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ABSTRACT. Introduction: The mite Tyrophagus
putrescentiae is a common contaminant of stored
products and an important pest in plant tissue culture
laboratories, because they diseminate fungi and bacteria.
Objective: To describe the reproduction and life table of
T. putrescentiae in vitro. Methods: We reared the mites
with its associated fungus Leptosphaerulina sp., recording
growth and development every 12h. Results: The
duration of the egg, larva, protonymph, and tritonymph
stages of cohort 1 was 4,52; 1,57; 1,37 and 1,29 days
(cohort 2: 4,54; 1,44; 1,31 and 1,45 days, respectively).
Cohort 1 periods of pre-oviposition, oviposition and post-
oviposition were 1,86; 7,21 and 1,35 days (most cohort 2
individuals did not reach maturity). The intrinsic rate of
natural increase (rm) was 0,11 individuals per female per
day, the net reproduction rate (R,) was 29,21; the
generation time was 29,47 days, and the finite rate of
increase (A) was 1,12 times per female per day.
Conclusion: Under the typical laboratory conditions, T.
putrescentiae can multiply its initial population in a single
day, which explains the population explosions observed in
these laboratories.

Keywords: Biological parameters, life table, in vitro
plants, laboratory conditions, culture pest control.

RESUMEN. “Tabla de vida in vitro del acaro Tyrophagus
putrescentiae (Acari: Acaridae) en condiciones de
almacenamiento”. Introduccién: El acaro Tyrophagus
putrescentiae es un contaminante comun de los
productos almacenados y una plaga importante en los
laboratorios de cultivo de tejidos vegetales, ya que
disemina hongos y bacterias. Objetivo: Describir la
reproduccion y tabla de vida de T. putrescentiae in vitro.
Métodos: Criamos los dcaros con su hongo asociado
Leptosphaerulina sp., registrando el crecimiento vy
desarrollo cada 12h. Resultados: La duracién de los
estadios de huevo, larva, protoninfa y tritoninfa de la
cohorte 1 fue de 4,52; 1,57; 1,37 y 1,29 dias (cohorte 2:
4,54; 1,44; 131 y 1,45 dias, respectivamente). Los
periodos de preoviposicidn, oviposicidn y postoviposicion
de la cohorte 1 fueron 1,86; 7,21 y 1,35 dias (la mayoria
de los individuos de la cohorte 2 no alcanzaron la
madurez). La tasa intrinseca de crecimiento natural (rm)
fue de 0,11 individuos por hembra por dia, la tasa neta de
reproduccion (Ro) fue de 29,21; el tiempo de generacién
fue de 29,47 dias, y la tasa finita de incremento (A) fue de
1,12 veces por hembra por dia. Conclusién: En las
condiciones tipicas de laboratorio, T. putrescentiae puede
multiplicar su poblaciéon inicial en un solo dia, lo que
explica las explosiones de poblacién observadas en estos
laboratorios.

Palabras clave: Parametros bioldgicos, tabla de vida,
plantas in vitro, condiciones de laboratorio, control de
plagas de cultivo.

Plant tissue culture is done under aseptic conditions and in general, involves the massive
multiplication of plants in a culture medium (Leifert et al., 1991; Conger, 2018). For some plant
species, this method has advantages over other production systems, e.g. growing varieties in large
guantities in a short period of time (Villalobos & Thorpe, 1991).

A requirement to succeed in the micro-propagation of any plant species is to keep the glass
containers (vessels) free of contaminants like fungi and bacteria. In many cases, these pathogens
are introduced by small arthropods such as mites, which can carry and disseminate microbial
contaminants on their bodies, causing the total or partial loss of the vegetative material (Cassells,
2000; Odutayo et al., 2007; Murillo-Rojas & Aguilar-Piedra, 2021).
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The mold mite, Tyrophagus putrescentiae (Schrank, 1781), is a ubiquitous mite mostly
known for infesting stored products, as well as being an important component of the Acari-fauna of
house dust (Hughes, 1976; Emmanouel et al., 1994; Fan & Zhang, 2007a; 2007b; OConnor, 2009). It
has been identified as one of the major pests of tissue culture laboratories, increasing their
populations rapidly and spreading fungi and bacteria within the glass containers (Duek et al., 2001;
van Epenhuijsen & Koolaard, 2004; Murillo-Rojas & Aguilar-Piedra, 2021; Murillo et al., 2021).

The biology of T. putrescentiae has been studied under different conditions; however,
results of the life history of the mite showed important differences depending on the environmental
conditions, gut microbiota, and diet (Zdarkova & Voracek, 1993; Duek et al., 2001; Smrz, 2003;
Kheradmand et al., 2007; Sdnchez-Ramos et al., 2007; Canfield & Wrenn, 2010; Erban et al., 2015;
Erban et al. 2016; Rybanska et al., 2016; da Silva et al. 2018). In previous investigations, researchers
worked with this species under storage conditions of products such as edible mushrooms, ham,
cheese, dry yeast, mouse or dog food, and grains (Sanchez-Ramos & Castafiera, 2005; Aygun et al.,
2007; Kheradmand et al., 2007; da Silva et al., 2018). However, those scenarios are quite different
from what is found in tissue culture laboratories, were the humidity inside the containers is almost
100% and the ingested food by the mites are usually environmental fungi; consequently, the effect
of these mites under in vitro conditions are unknown, and might depend on the type of diet
supplied, humidity, temperature, and so on.

The level of damage caused by the mites is related to its population size, which depends
upon their intrinsic rate of increase or reproductive rate (Murillo et al., 2021). The biological
parameters depend upon the survival of the individuals in the population, the rate of development
of the immature stages, and the reproductive potential of the adults (Birch, 1948; Bellows et al.,
1992; Sanchez-Ramos & Castanera, 2005). Life tables summarize survival and mortality of a
population in specific conditions according to the age. Data of fecundity and survival are used to
predict changes on the size of a determined population (Tanigoshi & McMurtry, 1977). This research
reveals the biological population parameters of T. putrescentiae, which is considered the major
contaminant in tissue culture laboratories in Costa Rica.

The main objectives of this investigation were to determine the biology of T. putrescentiae,
as well as the life table parameters, simulating in vitro conditions in the plant laboratories where
mites might occur to seek, in the future, some practices to manage this contaminant.

MATERIALS AND METHODS

This investigation was carried out in the Laboratory of Acarology, Department of Agronomy,
University of Costa Rica. It was developed on two different cohorts, under in vitro conditions.

Live specimens of T. putrescentiae were collected from commercial tissue culture
laboratories containers and reared in petri dishes with acidified Potato Dextrose Agar (PDA).
Mycelium of the fungus Leptosphaerulina sp. McAlpine (Dothideomycetes: Pleosporaceae), was
placed in each plate and maintained at room temperature (22-26°C) for four days allowing the
mycelium to cover the PDA medium. This fungus was chosen, as it is commonly found in association
with T. putrescentiae and was isolated from most of the containers. Later, mites found in the
containers were transfer to the petri dishes and kept here for a month to get a high population.

Biological studies: To determine the life cycle, 20 adult females were chosen from the mite
colony, and placed in a petri dish (100 x 15mm) with the fungus mycelium.

Eggs laid by the females during the first 24 hours were separated and transferred to micro
plates (Evergreen®) composed by 24 cells per plate. Each cell had 2ml of PDA and the fungus
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previously established. Forty-eight replicates were established for the first cohort and 30 for the
second, according to the methodology proposed by Kheradmand et al. (2007).

Micro plates were sealed with Parafilm® to avoid the entrance or exit of mites. Each plate,
with a single egg per cell, was kept at room temperature (20-25°C). The development of all stages
was monitored inside a laminar flux chamber to avoid the access of other fungi contaminants on the
plates. Evaluations on the life cycle were made every 12 hours with a stereoscope-microscope
Optima model ZM-160A.

Data on the incubation period and developmental time of each stage (egg, larva,
protonymph, tritonymph and adult) were collected, until the mites reached maturity and died. To
calculate sex ratio, females and males were counted when reached maturity.

The ovipositional period was determined by the time elapsed from the emergence of the
adult female until the first egg oviposited. Also, we recorded the number of eggs laid per female
daily during her life span, whereas the post-oviposition period was measured from the time the
female laid her last egg until she died.

Temperature and humidity were recorded every hour with a data logger (HOBO U 12°).

Life table: Once the females reached the adult stage, each one was placed in a petri dish (55
x 15mm) with 10ml of PDA and the fungus. A male was introduced in each plate for 24 hours to
allow mating, after which, it was removed. The number of eggs oviposited by each female were
counted every 24 hours, until the females died.

To calculate the life table parameters, the program Life-48 (Abou-Setta et al., 1986) was
used, which followed the method proposed by Birch (Birch, 1948). From the data obtained in the
biological studies above, the population parameters were calculated to construct the life table, i.e.,
net reproduction rate (Ro= Imx.Ix; mx: total eggs/number of females; Ix: live specimens/total
specimens), generation time (T= Imx.Ix.x/ Emx.lx), intrinsic rate of natural increase (rm= log
Ro/T.0.4343) and the finite rate of increase (A= antilog rm). Data were analyzed by the package
Statistica 6 (StatSoft, 2001), with the analysis Survival.

RESULTS

Biology: Data showed differences in the developmental time for each mite stages: larva,
protonymph, tritonymph and adult. However, no distinctions were found in all immature stages
between the two cohorts (Table 1).

TABLE 1

Mean development time (days +SE) of each immature stage of Tyrophagus putrescentiae (Acari: Acaridae), under
laboratory conditions.

Stage Cohort 1 Cohort 2

Egg 4,52 £0,27 4,54 +0,43
Larva 1,57 +0,62 1,44 £ 0,38
First molting 0,47 £0,25 0,43+0,25
Protonymph 1,37 £0,51 1,31+0,50
Second molting 0,43 0,25 0,45 +0,25
Tritonymph 1,29 £0,54 1,45 +0,67
Third molting 0,47 £0,28 0,51+0,23
Total 10,12+ 1,44 10,13 +1,44

Egg: The average time was 4,52 days for the first cohort and 4,54 days for the second, being
the eggs the immature stage with the longest life time cycle (Table 1).
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Larva: For the first cohort, the larval stage lasted an average of 1,57 days, whereas the
second cohort last an average of 1,44 days (Table 1).

Protonymph: The average time was 1,37 and 1,31 days for the first and second cohorts,
respectively (Table 1).

Tritonymph: The average duration for the first and second cohorts were 1,29 and 1,45 days,
respectively (Table 1).

Eggs showed to have the highest survival of all other immature stages. In general, when
immature molt to a different stage their survival rate decreases (Fig. 1A).

Adult: Sixty eight percent of mites from cohort 1 reached the adult stage (egg-adult) with an average
generational time of 10,41 days (Table 2). However, only 20% of the mites from cohort 2 (the smaller
cohort) reach maturity; therefore, the recording data on this population did not continue.

The survival rate of females diminished throughout time. Consequently, on day 10, about
50% of females were still alive, whereas on day 17, only 18% survived (Fig. 1B). The average for the
pre-ovipositional period was 1,86 days, the oviposition period 7,21 days and post-oviposition period
1,35 days (Table 2).

Each female deposited on average 3,8 + 1,64 eggs per day. The higher number laid by all
females occurred during the second day with a total of 124 eggs (Fig. 1C). Most eggs were laid during
the first eight days, however after this date, a decrease in their oviposition rate was observed,
having a steady decline in the last five days (Fig. 1C).

Molting: The duration of each of the three molting stages was similar in the first and second
cohorts. For cohort 1, the first molts averaged 0,47, the second 0,43, and the third 0,47 days,
whereas that of cohort 2 averaged 0,43; 0,45 and 0,51 days, respectively.

TABLE 2

Duration time (days +SE) of pre-oviposition, oviposition, post-oviposition for females of Tyrophagus putrescentiae (Acari:
Acaridae) under laboratory conditions for Cohort 1.

Period Number of days
Pre-oviposition 1,86+1,04
Oviposition 7,21 +£5,02
Post-oviposition 1,35+1,52
Total longevity of females 10,41 +3,93

Life table: The population parameters for T. putrescentiae are the intrinsic rate of natural
increase was 0,11 individuals per female per day, and the net reproduction rate 29,21. Moreover,
T. putrescentiae showed a generational time of 29,47 and a finite rate of increase of 1,12.

Considering these numbers, T. putrescentiae can increase itself 29,21 times in a generation
time of 29,47 days, under the environmental conditions of this investigation, with an intrinsic rate
of natural increase of 0,11 individuals per female per day. The finite rate of increase was 1,12,
meaning that the population multiplies itself 1,12 times in one day.
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Fig. 1. Life cycle survival rate (A), adult female survival rate (B), and number of eggs oviposited by females (C) of
Tyrophagus putrescentiae under in vitro conditions.
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DISCUSSION

In this study, the developmental periods for T. putrescentiae (Table 1) were shorter
compared to other acarid mites reared under distinct conditions, such as stored products, probably
the in vitro conditions may have led to a reduction in the life cycle of the mite (Rojas, 1992; Kasuga
& Amano, 2000; Kheradman et al., 2007; Xia et al., 2009). In our research, the larval stage lasted an
average of 1,57 days for cohort 1 and 1,44 for cohort 2 (Tablel), whereas other investigators have
reported values ranging from 2,1 to 2,5 days (Kasuga & Amano, 2000; Sanchez-Ramos & Castafiera,
2005; Kheradman et al., 2007; Sanchez-Ramos et al., 2007). This reduction in the developmental
time is probably one of the reasons why these laboratories confront steady and exponential
population growth under in vitro conditions.

However, our study also found some similarities with other results related to cohort
Astigmatina. For example, Xia et al. (2009) found that although the duration of the diverse stages of
Aleuroglyphus ovatus Troupeau (Acari: Acaridae), varies according to the temperature, the egg was
always the immature stage with the lengthiest interval at all temperatures evaluated. Similarly, in
our case, the egg was the lengthy immature stage, lasting much longer than any other immature
stage (Table 1). This could represent a problem under in vitro conditions, given that eggs are less
perceptible for workers monitoring these mites and because of the known tolerance of eggs to low
temperatures (Eaton & Kells, 2011). Thus, the prevalence of eggs represents a primary source of
entrance for mites when plant material arrives from other laboratories.

Similarly, the protonymphal and tritonymphal stages have comparable values to other
investigations (Kasuga & Amano, 2000; Sdnchez-Ramos & Castafera, 2005; Kheradman et al., 2007,
Sanchez-Ramos et al., 2007). As it can be observed on Table 1, these differences in the development
of immature stages of Tyrophagus, showed a notable reduction in the life cycle under the conditions
established for this investigation. Several authors mention that the developmental time of each
immature stage of T. putrescentiae can be affected by factors such as temperature, relative
humidity, and type of food consumed (Abdel-Sater et al., 1995; Sdnchez-Ramos & Castafiera, 2005;
Kheradman et al., 2007; Sdnchez-Ramos et al., 2007; Erban et al., 2016; Rybanska et al., 2016; da
Silva et al., 2018). Kheradman et al., 2007 noticed that the developmental period for this mite, at
the same temperature (25°C), was affected by the fungal species used to raise the colonies; they
observed a longer life span when mites were fed on oyster fungus Pleurotus ostreatus (Jacq.) P.
Kumm. than other fungus. Consequently, rearing the mites on the fungus Leptosphaerulina sp.,
could have had a significant effect shortening the time of the immature stages of Tyrophagus,
enabling more generations within a reduced period.

The average duration for the developmental periods of the adult females of T.
putrescentiae, pre-oviposition, oviposition, and post-oviposition (Table 2), also varies as much as
those for immature stages when compared to other acarid mites (Gerson et al., 1984; Rojas, 1992;
Sanchez-Ramos & Castariera, 2005; Bahrami et al., 2007; Kheradman et al., 2007; Sdnchez-Ramos et
al., 2007; Xia et al., 2009). Factors as temperature, relative humidity, and food type also influence
the longevity and fecundity of the females (Kheradmand et al., 2007). Like this, Gerson et al., (1984)
observed that food type had a direct effect on the oviposition of the acarid mite Rizoglyphus robini
Claparéde (Acari:Acaridae) and found that females reared on a diet based on peanuts began the
oviposition period one day after mating, while those fed on garlic, began their period two days after
copulation.

The fecundity data obtained for T. putrescentiae under this investigation, are in accordance
with the typical pattern described for other acarid mites, such as Acarus farris Oudemans (Sanchez-
Ramos & Castafiera, 2007), Aleuroglyphus ovatus (Xia et al., 2009), T. similis Volgin (Kasuga &
Amano, 2000) and T. putrescentiae (Sanchez-Ramos & Castafiera ,2005; Bahrami et al., 2007).
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Females laid a maximum number of eggs during the first days of oviposition and showed a high rate
of fecundity sustained for a short period of time, decreasing rapidly at the end (Fig. 1C). Although
the females oviposited their eggs during a short period of time, the large number of eggs laid by
each female is perhaps the key factor that allows these mites to increase their population so quickly.

Considering the susceptibility of these mites to low relative humidity and extreme
temperatures, management practices to control these arthropods on storage products, have
obtained good results when one of these two factors are changed. However, when dealing with
plant tissue culture, is not easy to adjust those parameters as plants also depend on temperature
and humidity to survive. Thus, the manipulation of temperature and relative humidity for the
control of Tyrophagus mites within an in vitro system, is not a viable option, nowadays.

According to the results obtained on the life table for this species, it was determined that T.
putrescentiae may be able to increase its population 29,21 times in a generational time of 29,47
days, with an increasing rate of natural increase of 0,11 individuals per female per day. The finite
rate of increase was 1,12, suggesting that the population can multiply itself 1,12 times in only one
day, under the conditions established for this investigation. Even though this mite shows a great
capacity to increase its population in a short period of time, several authors have found both higher
and lower values for the different population parameters, indicating the high adaptative capacity to
different conditions in which they grow (Bahrami et al., 2007; Kheradmand et al., 2007; da Silva et
al., 2018).

Considering other examples of acarid mites such as Rhizoglyphus robini, and Tyrophagus
species, the values for the population parameters may greatly vary when environmental factors
changed. In general, populations did not disappear completely but, are adapted to the diverse
conditions on which they develop, indicating the high survival capacity of acarids. For example,
Gerson et al., (1984) noticed differences on the intrinsic rate of natural increase of R. robini at 27°C
when the diet shifted. Mites fed on an artificial diet based on peanuts had an increasing ry, rate of
0,285, whereas when fed on garlic, they observed a reduction of the ry, to 0,218. Nevertheless, this
variation of food did not eliminate the population.

Our study suggest that Tyrophagus is able to adjust its population parameters according to
the temperature and diet. Thus, it is recommended to perform further studies on this species under
in vitro conditions but offering other diets, as it is known that different fungi species grow inside the
culture medium used for in vitro culture, which can serve as food for T. putrescentiae (Parkinson et
al., 1991; Abdel-Sater et al., 1995).

Comparing the results obtained in this investigation with the population parameters of
other experiments, we conclude that diet, as well as temperature, have a strong effect on the
population of T. putrescentiae. Based on the values of life table for T. putrescentiae under in vitro
conditions, it was found that these mites have a high population replacement rate, which allows
them to reach their high potential as a pest under these conditions. In addition, it is necessary to
consider the initial population size of infestation in the tissue culture laboratories, as the population
can reach high numbers inside the containers, generating significant economic losses. Similarly, it
is important to consider that plants growing in vitro are isolated in the vessels for around 3 months,
which allows mites to become established and rapidly increase their population.
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