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ABSTRACT

Mango (Mangifera indica L.) is an intensively cultivated fruit in Mexico, the leading ex-
porter of this product in the world. One important limiting factor in mango production is
the white mango scale (Aulacaspis tubercularis Newstead; Hemiptera: Diaspididae). White
mango scale infestation causes irreversible leaf yellowing and death, and it lowers fruit
quality below export requirements. Feeding mechanisms of these diaspidids have not been
extensively studied; no histological studies on this subject are known. We histologically
analyzed leaf tissues penetrated by the stylet bundle (SB) of white mango scale females, in
order to follow the SB cellular path, to observe the extent of visually-detectable leaf cell dam-
age, and to determine if this insect feeds on phloem sap. Mango plants of cv. ‘Manila’ were
artificially infested with this insect in the laboratory. Histological slices from infested leaves
were processed for microscope observation of the intact SB. Through this process a complete
SB could not be observed, so its full accurate length could not be reported. However, the SB
length was estimated at 3 mm, i.e., 3 times the total length of the female body length, which
was 1 mm. The SB path inside the leaf was mostly intracellular through the mesophyll, but
it also pierced lignified xylem cells and nutrient-rich phloem tissues in the vascular bundles.
Thick red masses were formed along the SB path, possibly containing phenolic compounds.
Cell lysis or collapse was not observed in the SB-injured leaf tissue.

Key Words: mango, white mango scale, stylet bundle, mesophyll, leaf vascular bundles

RESUMEN

El mango (Mangifera indica L.) es uno de los principales cultivos fruticolas en México, el
primer exportador mundial de este producto. Una limitante de su produccion es la escama
blanca del mango (Aulacaspis tubercularis Newstead; Hemiptera: Diaspididae), cuyas ho-
jas infestadas cambian de verde pélido a amarillo y al final se necrosan, y la infestacién
demerita la calidad de los frutos de modo que no se pueden exportar. La alimentacion de los
diaspididos no se ha estudiado extensamente y en la literatura revisada no se encontraron
reportes histologicos sobre el tema. En este estudio se hizo un andlisis histolégico de hojas
penetradas por el haz de estiletes (HE) de la hembra de escama blanca del mango, para
determinar su ruta celular, detectar dafios celulares en la hoja, y determinar si el insecto se
alimenta de savia del floema. Plantas de mango var. ‘Manila’ fueron infestadas con este in-
secto en laboratorio. Cortes histolégicos de porciones de hojas infestadas se procesaron para
observar el HE intacto al microscopio. No se encontré el HE completo hasta su punta, por
lo que no se pudo determinar con precisién su longitud total. No obstante, se pudo estimar
que al menos miden 3 mm, el triple de la longitud de la hembra (1 mm). La penetracion del
HE es predominantemente intracelular a través del mesdfilo, pero también puede atravesar
células lignificadas del xilema y tejidos del floema ricos en nutriente en los haces vasculares.
El1 HE encuentra tejidos vasculares ricos en nutrientes, pero no permanece ahi sino que atra-
viesa por completo el haz vascular, incluyendo las fibras que lo envuelven, para continuar
atravesando el mesdfilo. En la ruta de penetracion del HE se observaron unas zonas engro-
sadas y rojas, posiblemente constituidas de material fendlico. No se observé lisis ni colapso
celular en el tejido vegetal atravesado por el HE.

Palabras Clave: mango, escama blanca del mango, haz de estiletes, mesoéfilo, haces vascu-
lares
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Mango (Mangifera indica L.; Sapindales: Ana-
cardiaceae) is one of the main cultivated fruits
in Mexico, with 184,768 ha cultivated, 1,536,654
tonnes produced (SIAP 2011), and 275,366 tonnes
exported. These statistics place the country as the
world’s leading mango exporter (FAO 2011). Mexico
possesses physiographic characteristics and climate
that permit optimal mango development, but pest
infestations can severely impact yield and fruit
quality (SENASICA 2009) and restrict profitability.

The white mango scale (Aulacaspis tubercularis
Newstead; Hemiptera: Diaspididae) is economically
the second most important mango pest in Mexico,
right after fruit flies (Anastrepha sp.; Diptera:
Tephritidae) the most severe pest (SENASICA
2009). This pest appeared in the state of Nayarit
in 2003 (Urias-Lépez et al. 2010) from an undocu-
mented origin, and spread to the states of Guerrero
and Michoacan in later years (SENASICA 2009).
The white mango scale is a sessile armored scale,
and this group of scales includes some of the most
damaging and invasive pests in world agriculture
(Miller & Davidson 2005; Andersen et al. 2010;
Rehmat et al. 2011). These insects can insert a chi-
tinous tube in any aerial plant part. This tube is
composed of 4 stylets, 2 maxillae and 2 mandibles,
that interlock to form 2 canals, one for saliva (sali-
vary canal) and one for sucking food (food canal).
The tube is known as the stylet bundle (SB). These
insects generally feed on parenchymal cells (Heriot
1934) or vascular bundle tissue (Sadof & Neal 1993)
contents and inject toxic saliva (Pena et al. 2009;
Rehmat et al. 2011).

A severe white scale infestation may retard
mango growth in the nursery. White mango scale
infested young trees are most vulnerable to ex-
cessive leafloss and twig death, especially during
the dry season (drought) (Cunningham 1991; Da-
neel & Joubert 2009; Rehmat et al. 2011). Infes-
tations on fruits cause external lesions and pink
spots (Cunningham 1991), which decrease their
quality and make them unacceptable for export
(Cunningham 1991; Daneel & Joubert 2009). In-
fested leaf areas turn from pale green to yellow
and finally become necrotic (Cunningham 1991;
Miller & Davidson 2005). According to Hill et al.
(2011) the feeding behavior of diaspidids has not
been extensively studied, and there are no reports
on histological studies of the white mango scale
SB path in the mango leaf.

This study analyzed mango leaf tissues punc-
tured by the female white mango scale SB at the
histological level, to observe the penetration path
and visually-detectable plant cell damage along the
path. An additional objective was to learn if this
scale feeds on phloem sap as other hemipteras do.

MATERIALS AND METHODS

In a controlled-environment growth chamber,
colonies of white mango scale were bred on graft-
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ed plants of the mango ‘Manila’ variety. Healthy,
pest-free leafs were inoculated by direct contact
with infested leaves collected in an orchard lo-
cated in Huejutla, state of Hidalgo. Once pest
propagation was successful, colonized leaves by
live females were collected. These leaves were cut
into 20 sections, approximately 6.25 mm® in size,
for the anatomical study.

Leaf tissue preparation (fixing, dehydrating,
clearing, staining and mounting) followed the
techniques of Lépez et al. (2005). Leaf samples
were fixed in FAA [formaldehyde (10%), glacial
acetic acid (5%), ethanol 96% (50%) and distilled
water (35%)] for 24 h. After fixing, samples were
washed in running water for 15 min and dehy-
drated in ascending ethyl alcohol (10, 30, 50, 70,
80, 96 and 100%, v/v) dilutions for 4 h periods. Af-
ter dehydration, samples were washed, first with
a 1:1 mixture of 100% alcohol: xylene for 4 h, and
then with xylene for 3 h. Once clarified, leaf tis-
sues were placed in melted paraffin (Paraplast®
Plus Sigma®) at 60 °C for 24 h to be embedded.
From each paraffin embedded sample 260 to 280
successive slices, 9 nm thick, were cut. Samples
were cut transversally and tangentially to the
leaf using a Spencer 820® rotary microtome.
Slices were mounted on glass slides and stained
with Safranin O (Sigma-Aldrich®) and fast green
(Sigma®). Coverslips were placed with synthetic
resin (Golden Bell®).

Slices were examined one by one under a Carl
Zeiss® photomicroscope III until SB segments
were located and photographed with a digital mi-
croscopy camera PaxCam 3®. Micrographs of live
females with SB inserted in the mango leaf were
also taken by a Carl Zeiss® (Tessovar) stereoscop-
ic microscope fitted with a PaxCam 3® camera.
Based on these micrographs, the SB penetration
path in the leaf tissue was digitally reconstructed
using The Gimp® (v. 2.8.4) software. A tridimen-
sional model was digitally assembled from the
histological cuts with the software Blender® (v.
2.63).

Intact SB observations of the mango leaf were
possible after a bleaching treatment. Thus ten
6.25 mm’ leaf tissue samples (each one infested
with one white scale female) were washed with
commercial sodium hypochlorite (4-6% of NaO-
Cl), as used by Valero & Durant (2001), Castel-
laro et al. (2007) and Gonzalez & Briones-Salas
(2012). Washed samples were placed in 70% al-
cohol for 48 h, then washed with distilled water
for 15 min. After the water wash, samples were
transferred to another Petri dish with 10 mL of
commercial NaOCl for approximately 2 h until
totally bleached. Sample bleaching was verified
with an American Optical Company® (Model 571)
stereoscopic microscope. Bleached samples were
then placed in distilled water for 24 h to eliminate
sodium hypochlorite from the leaf tissue. After
this period, samples were dehydrated once with
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70% ethanol, once with 90% ethanol and twice
with 100% ethanol for 5 h periods. Samples were
then clarified with xylene for 2 h, and mounted
on slides and coverslips with Canada Balsam.
Observation and photography of the leaf tissues
were done by a Carl Zeiss® Photomicroscope III
fitted with a PaxCam 3® digital camera. The cam-
era was focused on the stylet bundle (SB), but the
photos varied in the focal point. Digital assembly
of the images from the SB penetration route in
the leaf tissue was accomplished by The Gimp®
(v. 2.8.4) software.

RESULTS

We frequently observed that the exposed non-
penetrating SB had roughly the same length as
the female body (Fig. 1). Successive histological
slices from infested mango leaves followed the SB
penetration path through the leaf from the pierc-
ing site on the leaf epidermis. Upon entering the
spongy mesophyll, the SB changed direction sev-
eral times, including oblique (Fig. 2A) and paral-
lel orientations in relation to the leaf surface (Fig.
2B).

Through 2 digital reconstructions (Figs. 3A
and 3B), each one made from 13 successive histo-
logical slices (117 pm in total thickness), we found
that in mango leaves the SB was able to traverse
through the palisade and spongy parenchyma
and through vascular bundles until it reached the
opposite epidermis where the path was lost. From
4 successive slices (Fig. 4) across a leaf vascular
bundle, which corresponds to one section (Fig.
3B), a three dimensional reconstruction (Fig. 5)
was created with Blender (v. 2.63). This recon-
struction showed that most of the penetration
by the SB was intracellular, because pericellular
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paths were not clearly observed. These slices also
showed that the SB not only pierced primary cell
walls, but also the lignified secondary walls of the
xylem.

Samples in this study did not contain the SB
tip, thus complicating the measurement of its
total length. However, by assembling the non-
penetrated and penetrated SB sections observed
after bleaching with NaOCI (Fig. 6a), SB length
was estimated at 3 mm, i.e., 3 times the length of
the female body of 1 mm. The bleaching technique
confirmed the capability of the SB to penetrate
all leaf tissues, and that most of the pathway was
located in the spongy and palisade parenchyma.
Pierced mango leaves showed several dark and
reddish masses on the path of the SB and in ad-
jacent cells (Fig. 7). However, the piercing of cell
by the SB caused neither lysis nor collapse in the
affected and surrounding cells.

DiscussioN

Histological evidence indicates that after pen-
etrating the coriaceous cuticle and epidermis,
the white mango scale SB explores the interior
of mango leaf tissue, including vascular bundles,
by changing its path yet maintaining most of
its pathway in the mesophyll. The regulation of
these directional changes cannot be determined
with this research, but it seems to differ from
other hemipteran species in which SB movements
have been attributed to mechanoreceptors in the
maxillae and mandibles that serve to cause the
SBs to avoid mechanical resistance in leaf tis-
sues (Smith 1985). Our results are similar to
those reported by Washington & Walker (1990)
for the California red scale (Aonidiella aurantii)
(Hemiptera: Diaspididae) SB when penetrating

Fig. 1. (I) White mango scale female in a ventral view, with a portion of its stylet bundle before penetration of the
leaf of mango variety ‘Manila’. A = Rostrum, B = Point of insertion of the stylet bundle into the leaf. (II) White man-
go scale stylet bundle perpendicularly traversing the cuticle of the leaf’s adaxial surface. SB = Stylet bundle, Ep =
Epidermis, PP = Palisade parenchyma, A = Rostrum, B = Insertion point of the stylet bundle in the foliar lamina.
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Fig. 2. (A) Transversal slice of mango leaf (9 pm thick) which shows a stylet bundle fragment of a white mango
scale female penetrating the mesophyll in an oblique direction, and (B) Tangential slice of mango leaf (9 um thick)
which shows another fragment of stylet bundle penetrating the spongy mesophyll. SB = Stylet bundle, PP = Pali-

sade parenchyma, SP = Spongy parenchyma.

citrus leaves tissues. The California red scale
SB moves perpendicularly into the palisade pa-
renchyma and then obliquely or parallel to the
spongy parenchyma, keeping more than 85% of
its length in both parenchyma tissues. Our obser-
vations closely match those of Heriot (1934) that
scale stylets usually penetrate slowly because of
their long length.

White mango scale SB is able to pierce cell
walls, even the lignified secondary walls of the
xylem, in exploring along an intracellular route,
probably because pericellular pathways do not
yield food while intracellular paths do. This scale
is then one of few armoured scale species that are
capable of piercing lignified plant cells walls like
fibers and the xylem vessels in vascular bundles.
Leaf vascular bundle penetration by SB has been

previously reported in only 2 species of scales
(Heriot 1934; Washington & Walker 1990).

Intracellular penetration by SBs was ob-
served by Sadof & Neal (1993) for Unaspis
euonymi (Comstock) (Hemiptera: Diaspididae)
feeding on Euonymus fortunei (L.) and Euony-
mus japonica (L.) leaves, but only through the
mesophyll. In kiwi (Actinidia chinensis L.) in-
fested by scales Hemiberlesia rapax (Comstock)
and H. lataniae (Signoret) (Hemiptera: Dias-
pididae), Hill et al. (2011) found SB penetrat-
ing the epidermis and parenchyma of the stem
bark, without reaching the fiber layer below
the parenchyma or the phloem below the fibers.
According to Washington & Walker (1990), the
California red scale SB avoids the lignified xy-
lem cells in citrus leaves.

Fig. 3. Two digital reconstructions (A and B), both from 13 histological slices (117 pum total thickness) of the
route of penetration of white mango scale stylet bundle in mango leaves. SB = Stylet bundle, Ep = Epidermis, PP
= Palisade parenchyma, VB = Vascular bundle.
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Fig. 4. Successive histological slices made from mango leaves (9 um thick), which show the penetration of the white
mango scale stylet bundle through vascular tissue. SB = Stylet bundle, Phl = Phloem, Xyl = Xylem, Fib = Fibers.

Since the SB tip of white mango scale did not
remain in the phloem for feeding on its nutritious
sap, but rather continued on its exploration of

the mesophyll, we propose that this insect does
not feed solely on phloem sap, as other sucking
species do, such as the greenbug (Schizaphis
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Fig. 5. Lateral view (a) and a 45° view (b) of the tridimensional model of four histological slices each one 9 pm
thick (corresponding to Figure 4), which displays the intracellular penetration of a white mango scale stylet bundle
in mango leaf vascular tissue. The cells of the primary wall, in gray, and the cells of the secondary wall (lignified),
in dark gray. A = Spongy parenchyma, B = Xylem, C = Phloem, D = Fibers.

graminum (Rond.) (Hemiptera: Aphididae) feed- feeding on guava (Psidium guajava L.) (David et
ing on wheat (Triticum aestivum L.) (Goussain et  al. 2009). The SB of these aphid species penetrates
al. 2005) and the aphid Greenidea ficicola Taka- plant cells mostly by a peripheral path. Therefore,
hashi (Hemiptera: Sternorrhyncha: Aphididae) the white mango scale possibly feeds on the me-
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Fig. 6. Mango leaf cleared with sodium hypochlorite, which shows the intact stylet bundle of a white mango scale
female across 41 high resolution photographs in which the stylet bundle is digitally colored black. A = Insertion site
of stylet bundle in the leaf’s adaxial surface, B = Last foliar field with evidence of the stylet bundle, C = Micrograph
that shows a portion of stylet bundle.
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Fig. 7. Histological slices of mango foliar tissues (9 um thick) that show the presence of regions with probable
accumulation of phenolic material along the penetration route of the white mango scale stylet bundle. SB = Stylet
bundle, Phl = Phloem, Xyl = Xylem, Phen = Probable phenolic material.

sophyll cellular juice while its SB passes through
these cells.

Despite the long SB pathway of the white
mango scale, no cell lysis (neither in pierced nor
in surrounding cells) was detected in the leaf tis-
sues. In fact no cell volume reduction was detect-
ed due to loss of cell turgor, as it would happen
if the insect had sucked empty the pierced cells,
unless the sucking was so slow that water from
surrounding leaf cells could refill the pierced
cell and thus prevent cell collapse. Losses of cell
turgor and volume appear in mesophyll cells of
plants subjected to drought stress conditions
(Steudler et al. 1977). With the techniques used
in this study we could not accurately identify the
mechanism that prevents cell lysis. However,
in natural infestations, the colonies of nymphs
cause leaf chlorosis and even necrotic spots, per-
haps because these colonies consist of groups of
at least 49 individuals (Urias-Lépez et al. 2010),
and all of them simultaneously penetrate a small
area of the leaf surface.

Histological observations in this study support
the hypothesis that these scales prefer parenchy-
mal tissues for feeding. Likewise Sadof & Neal
(1993) found that 62% of U. euwonymi SB tips were
located in the palisade parenchyma of Euonymus
fortunei (L.) and E. japonica (L.) leaves. In the
scale species Hemiberlesia rapax and H. lataniae,
Hill et al. (2011) also found that SBs were located
only in the parenchyma of the stem bark of kiwi,
and they inferred that these scales obtain nutri-
ents from this plant tissue.

The thick red masses observed in the path-
way of the white mango scale SB and neighbor-
ing plant cells after staining with safranin were

presumed to be phenolic deposits, since Zamora-
Magdaleno et al. (2001) demonstrated that this
stain conferred a dark red label to the phenolic
deposits accumulated in cellular walls and inter-
cellular spaces of avocado fruit (Persea americana
Mill.) by infection from Colletotrichum gloeospo-
rioides (Penz.) Penz. & Sacc. These authors con-
firmed this observation by a nitrogen reaction for
total polyphenols. In our study, the presence of
such phenolic accumulations did not cause the
collapse either of the affected or the surround-
ing cells. Hill et al. (2011) also found that some of
the injured cells of the kiwi stem were filled with
dark-colored phenolic material, although most of
these cells showed signs of lysis or collapse after
4 weeks.

CONCLUSIONS

The stylet bundle of the white mango scale fe-
male is very long (aprox. 3 mm), roughly 3 times
the length of the insect itself, though it was not
possible to observe the SB tip. From the SB path,
we concluded that the female feeds mainly on
the contents of the mesophyll cells as it pierces
them, and without causing their collapse. How-
ever, to verify if the stylet bundle sucks these
cells empty, it is necessary to analyze consecu-
tive pierced leaf cells by transmission electron
microscopy. The exploration pathway of the SB
through the leaf tissues is mostly intracellular,
and the SB is capable of piercing the lignified cell
walls of vascular bundles. Along the penetration
route, some thick reddish masses were observed,
which we attributed to the accumulation of phe-
nolic material.

Downloaded From: https://bioone.org/journals/Florida-Entomologist on 26 Apr 2020
Terms of Use: https://bioone.org/terms-of-use



Juarez-Hernandez et al.: Leaf Penetration of Aulacaspis tubercularis Stylet

ACKNOWLEDGMENTS

Heartfelt thanks are extended to the Mexican De-
partment of Agriculture (SAGARPA) and to the Nation-
al Council for Science and Technology (CONACYT) for
financial support through grant 48595, which included
funding for this project.

REFERENCES CITED

ANDERSEN, J. C., Wu, J., GRUWELL, M. E., GWIAZ-
DOWSKI, R., SANTANA, S. E., FELICIANO, N. M.,
MORSE, G. E., AND NORMARK, B. B. 2010. A phy-
logenetic analysis of armored scale insects (He-
miptera: Diaspididae), based upon nuclear, mito-
chondrial, and endosymbiont gene sequences. Mol.
Phylogenet. Evol. 57(3): 992-1003.

CASTELLARO, G. G., SQUELLA, N. F., ULLRICH, R.
T., LEON, C. F., AND RAGGI, S. A. 2007. Algunas
técnicas microhistolégicas utilizadas en la deter-
minaciéon de la composicién botdanica de dietas de
herbivoros. Agric. Técnica 67(1): 86-93.

CUNNINGHAM, I. C. 1991. Common mango scales in
Queensland. Acta Hort. 291: 409-412.

DANEEL, M. S., AND JOUBERT, P. H. 2009. Biological
control of the mango scale Aulacaspis tubercularis
NEWSTEAD (Coccidea: Diaspididae) by a parasit-
oid Aphytis chionaspis Ren (Hymenoptera: Aph-
elinidae). Acta Hort. 820: 567-574.

DAviD, G. R. D., QUIROZ, G. J. A., YEPES, R. F., Y
SMITHPARDO A. H. 2009. Nuevo registro de Greeni-
dea ficicola Takahashi (Hemiptera: Sternorrhyn-
cha: Aphididae) en guayabo Psidium guajava
(Myrtaceae) en Antioquia, Colombia. Rev. Fac.
Nac. Agron. Medellin 62(1): 4999-5002.

FAO. 2012. Organizacién de las Naciones Unidas para
laAgriculturaylaAlimentacion. Estadisticas mun-
diales de la FAO (FAOSTAT) http://faostat3.fao.
org/home/index_es.html?locale=es#VISUALIZE _
BY_DOMAIN (Accessed in: Mar 2013).

GONZALEZ, G., AND BRIONES-SALAS, M. 2012. Dieta de
Odocoileus virginianus (Artiodactyla: Cervidae) en
un bosque templado del norte de Oaxaca, México.
Rev. Biol. Trop. (Int. J. Trop. Biol.) 60 (1): 447-457.

GOUSSAIN, M. M., PraDO, E., AND MORAES, J. C.
2005. Effect of silicon applied to wheat plants on
the biology and probing behaviour of the greenbug
Schizaphis graminum (Rond.) (Hemiptera: Aphi-
didae). Neotrop. Entomol. 34(5): 807-813.

HERIOT, A. D. 1934. The renewal and replacement of
the stylets of sucking insects during each stadium,
and the method of penetration. Canadian J. Res.
11:602-612.

HiLL, M. G., MAUCHLINE, N. A., JONES, M. K., AND
SUTHERLAND, P. W. 2011. The response of resis-
tant kiwifruit (Actinidia chinensis) to armoured
scale insect (Diaspididae) feeding. Arthopod-Plant
Interactions 5(2): 149-161.

LOPEZ, C. M. L., MARQUEZ, J. G., AND MURGUIA, G. S.
2005. Técnicas Para el Estudio del Desarrollo en An-
giospermas. UNAM. Facultad de Ciencias. 178 pp.

107

MILLER, D. R., AND DAVIDSON, J. A. 2005. Armored
Scale Insect Pests of Trees and Shrubs. Cornell Univ.
Press, Ithaca, USA. 442 pp.

PENA, J. E., ALUJA, M., AND WYSOKI, M. 2009. Pests, pp.
317-345 In Litz R. E. [ed.], The Mango: Botany, Produc-
tion and Uses (2nd ed.). CAB Intl.

REHMAT, T., ANIS, S. B., KHAN, M. T., FATMA, J., AND BE-
GUM, S. 2011. Aphelinid parasitoids (Hymenoptera:
Chalcidoidea) of armoured scale insects (Homoptera:
Diaspididae) from India. Biol. Med. 3(2): 270-281.

SADOF, C. S., AND NEAL, J. J. 1993. Use of host plant re-
sources by the euonymus scale, Unaspis evonymi (Ho-
moptera: Diaspididae). Ann. Entomol. Soc. America
86(5): 614-620.

SENASICA. 2009. Servicio Nacional de Sanidad, Inocui-
dad y Calidad Agroalimentaria. Secretaria de Agricul-
tura, Ganaderia, Desarrollo Rural, Pesca y Aliment-
aciéon. Campana de Manejo Fitosanitario del Mango
en el Estado de Guerrero. http://www.google.com.mx/
url?sa=t&rct=j&q=campa%C3%Bla+escama+blanc
a+senasica+guerrero&source=web&cd=1&ved=0CC
sQFjAA&url=http%3A%2F %2Fwww.senasica.gob.
mx%2Fincludes%2Fasp%2Fdownload.asp%3Fiddocu
mento%3D11745%26i1durl%3D16658&ei=aP6mUay5
LpK68wTo_YGgDg&usg=AFQjCNEfFrkcUfbCNLejk
07NbGS4HmhXpw (Accessed in Mar 2013).

SIAP. 2011. Servicio de Informacion y Estadistica
Agroalimentaria y Pesquera. Anuario estadistico
de la produccion agricola de los Estados Unidos
Mexicanos. México: Secretaria de Agricultura, Ga-
naderia, Desarrollo Rural, Pesca y Alimentacion.
http:/www.siap.gob.mx/index.php?option=com_
wrapper&view=wrapper&Itemid=350 (Accessed in
Sep 2012).

SMITH, J. J. B. 1985. Feeding mechanisms, pp. 34-85 In
G. A. Kerkut and L. I. Gilbert [eds.], Comprehensive
Insect Physiology, Biochemistry and Pharmacology.
Vol. 4. Regulation: Digestion, Nutrition, Excretion.
Pergamon Press. Oxford, UK.

STEUDLER, E., ZIMMERMANN, U., AND LUTGE, U. 1977. Ef-
fect of turgor pressure and cell size on the wall elastic-
ity of plant cells. Plant Physiol. 59: 285-289.

URIAS-LOPEZ, M. A., OSUNA-GARCIA, J. A., VAZQUEZ-
VALDIVIA, V., Y PEREZ-BARRAZA, M. H. 2010. Fluctu-
acion poblacional y distribucion de la escama blanca
del mango (Aulacaspis tubercularis NEWSTEAD) en
Nayarit, México. Rev. Chapingo Serie Hort. 16(2): 77-
82.

VALERO, L., AND DURANT, P. 2001. An4lisis de la dieta del
conejo de paramo Sylvilagus brasilensis meridensis
Thomas, 1904 (Lagomorpha: Leporidae) en Mucubaji,
Mérida, Venezuela. Rev. Ecol. Latino Americana 8(2):
1-13.

WASHINGTON, J., R., AND WALKER, G. P. 1990. Histologi-
cal studies of California red scale (Homoptera: Diaspi-
didae) feeding on citrus. Ann. Entomol. Soc. America
83(5): 939-948.

ZAMORA-MAGDALENO, T., CARDENAS-SORIANO, E., Ca-
JUSTE-BONTEMPS, J. F., AND COLINAS-LEON, M. T.
2001. Anatomia del dafio por rozamiento y por Colle-
totrichum gloeosporioides Penz. en fruto de aguacate
‘Hass’. Agrociencia 35: 237-244.

Downloaded From: https://bioone.org/journals/Florida-Entomologist on 26 Apr 2020
Terms of Use: https://bioone.org/terms-of-use



