10.1303/aez.2003.97

Jacoby A, Labuschagne MT (2006) Hybridization studies of five spe-
cies of the Solanum nigrum complex found in South Africa and
two cocktail tomato cultivars. Euphytica 149:303-307. https://
doi.org/10.1007/s10681-005-9078-z

Kitamura T, Kawai A (2006) Difference of susceptibility to damage
from tomato russet mite, Aculops lycopersici (Massee) (Acari:
Eriophidae), among varieties within and between species in
genus Lycopersicon. Jpn J Appl Entomol Zool 50:57-61. https://
doi.org/10.1303/jjaez.2006.57

Klimov PB, O’Connor B (2013) Is permanent parasitism revers-
ible?—Ceritical evidence from early evolution of house dust
mites. Syst Biol 62:411-423. https://doi.org/10.1093/sysbio/
syt008

Kry$ JD, Gront D (2021) VisuaLife: library for interactive visuali-
zation in rich web applications. Bioinformatics 37:3662-3663.
https://doi.org/10.1093/bioinformatics/btab251

Kumar S, Bhowmick MK, Ray P (2021) Weeds as alternate and
alternative hosts of crop pests. Indian Journal of Weed Science
53:14-29. https://doi.org/10.5958/0974-8164.2021.00002.2

Kumral NA, Cobanoglu S (2015) The potential of the nightshade
plants (Solanaceae) as reservoir plants for pest and predatory
mites. Turk J Entomol 39:197-214. https://doi.org/10.16970/
ted.55042

Laska A, Majer A, Szydto W, Karpicka-Ignatowska K, Hornyak
M, Labrzycka A, Skoracka A (2018) Cryptic diversity within
grass-associated Abacarus species complex (Acariformes: Erio-
phyidae), with the description of a new species, Abacarus plu-
miger n. sp. Exp Appl Acarol 76:1-28. https://doi.org/10.1007/
$10493-018-0291-6

Laska A, Magalhdes S, Lewandowski M, Puchalska E, Karpicka-
Ignatowska K, Radwanska A, Meagher S, Kuczynski L,
Skoracka A (2021) A sink host allows a specialist herbivore
to persist in a seasonal source. Proc R Soc B 288:20211604.
https://doi.org/10.1098/rspb.2021.1604

Lewandowski M, Skoracka A, Szydto W, Szydto W, Kozak M, Druci-
arek T, Griffiths DA (2014) Genetic and morphological diversity

of Trisetacus species (Eriophyoidea: Phytoptidae) associated
with coniferous trees in Poland: phylogeny, barcoding, host and
habitat specialization. Exp Appl Acarol 63:497-520. https://doi.
org/10.1007/s10493-014-9805-z

Metwally AM, Abou-Awad BA, Hussein AM, Farahat BM (2020)
Life table parameters of tomato russet mite Aculops lycopersici
(Acari: Eriophyidae) at different temperatures in Egypt. Egypt
J of Plant Prot Res Inst 3:816-822

Miller AD, Skoracka A, Navia D, de Mendonca RS, Szydto W,
Schultz MB, Smith CM, Truol G, Hoffmann AA (2013) Phy-
logenetic analyses reveal extensive cryptic speciation and host
specialization in an economically important mite taxon. Mol
Phylogenet Evol 66:928-940. https://doi.org/10.1016/j.ympev.
2012.11.021

Moerkens R, Vanlommel W, Reybroeck E, Wittemans L, de Clercq
P, van Leeuwen T, de Vis R (2018) Binomial sampling plan for
tomato russet mite (Aculops lycopersici (Tryon)) (Acari: Erio-
phyidae) in protected tomato crops. J Appl Entomol 142:820—
827. https://doi.org/10.1111/jen.12529

Norris RF, Kogan M (2000) Interactions between weeds, arthro-
pod pests, and their natural enemies in managed ecosystems.
Weed Sci 48:94-158. https://doi.org/10.1614/0043-1745(2000)
048[0094:IBWAPA]2.0.CO;2

Norris RF, Kogan M (2005) Ecology of interactions between weeds
and arthropods. Annu Rev Entomol 50:479-503. https://doi.org/
10.1146/annurev.ent0.49.061802.123218

Perring TM, Farrar CA (1986) Historical perspective and current
world status of the tomato russet mite (Acari: Eriophyidae).
Misc Publ Entomol Soc Am 63:1-9. https://doi.org/10.4182/
CCMM7124.63.1

Perring TM (1996) 3.2.7 Vegetables. In: Lindquist EE, Sabelis MW,
Bruin J (eds) World Crop Pests. Elsevier, pp 593-610

Pfaff A, Gabriel D, Bockmann E (2020) Mitespotting: approaches for
Aculops lycopersici monitoring in tomato cultivation. Exp Appl
Acarol 80:1-15. https://doi.org/10.1007/s10493-019-00448-3

Rector BG, All JN, Parrott WA, Boerma HR (1998) Identification of
molecular markers linked to quantitative trait loci for soybean
resistance to corn earworm. Theor Appl Genet 96:786-790.
https://doi.org/10.1007/s001220050803

Rector BG, Snook ME, Widstrom NW (2002) Effect of husk charac-
ters on resistance to corn earworm (Lepidoptera: Noctuidae) in
high-maysin maize populations. J Econ Entomol 95:1303-1307.
https://doi.org/10.1603/0022-0493-95.6.1303

Rice RE, Strong FE (1962) Bionomics of the tomato russet mite,
Vasates lycopersici (Massee). Ann Entomol Soc Am 55:431-
435. https://doi.org/10.1093/aesa/55.4.431

Royalty RN, Perring TM (1988) Morphological analysis of damage
to tomato leaflets by tomato russet mite (Acari: Eriophyidae). J
Econ Entomol 81:816-820. https://doi.org/10.1093/jee/81.3.816

Sachs MC, Brand A, Gabriel EE (2022) Confidence bands in survival
analysis. Br J Cancer 127:1636-1641. https://doi.org/10.1038/
s41416-022-01920-5

Salehipourshirazi G, Bruinsma K, Ratlamwala H, Dixit S, Arbona V,
Widemann E, Milojevic M, Jin P, Bensoussan N, Gomez-Cade-
nas A, Zhurov V, Grbic M, Grbic V (2021) Rapid specialization
of counter defenses enables two-spotted spider mite to adapt to
novel plant hosts. Plant Physiol 187:2608-2622. https://doi.org/
10.1093/plphys/kiab412

Skoracka A, Smith L, Oldfield G, Cristofaro M, Amrine JW (2010)
Host-plant specificity and specialization in eriophyoid mites and
their importance for the use of eriophyoid mites as biocontrol
agents of weeds. Exp Appl Acarol 51:93-113. https://doi.org/
10.1007/510493-009-9323-6

Skoracka A, Kuczyniski L, Santos De Mendonca R, Dabert M, Szydto
W, Knihinicki D, Truol G, Navia D (2012) Cryptic species
within the wheat curl mite Aceria tosichella (Keifer) (Acari :

@ Springer


https://doi.org/10.2307/1605
https://doi.org/10.1007/s10493-015-9981-5
https://doi.org/10.1007/s10493-015-9981-5
https://doi.org/10.1614/0890-037X(2003)017[0421:TBNSNL]2.0.CO;2
https://doi.org/10.1614/0890-037X(2003)017[0421:TBNSNL]2.0.CO;2
https://doi.org/10.1080/00031305.2017.1305291
https://doi.org/10.1007/s10493-014-9782-2
https://doi.org/10.1007/s10493-023-00777-4
https://doi.org/10.1007/s10493-023-00777-4
https://doi.org/10.2300/acari.11.1
https://doi.org/10.2300/acari.11.1
https://doi.org/10.1303/aez.2003.97
https://doi.org/10.1007/s10681-005-9078-z
https://doi.org/10.1007/s10681-005-9078-z
https://doi.org/10.1303/jjaez.2006.57
https://doi.org/10.1303/jjaez.2006.57
https://doi.org/10.1093/sysbio/syt008
https://doi.org/10.1093/sysbio/syt008
https://doi.org/10.1093/bioinformatics/btab251
https://doi.org/10.5958/0974-8164.2021.00002.2
https://doi.org/10.16970/ted.55042
https://doi.org/10.16970/ted.55042
https://doi.org/10.1007/s10493-018-0291-6
https://doi.org/10.1007/s10493-018-0291-6
https://doi.org/10.1098/rspb.2021.1604
https://doi.org/10.1007/s10493-014-9805-z
https://doi.org/10.1007/s10493-014-9805-z
https://doi.org/10.1016/j.ympev.2012.11.021
https://doi.org/10.1016/j.ympev.2012.11.021
https://doi.org/10.1111/jen.12529
https://doi.org/10.1614/0043-1745(2000)048[0094:IBWAPA]2.0.CO;2
https://doi.org/10.1614/0043-1745(2000)048[0094:IBWAPA]2.0.CO;2
https://doi.org/10.1146/annurev.ento.49.061802.123218
https://doi.org/10.1146/annurev.ento.49.061802.123218
https://doi.org/10.4182/CCMM7124.63.1
https://doi.org/10.4182/CCMM7124.63.1
https://doi.org/10.1007/s10493-019-00448-3
https://doi.org/10.1007/s001220050803
https://doi.org/10.1603/0022-0493-95.6.1303
https://doi.org/10.1093/aesa/55.4.431
https://doi.org/10.1093/jee/81.3.816
https://doi.org/10.1038/s41416-022-01920-5
https://doi.org/10.1038/s41416-022-01920-5
https://doi.org/10.1093/plphys/kiab412
https://doi.org/10.1093/plphys/kiab412
https://doi.org/10.1007/s10493-009-9323-6
https://doi.org/10.1007/s10493-009-9323-6

2362

Journal of Pest Science (2025) 98:2353-2362

Eriophyoidea), revealed by mitochondrial, nuclear and morpho-
metric data. Invert Systematics 26:417. https://doi.org/10.1071/
1S11037

Skoracka A, Kuczysiski L, Szydto W, Rector B (2013) The wheat
curl mite Aceria tosichella (Acari: Eriophyoidea) is a complex
of cryptic lineages with divergent host ranges: evidence from
molecular and plant bioassay data: Host range in Aceria tosi-
chella. Biol J Linn Soc Lond 109:165-180. https://doi.org/10.
1111/bij.12024

Skoracka A, Laska A, Radwan J, Konczal M, Lewandowski M,
Puchalska E, Karpicka-Ignatowska K, Przychodzka A, Raubic
J, Kuczynski L (2022) Effective specialist or jack of all trades?
Experimental evolution of a crop pest in fluctuating and stable
environments. Evol Appl 15:1639-1652. https://doi.org/10.
1111/eva.13360

Southwood TRE (1978) Ecological Methods: With Particular Refer-
ence to the Study of Insect Populations. Springer, Netherlands

Thomas JA, Hein GL, Lyon DJ (2004) Spread of wheat curl mite
and Wheat streak mosaic virus is influenced by volunteer wheat
control methods. Plant Health Prog 5:2. https://doi.org/10.1094/
PHP-2004-1206-01-RS

@ Springer

van Houten YM, Glas JJ, Hoogerbrugge H, Rothe J, Bolckmans KIJF,
Simoni S, van Arkel J, Alba JM, Kant MR, Sabelis MW (2013)
Herbivory-associated degradation of tomato trichomes and its
impact on biological control of Aculops lycopersici. Exp Appl
Acarol 60:127-138. https://doi.org/10.1007/s10493-012-9638-6

Vervaet L, De Vis R, De Clercq P, Van Leeuwen T (2021) Is the
emerging mite pest Aculops lycopersici controllable? Global
and genome-based insights in its biology and management. Pest
Manag Sci 77:2635-2644. https://doi.org/10.1002/ps.6265

Werle R, Bernards ML, Arkebauer TJ, Lindquist JL (2014) Environ-
mental triggers of winter annual weed emergence in the Mid-
western United States. Weed Sci 62:83-96. https://doi.org/10.
1614/WS-D-13-00091.1

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.1071/IS11037
https://doi.org/10.1071/IS11037
https://doi.org/10.1111/bij.12024
https://doi.org/10.1111/bij.12024
https://doi.org/10.1111/eva.13360
https://doi.org/10.1111/eva.13360
https://doi.org/10.1094/PHP-2004-1206-01-RS
https://doi.org/10.1094/PHP-2004-1206-01-RS
https://doi.org/10.1007/s10493-012-9638-6
https://doi.org/10.1002/ps.6265
https://doi.org/10.1614/WS-D-13-00091.1
https://doi.org/10.1614/WS-D-13-00091.1

	The role of black nightshade in population development of tomato russet mite (Aculops lycopersici)
	Abstract
	Key message
	Introduction
	Materials and methods
	Stock colony of TRM
	Plant material
	Susceptibility of tomato varieties to TRM
	Development and life history parameters on different hosts
	Host acceptance by TRM
	Statistical analyses

	Results
	Influence of tomato varieties on TRM development
	Developmental and reproductive parameters
	Host acceptance by TRM

	Discussion
	Author contributions
	Acknowledgements 
	References




