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Abstract

To know the potential of Asclepias curassavica L. in the management of pests, from January 1
to December 28, 2012, a study was established in a plantation of “Persian” lemon Citrus latifolia
in Emiliano Zapata, Villamar, Michoacan, Mexico. One section (treatment) included the A.
curassavica plant and the other remained without that species (control). Weekly samples
documented species and number of predators, phytophages, parasitoids, and parasitism levels in
aphids. Toxoptera aurantii, Aphis spiraecola, Diaphorina citri and Phyllocnistis citrella were
the main pests. Its largest populations occurred in the second half of the year and coincided with
the main periods of budding of the crop. The main natural enemies observed in A. curassavica
were the families Coccinellidae, Syrphidae, Chamaemyiidae, Chrysopidae and the parasitoid
Lysiphlebus testaceipes. The Coccinellids predominated during the first semester of the year,
while the other groups were frequent throughout the year. The results show a 46.3% reduction in
citrus aphid populations where Asclepias were established; however, D. citri populations
increased 77%. Probably the greatest biocontrol of aphids favored the availability of empty
niches (vegetative shoots) and consequently the populations of the psyllid. The wide diversity of
natural enemies registered in A. curassavica suggests a high potential of the plant to be used in
the regulation and stability of the entomowildlife of agroecosystems, rather than in the control of
specific pests.
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Introduction

The control of plague populations through populations of natural enemies (parasitoid and
entomopathogenic predators) is what we call biological control, and from this, three main
approaches have been developed: classical, incremental and conservation (Van Driesche et al.,
2007). There is a consensus that the third is the most important of the three types of biological
control; however, it is also acknowledged to have been the least studied (Ehler, 1998, Ferro and
McNeil, 1998), mainly in developing countries (WIlyckhuys et al., 2013).

However, the current paradigm of control of pests, diseases and weeds is through organophosphate
chemicals, a method that by itself has shown ineffectiveness in the control of pests, which
eventually promotes the development of resistance to pesticides and elimination of their natural
enemies. The above, favors the increase of dose and frequency of application of pesticides, finally,
there is a greater risk of contamination, environmental deterioration and damage to health (Pimentel
and Edwards, 1982).

It is urgent to contribute to the restoration of the biodiversity of agro-ecosystems, mainly in
extensive monocultures. In order to increase and conserve the populations of natural enemies,
first the plant diversification must be encouraged, where its main contribution is as an
alternative food in the form of nectar and pollen; but also, greater populations of specialist
herbivores or secondary pests. The latter function as alternate hosts of natural enemies that will
eventually regulate insect populations in agro-ecosystems, including those considered pests.
The knowledge that natural enemies of pests can also act on non-pest phytophagous insects
(alternate hosts) is one of the bases of biological control by conservation (Wyckhuys et al.,
2013).

If we consider that from the total number of insects, around 5 to 6 000 species are agricultural pests,
while hundreds of thousands are non-plague phytophagous (Van Lenteren, 2007), the potential of
the use of alternate hosts in pest management is enormous. However, there are few studies
developed in this regard (Jacas and Urbaneja, 2010; Wyckhuys et al., 2013).

In Mexico, the plant Asclepias curassavica L, 1753, is best known for hosting the monarch
butterfly Danaus plexippus L, 1758 (Lepidoptera: Nymphalidae), but also hosts other important
phytophages; among them, Aphis nerii B. of F., 1841 (Hemiptera: Aphididae) (Pefia-Martinez
et al., 2001; Cervantes-Peredo and Elizalde-Amelco, 2007). Also, several natural enemies have
been identified for A. nerii in A. curassavica, so this plant has been suggested as an important
reservoir of natural enemies (Pefia-Martinez et al., 2001). Previous studies documented nine
phytophagous records and 21 of natural enemies associated with the plant (Cortez-Madrigal et
al., 2016).

Citrus fruits, on the other hand, are extensively cultivated in Mexico and their production has
increased, currently in the country it is ranked fourth in the world (Faostat, 2016). Citrus fruits
in Mexico have a wide variety of pests, several of exotic origin. Therefore, in Mexico citrus
fruits are perhaps the crop where more biological control programs have been implemented; as
a result, currently several exotic citrus pests are regulated biologically (Arredondo and
Rodriguez, 2008). However, recently introduced pests such as the brown louse Toxoptera
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citricida (Kirkaldy) and the Asian citrus psyllid Diaphorina citri Kuwayama, threaten the
imbalance of the agro-ecosystem by eventually requiring the use of chemical insecticides to
control them.

Then, citrus fruits could be a good model to evaluate the impact of “companion” plants (such as A.
curassavica) as a reservoir of alternate hosts of natural enemies and their impact on crop pests. A
valid hypothesis would be that the inclusion of A. curassavica in Persian lemon plantations will
favor the increase of populations of natural enemies and the biological control of the main pests of
the crop. The objective of this study was to know the potential of the A. curassavica plant in the
management of agricultural pests, using as a model a citrus crop.

Materials and methods
Establishment of the study

The work was carried out from January 1 to December 28, 2012 in a plantation (1 ha) of Persian
lemon of three years of age, in Emiliano Zapata, Villamar, Michoacéan, Mexico. In the garden two
sections of 20 trees each were selected, with a separation of six rows of trees between them; in one
of the sections component A. curassavica (treatment) was added and the other remained without
that plant (control). A. curassavica was collected from channels and streams of the region, later
they were transplanted individually to 17 x 21 cm pots with a soil mixture + Peat most®+ gel (silos
de agua®). Outside of rainy periods, manual irrigations were carried out for each pot. A total of 50
plants were evenly distributed around each of the 20 lemon trees.

With the exception of the application of pesticides, the management of the plantation was
developed according to the schedule by the producer, which included irrigation, fertilization and
pruning at the beginning of June. Pesticide applications were reduced to a minimum, copper
compound were applied for disease management and two applications of low impact insecticides,
one included the organophosphate Malathion and another one the Roma® detergent. The impact of
pesticides can be a confounding factor to identify the impact of A. curassavica on the
entomowildlife; however, given the small number of applications and that these were made in both
sections of the plantation (with and without Asclepias), it would be expected that the impact on the
density and total population fluctuation of the entomowildlife in citrus and Asclepias would be
minimal.

Sampling

Samplings of insects and mites were implemented weekly. For Asclepias the foliage of 20
plants was visually reviewed at random, the variables were: species of insects and
phytophagous mites, predator species, parasitoids and percentage of parasitized aphids. In
parallel, citrus trees with (treatment) and without Asclepias (control) were also reviewed. Three
buds/each of the four cardinal points of the tree were reviewed. The variables considered were:
number and species of insect pests, predators (in their different states) and parasitoids in 20
trees for each treatment. Sometimes the support of a magnifying glass (5- 20X) and a manual
counter were required.
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Samples of specimens were transferred to bottles with alcohol (75%) for later identification.
Some insects were kept in the laboratory until the emergence of adults or parasitoids. The
colonies of parasitized aphids were also recorded in the field, and samples were taken to the
laboratory for obtaining and identifying parasitoids. The species were identified through
dichotomous keys and specialized literature (Blackman and Eastop, 1984; Pefia-Martinez et
al., 2001; Bautista, 2006; Marshall, 2012). Although parasitoid species were recorded in
psyllids, aphids and leaf miners, parasitism levels were only recorded sporadically, so this
aspect is not included in the graphical or quantitative analysis of the citrus entomowildlife.

Analysis and data processing

Descriptive statistics and biological knowledge of the species were used. In addition, an analysis
of variance was carried out among insect populations in citrus fruits with and without A.
curassavica, which was processed using the SAS statistical package (SAS Institute Inc. 1999).
Correlation analyzes were performed between the populations of the main predator species and
those of the key citrus registered pests. Also, temperature and precipitation databases were obtained
from the “Presa Guaracha” climate station of the National Water Commission (CNA) for its
analysis of average temperature and precipitation in relation to insect populations, which was done
only by graphic exploration.

Results
Main species plague

At low population densities, the aphids T. aurantii Boyer of Fonscolombe and A. spiraecola (Patch)
were registered, as well as the Asian citrus psyllid D. citri and the Phylocnistis citrella Stainton
miner. The largest populations corresponded to aphids (1.86 £4.59 insects/3 shoots), followed by
the psyllid (0.37 +0.55 insects/3 shoots), while the leafminer showed the lowest (0.14 +0.67)
populations.

Other phytophagous recorded sporadically were Aleurocanthus woglumi Ashby (Hemiptera:
Aleyrodidae) and other morphospecies of the same family. Also, several species of scales were
recorded (Hemiptera: Coccidae); among them, the cottony scale Icerya purchasi (Maskell). Also,
different species of leafhoppers (Hemiptera: Cicadellidae), the “worm dog” of the orange tree
Papilio cresphontes Cramer (Lepidoptera: Papilionidae) and the ant arriera Atta sp.

Main natural enemies

The main predators were members of the families Chrysopidae and Coccinellidae. The main
coccinellid species were Cicloneda sanguinea L., Hippodamia convergens Guerin-Meneville,
Scymnus sp. and Stethorus sp. in lesser number Olla v-nigrum (Mulsant), Brachiacantha sp. also,
the catarinita “Vedalia” Rodolia cardinalis (Mulsant), specific predator of the scale I. purchasi was
identified, eventually, larvae specimens of Syrphus sp. (Diptera: Syrphidae). Other sporadic
records were the families Mantidae (Mantodea), Reduviidae (Hemiptera), Anthocoridae
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(Hemiptera), and a wide variety of spiders (Araneae). Members of the Chrysopidae families
(including eggs, larvae and adults) were the most abundant group, while the coccinellids showed
the lowest abundance.

One of the most abundant parasitoids in citrus aphids was the species Lysiphlebus testaceipes
Cresson (Hymenoptera: Aphidiidae), while the nymphs of the psyllid were parasitized by the exotic
species Tamarixia radiata Waterston (Hymenoptera: Eulophidae). For the miners, the parasitoid
Ageiniaspis citricola Logvinovskaya (Hymenoptera: Encyrtidae) was recorded. According to
observations and some quantitative records during the study, parasitism was more consistent in
aphids and leaf miners than in D. citri.

Population dynamics of the main pests

In general, three periods of incidence of pests were recorded in citrus: the first of may-june,
the second of August-October and one more of November December. However, during the first
half of the year (January June) insect and pest populations were practically absent from the
crop. Only during the peaks of May-June were D. citri populations detected at low densities.
Contrarily, during the peaks of August-October and November December. The aphid T.
aurantii was the dominant species, with its largest peaks populations during August-October.
The quarry was the registered pest in lower densities, with detectable peaks only in the second
semester. The start of the two population peaks of D. citri coincided with the higher
temperature dates (beginning of May and beginning of August), which coincided with the
development of vegetative shoots of the crop. The intense sprouting in august was also favored
by a previous pruning of the trees (Figure lay 1c).

Of the predators, the lacewings were recorded from the beginning of the samplings (January 2) and
although they showed frequent variations, a tendency was observed to increase their populations
until reaching their maximum peaks during the spring (May-June) later, together with the
temperature, the populations tended to decrease towards the month of July, with intermittent
increases (Figure 1b).

Regarding the coccinellids, their largest populations occurred in the first half of the year, with its
main peaks in April-May. Other minor peaks occurred in February-March and August. From the
end of august until the conclusion of the samplings, the coccinellids were absent from the citrus
plantation (Figure 1b).

A graphical exploration allows us to infer that citrus plague populations were closely related
to the biotic and abiotic regulation factors considered. Thus, the largest populations of
coccinellids and chrysopids coincided with the lower populations of psyllids and aphids
(Spring-Summer), also disadvantaged by a low budding of the crop in contrast, during the
second half, when populations of aphids, psyllids and leaf miners showed their greatest
increase, populations of natural enemies were low; this coincided with some peaks of
temperature increase and intense budding of the crop. However, during this period intermittent
reductions were recorded in the populations of pests, coinciding with population increases of
natural enemies, particularly lacewings. During the second semester, there was a gradual
decrease in temperature and precipitation, which coincided with the disappearance of the
Coccinellidae family as a natural regulation factor for citrus pests (Figure 1).
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Figure 1. Relationship of temperature and precipitation (a) with the natural enemies (b) and the main
pests (c) of the Persian lemon crop (control) in the region of Emiliano Zapata, Villamar,

Michoacan 2012. Vegetative shoots ([]), pruning (), insecticides (l).
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Effect of Asclepias curassavica in the citrus entomowildlife

The main natural enemies recorded in A. curassavica were closely associated with the yellow
aphid A. nerii. Predators of the families Coccinellidae, Chrysopidae, and a dipterous complex of
the families Syrphidae and Chamaemyiidae (for convenience, called “Syrphidae”) were
identified. The aphid parasitoid L. testaceipes was also recorded during the study year (Figure
2a). The phytophagous species of A. curassavica were never recorded in citrus.
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Figure 2. Temporal distribution of the main pests of the Persian lemon crop with (treatment) and
without (control) presence of Asclepias curassavica in the region of Emiliano Zapata,
Villamar, Michoacan 2012. Psi= psyllid; Af= aphids; Min=miner; Tr= treatment; Tes=
witness.
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The population trend of the main pests was similar between treatment and control. Given the low
populations during the first semester of the year, it was not possible to identify any effect of A.
curassavica on the incidence of citrus pests; however, the high populations of natural enemies
recorded in A. curassavica suggest some beneficial effect of the plant (Figure 2a). The graphic
trend of larger populations of coccinellids and chrysophobia in citrus fruits where A. curassavica
was located, suggest this. One of the most abundant predators in A. curassavica was Cycloneda
sanguinea, also frequently recorded in citrus fruits. After the pots were placed with Asclepias
(March 3), the populations of predators increased with respect to the plantation where the plant
was not present (Figure 2b).

It was during the second semester that the effect of A. curassavica on aphids and psyllids was
more clearly identified. A graphic exploration allows us to infer that the plant influenced the
reduction of aphid populations, comparatively with the orchard where A. curassavica plants were
not placed.

Contrarily, a trend of higher levels of psyllid populations were registered in citrus fruits with A.
curassavica, with respect to where the plant was not. Given the low densities of the P. citrella
leafminer, no effect of Asclepias was detected graphically on the populations of the pest (Figure
2¢), which does not mean that it does not exist.

The statistical analysis of insect populations, annual and by semester, showed significant
differences (p< 0.05) between both plantations. The average annual population of D. citri was more
abundant in the treatment (Asclepias) than in the control, while for aphids and miners only minor
population trends were recorded where the plant Asclepias (trat) was added. The statistical analysis
of the populations of the miner confirmed the graphical trend of treatment and control, with similar
population levels in both plantations. Of the predators, lacewings were statistically more abundant
in citrus with Asclepias than in the control without the plant; while coccinellids only showed a
trend of greater abundance where the plant was added (Figure 3a).

The biannual analysis allowed to identify differences that were masked in the annual analysis.
During the first semester of the year (january-june), when the lowest pest populations occurred,
the differences between treatments were not significant (p< 0.05), only trends were identified.
Thus, the psilids showed lower population levels in the treatment than in the control, coinciding
with the high populations of coccinellids present in A. curassavica. Aphids were more abundant
in the treatment with Asclepias. In miners, there was only a trend of lower populations in
the treatment. The trend in natural enemies was similar to that in the annual analysis
(Figure 3b).

In the second semester (July December) was when the clearest statistical differences between the
plantations with and without Asclepias were registered. The lowest population of aphids occurred
in the plantation with Asclepias and the opposite occurred for the psyllids. While the miners only
showed a trend of higher populations in the plantation with Asclepias. The lacewing populations
were higher in the Asclepias plantation, while the coccinellids practically disappeared during that
period (Figure 3c).
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Figure 3. Means of the main pests and their natural enemies in citrus fruits with (tra) and without
(tes) the presence of the Asclepias curassavica panta. A) Year 2012; B) First period (January
June); C) Second period (July December). Emiliano Zapata, Villamar, Michoacan 2012.
Pair of bars with the same letter do not differ statistically (Tukey, p< 0.05).

Discussion

However, the low population levels of pests and the small number of plants of A. curassavica
established (3/tree), the results show evidence that the plant influenced the population levels of two
of the main pests of citrus: T. aurantii and D. citri. This is attributed to the contribution of natural
enemies increased in Asclepias among them, several species of Coccinelidae and the parasitoid L.
testaceipes. The significant reduction (46.3%) of aphids during the second semester in the
plantation with A. curassavica suggests it. However, there was also a significant increase (77%) in
D. citri populations in the same plantation. On the contrary, the population trends during the first
semester suggest an opposite effect; lower populations of the psyllid and greater aphids in citrus
fruits with Asclepias.
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The causes of the results can be multiple, but the main one could be that, when the populations of
one of the two sucking insects are killed by the effect of their natural enemies (coccinellids for
psyllids, and L. testaceipes for aphids) favored by the presence of A. curassavica, the availability
of vegetative shoots of citrus was greater. Those empty niches would allow a greater colonization
of the insect subject to lower biocontrol (e.g. psyllids or aphids), which depended on the time of
year (climatic factors). A similar situation has been registered in pests of the same guild (they
consume the same resource) for example, the aphid of the legumes A. craccivora colonized
reproductive buds of cocoa in Tabasco, Mexico. Only when the main aphid of the crop, T. aurantii,
was absent due to limiting climatic factors (Sanchez and Cortez, 1998). In the present study,
temperature peaks near 25 °C were recorded, conditions that have been mentioned as the most
favorable for the development of psyllid nymphs.

On the other hand, the presence of dominant phytophages in agroecosystems can mean different
things, depending on whether they are exotic or native species. In the first case, such species
become abundant simply because their original natural enemies are absent (Valladares and Salvo,
1999). D. citri is a pest recently introduced to Mexico, and although several species of natural
enemies have been mentioned for the psilid (including its original parasitoid T. radiata), there is a
consensus that coccinellids are responsible for the higher mortality of D. citri nymphs (Ruiz-
Cancino et al., 2008; Cortez-Mondaca et al., 2011; Gonzélez et al., 2012; Grafton-Cardwell et al.,
2013). The absence of coccinellids in the second period of the study could also contribute to the
increase of the psyllid.

There is a consensus that lacewings and syrphids are two of the main groups of natural enemies of
D. citri; however, syrphids and chrysopids have rarely been observed feeding on the psyllid
(Grafton-Cardwell et al., 2013). The above coincides with what was observed in the present study,
although the lacewings were present throughout the year in the plantation with Asclepias, given the
abundant populations of aphids (citrus + asclepias), the lacewings could prefer to feed on aphids
than on psyllids. A higher correlation between lacewings and aphids (r= -0.51, p< 0.05) than
between lacewings and D. citri (r=-0.13, p< 0.05) suggests this. Additionally, field and laboratory
observations showed that in the second semester of the year the populations of T. radiata were so
scarce, that they had a poor impact on the populations of the psyllid, as has been registered in other
regions of Mexico (Hernandez-Guerra et al., 2011).

The conservation of alternate hosts has been one of the widely-recommended strategies for the
conservation of natural enemies of pests (Landis et al., 2000; Salvo and Valladares, 2007;
Wyckhuys et al., 2013). In this regard, it is known that in Spain it is common to establish the
Nerium oleander plant in boundaries of orange orchards. N. oleander hosts the A. nerii aphid, a
citrus-free species, but an important host of parasitoids that later impact on pest populations of the
crop (Jacas and Urbaneja, 2010). The above is in agreement with the results obtained in the present
study where the presence of A. nerii in A. curassavica favored the increase of natural enemies that
reduced citrus plague populations. However, this strategy could eventually lead to the increase of
unwanted phytophages, such as occurred with the citrus psyllid D. citri during the second half
of the year.

Therefore, the strategy of using alternate hosts for the conservation of natural enemies involves

complex trophic relationships; for example, phytophagous-plants, natural enemies-phytophagous,
between the same natural enemies, or, between natural enemy-phytophagous-plant. Therefore, a
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greater understanding of the trophic relationships between the organisms involved and their
environment should be the objectives of future studies. For example, in addition to A. nerii, the
other phytophages recorded in A. curassavica may also be important reservoirs of natural enemies,
and the eggs of Danaus plexippus were important hosts of T. pretiossum (Cortez-Madrigal et al.,
2014) and this parasitoid has been widely used in mass production for the control of lepidoptera
pests (Hoffmann and Frodsham, 1993). The fact that the phytophagous species recorded in A.
curassavica (Cortez-Madrigal et al., 2016) is not a crop pest (Blackman and Eastop, 1984;
Cervantes-Peredo and Elizalde-Amelco, 2007) indicates the potential of the plant to be used as a
refuge and increase of natural enemies for the management of pests in agroecosystems.

Therefore, the use of “companion” plants for the conservation of alternate hosts of natural enemies
should be seen as one more strategy of integrated pest management, where the central objective
should be to achieve the stability of the agroecosystem rather than the control of pests specific. In
the cultivation of citrus fruits, for example, surveillance of the main pests must be maintained
through routine sampling; and the management, both of the accompanying plant and citrus fruits
(e.g. pruning). The foregoing will indicate the need for the use of other strategies for the control of
emerging pests; for example, for D. citri would be the release of T. radiata or, in the last case, the
use of low impact insecticides.

The inclusion of plants such as A. curassavica in crops would cover the important gap that exists
in terms of biological diversity of highly technified agricultural systems, but poor in terms of
diversity of natural enemies. Other studies have documented the importance of other Asclepias
species, but only as a source of nectar for natural enemies (Fielder and Landis, 2007). The present
study strengthens the idea that A. curassavica can be an important reservoir of natural enemies
(Pefia-Martinez et al., 2001) and evidence of its potential in the management of citrus pests is
shown.

A. curassavica is a perennial plant, widely distributed (Juarez-Jaimes et al., 2007) and easy to
reproduce, which facilitates its use as a reservoir of alternative hosts and a source of nectar for
natural enemies. In addition to its presence in situ, A. curassavica could also be used to increase
populations of A. nerii in greenhouse conditions, infest them with the parasitoid L. testaceipes and
later transfer the pots with the “mummies” to the agroecosystems where there are aphid problems.

An advantage that has not been mentioned in the companion plants is its usefulness as “sentinel”
plants in the agroecosystems this plant along with its phytophages, would indicate the presence or
absence of a wide range of natural enemies of pests, which would eventually share with crops. Low
populations or absence of natural enemies could be the signal to implement other control strategies;
For example, the absence of coccinellids in the second half of the year would suggest greater
surveillance of D. citri.

Conclusions

The presence of Asclepias curassavica in Persian lemon plantations showed a significant effect on
the incidence of pests, its impact depended on the pest species and the time of year. The use of the
plant should be visualized as part of an integrated pest management, where the central objective is
the stability of the agroecosystem entomowildlife and not the biological control of specific pests.
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