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Abstract. Trends in seasonal abundance, natural enemies, dam
age and control of the avocado lacebug (ALB) Pseudacysta 
perseae (Heideman) (Hemiptera: Tingidae) were investigated 
in Dade County, Florida. Avocado lacebug population densi
ties increased during the dry season (November - February), 
and declined during spring and summer. The cult ivars 'Wal
din ', 'Booth 8' and 'Loretta' had the highest natural infestat ion 
levels. The most susceptible cultivar appears to be " Booth 8" 
with damage levels of 20-28% to the leaf area. Leaf photosyn
thesis was reduced by 50% when the leaves sustained 40% 
damage. Cultivars (Simmonds) with 100% of their leaves in
fested exhibited an early leaf drop and a total reduction of fruit 
set. By contrast the West Indies x Guatemala hybrid was 
scarcely affected by the pest. Four major biological control 
agen ts were observed. Two egg parasitoids, Oligosita sp. , and 
an un identified myrnarid wasp, the green lace wing Chrysoper
fa rufilabris, and a predacious mirid, Hyaliodes vitripennis. 
Several pesticides, M-pede (soap), citrus oil , Mycotrol (Beau
veria bassiana) were applied to an avocado orchard with an av
erage of 15-28 ALB /leaf. Seven days after spray application, 
ALB densities were significantly reduced by Mycotrol, and by 
M-Pede compared with the untreated control. Mycotrol (3 qtsl 
100 gal) sign ificantly reduced ALB densities for 29 days com
pared to the untreated control. 

Introduction and Rev iew of Literature 

T he avocad o lace bug (ALB) , Pseudacssta per seae was d e
scribed in 1908 as Ac)'sta perseac fro m Florida specimens and 
co nside re d a minor pest of avo cado. However, persistent pop
u lati on o u tbreaks of P/Je/:seaeobserved sin ce th e mid 1990s in 
Florida and in th e Ca ribbe an region , reveal that m ade P. /Jer
sal' has be come on e o f th e most im po rta n t pests o f avocad o 
(Med ina-Gaud e t a l., 1991, Abud Autun , 1991) . Ps eudacysta 
penal' is found in Flo rida and Georgia in th e nited Sta tes, 
Bermuda, Dominican Republic, Puerto Rico and Mexico 
(Mead and Pefi a 1991 ) . The co m mo n hosts for thi s pest be
sides avocado are red bay, Persea borhouia (L) and cam ph o r , 
Cinn amomum camphora (L.) . The life cycle o f Pseudacysta persae 
was reported by Abud-Antum ( 1991) to require 22 days from 
egg stage to ad ult. The most co m p lete description o f adults 
a nd late in sta l' nymphs was e labo ra ted by Heidemann (1908 ). 

Pseudacysta !Ier.meconfines its attack to the lowe r surface of 
the foliage , ca usin g ch lo ro sis, necrosis a nd a severe defolia-
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tion of avocad o, and probably reduced yields. This bug usual
ly lives in colo n ies, de positing eggs upright in irregular rows 
in clus ters on th e lower leaf su rfa ce . This in sect o pe ns an ave
n ue of p en etration fo r th e leaf a nth rac nose fun gus, Colletotri
cliu m gloe05jlOrioides (Mead and Peiia 1991 ) . Sin ce th e avocado 
lacebug was previously no t co nside red an important pest , it is 
suggested th at in recent tim es suitable natural e ne mies were 
d ecimated by application o f pesticides o r by some other type 
of e nviron me n tal desequilibrium. T he o bjectives o f this study 
we re (l) to monitor populations of th e avoc ado lace bug and 
a ttem pt to di sco ver its e nde m ic biological control agen ts, (2) 
to test efficacy of su ch resid ent biocontrol ag ents , and (3) to 

eva luate th e effect of fe eding on photosynthesis and (4) o b
serve if th ere is a relationship be tween cultivars and avocado 
lace bug populations. 

Materials and Methods 

Seasonality and monitoring 

The stud y was co nd ucted from J anuary 1995 through May 
199 7 in four avo cado o rchards approximately 6 km N of 
Homest ead in Dade Co un ty, Florida. T en tr ees were selected 
randomly and each tr ee in sp ected bimonthly fro m 199 5 
through 1997 . On eac h sampling dat e one twig with an ave r
ag e o f 9-12 leaves was cu t fro m eac h tr ee , placed in a plastic 
bag. transport ed to th e labo ra to ry, and exa m ined with a di s
secting m icroscope . The numbers of P. perseae eggs, nymphs 
and adults a nd th e percentag es of leaf area damaged were re 
corded . T he m eans o f co u n ts were calcula ted o n each sam
p lin g date. 

Natural enemies 

SUI1I() '. Leaves fro m th e o rc hards mentioned above that 
co n ta ined eggs, nymphs and adults of P' perseaewe ve observed 
and th e presence ofe n to mo phago us insects recorded. Leaves 
we re h eld individually for parasitoid emerge nce in l-liter pa
pe r cart o ns. T hese carto ns were th e held in th e laboratory at 
22 ± 3°C, an d 75-80 % RH for I month . Parasitoids that 
e merged were removed fro m co n tain e rs, co u n ted and identi 
fied by ] . Pinto (U niversity o f Ca lifo rn ia, at Riversid e ) o r by 
th e au thors . Seasonal tr ends of th e parasitoids a nd predato rs 
were assessed using th e numbe rs of parasitoids e merg ing o r 
the n um be r of predators co llec ted fro m infested leaves. 

Effectiveness of CIIIJso/J([ rufilabri s as predator of avocado lace 
bug. In tes ts where avo cado lace bugs we re offered as prey, 50 
nymphs of the P. perscae we re pla ced daily, for 12 days, on 
leaves that co n tained 1 C. rufilainis larva. Based on th e feeding 
capacity o f C. rufilalnis, th e number of P perseae nymphs pro
vided daily per a re na were in creased to 100 from day 13 to day 
20 aft er initia tion o f the expe rime n t. The prey and predator 
were co n fined in 20 .5 cm in diamet er petri dishes. The exper
im ent was p erfo rm ed in th e laboratory at a temperature of 23 
±3°C a nd RH of 75-80 %. To d et ermine natural mortality, th e 
same numbe rs of P/lers('a('were introduced into arenas with 
out th e predator. Each treatment was replicat ed 10 tim es. 
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Effectiveness of Hxaliodes uitripennis as predator of avocado lace 
bug. O n e hundred P. jJen eaenymphs we re offered daily as p rey 
to I H . uitripen nis adult h eld in simi lar predat or-prey are nas as 
described above . The number of P. perseae killed o r pierced by 
th e predato r were reco rded during four co nsecu tive days. 

Damage 

T he second obj ect ive of our researc h was to id e ntif y th e 
damaging levels of avoc ado lace bug in different avocado va
rieties . Avoc ado cu ltivars belong to one of three races based 
on th e ir evolu tionary center of o rigin . T h e maj ority of avoca
do cultivars grown com m ercially in Flo rida are "Vest Indian , 
Gua tem alan and Gua te malan x West Indian hybrids (C rane 
1992, Sch affe r 1995) . The cultivars, Booth 8, Loretta, a nd 
Wald in we re evaluate d . Eac h cult ivar was gro wn in 2 gallon 
containers. T he re were 10 single-pla n t replicat es per trea t
men t. T rees were infested by placin g adults a nd nymphs of P. 
pen eae on five tagged leaves an d by recording th e number of 
P. perseaeeggs, nym phs and adu lts on th e tagged leaves du rin g 
Gweeks. Percent leaf damage was dete rmined visu ally. At th e 
end of the experime n t th e leaf was detach ed an d th e undam
age d leaf are a and damaged leaf area measured usin g a video 
image analysis syste m (Biosca n Optimas ve rsion 4.0, Bioscan 
Inco rp orated, Edmons , "VA) fo llowing a procedure deve l
oped by Schaffer e t al. ( 1997). 

Effect o/ lea! damage on photosyn thesis 

An experim en t to test th e effect of percen t leaf damage 
and ne t pho tosyn thesis was co n ducte d in February 1996. T e n 
trees of th e cultivar Booth eigh t we re select ed and five leaves 
from eac h tree sam pled . Each leaf was divided into different 
areas, d istal , ce n tra l and proximal area . Ne t photosyn th esis 
was de termined with a LCA-3 portable gas exchange syste m 
with a PLC-3B leaf cuvette (Analytical Development Corp ora
tio n, Hoddesd on, Herts., Englan d) as d escribed by Larson e t 
al. ( 199 1) . Afte r photosynthetic determinations, th e total 
are a of ea ch leaf was m easu red with a LiCor LI-3000 leaf area 
mete r (LiCor, Inc. , Lincoln , Nebraska) and th e amou nt of 
leaf area damaged determined by multiplyin g the to tal leaf 
area by th e fraction of th e leaf a rea th at was d am aged. 

Eff ect of Laccbug on Avocado Yield 

Avocado lacebug popu lations, damage caused by th e in
sect and e ffect of th e insects on yield (nu mber of fru its per 
tre e) we re stud ied fo llowin g th e same methods used fo r th e 
population survey in five d ifferen t avocado cultivars , "Sim
mo nds', "Choq uette ' , "Un kn own" , 'Po llock' a nd a 'Vest In
d ies x Guate malan hybrid . Before harv est, th e number of fr ui t 
per tree were cou n ted an d th eir number re la ted to the 
amoun t of P. perseaedamage. 

Microbial and Chemical control of avocado lace bug 

The e ffec t o f a stra in of Beanueria bassian a (Bb Ha) on P. 
pcrseae populations was evaluated under laboratory an d or
chard co nd itio ns. 

l-rtllOratOl )' Tests. P. perseae infest ed avocado leaves we re 
sprayed with a Beau oeria bassiana (BbHa) spore suspension 
(4.83 x 10; CFU) . Leaves we re allowed to dry for 10 min an d 
placed ind ivid ually in 500 ml pl ast ic conta iners. A similar 
n umber ofl eaves we re left untreated Subseque n tly, each con
tainer was cove red with cheeseclo th to allow proper ventila-
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tio n . Each tr eatment was replicated 20 times. Lace bug 
in fections were reco rded 6 and 11 days after treat m ents. 

Field Test 1. Trials were cond uc ted to evaluate B. bassian a 
treatm ents for con tro l of an avocado lacebug in festation in a 
19-year-old avoc ado orchard . Trea tmen ts we re app lied to 4
tr ee plots and were replicated four tim es. One unsprayed 
buffer tr ee separated trees within rows an d one tree separated 
trees between ro ws. Sprays were applied with a hand gun 
sp raye r a t 170 psi, 2000 rpm . Five leaves were exa m ined at 
random for ad u lts and nymphs aro u n d th e can opy 4 days be
fo re tr eatme n t and eigh t an d 20 days after treatm en t. 

Field Test 2. T reatm e nts were app lied durin g th e early 
spring of 1997 to mature (g rea ter th an 20 years) avocado (cv, 
Booth e igh t) tr ees located th e Un iversity of Florida Tropica l 
Research an d Educati on Ce n te r. Most tr ees had feed ing and 
n ecrotic spots showing sym pto ms of lace bug activity. T reat
ments were arran ge d in a RCB design with four replicat es, 
th ree trees per replicat e fo r a total of 12 trees per treatment. 
Applications were made on Ma rch 15 , 1997 using a hand gun 
sp raye r se t a t 250 psi . Mea n numbers of dead adults and 
nymphs per leaf were evalua ted 8, 15, 21 and 29 days after 
tr ea tme nts we re imposed. 

Results and Discussion 

Seasonalitv an d M onit oring 

Ap p ro ximately 20 ,000 lea ves were inspected be tween j an
uary 1995 and May 1997 to det ermine the presence of P. j)('I~ 

seal' ad u lt a nd immature stages . P. per seae density and th e 
percent o f damaged leaf area in creased from October 
through March and declin ed sharply fr om April through Au
gus t (Fig. 1) . T h e most likely reasons we re : (1) in creases in av
ocado lacebug population d ensity are related to development 
of the avoca do ca nopy afte r th e bloom period, and (2) th e ap
pli cations of pyrethroids aga ins t phytophagous mirids and 
th rips (i.e ., DaghlJe1111S sp., an d Franklini dla krllut e) , reduced 
pred ators and parasitoids of P. perseae. Injured leaves offer 
p o rt als of entry fo r Colletotri ch u m gloeo.lporioides. The latter 
causes increa ses in leaf necrosis and p remature defoliation. P. 
perseae populations reach ed th e ir h igh est peak ( 12-15 ALB/ 
leaf) in J anuary an d Ma rch 1995 a nd decli ned between Ap ril 
to May (0- 1 ALB/ leaf) . P.jJe1serw began a steady build up from 
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July through March (3- 6 ALB/lea f) (Fig. I ) . Avoca do lacebug 
popul.ations can su rvive in falle n leaves, and I hey begin to re 
colonize th e tr ee as soon as the new leaves appea r. 

Natural Enemies 

Four major biological co n tro l agen ts were co llected in 
H omestead. FL and were id entified as two egg parasitoids, 
Oligosita sp (Hyme noptera: T rich ogrammatidae ) and a uni
dentified mymarid (Hyme nop te ra: Mymaridae) species , th e 
predatOl:s, gree n lace wing, Chrysoperl« rufilabris (Neurop te ra: 
Chryso pidae) and a predacious mirid, possibly, Hvaliodes vit
ripennis (H emip tera: Miridae ) . T he egg parasitoid Oligosita 
was the most fre que n t du rin g th e first major peak in th e P. per
seae population, whereas th e green lacewing, C. ntJilrtbris was 
quite co m mon in th e avocado orcha rds between August and 
December, when populat ions of th e ALB are low (Fig. 2) . 

}'.,Jfectivelless of Cluysopa rufilabris as predator of avocado lace 
bug.. ~. .rufilabris attacked nymphs of P. perseae. Only 1c~ % of 
th e initial nymph populat ion was eate n during th e first day of 
th e study. Feed ing increased progressively in th e next ti\'e 
days. T hi rteen days afte r P. perseae exposu re to th e predator, 
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Figur e :1. Mo rtal ity caused by th e p reda to r Chrysoperla rufilabris to P. persra« 
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unde r labo ra to ry cond itions. 

consu m ptio n in cr eased to 54% and reach ed i 3% at 20 days. 
In th e abs ence of th e preda tor, morta lity was 6-7% and 
rea ch ed 13% at th e end of th e expe rimen t (Fig. 3) . Our lab
oratory stud ies sh owed that g reen lace bug larvae cause a cu
mulative mortality of i 5% of th e avocad o lacebug population 
(n = 50) during a 20-day exposure period. C. rufl labris prefers 
feeding on P. perseae nymphs over eggs and ad ults. 

The predacious mirid , Hyaliodes oitripenn is feeds on lace
bug (n = 100) eggs and nymphs causing 30% reduction of P. 
perseae immature forms during a 4-day observation pe riod 
(Fig. 4) . These preliminary findings, allow us to hypothesize 
th at th e in ad vertent and indiscriminate reductions of parasi
toids and predators by app lications of pyrethroids may have 
caused imabalances of th e populati ons of the lacebugs and 
have allowed them to a tta in outbreak levels, 

Damage 

During a gree nhouse tri al , th e cultivars, Wald in , Booth 8 
and Loretta had dam age levels flu ctuatin g between 20 and 
28% of necrosis in th e leaf su rface . The most susce p tible cul
tivar ap peare d to be ' Booth 8' (Table 1) . Defoliation oc
curre d when an average 36.90 P. perseae per leaf were 
recorded fo r 5 weeks afte r infes ta tio n . P. perseae levels re-

Table 1. Mean avocado lace bug d ensity and d am age in th re e avo ca do culti
vars, 5 weeks afte r infestati o n . 

Mea n avocad o lacebug densi ty/ 
leaf 

Per cen t Leaf Damage 

I wee k afte r 5 wee ks afte r 5 wee ks afte r 
Cultivar in fes ta tion in festat io n infesta tio n 

Booth t! 3li.90 ± 3:t 29 76.09 ± :1'17.2ot i-r.co± :133.62 
Wald in ot .92 ± 35.88 1134 ± :\l 1.6ot 2. J.1 ± :13.63 
Lo re tta 12.92 ± 315.25 :lO.17 ±:I:;O.9 1 2.2:H :\35.47 
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Table 2. Mean surviva l of avocado lace bug adu lts a nd nymphs aft e r trea tAvocado Photosynthesis ment with Bm uueri n bassiann unde r labo ra to ry co nd itions. 
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mained lower fo r the 'Wald in ' cu ltivar. P. perseae de nsities in
creased up to 30 P. persea« per leaf in th e 'Lo re tta' cu ltivar , 
however , th e percen t damage pe r leaf was sim ilar to th at ob
tained for 'Waldi n ' , 

Effect of leaf damage 0 11 photosynth esis 

In a diffe ren t ex pe rimen t, th e photosyntheti c activity of 
lacebug damaged folia ge was co m pa re d with leaves without 
lacebug damage . Photosyntheti c activity was re d uced by 
abou t 50% when leaves sust ained 40% or more damage (Fig. 
5) . 

Effect of Lacebug on Avocado Yield 

T he cultivar 'Simmo nds' sustained a tot al leaf drop early 
in th e sp ring o f 199G, th at was preceded by 100 o/c leaf infesta
tion and seve re necrosis and yellowing. The cu ltivar 
'Choq ue tte ' had a la te spring leaf drop, moderate leaf dam
age a nd less than 100% infestation. T he "U nknown" varie ty 
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Figure G. Avocado lace bng dam age and its effec t on yield in different a, '
ocado cultivars . 

Proc. n« State flort. Soc. I ll : 1998. 

Tr eat me nt Ad ults pe r leaf Nym p hs per leaf Lessions 

Alive Dead Infe cted Alive Dead In fec ted / leaf 

n trea ted 4.55a 0 .0581> 0 .00 1> 8.4 l a O.15a O.OOb 1..t3a 
Treat ed 0.30 1> 0 .44a 2.97a 0 .92b 0.08a 2.5Ga 1. H b 

Mea ns fo llo wed by the sa me le tte r within th e sa me co llimn we re no t stat isti
ca lly di ffe re n t (P < 0.05) . 

was characterized by littl e leaf damage and mimmum leaf 
d rop during spring . T he ' Po lloc k' and th e WI x Gua te ma lan 
cultivars sus ta ined no damage, and th e avocado lace bug pop
u lati on remained ve ry low. T he largest number of fruit was 
co llected fro m th e West Indies x Gu atemala hybrid (81.00 ± 
9.33) fo llowed by 'Choque tte' (53 .5 ± 8.4 1), 'P oll ock ' (30.70 
± 5.00) and 'Unknown ' (23 .80 ± 4.47) . No fruits were harvest
ed (0.00 ± 0.(0) from the 'Simmonds' cu ltivar (Fig. 6) . These 
results suggest th a t different cultiva rs very gre atly in susce p ti
bility to a ttack by th e avocado lacebug. 

Microbial control of avocado lace bug 

Data fro m th e laboratory experimen t are summarized in 
Table 2. Eleven days afte r treatment, adult lacebug mortality 
was 90% o n B. bassiana tr eated leaves co m pare d with 1.3% in 
th e u n trea ted leaves . Nymp ha l mortality on treat ed leaves was 
72% co m pare d to 2% for th e untreated co ntrol. Mortality ob
served in th e field trial was lower than that obse rved in th e 
laboratory test. Nevertheless, th e mo rtality level s observed in 
B. bassiana tr eated tr ees was significantly hi gh er than that ob
se rved in th e untreat ed plots (Table 3) . Indeed a singk appli
ca tio n of B. bassia11a was considere d effective against P. jJel:5eae. 

P. perseae d ensities we re low during th e 1997 ex perimen t. 
Applica tio ns of Myco tro i, lvi-Pede a nd FC-435 oil appeared to 
in crease P. perseae mortality during 8 days following th eir ap
pli cati on . T he Mycotrol treat ed leaves appeared to maintain 

Table :\ . Mean su rvival of avo cado laceb ug ad u lts and nymphs aft er tr ea t
me nt with Beuuveri a bassiana of unde r fi old co nd itions. 

Trea tm e n t Adults pe r leaf Nym phs per leaf 

Alive Dead Inf ected Alive Dead Infe cted 

Un trea ted ·1.4 la 0.4 0a O.04b 5.29a 1.83a O.OOb 
Treated 0 .87 b O.:\Oa 2.25a 2.00 b 0 .32a 1.36a 

Means fo llowed by th e same le tte r with in th e same co lum n were not sta tisti
ca lly d iffere nt (I' < tJ.05) . 

Table 4. Mo rtal ity of avocado lace bug ad ults a nd nymphs under field co ndi
tions. 

Tr ea tmen t Dose / Mea n Dea d Lace Bug ind ivid ua ls per leaf 

acre lDBT 8DAT 15DAT 2 lDAT :\0OAT 

Unt re a ted tJ.02b 0 .02 c 0.13bc 0 .051> O.02b 
Mycot ro l 2 q Ls 0 .12ab 0.92b 1.03a O.tEib 0 .07ab 
~I yc ot rol 3 qts 0 .2:h 1.:{3b 0 .48 b 0.23a 0.1 5a 
Impede 250 0z 0. 12ab 2 . ~E) a O.O:k O.OOb O.OOb 
Fe 4:{5 o il I ga ll O.O[)ab 1.25b O.IObc 0.02b O.OOb 

~lt-an s within co lum ns fo llowed by the same le tte r were not signifi can tly d if

ferent (I' < 0.0:» .
 
DBT = Days befo re tn -auucnt
 
OAT = Da ys afte r t re a tme-nt
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a h ighe r morta lity tha n other insecticid e treatments du rin g 
15 to 30 day post trea tment period (T able 4) . 

Because of increasing concerns abou t th e excessive use of 
pesticides, non pesticidal methods an d environ m en tally 
frie ndly me thods for con tro lling P. persea e, suc h as those d is
covered or tes ted in th is stu dy, should be given prio rity to be 
adap ted or used by the Florida avo cado in dustry. 
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