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ABSTRACT

The spider mite Mononychellus planki (McGregor) has been considered a threat to soybean
in Brazil, where it is referred to as soybean-green-mite. It has been reported from several
countries in the American continent and in the Caribbean, attacking 68 plant species of
12 families, but mostly Fabaceae and Malvaceae. Calopogonium mucunoides Desv. is a
common plant of spontaneous occurrence in Brazil, where it is often attacked by M. planki.
Both the mite and C. mucunoides seem to be of American origin. The objective of this
work was to evaluate the importance of C. mucunoides as a host for M. planki. Duration of
the immature phase (11.5+0.9 — 11.9 + 0.2 days) was comparable to values reported for the
mite on soybean, but total fecundity (18.1 = 0.5 — 18.7 + 2.3 eggs) was much lower. Values
of life table parameters (r,,, R, and &) were relatively low, reflecting the reduced ability
of M. planki to reach high numbers on this plant, possibly as a result of their co-evolution.
Yet, the present study suggests the importance of C. mucunoides in maintaining M. planki
population under natural conditions, in the absence of soybean, a plant introduced to the
Americas.
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Introduction

Mononychellus planki (McGregor) is a tetranychid known in Brazil as the soybean-green-mite,
which unlike many tetranychids produces little or no web. The common name refers to the dark
green color of the body of the mite. The tip of the aedeagus of the adult male is subtriangular
in lateral view (McGregor, 1950).

This species was originally described from Puerto Rico, on Erythrina berteroana Urb. As
summarized by Migeon and Dorkeld (2019), it has been reported from North America (United
States and Mexico), Central America (Costa Rica and El Salvador), South America (Argentina,
Brazil, Colombia, Paraguay and Venezuela) and the Caribbean (Cuba, Guadeloupe, Puerto
Rico, Trinidad and Tobago). It has been found on 68 plant species of 12 families. About
76 % of those plants belong to Fabaceae (35 species) and Malvaceae (17 species), whereas
other species belong to Compositae, Cucurbitaceae, Euphorbiaceae, Lamiaceae, Moraceae,
Phyllanthaceae, Poaceae, Rubiaceae, Solanaceae and Theaceae.

Mononychellus planki has been cited as the main mite in soybean cultivation in Brazil
(Guedes et al., 2004; Roggia, 2007, Moraes and Flechtmann, 2008). In a survey carried out
by Roggia (2010), M. planki was found attacking soybean in 52 % of the 27 municipalities
evaluated in the Brazilian southernmost state of Rio Grande do Sul. It is usually found on both
leaf surfaces, turning them yellowish (Vacante, 2015).
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Although damage to soybean by this mite increased in Brazil in the first decade of the
215 century (Moraes and Flechtmann, 2008), when an expansion of the area cultivated
with glyphosate tolerant transgenic soybeans took place, Guedes et al. (2007) failed to
experimentally demonstrate the higher susceptibility of transgenic soybean to M. planki.
This mite has also been mentioned attacking other important crops as cotton (Gossypium
hirsutum L.), peanut (Arachis hypogaea L.) and okra (4belmoschus esculentus 1L.) (Moraes and
Flechtmann, 2008; Moura and Guimarées, 2014; Gabriel, 2016).

In a survey we recently conducted in the Brazilian state of Sdo Paulo (unpublished), M.
planki was found on leaves of nine spontaneously growing plant species, namely Blainvillea
rhomboidea Cass (Asteraceae), Calopogonium mucunoides Desv. (Fabaceae), Chloris barbata
Sw. (Poaceae), Commelina benghalensis L. (Commelinaceae), Croton glandulosus L. (Eu-
phorbiaceae), Lolium multiflorum L. (Poaceae), Physalis angulata L. (Solanaceae), Richardia
brasiliensis Gomes (Rubiaceae) and Trema michrantha (L.) (Cannabaceae). The methodology
adopted did not allow in determining if those plants were hosts for the mite, but based on
Migeon and Dorkeld (2019), it has not been previously reported from those plants.

Studies on the biology of M. planki were conducted on soybean genotypes (Roggia, 2010;
Siqueira 2011). The objective of the present work was to evaluate the importance of C.
mucunoides as a host for M. planki, evaluating its development and reproduction on this plant,
which is commonly attacked by this mite in Sao Paulo state.

Materials and methods

The work was carried out from January to April 2019, with a mite population collected from C.
mucunoides on the campus of the University of Sdo Paulo at Piracicaba, Sdo Paulo state.

Each experimental unit consisted of a 1.5 cm diameter disc taken from a mature but not
senescent leaf of C. mucunoides. The discs were placed with the top surface up (treatment 1)
or down (treatment 2) on a piece of nylon foam mat held in a tray. The performance of the mite
was considered on both leaf surfaces, as the mite is found on both under field conditions. The
mat was kept permanently soaked with mineral water to maintain disc turgidity and prevent
mite escape. In total, 50 units were used for each treatment. To maintain proper physiological
quality, discs were replaced every third day. The units were kept in a chamber at 25 + 1 °C, 70
+ 10 % RH and a 12 h of daily photoperiod.

Initially, a couple (male and female) of M. planki was randomly taken from C. mucunoides
leaves and transferred to each unit. Observations were made every 12 h until at least one egg
was laid. The couple and eggs were removed, except for one egg, and the units continued to
be examined every 12 h to determine the duration of each immature stage. When the female
adult stage was reached, a male obtained from the same plants was transferred to each unit.
Thereafter, the units were examined once a day to determine the duration of the adult phases
(pre-oviposition, oviposition and post-oviposition) and the oviposition rates. The data obtained
were compared using Mann—Whitney U test,with R software.

Parameters of fertility life tables - net reproductive rate (R,), intrinsic population growth
rate (r,,), mean generation time (T) and finite ratio of population growth () - were estimated
and compared using TWOSEX-MS Chart program (Chi, 2018) with paired bootstrap tests (p <
0.05). For those calculations, two different sex ratios were considered for mites on the upper
leaf surface, given the rather different values determined for the parental population (obtained
from eggs laid by field collected females) and for the respective offspring. A single sex ratio
value was considered for the lower leaf surface, because of the similar values obtained for both
parental and offspring populations.
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Results
Development and reproduction

Significant differences were not observed for durations of the larval and protonymphal stages
when mites were maintained on either of the two leaf surfaces (Table 1). However, the duration
of the egg stage was significantly longer for mites maintained on the lower (5.2 £+ 0.2 days)
than on the upper (3.3 £ 0.4 days) leaf surfaces, while the opposite was observed for the
deutonymphal stage (lower surface: 2.3 + 0.2 and upper surface: 3.1 £+ 1.1 days). As a result,
total duration of the immature phase (egg—adult) was statistically similar for mites maintained
on the lower (11.9 + 0.2 days) and upper (11.5 + 0.9 days) leaf surfaces. Survival of all
immature stages was 100 % for mites on the upper leaf surface. For mites on the lower leaf
surface, survival varied from 82.9 % for the protonymph to 91.8 % for the egg stage, resulting in
63.3 % survival for the total immature development. Oviposition and post-oviposition periods
were longer for mites on the upper leaf surface (12.0 £ 0.3) than on the lower leaf surface (3.0
+ (0.2 days).

Peak oviposition rates were about the same on both leaf surfaces and occurred earlier for
mites on the lower leaf surface (Figure 1). Hence, daily oviposition rate was always higher for
mites on the lower surface until the seventh day of oviposition, inverting afterward, as indicated
by the non-overlapping 95 % confidence intervals at each day.

Mean fecundities of mites on the upper and lower leaf surfaces were statistically similar
(18.1 £0.5 and 18.7 £ 2.3 eggs/ female, respectively). These values corresponded to mean
daily oviposition of 1.2 = 0.2 eggs/ female/ day for mites on both leaf surfaces.

Life table

For mites on the upper leaf surface, the parent population (obtained from eggs laid by field
collected females) consisted entirely of females, whereas for the offspring, females constituted
53 % of the mites. For this reason, life table was constructed considering the two sex ratios
separately, producing, different values for the different parameters (Table 2).

No significant difference between T (mean generation time) values was observed for mites
on the upper leaf surface with the different sex ratios, but values of r,,,, R, and A were higher
for the population composed only of females. Yet, the values of those parameters in both

Table 1 Mean duration (days + SE) and survival (%) of Mononychellus planki immature and adults
on Calopogonium mucunoides at 25 + 1 °C, 70 + 10 % RH and 12 h of daily photoperiod (initial n:
50 for each treatment). Mites on the upper (treatment 1) or lower (treatment 2) leaf surface.

Immatures
Egg Larva Protonymph Deutonymph Egg — adult

Duration
Treatment1l  3.3x0.4a 2.7x0.7a 2.5+£0.8a 3.1£l.1a 11.5£0.9a
Treatment2  5.2+0.2b  2.5+0.2a 1.940.1a 2.3+0.2b 11.9+0.2a
Survival

Treatment 1 100 100 100 100 100
Treatment 2 91.8 91.1 82.9 91.2 63.3
Adults
Pre-oviposition Oviposition Post-oviposition
Treatment 1 2.0+£0.1a 12.0+0.3a 3.0+£0.2a
Treatment 2 1.8+0.1a 6.1+0.6b 1.5+0.1b

For each parameter, means followed by the same letters are not statistically different from
each other by the Mann—-Whitney U-test (p < 0.05).
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Figure 1 Daily oviposition of Mononychellus planki on the upper (dotted line) and lower (full line)
on Calopogonium mucunoides leaf surfaces at 25 + 1 °C, 70 = 10 % RH and 12 h of daily photoperiod.

cases were not high (r,,= 0.113 and 0.150 for sex ratios of 53 % and 100 % females), probably
because of the low fecundity, as the duration of the immature phase observed is similar to that
of other spider mite (less than 12.0 days at about 25 °C) (Crooker, 1985) and survivorship was
maximum (100 %).

For mites on the lower leaf surface (Table 2), sex ratio of the parental generation (74 %)
was similar to that of the offspring (75 %). In this case, 1,;,, R, and A were intermediate to the
values reported for mites on the upper leaf surface for the sex-ratio 53 % and 100 % females. T
(mean generation time) value was significantly lower (though slightly) for mites on the lower
leaf surface than on the upper one (whatever the sex-ratio).

Discussion

The non-significant difference between the duration of the entire immature development of
M. planki on both leaf surfaces is consistent with the tendency to find this mite on both sides
of the leaves under field conditions. The duration of the immature stages and the different

phases of the adult stage are generally comparable to those determined by other authors for

Table 2 Life table parameters of Mononychellus planki on Calopogonium mucunoides at 25 £ 1 °C,
70 + 10 % RH and 12 h of daily photoperiod. Mites on the upper (treatment 1) or lower (treatment 2)
leaf surface; sex ratio (% females): A, 53; B, 100; C: 75.

Parameters Treatment 1 Treatment 2
A B C

rm 0.113+0.005b 0.150+0.001a  0.134+0.009ab

Ro 9.234+0.950b 18.100+0.520a 10.300+1.760ab

T 19.5+0.2a 19.3+0.2a 17.4+0.4b

A 1.12.01b 1.16+0.00a 1.14+0.01ab

For each parameter, means followed by the same letter do not differ
statistically from each other, using paired bootstrap test (p < 0.05).
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this mite species on different soybean varieties (Roggia, 2010; Siqueira, 2011). The only
exception concerns the egg stage of mites on the upper surface, which in the present study was
considerably shorter than observed by those authors, in which mites were maintained only on
the lower leaf surface. We could not find an explanation for this difference, but it could be
related to a shorter exposure to UV light, which has been reported as lethal to mites (Suzuki et
al., 2009).

On the other hand, fecundity in the present study was very low on both leaf surfaces
compared to the values reported by Roggia (2010) and with the values obtained for most of
the varieties studied by Siqueira (2011) except for BRS 133, BRS 134, Jackson and PI 200538
varieties, for which fecundity values were comparable to the values obtained in the present
study.

The observed differences might be attributed to the intrinsic characteristics of the mite
populations used in the study, as the mites studied by Siqueira (2011) were obtained from
Londrina, Parana state. However, this is certainly not the unique factor as mites used by
Roggia (2010) were obtained from the same place as the mites of the present study. The
physiological quality of the substrate, C. mucunoides and the soybean varieties might also
explain the differences. It seems that soybean is a more favorable host, either due to its intrinsic
characteristics or due to differences in nutritional quality of the plants as a function of their
fertilization in the field. Several studies have demonstrated the best performance of tetranychid
mites on plants grown with higher availability of nitrogenous fertilizers (i.e. Alizade et al.,
2016).

Regardless these differences, the present study suggests the importance of C. mucunoides
in maintaining the population of M. planki in the field under natural conditions, when or where
soybean (onto which the biological performance of the mite is better) is not present. Soybean
is of Asian origin, having been introduced to Brazil a few decades ago (Mandarino, 2017).
Soybean has experienced profound genetic changes due to the intense breeding to which it has
been subjected. The increase in yield and other improvements obtained in these works may, in
parallel, have made soybean more favorable to the development of certain pests, including M.
planki. Concurrently, as M. planki, C. mucunoides is a species native to the American continent
(Carvalho-Okano and Leitdo Filho, 1985) and commonly found naturally in Brazil. This plant
is considered beneficial for several reasons, including its considerable potential for nitrogen
fixation and as animal feed (Paulino et al., 2006).

One explanation for the low densities of M. planki on C. mucunoides could the common
origin of the two organisms and a possible “co-evolution”. A complementary or alternative
explanation could be the presence of predatory mites of the family Phytoseiidae, which may
affect certain phytophagous mites (perhaps also M. planki) in different crops. For example,
seven species of predatory mites of the family Phytoseiidae were found on C. mucunoides
in observations conducted in nine sites in the state of Sdo Paulo (unpublished data). While
collecting specimens of M. planki in the present study, several specimens of the phytoseiid
Transeius bellottii (Moraes and Mesa) were collected on the same plant. These predators also
may contribute to the maintenance of M. planki at levels that do not cause extreme damage to
the host plant and further studies should be performed to confirm this hypothesis.
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