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ABSTRACT

Among phytophagous insects, the Cicadomorpha are important economically because they
damage crops by sucking plant sap and by transmitting plant pathogens, such as Spiro-
plasma citri and Xylella fastidiosa to citrus. In Argentina little knowledge exists about this
subject. The aim of this work was to study the diversity of Cicadomorpha associated with
citrus orchards in Entre Rios province, and their seasonal fluctuation in relation with cli-
matic and phenological conditions. A total of 1,554 specimens belonging to 28 species of
Cicadomorpha were collected with yellow sticky traps in sweet orange (Citrus x sinensis (L.)
Osbeck) and tangerine (Citrus unshiu Marc) orchards. The Shannon index and the Simpson
index suggested a similar trend in the distribution of the dominant species in both crops. In
the orange orchard, Cicadomorpha populations increased in the summer coincidently with
temperature increases. On the other hand, a significant increase in abundance during the
winter months was coincident with increase of early sprouts of the citrus plants. Entre Rios
province represents a new distribution record for 13 species. Tangerine is a newly recorded
host-plant for 16 species studied, and eight species are reported for the first time on ‘Valen-
cia Late’ orange.

Key Words: Xylella fastidiosa, Cicadellidae, Membracidae, Cercopidae, sweet orange, tan-
gerine

RESUMEN

Dentro de los insectos fitéfagos, los Cicadomorpha tienen importancia econémica por
ocasionar dafios por succion de savia en plantas y transmitir fitopatégenos como Spi-
roplasma citri 'y Xylella fastidiosa en citricos. En Argentina es escaso el conocimiento
acerca de esta tematica. El objetivo del trabajo fue estudiar la diversidad de los Cica-
domorpha asociados a cultivos citricos en la provincia de Entre Rios y su fluctuacién
estacional en relacion con las condiciones climaticas y fenolégicas. Los especimenes se
colectaron con trampas adhesivas amarillas. En total fueron colectados 1554 especime-
nes pertenecientes a 28 especies de Cicadomorpha en cultivos de naranja dulce (Citrus
x sinensis (L.) Osbeck) y mandarina (Citrus unshiu Marc). Los valores del indice de
Shannon, sugieren una tendencia similar en la distribucién de las especies dominantes
en ambos cultivos. Esto también fue reflejado por el indice de Simpson. En el cultivo de
naranja, los Cicadomorpha presentaron incrementos poblacionales en verano, coinciden-
tes con los aumentos de la temperatura. Por otro lado, el incremento en la abundancia
de especimenes durante los meses de invierno, fue coincidente con el aumento de brotes
tempranos en los citricos. La provincia de Entre Rios fue citada como nuevo registro de
distribucién para 13 especies. El cultivo de mandarina es un nuevo registro de planta
huésped para 16 especies estudiadas, y ocho especies son registradas por primera vez
sobre naranja Valencia.

Palabras Clave: Xylella fastidiosa, Cicadellidae, Membracidae, Cercopidae, naranja dulce,
mandarina

The citrus (Sapindales: Rutaceae) industry is tina ranks ninth and its geographical position
the most economically important activity in the has allowed the country to become a supplier of
world fruit market. The major producers of citrus  fresh citrus fruit during the boreal summer. Cit-
are Brazil, China and the United States. Argen- rus orchards are located in 2 regions: Northwest
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(NOA) (Jujuy, Salta, Catamarca and Tucuman
provinces) and Northeast (NEA) (Entre Rios,
Corrientes and Misiones provinces). The species
grown mainly in NEA are sweet orange (Citrus
x sinensis (L.) Osbeck) and tangerine (Citrus un-
shiu Marc) trees, which constitute 90% of agri-
cultural production in this region (Segovia 2003;
FEDERCITRUS 2011).

Among the most biodiverse lineages of phy-
tophagous insects, the hemipteran infraorder
Cicadomorpha comprises the superfamilies Ci-
cadoidea (cicadas), Cercopoidea (spittlebugs and
froghoppers) and Membracoidea (leathoppers and
treehoppers). To date, approximately 30,000 ci-
cadomorphan species have been described world-
wide (Dietrich 2002; Cryan 2005).

These insects have received much attention
because of their economic importance. They can
damage crops by sucking plant sap and transmit-
ting plant disease organisms such as viruses, mol-
licutes and bacteria (Nielson 1968; Purcell 1985).

The causal agent of Citrus Stubborn Disease
(CSD) is Spiroplasma citri, a phloem-limited mol-
licute that infects most citrus species as well as a
wide range of non-rutaceous plant species. It is
distributed in the United States, Northern Africa,
the Mediterranean countries and Southeast Asia.
CSD is naturally transmitted by leathopper vec-
tors such as Circulifer tenellus Baker and species
of genus Scaphytopius Ball in the United States
(Nejat et al. 2011).

Xylella fastidiosa Wells et al. 1987, is a xylem-
limited bacterium that cause diseases such as
‘Pierce’s Disease’ in grape (Vitis vinifera L.), ‘Pho-
ny Peach Disease’, ‘Citrus Variegated Chlorosis’
(CVC), and ‘Leaf Scorch’ in coffee, oleander, mul-
berry, oak, and maple, among others (Hopkins &
Purcell 2002). It has a wider distribution in the
Americas, from the United States to Argentina.
Insect dissemination of X. fastidiosa is possible by
vector insects belonging to the families Cicadel-
lidae (leathoppers) and Cercopidae (spittlebugs)
(Redak et al. 2004). Recently species of Membra-
cidae (treehoppers) have also tested DNA positive
for X. fastidiosa in oaks (Zhang et al. 2011).

In citrus orchards, X. fastidiosa causes ‘Citrus
Variegated Chlorosis’ (CVC), which was detected
in northeastern Argentina in 1984 and in Brazil
3 yr later (Hopkins & Purcell 2002). This disease
is considered a potential threat to the production
of oranges, if a suitable vector is present (Dam-
steegt et al. 2006). In total, 11 species of leathop-
pers have been shown to be vectors of CVC in
Brazil (Lopes 1996; Gravena et al. 1998; Parra
et al. 2003).

In Argentina, studies conducted by De Coll
et al. (1996, 2000) in Misiones province revealed
that many species of cicadomorphs were able to
acquire X. fastidiosa, including leathoppers: Bu-
cephalogonia xanthophis (Berg), Diedrocephala
bimaculata (Gmelin), Hortensia similis (Walker)
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Macugonalia cavifrons (Stal), Sibovia sagata
(Signoret), Sonesimia grossa (Signoret), Freque-
namia spiniventris (Linnavuori), Scaphytopius
bolivianus (Oman), Curtara samera De Long &
Freytag; and treehoppers: Ceresa ustulata Fair-
maire, Entylia carinata (Forster). CVC was also
observed in Corrientes province, where species
associated with citrus were studied (Beltran et al.
2004). In the last decade, CVC has been recorded
in Concordia department, Entre Rios province
(Costa et al. 2009) in sweet orange and tanger-
ine, but the insects associated with the affected
orchards have not yet been studied.

Considering the importance of these insects for
the transmission of X. fastidiosa and other plant
pathogens, the aim of this work was to study the
diversity of Cicadomorpha associated with citrus
orchards in Entre Rios province, Argentina, and
their seasonal fluctuation in relation with climat-
ic and phenological conditions.

The knowledge of cicadomorph species compo-
sition in citrus orchards and their abundance in
the community are essential for integrated pest
management, and can be used to predict situa-
tions that favor population peaks of these insects.

MATERIALS AND METHODS

Study Sites and Record of Climatic and Phenological
Conditions

The study was conducted at the Agricultural
Experimental Station of INTA, in Concordia de-
partment, Entre Rios, Argentina (S 31° 22’ 27" W
58° 06’ 59”; 46 m asl). Two orchards were chosen
as study sites: sweet orange, variety Valencia
Late’, grafted onto trifoliate orange (Poncirus tri-
foliate (L.) Raf.), planted at 7 x 3.5 m row spac-
ing, which were 25 yr-old at the beginning of the
experiment (779 trees); and tangerine orchard,
variety ‘Satsuma Okitsu’ (Citrus unshiu Marc),
grafted onto trifoliate orange, planted at 5 x 2 m
row spacing, 12 yr-old at the beginning of the ex-
periment (200 trees).

Between 2006 and 2009, the phenological
stages of sweet orange plants were recorded
monthly as follows: F1 (early sprouts), F2 (elon-
gating shoots, small leaves), F3 (elongated shoots,
leaves completing expansion), F4 (leaves reach-
ing final size), and F5 (no new shoots, twigs and
leaves predominantly adult). Meteorological data
were collected by the weather station located in
the Agricultural Experimental Station of INTA,
in Concordia, Entre Rios.

Sampling Method and Specimen Identification

The specimens were collected with yellow
sticky traps, measuring 12.5 x 10 cm, installed
at 1.5 m height. Four traps were installed in the
orange orchard, and in the tangerine orchard 2
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TABLE 1. ABUNDANCE (N) AND SPECIES RICHNESS (S) OF CICADOMORPHA FAMILIES, ON SWEET ORANGE AND TANGER-

INE ORCHARDS IN ENTRE RiOS.

Orange Tangerine
Superfamily/Family N S N S
CERCOPOIDEA (Spittlebugs, Froghoppers)
Aphrophoridae 3 1 6 1
Cercopidae 3 1 3 1
MEMBRACOIDEA
Cicadellidae (Leafhoppers) 1013 17 435 15
Membracidae (Treehoppers) 49 5 42 3
Total Identified 1038 24 447 20
TOTAL 1068 486

traps (1 trap per 100 plants, approximately) (Fe-
lippe et al. 2006); traps were replaced every 2 wk
between Oct 2006 and Jan 2009. The specimens
collected from sticky traps were removed us-
ing benzene to dissolve the glue and separately
placed in plastic tubes with 70% alcohol.
Taxonomic terminology for the Cicadomorpha
at the family and subfamily levels followed Remes
Lenicov et al. (1999) and Dietrich (2005). Species
identifications were based on literature available
for identifying leathoppers: Lawson (1931), Chris-
tensen (1942), Linnavuori (1959), Nielson (1968),
De Long & Freytag (1976), and Young (1952,
1968, 1977); treehoppers: Barreira & Sakakibara
(2001) and Andrade (2004a, 2004b), and spittle-
bugs: Torres (1950) and Costa & Sakakibara
(2002). The collected specimens were deposited in

mm Abundance in Orange
160

140 +

120 -

—

f=

]
I

=]
=
L

60

Cieadomorpha Abundance

40 -

20 -

$ S
&
S

Abundance in Tangerine

S

A
ZPSB

the Entomological Collection of Museo de La Pla-
ta, Argentina (MLP). Material that was damaged
by removal from the traps could not be identified.

The geographic distribution for each identified
species was taken from the literature and sum-
marized in a table, along with the new informa-
tion provided by this work.

Data Analysis

The Cicadomorpha samples were identified to
the subfamily and species level and counted un-
der a stereo microscope. Total numbers of collect-
ed individuals (N) and species (S) were recorded
monthly.

The relative importance (RI) of a species takes
into account not only its abundance but also its
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Fig. 1. Seasonal abundance and species richness of Cicadomorpha on sweet orange and tangerine orchards in

Entre Rios during 2006-2009.
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TABLE 2. ABUNDANCE (N) AND RELATIVE IMPORTANCE (RI) OF CICADOMORPHA SPECIES COLLECTED FROM SWEET
ORANGE AND TANGERINE ORCHARDS IN ENTRE RiOS.

Orange Tangerine
Family/ Subfamily Species N RI N RI
CERCOPOIDEA
APHROPHORIDAE
Aphrophorinae Cephisus siccifolius (Walker) 3 * 6 wE
CERCOPIDAE
Tomaspidinae Deois sp. 3 * 2 *
Unidentified 0 1
MEMBRACOIDEA
CICADELLIDAE
Agallinae Agalliana ensigera Oman 28 wE 0
Unidentified 9 3
Cicadellinae Bucephalogonia xanthophis (Berg) 1 7 wE
Diedrocephala bimaculata (Gmelin) 1 2 w%
Hortensia similis (Walker) 0 1 *
Macugonalia cavifrons (Stal) 2 * 1 *
Molomea lineicepsYoung 99 o 37 ok
Sibovia sagata (Signoret) 0 1 g
Sonesimia grossa (Signoret) 0 1 *
Tapajosa rubromarginata Signoret 29 wE 45 wEE
Tretogonia notatifrons Melichar 1 * 0
Unidentified 0 7
Deltocephalinae Amplicephalus marginellanus Linnavuori 0 1 *
Atanus serricauda (Linnavuori) 1 * 0
Atanus sp. 1 * 0
Balclutha sp. 1 * 0
Dalbulus maidis (De Long & Wolcott) 2 * 0
Frequenamia spiniventris 570 HE 203 o
Linnavuori & De Long
Osbornellus infuscatus Linnavuori 12 woE 10 wE
Scaphytopius bolivianus (Oman) 169 oAk 82 ok
Unidentified 14 24
Gyponinae Curtara samera (De Long & Freytag) 9 *E 4 wE
Unidentified 3 1
Typhlocybinae Protalebrella brasiliensis Young 51 woE 1 *
Unidentified 4 2
Xerophloeinae Xerophloea viridis (Fabricius) 6 wE 2 *
MEMBRACIDAE
Smiliinae Ceresa sp. 7 w3 7 o
Cyphonia sp. 35 woE 31 ok
Unidentified 0 1
Sp1 4 #* 3 sk
Sp2 2 wE 0
Sp3 1 * 0

(*) Rare or occasional, (**) Frequent, (***) Very frequent
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TABLE 3. DIVERSITY INDEXES OF CICADOMORPHA ON
SWEET ORANGE AND TANGERINE ORCHARDS IN

ENTRE RiOS.
Index D,, v D
Orange 3.312 1.6 0.342
Tangerine 3.113 1.8 0.261

D, is the specific richness index of Margalef. H’ is the Shan-
non—Wiener, and D is the dominance index of Simpson.

occurrence or frequency. Thus, species poorly
represented in terms of individual numbers but
frequently recovered over a long period can be
balanced with abundant species with sporadic
occurrence (Remes Lenicov & Virla 1993; Muria
et al. 2006). For each sampled site the relative
importance of species was determined using the
formula: RI = (n/n,) x (m/m,) x 100, where n, =
number of individuals of species “i”, n, = number
of individuals of all species, m, = number of sam-
ples containing species “i”, and m, = total num-
ber of samples. A “very frequent” species is de-
fined as having a RI equal to or higher than 1%,
the RI of “frequent” species lies between 0.02%
and 0.99%; and “rare or occasional” species have
a RI equal to or lower than 0.019% (Paradell et
al. 2001).

Community or habitat diversity, can be mea-
sured by methods that consider only the number
of species (Margalef’s index), or methods that
highlight the structure of the community consid-
ering both the number of species and their rela-
tive importance. Such methods may highlight the

Abundance

140 -

120 -

—_

= =] =

= =1 =1
it I

CicadomorphaAbundance

.
=]

20 4

=== Phenological StagesF1

1129

dominance of a few species (Simpson’s index), or
else the degree of evenness among the whole set
of species (Shannon-Wiener’s index). The specific
richness index of Margalef (D, ), the Shannon-
Wiener index (H’), and the dominance index of
Simpson (D) were calculated as follows: H’ = —Xp,
x log2p; D = 1-Z (p)% D, = S-1/LnN; where p, =
n/N, n, = number of individuals of species “i”’, N
= number of individuals of all species, and S =
number of species (Moreno 2001).

Seasonal fluctuation of Cicadomorpha in sweet
orange orchards was evaluated through monthly
values of collected individuals and analyzed with
respect to climatic and phenological variables.

RESULTS AND DISCUSSION

Atotal of 1,554 specimens were collected (1,068
on sweet orange and 486 in tangerine plants) be-
longing to 4 families of Cicadomorpha, of which
Cicadellidae was the most abundant in both or-
chards, followed by Membracidae. Other studies
in citrus have shown similar results in terms of
higher abundance of Cicadellidae (De Coll et al.
2006; Giustolin et al. 2009). Of all collected speci-
mens, 95.56% (1,485 specimens) were identified
and used in further analysis (Table 1).

The number of collected specimens varied be-
tween samples (Fig. 1). The highest number was
obtained in Jan 2007 (N = 149) and the lowest
number in Jun 2007 (N = 3).

In total, 28 species of Cicadomorpha were col-
lected. Of these, 24 species were found in the or-
ange orchard, while 20 species were collected in

= Mean Temperature
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0

Fig. 2. Relationships between climatic and phenological conditions and seasonal abundance of Cicadomorpha on

sweet orange orchards in Entre Rios during 2006-2009.



September 2013

Florida Entomologist 96(3)

1130

‘LL6T Sunox, ‘896T SUNOZ ,, ‘900g OSN[BS,, ‘9003 T8 12 A0JTUSTT SOWSY ,, ‘666T T8 10 A0IIUST SowaY,, ‘L66T T8 10 A0IIUST Sewey, ‘G8GT UQS]T, 2 A0IIUST SOWRY,, ‘G86T A0dIUST
soway,, ‘gT0Z ‘T8 10 [[PPBIBd, ‘0008 T8 10 [[PPBIed, ‘G661 [[PPeIed, ‘6961 MONARUUIT, ‘Z00Z T8 19 1099 ZouswLy), ‘TT0g T8 10 9de[[eQ, ‘9661 110D o, ‘TT0 OUB[eIBD, F00T T8 1° ULLod,

“OIRIN MIYSUN SNLJ1)) JO PIOIDI MON
«'SqO (1) S18UdULS SNLL)

"DIRN[ MIYSUN STAI1)) JO PIOIDT MON
rert $AO (1) S18UAULS SNLL)

"OXRIN[ MIYSUN ST.A1)) JO PIOIDT MIN
'S0 (") S18UUIS SN

OIBIN MIYSUN SNLJ1)) JO PIODDT MON
err SAO (1) STSUGUIS SNUIT)

'SqQ (") S1SUUIS SNUJL)) JO PIOIDL MAN
"OIRIN MIYSUN SN.L717) JO PI0IDI MBN
'SqQ (T) s1suduIs snug1)

“OIRIN MIYSUN SN.L717) JO PIOIDI MON
. SqO ("TT) s1suadu1s sn.1)

OIRIN NIYSUN SN.L717) JO PIOIDT MON]
'S0 (1) SIsUULS SNLI1))

'SQQ (1) S1SUUIS SNUP1)) JO PIOOT MAN

DIBIN N1YSUN SNUA17) JO PI0IDT MIN

"SQQ (1) S1SUUIS SNUP1)) JO PIOOT MAN

20utA0Id SOIY 91U I0J PI0IDI MON

1 SOUOIST ‘euTjuagd

-1y ‘fenSered RIAT[0q ‘[IZRIg ‘NIoJ ‘BRIqUIO[0)) ‘B[ONZIUSDA
L PPBYD “Aninp ‘ejfeg ‘seary sousng

‘sory aajuy ‘o] BIUBS ‘SOJUSLLIO)) ‘SOUOISI\ :BUIIUSSIY
{fenSered ‘[1zelq ‘RIAIOY NI {IOPBNIY ‘BURINY) OUDL]
‘eurANY) (DWRULING {B[ONZOUA ‘BIqUIOO)) ‘BqN)) {SI[[IIUY
‘ewreueJ ‘eNSeIRIIN 001} 0}IoNJ 0JIXOTA S9)e}S PojIu()
2outA0xd SOTY SIJUf 0] PIOIDT

MON °,SOIUSLLIO) ‘SOUOISI ‘BUNUSSLY ‘Aengdere ] ‘[1zeig
90urA0Id SOIY SI)U JI0J PLOIAL MON

g1 SOFUILLIOY) ‘D] BJURS ‘SOUOISIJA] ‘00BY)) ‘UBWNONT, ‘BUI}
-uadry ‘AenSeted ‘eiArjog ‘[Izelg NI ‘BURINY) [YOUSI]
OWRULING {BUBANY) (B[ONZOUDA ‘BIqUO[O)) ‘BWRUBRJ ‘B
-y ©1S0)) ‘enSededIN (IOpBA[RS [H ‘SRINPUOH <OOIXdIA
a1 SOITY souang ‘sory dajuy ‘o4

BIURG ‘00BY)) ‘019)SH [0P 0SBIJUBS ‘UBWINOIN], ‘@IIBWEBIR))
‘Anlnp ‘ejeg ‘BUNULSIY ‘BIAI[OY ‘[IZRIg ‘NI9J ‘B[ONZOUA
BIqUIOTO)) ‘BOLIOUIY [BIJUS)) :OJIXOJ\ :S01B)S pojIu()
2outA0Id SOIY S13Uf] 0] PI0IDI MON

" SOUOISTIN ‘Anflnp reurjuelry ‘[zeig

‘9outA0Id SOTY SI)UY J0J PIOIDT MON

" SQITY soudng ‘SOUOISIJY ‘URWNONJ, ‘ej[eg ‘eurjuod

-1y ‘Aengnui() KenSered {(Izelg ‘BOLIOUIY [BJIIUS)) ‘0JTXOIA
2outA0xd SOIY 8IjUG] 0] PI0IDI MON

e SOITY soudng ‘ejeg ‘BZOPUIIA ‘SOJUSLLIO)) ‘SIUOISTIA
‘9 ®jueS ‘BQOpPIO) ‘Anlnp eunueSry ‘eIAT0g ([1zelg
2outA0Id SOTY 813U 0] PI0IDI MON

"0 BIUEG ‘ST UBG ‘URWNON], ‘BUIUISIY

STy soudng ‘sory axjug]

‘SOIUSLLIO)) ‘SOUOISII ‘9, BJURS ‘00BY) ‘SIN'T UeS ‘BqOP.I0))
‘agwmon], ‘Anfnp eunuedry Aendered ‘elAlog  [1zelg
2outA0xd SOIY 813U 0] PI0IDI MON

", 089N o1y ‘edured e

‘SIry souang ‘SoUOISIJA ‘00BY)) ‘BZOPUS]A ‘UBn [ UBS ‘BqOP
-10) ‘upwmony, ‘Anfnp ‘ejeg BUnUeSIY ‘RIAT[0g  [IZelg

(1218) suo.Lf1amd DYDUOSNIDI

(TOX[[BA\) S2J7UL1S DISUDIIOE]

3U0rT 9(J 3 LIONARUULT S242U201UldS DIUDUINDAL]

(Uurpewiy)) PIVINODUILQ D]DYA2I0LPII(T

(109[0p % BUOT S(T) S1PIDW SMINQID(T

3e1heaxq 29 SUOTT O DLIWDS DUDILN])

(I9Y[[_A\ ) SM270J10018 sns1yda))

(8x0g) s1ydoyjunx viuoSoppydaong

(LIONARUUTT) DPNDILLIAS SNUDTY

LIONABUUIT $NUD]JoulSivw snypydaorjdwyy

uew() D.a515Ud DUDI]IOSY

syue[q 1SoH

uonnquis orgdersoor)

sowadg

'SOIY HYILNH NI STYVHDYO SNYLID HLIM NOILLVIDOSSV 4IHHL ANV SHIDHIS dHLOUTION VHdIOWOAVII)) A0 NOLLAIIYLSIA DIHAVIDOUY) § HIdV ],



1131

Dellapé et al.: Cicadomorpha in Citrus Orchards in Argentina

*LL6T 8unox, ‘896T SUNOZ ., ‘900g OSN[BS,, ‘9003 ‘T8 10 A0JTUSTT SOWSY ,, ‘666T T8 10 A0IIUST SoWdY,, ‘L66T T8 19 A0ITUST Sewey, ‘G8GT UQS]T, 29 A0dIUST SOWRY,, ‘G86T A0dIUST
sowy,, ‘gT0Z T8 19 [[PPBIBd, ‘0008 T 19 [[PPBIed, ‘G661 [[PPeIed, ‘6961 MONARUUIT, ‘Z00Z T8 19 1099 Zouswty), ‘TT0g T8 10 9de[[ed, ‘9661 110D 2, ‘TT0g OUB[eIRD, ‘F003 T8 19 ULLod,

QARIA NIYSUN 7))
pue 'sqQ (") S1SUdUIS SM.171)) JO PI0IDI MIN
SO YIIM PIJBIOOSSE SPOd

'SQQ ('T) S1SUUIS SNUP1)) JO PIOOAT MAN
DIRIN N1YSUN °)
pue 'sqQ (") S1SUdUIS S7.471)) JO PI0IDI MAN

“OIBIN MIYSUN SNLJ1)) JO PLODDI MAN
err SAO (1) SISUGUIS SNUIT))

"OIRIN[ NIYSUN SNAFI)) JO PIOIDT MON
.'Sq0 (1) S18UdULS SNLL)
"OTRIN[ MIYSUN STAIT)) JO PIOIDT MIN
'SqO ("T) s1suau1s sn.431)

QARIA NIYSUN 7))
pue ‘sqQ (") S1SUaUIS SN.L71]) JO PIOODI MAN

DIRIN NIYSUN )

pue 'sqQ ("T) S1SUdUIS ST.471)) JO PI0IDT MAN
“OIRIN MIYSUN SN.L717) JO PIOIDI MON

89O (1) S1sudUIS SNUPL)

2outA0xd SOIY 91U I0J PI0ISI MON

", S9ITy sou

-ang ‘o] BIURG ‘SOUOISI]\ ‘0orY) ‘UonbnoN ‘eqopio)) ‘0199
-7 [op oSerjuBG ‘UBWINOM], ‘BoIRUIR)E)) ‘BI[BS BUNULSIY
‘BIAT[OT ‘[IZRIg NISJ ‘B[ONZOUSA -OJIXdA S9)R)S poju()
o SOITY soudng ‘sory aajuy]

“@qOpI0)) ‘SOJUSLLIO)) ‘SOUOISI]Al ‘00®y) :eunuadry :Aengd
-eIRJ ‘BIAI[O I0PBNOY [IZBIg ‘RURINY) OULL] -dWRULING
.f,:,m_.m,: SOry anuy ?NQO@

-100) ‘o0 ‘UpWININ], ‘B)[eS :BUNULSIY Aengdeied [1zeig
2outA0Xd SOTY 91U I0J PI0ISI MON

* e S9Y

-UQLLIO)) ‘SQUOISIJA :BUnuasIy :Kendeied :eIAT[og mmmgm
douraoxd sory axjury 10

PI0991 MO ... SOIIY sousng ‘S9JUSLLIO)) ‘SOUOISIl ‘Anfnp
{BUTJUSSIY ‘RIAT[O] {[IZRI{ SO[[IJUY ‘0IIXOTA ‘S01R)S pojIu)
2outA0Xd SOTY 91U 0] PI0IDT MON

" SOUOISIN {BUIJUISIY ‘BIAI[Og]

Sory aajuy]

‘SQUOISTIA] ‘9,] BJURG ‘00BY)) ‘BZOPULIA ‘BqOPJIO)) ‘Ugwinong,
reunjueday Aendered (RIAI[Og ‘[IZelg -I0peNOY -RB[ONZO
-U9A ‘BIQUIOO)) ‘BOLISUWLY [BIJUS)) (0JIXdIN :S93e1S pojiu)
2outAoxd SOIY 813U 0] PI0IDI MON

', SOy soudng ‘SOUOISI\ ‘Bs

-ouLIO ‘BQOPIO)) ‘UBWINOM], :BUIUSIY Aengdeied ([1zeig
wﬁﬁmO\H‘m

aIjuy ‘SOJUSLLIO)) ‘BQOPIQ)) :RUNULSIY :AenSered  izeig

(snmriqey) s1p1i1a D20y do.Ldax

JTRUDI[OIN SUO.L[17DIOU DIUOS0JI.L],

1010U31S VIPUISIDUOLQNL DSOLDAD],

(3010uB1g) DSSO.LS DIUWISIUOG

(3910UBIg) DIDSDS D110Q1SG

(uew()
snun1a170qQ sn1dofydoog

3unoyx s15U2118D.4Q D]]2.4Q2]DI0L]

LIONABUUITT $77DISTfUI SNJJaUL0GSO)

gunox sdaoraur] nawojopy

syue[q 1SoH

uonnquis orgdersoor)

sowadg

'SOIY TYINH NI SAYVHIYO SNYLID HLIM NOILVIDOSSY dITHL ANV SHIDAIS AHLOATION VHAYOWNOAVIIL)) A0 NOILAIIYLSIA DIHAVIDOTY) (AANNILNO)) & ATdV,L,



1132

tangerine trees, and 16 were shared by both study
sites. Cicadellidae presented the highest species
richness in both orchards (Table 1).

Species composition also varied between dif-
ferent months. The highest value of species rich-
ness was recorded in Jan and Dec 2007, and Apr
2008 for the orange orchard (S = 8) and only in
Dec 2007 for tangerines (S = 10). The lowest spe-
cies richness was recorded in May 2007 in both
orchards (S = 1) (Fig. 1).

Frequenamia spiniventris was the most abun-
dant species in all samples with 773 specimens,
followed by the leathoppers S. bolivianus (251
specimens), Molomea lineiceps Young (136), Tapa-
Jjosa rubromarginata Signoret (74), and the tree-
hoppers Cyphonia sp. with 66 specimens. All other
species comprised less than 60 collected specimens
(Table 2). Other studies conducted in Argentina
have shown similar results, although F. spiniven-
tris was more abundant in weeds associated with
citrus (Beltran et al. 2004; De Coll et al. 2006).

Frequenamia spiniventris was also the most
frequent species in all samples, followed by S.
bolivianus and M. lineiceps. The species T. rubro-
marginata had not been previously reported in
citrus, whereas in this study it was very frequent
in the tangerine orchard and frequent in oranges,
similarly to Cyphonia sp. (Table 2).

Other frequent species in the sweet orange
orchard were Osbornellus infuscatus Linnavuori,
Curtara samera (De Long & Freytag), Ceresa sp.,
Agalliana ensigera Oman, Protalebrella brasil-
iensis Young, and Xerophloea viridis (Fabricius).
The first 3 were also frequent in tangerine, along
with Cephisus siccifolius (Walker), B. xanthophis
and D. bimaculata (Table 2). The remaining spe-
cies were rare or occasional in both orchards.
Similar results have been obtained by studies in
Brazil (Molina et al. 2006; Nunes et al. 2007; Me-
negatti et al. 2008; Miranda et al. 2009; Molina
et al. 2010), where Dilobopterus costalimai Young
was the dominant species; but other research has
shown B. xanthophis as the most abundant and
frequent species on citrus (Yamamoto et al. 2001;
2002; Coelho et al. 2008).

Both orchards presented high species rich-
ness with D, = 3.312 for sweet orange, and D,
= 3.113 for tangerlne For the diversity analy-
sis we used the Shannon-Wiener index and the
Simpson dominance index. The results obtained
for the Shannon index in the orange (H = 1.6)
and tangerine orchards (H = 1.8) suggested a
similar trend in the distribution of dominant
species. This was also reflected by the Simpson
index with D = 0.342 for orange and D = 0.261 for
tangerine) (Table 3).

In sweet orange orchards, Cicadomorpha pre-
sented 2 population increases throughout the
sample: 1 in the summer, between the months of
Dec and Feb; and another in the winter (Jul-Aug).
Results also showed that temperature increases
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(spring and summer) were coincident with in-
creases in abundance of specimens. On the oth-
er hand, a significant increase in the number of
specimens during winter months was coincident
with the increases of early sprouts (phenological
stage F1) of the citrus plants (Fig. 2).

Most Cicadomorpha tend to be extremely po-
lyphagous and range widely within a number of
agricultural and native plant communities (Re-
dak et al. 2004; Giustolin et al. 2009). Citrus are
not primary but occasional hosts for them, while
other alternative host plants are also important
for the development of the different cicadomor-
phan species (Milanez et al. 2001). This may ex-
plain why the number of collected insects was so
low in some months during the sampling. These
studies require further analysis, since species
with a wide range of host plants will exhibit low
seasonality (Novotny 1998).

Following a literature review, all known infor-
mation on geographic distribution of the species
found in this study and their associations with
citrus was summarized in Table 4. Entre Rios
province was cited as a new distribution record
for the following species: A. ensigera, Atanus ser-
ricauda (Linnavuori), B. xanthophis, C. siccifo-
lius, C. samera, D. bimaculata, F. spiniventris, M.
cavifrons, O. infuscatus, S. bolivianus, S. sagata,
S. grossa, and X. viridis.

Tangerine represents a new record as host-
plant for all species studied here, while the oc-
currence of A. ensigera, A. serricauda, Dalbulus
maidis (De Long & Wolcott), O. infuscatus, P.
brasiliensis, T. rubromarginata, Tretogonia no-
tatifrons Melichar, and X. viridis in Valencia Late
Orange is reported for the first time (Table 4).

The present work, along with research conducted
by De Coll (1996, 2000, 2006), Remes Lenicov
et al. (1999) and Paradell et al. (2000), gathers
all information about diversity, frequency and
seasonal fluctuation of Hemiptera Cicadomorpha
associated with citrus orchards in Argentina. This
knowledge is essential for the control of the vectors
of one of the most important diseases of citrus in
America.
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