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RESUMO

RODRIGUEZ CRUZ, Fredy Algander, D.Sc., Universidade Federal de Vicosa,
Fevereiro de 2014Controle biolégico do acaro-branco em pimenta malagueta e
em pinhao manso OrientadoraMadelaine Vazon. Coorientadores: Arnoldus
Rudolf Maria Janssen e Angelo Pallini Filho.

O acarebrancoPolyphagotarsonemus latus (Banks, 1904) (Acari: Tarsonemida®)

uma praga chave déistribuicdo mundial quataca varias espécieg plantas de

alto valor econ6micdNo Brasil, este acaro é considerado praga chave da cultura de
pimenta malagueta do pnh& mansodevido a sua frequente ocorréncia em areas
produtoras e aos danos causadiszs maioria das vezes seu controle € baseado na
aplicacdode produtos quimicos, com todos os problemas derivados de seu uso
abusivo. Uma alternativa ao controle quimé&m uso do controle biolégico. Os
principais inimigos naturais dos acaros fitéfagos sao acaros da famiisé&litae.
Varios inimigos naturais hao sido registrados em associacdo comodémaco no
Brasil, os fitoseideos(Amblyseius herbicolus, Neoseiulus barkeri, Euseius
concordis, Iphiseiodes zuluagai and Typhlodromus transvaalensis) e uma espécie

da familia BlattisociidaeL@sioseius floridensis). Como um primeiro passo para a
selecdo de agentes de controle biologico para o-&cango, foram avaliadas as
taxas de predacdo e oviposicdo das espékiekerbicolus, N. barkeri e L.
floridensis em duas situagfes: uma mistura dos estadios dolacarco e em todos

os diferentes estadios gaaga.Num segundo passo, foi avaliadm condi¢cbes de
casa de ®getacap a eficiencia doditoseideos,A. herbicolus e N. barkeri, no
controle do acaro branam pimenta malaguetam diferentes relacdes predador:
presa Num sgundo experimento, foi avaliadocontrole em plantas de pimenta
malagueta infestadas com caéobranco, com e sem liberacdo de predadores e seu
impacto & producao de frutos. Um terceiro passo, foi avaliado o controle de acaro
brancoem plantas deinhdo manse pimenta malaguetafestadas artificialmente
com a praga em condigbes de campome sem liberacdo dd#oseideose seu
efeito na producdo da pimenta malagu®tas experimentos de laboratérics o
fitoseideos predaram e ovipositaram quando se usou a mistura dos estadios do
acarebranco e em cada um dos estadirsblyseius herbicolus apresentou uma

maior taxa de predacéo e oviposicao, nas duas situacdes avatmdasiparacao a
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N. barkeri. Entretanto,L. floridensis apresentou taxas dq@edacdo e oviposicao
baixas ou nulas nas duas situacdes avaliadas. Em casa de vedetagéosolus e

N. barkeri controlaram as populacdes do aearanco nas difentes relacdes
predadompresa;as plantas controle mostraram sintomas meatague severo sete

dias apdésa infestacapincluindo a queda de folhas. No segundo experimento, 0s
fitoseideos maiveram baixas as populacdes de adaenco através do tempo.
Assim mesmo, aplantas de pimenta malagueta com presedgs predadores
apresentaram um maior numero de frutos com maior pgesque asplantas
controle. A plantas controle exibiram danos e®s, incluindo queda de folhas.

Em condicbes de campo, plantas de pinhdo manso sem predadores exibiram
altissimas populagbes deaiicbranco, sintomas severos, queda de fothadtos
valores na escala de notas de ddfidretanto, plantas com predadomesstraram

baxas populacbes da praga ao longo tempo e ndo manifestaram sintomas
severos. Em pimenta malagueta, as plantas sem predadores apresentaram maior
namero de acardsranco, curvamento e bronzeamento das folhasppamueda

de folhasfoi muito menor que registrada no experimento de casa de vegetacao
Plantas de pimenta malagueta com presenca de predadores exibiram baixo niumero
de acarodranco e nado apresentaram bronzeameetn queda de folhasNao

houve diferega estatisca no nimero e peso de frutos entre plad&agpimenta
malaguetacom e sem predadores, mas as plantas controle apresentaram frutos mais
pequenosOs predadored. herbicolus e N. barkeri, foram efetivosno controle de
populacdes do acatwranco nos diferentesapsos avaliadoseste estudo. Aduas
espécies predaram e ovipositaram ao se alimentar da prageondicdes de casa

de vegetacéo as plantas de pimen&gagweta foram beneficiadas pgleesencalos
predadores apresentando baixas populacfes da praga através do tertaodaes

na producdo ddrutos maiores e mais pesadd&m campo os doisfitoseideos
tiveram a capacidade de manter em lmitensidades as populacdes @are
brancono tempotanto empinhdo mansguanto enpimenta malagueta evitando o
aparecimento de sintomas sevem®no 0S registrados nas plantas controle
Amblyseius herbicolus e N. barkeri podem ser consideraddsons agentes de
controle bioldgicodo acarebranco As duas espécies controlaram populacfes da
pragaem diferentes relagdes predador:presa,cemdicdes de cultivo protegid®

no campoOs predadores conseguira® mantee aumentar em nimero no tempo,

tanto em casa de vegetacdo quanto no camomafirmando os resultados de
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laboratorio.Adicionalmente, os predadores conseguiram aumentar seuaéme
baixas densidades de acé#ranco, indicando que eles podem fazer uso de recursos
alternativoscomo o pélen ou néctar das flores de pimenta malagDgtatencial

de controle destes fitoseideos podeaggoveitadcem outras culturas susceptiveis
aoataque do acarbrancq como papaia, feijao, batata ou gérbera, tanto em casa de

vegetacao quanto em campo aberto.



ABSTRACT

RODRGUEZ CRUZ, Fredy Alexander, DSc., Universidade Federal de Vicosa,
February,2014. Biological catrol of broad mites in chili pepper and physic
nut. Adviser: Madelaine Vazon. Cadvises: Arnoldus Rudolf Maria Janssen and
Angelo Pallini Filho.

The broad mitePolyphagotarsonemus latus (Banks 1904) is an important
worldwide pest, witheconomic impact okeveral cropsin Brazil, this miteis
considered a key pest of chili pepper and physic nut, due to their frequent
occurence in planting areas addmagecaused to plant hosts control isbased

on applicdion of agrotoxicswith several problems derived from misuse. An
alternative to chemical control is biological control. The main natural enemies of
phytophagous mitesire predatory mites fronthe phytoseiidae family.Several
natural enemiedave beenrecorded in association with broad rsite Brazil,
including the phytoseiids Amblyseius herbicolus, Neoseiulus barkeri, Euseius
concordis, Iphiseiodes zuluagai and Typhlodromus transvaalensis) and one
blattisociid mite specied.@sioseius floridensis). As a first step to select biological
contol agents for broad mites, wevaluated the predation and oviposition rates of
predatory miteof speciesA. herbicolus, N. barkeri andL. floridensis on a mixture

of broad mite stages anah @ll different stagesfahe pest. As aecond step, we
evaluated undegreenhouseonditions the phytoseiid&. herbicolus andN. barkeri

on chili pepper with differenpredator:preyratios. In a second experimenive
evaluated the control on chili pepper plants infested with broad mites, with and
without predators and thampact onfruit production. In a third stepwe assessed

the control of broad mite an physic nut and chili pepper plangstificially infested

with the pest, under field conditiongth and without phytoseds and their effect

on the chili pepper produon. In laboratory experimentshé phytoseiid preyed

and oviposited when offedea mix of broad mite stages or on each stage separately
Amblyseius herbicolus showed higher predation and ovipositi@ateson the mix of
broad mite stages and on each stagparatelycompared withN. barkeri rates
Meanwhile, L. floridensis showed ovposition and predation rates low or zeno

the mix of broad mite stages and on each stage separatéhe greenhouseA.

herbicolus and N. barkeri controlled broad mite papation in the different
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predator:preyatios;control plants showed symptoms of a severe attack seven days
after infestation including foliar abscission In a second exgriment, the
phytoseiids maintainethe broad mitepopulationsat low densityover time Chili
pepper plants with predatdnsid a higher number of fruits with greater weidtatt
control plants. @ntrol plantsshowed higher values on scale notes of injuith
severe damagencludingfoliar abscissionUnder field conditions, physisutsand

chili peppes without predators shoed a very high population of broad mitesth
higher values on scale notes of injury. These plants sheexsgte symptoms and
foliar abscissionHowever, plants with predators showaetbw populationof pest
throughtime with low values on scale notes of injury without presence of severe
symptoms. In cHii pepper plants without predators had higher number of broad
mite, curling and bronzingf leaves butleaf fall was much lower than recorded in
the greenhouse experents Chili pepper plants with predators showed low number
of broad mite and showed no symptomshédre washo statisticaldifference in the
number and weight of fruits from chili peppglants with and without predators,
but control plants had smailfruits. The predator#\. herbicolus andthe Brazilian
strain ofN. barkeri showed effectivess in controlling broad mite populations on the
different stepsvaluatedn this study. Both predators preyed and oviposited when
feeding m the pest. Under greenhouse conditions, chili pepper plants were
benefited by presenceof predators showing low populations of broad tes
throughtime, resulting in the production of Ger fruits with higler weight In

field, both phytoseiids had the ability to maintain broad mite populations on low
density through time on physic nut amthili pepper plants, preventing the
development of severe symptonts the plants Amblyseius herbicolus and N.
barkeri can be considered good biological control agenth@broad mite Both
species controled pest popations with differentpredatorprey ratiosin protected
cultivation and in thdield. Predators were able to maintainaad increasg on
number througtime when fed @ broad mite confirming the laboratory results.
The potentialof control of A. herbicolus andN. barkeri can be exploéd in other
cropssusceptible to broad mite attaak bean, papaya, potato or gerbera, bath o

thegreenhouse and open field conditions.

Xii



INTRODUCTION AND GENERAL DISCUSSION

The biological contl is an essential toah the strategies of integrated pest
management, aiming at the reduction of the use of agrotoxics (Vantornhout 2006).
Biological control is generally defined #®e use of parasitoid, predator, antagonist
or competitor to supress or reduce a pest populaticmeteel at which they are not
harmful (Van Driesche and Bellows 199@iological control is based on the
concepts of population equilibria and population regulaggarcised by natural
enemies in pest populations (Bellows and Hassel 1&3@Yyequires a fundamental
understanding of many aspects of the population ecology.

Several species of mites are caesed key pest of several crogsnong
these highlight the broad mit@olyphagotarsonemus latus (Banks) (Acari:
Tarsonemida). This speciess a polyphagous pest, capable of attacking more than
60 botanical familiesinfesting protected andpenfield crops across the warl
(Gerson 1992Gerson and Weintraub 2012). The&d mite has a short life cycle,
one generation in apronately five days Z5°C to 30°Q, and warm and wet
conditions favour the pest (Jones and Brown 1983, Gerson and Weintraubl2012).
can survive and reproduce ogvsralnon-crop plant§Gerson and Weintraub 2012,
RodrigiezCruz unpublished data). Broad mite dispersion occurs threayéral
abiotic and biotic means: windnfested fants, phoresyvith whiteflies and other
greenhouse pesbr by males who carry the pupae (Palevsky et al. 2001, Gerson
and Weintraub 2012).

In Brazil, the broad miteis a key pst of several importartrops Moraes
and Fletchrann 2008). Among these are chili pepp@agsicum frutescens L.) and
physic nut Jatropha curcas L.) (Lopes 2009, Venzon et al. 2008)13,Sarmento
et al. 2011). Chii pepper is cultivated mainly by famifarmers n small areas and
the production is destined for industrial procaedin natura market Physic nut is
cultivated fo biodiesel industry and iglanted in small andarge aeasin Brazil
(Sarmento et al. 20)1

There are no acarides officiallggistered in Brazil for broad mite control on
any of these cropfAgrofit 2014) Nevertheless, some farmers apply agrotexic

mainly with abamectin as active ingiedt, in an attempt to control the pest.



However,most of timethis control is unsucessfubecause of delayegplication
or incorrectconcentrations of the products (Venzon et al. 2006).

The use of biological control arise as alternative to chemical control.
Phytoseiidae family is well know as natural enemies of pest mites (McMurtty et a
2013). Several phytoseiids have been evaluated as biological control agents of the
broad mite in world with promising results (Weintraub et al. 2003, Jovicich et
al.2006,La et al. 2009Van Maanen et al. 2010). In Brazil, fivphytoseiidsand
oneblattisocid mitespeciedave been registered in association with broadsnmite
different cropsin the greenhouse and in opkelds (Matos 2006, Venzon et al.
2006, Brito et al. 2011, Sarmento et al. 2011, Rpar2Cruz unpublished data

In this thesis, | stueéd the potential of the phytoseiidé&mblyseius
herbicolus (Chant), a Brazilian strain of Neoselulus barkeri Hughes andthe
blattisociid miteLasioseius floridensis Berleseas potential agent®r broad mite
control in chili pepper and physic nuts/Aa firg step to select biologicalontrol
agents for broad mitetn chapterl, it wasevaluated the predation and oviposition
rates of predatory mite species on two different situations: predators feeding on
each prey stages individu®&y and predtrs feeding o a mix of pest stages.
Amblyseius herbicolus and N. barkeri preyed and oviposited on each broad mite
stags and on the mix ostages.Meanwhile, L. floridensis showed a very low
predation and ovipsition rateon each broad mite stages and on mix of bnogig
stages.

In chapger 2, | studiedoroad mitecontrol in chili pepper plants withA.
herbicolus and N. barkeri under greenhouse conditiorBtoad mite control was
evaluated through two experiments. In the first experiment, chili peppers plant
were infesed with 20 or 40 broad mite females, followed by independent release
of two female of A. herbicolus or N. barkeri. Four predatorprey ratios for each
predator speciewere testedSeven daysfter infestation and predatceleasethe
broad mite number in dhipepper plants was recordebh a second experiment,
chili pepper plants were infested with 20 broad mite females, followed by
independent release of two fensalaf A. herbicolus or N. barkeri. The voad mite
number o the experimentaplants was ecorded five, ten and fifteen days after
infestation andpredators releasefTwo months after infestatiorthe chli pepper
production vas evaluated. In both experiments, the phytoseiid species controlled

broad mite populations. Plants with predators shoneigs of injury lowwithout
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developmentthe characteristic symptoms tfie pest attack Additionally, chili
pepper production of plantsith predatorswas significantly highethan of plants
without predatorsPlants with predaterhada greater number dfuits per plant,
which also had a higher weight, than plants without predators.

In chapter 3, broad miteontrol with A. herbicolus and N. barkeri was
evaluated under field conditions. Physic nut and chili pepper seedhege
transplaned to differentareas anartificially infestedwith broad mitesAfter seven
days of thanfestatbn, wasevaluated thesucces®f it on both cropsevaluated as
presace ofdifferentbroad mitestageson the plantsA week afterof confirmation
of success of the infestan, the predators were releas@aredator:preyratio of
1:4.5 and 1:2.5 for physic nut and chilli pepper, respectjvatyboth crops. Broad
mite infested @nts without predators served as control. Broad mite numrber
physic nut and chipepperplantswasrecorded durin@ight and six weeks after the
predator releasegspediely. Broad mite populations were highercontrol plants
than on plants with release of predators on both c@p<hili pepper and physic
nut, control plants showd higher valies on scale notes of injuryith severe
damage, includingfoliar abscission Physic nut control plants showed higher
defoliation that chili pepper control planthysic nut and chili pepper plants with
predators had lower broad mite populations over time. Additioralyheseplants
showed low values on the scale notes of injury sexkre symptonor damages
were not recordedOther fact recorded in the field experiment was less control of
pest populations when predators were released in combination compared to control
by predators when they were released independeBtipwing that a negative
relationship occurs between the two predatddsoseiulus barkeri was more
affected by the presence Af herbicolus, showing a lower number of individuals
throughtime when the two predatory species were released in combination

Concluding, the phytoseiid speci@sherbicolus andN. barkeri are able to
control broad mitesPredation and oviposition rates recorded Herghese species
are similar or better thahose recorded for other phytoseiids species considered
promisingagents for broad mite controh the world such asAmblyseius swirskii,
Amblyseius largoensis or Amblyseius californicus (Castagnoli and Falchini 1993,
Van Maanen et al. 201®odriguezMorél et al. 2010Q. For Brazil, A. herbicolus
and N. barkeri showed predation and oviposition rates superior than recorded for

Iphiseiodes zuluagai and Euseius concordis, speciedisted as promisingpiological
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control agents of broad mite in this country (Sarmento et al. 20b#&) predatory
capacity wasconfirmed under controlled conditions (greenhouse), where the two
predators are able to control the pest populations on diffpredtatorprey ratios
and through time. Theredatorsshowed a performancgmilar under greenhouse
conditions.In openfield, the predators controlled broad mite populationsboth
crops However, A. herbicolus showed a better performance thdt barkeri
probably because greater adaptability, as this specie was recorded in the regio
where the experiments were conducted (Matos 1996).

Releasing these predatory mite speciesy be onean importanttool of
integrated management programasning to controlthis important pest on other
susceptible crops both in protected ambient as on open field on Brazil and the

world.
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CHAPTER 1. EVALUATION OF PREDATORY MITES AS POTENTIAL

AGENTS FOR BROAD MITE CONTROL

Abstract

The broad mitéolyphagotar sonemus latus (Banks) is considered a key pest
of various crops worldwide. In Beil, it is a major pest of dnipeppers. Two
phytoseiids Amblyseius herbicolus and Neoseiulus barkeri) and a blattisociid mite
species l(asioseius floridensis) have beemecorded in association wifh latus on
gerbera and on chili pepper Brazil. As a first step to select biological control
agents for this peshere weevaluated the predation and the oviposition rates of
these predatory mite spes in two situations: each stage Bf latus offered
individually to the predators and a mix of the stages of pest. The phytogeiids
herbicolus andN. barkeri preyed ad oviposited on each stage of the pest and on
the mix of broad mite stages. The predation and oviposition rat&shefbicolus
were higher ommix of broad mite stages and on each stage individub#dy that
recorded for\. barkeri, except for oviposition rate when fed on broad mite pupae
stage. Meanwhild,. floridensis showed low or zero predation and oviposition rates
on mix of broad mite stagesd on each stage separateljnese results show that

A. herbicolus andN. barkeri arepotential biological agents to control broad mites.

Key-words: Amblyseius herbicolus, Neoseiulus barkeri, Lasioseius floridensis

Polyphagotar sonemus latus, Capsicum frutensces, Biological control



1 —Introduction

The broad mite Polyphagotarsonemus latus (Banks, 1904) (Acari:
Tarsonemidae) is a widely distributgeest feedingon more than 60 botanical
families in the world (Gerson 1992). It feeds and causes damnag many
economically important crops such as cotton, beans, papaya, lemon, grapefruit,
cucumber and several solanaceous plant spediesa and Chiavegato 1998, Haiji
et al.2001, Basset 1981, Colliet al 2004,Venzon et al. 2008). In Brazi. latus
is a key pest of chili peppeCépsicum frutensces L.) (Venzon et al. 2013Because
of their small size (0.% 0.2 mm long), they go unnoticed at the beginning of the
infestation, and their presence is evident only when the first symptoms appear on
the plants(Venzon et al. 2008PDamage oaars on chili pepper apices, resultimg
bronzing and curling of leavand bliar abscission after severe attacks (Venzon et
al. 2011).

Broad mitesare controlled with synthetic acaricide®dia 1988, Gerson
1992,Venzon et al., 2006 The misuse of these pesticides ahé continuous use
of certain active ingredientsave led to serious problems, s pest resistance,
the reduction or elimination of beneficial species, toxicity to the applicatmtshe
presence of residueshdruits Pefia 1990, Pefia and Osborne 1996, Pinto et al.
2012. An alternative for chemical pest control tise use ofbiological control.
Biological control is the use of predators, parasitoids or competitors for supress or
reduce the pest pafations {/an Driesche and Bellows 1996

Several families of predatory mites are known as natural enemies of pest
mites. McMurtry et al. 2013 Among these, @ame phytoseiid species have been
shown promnsing for control of broad mite on the world, suchk Meoseiulus
californicus, N. barkeri, Amblyseius swirskii andA. largoensis (Fanand Petitt 1994,
Pefla and Osborne 1996, Weintraub et al. 2003, La et al. ROA8iguezMorell et
al. 2010, van Maanen et al. 2010).Brazil, four phytoseiids and one spes of
blattisociid mite have been recorded associated with broad mites (Venzon et al.
2006, Britto et al. 2011, Sarmento et al. 2011, Rodrigirez, unpublished data
The phytoseiidAmblyseius herbicolus (Chant) was found iassociation withbroad
mites on chili pepper plants in the state of Minas Gerais (BrakiBt¢s 1996,
Venzon et al. 2006). This phytoseiid species completes its life cpcéxdusive



diet of broad mitgRodriguezCruz et al. 2013). However, its predatory capacity
and oviposition ate onbroad mite stages is unknoweoseiulus barkeri Hughes
was collected from a commercial plantation of gerb&mxlfera sp.) in Mogi das
Cruzes (state of Sao Paulo, Brazil). This species has been tested previously as
natural enemy of broad mites inet United States (Fan and Petit 1994, Pefia and
Osborne 1996). Despite the known associatiomN.obarkeri with this important
pest, the potential of this Braziliatran for broad mite control hasot beenyet
evaluated.The blattisociid mite specied.asioseius floridensis Berlesewas also
recorded preying on broad mites on commercial crops of ge(Beitto et al.
2011). These authors studied its biology on different diets, including a mixture of
broad mite stages. However, its potential as biologicatrocbagent for each broad
mite stages was not yet evaluated.

Here, it was evaluated the predatory capacity of these thpeeies of
predatory mites on two situations: on each stage individually and a mix of broad
mite stages and theviposition rate whethemfed on these prey stagess a first

step for evaluation of potential agents of control on this important pest.

2 - Materials and methods
2.1 Rearing methods

Chili pepper plants were obtained by sowing seeds in a commercial
substrate Tropstrato®,HT hortalicas, Brazi) in polystyrene trays (67 x 34 x 5.5
cm and 128 cells) Seedlings with two pairs of true leaves were transplanted to
plastic pots (I L) containing a nture of soil and organic manure (3:1). Potted
plants were kept inside wooden frame cages (0.70 x 0.70 x 0.70 cm) covered with
fine-mesh gauzedQ unj in a greenhouse. Plants were irrigated twice a week.
Polyphagotarsonemus latus was collectedrom infested chili pepper plast
in the county of Oratérios in the experimental area ofiwéculture and Livestock
Research Enterprise of Minas Gerais (EPAM(®)nas Gerais, Brazil20° 24' 0"
S, 42° 48' 0" W). They were reared on potted chili pepper plants described above.
When plant quality decreased because of broad mite infestation, |aets were

introduced into the cages.
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Amblyseius herbicolus was collectedirom infested chili pepper plasmtas
described above and froi. latus-infested chili pepper plants maintained in a
greenhouse in Vicosa (Minas Gerais, BraZ)°45'14" S, 42°52'54 W).
Amblyseius herbicolus was reared on arenas consisting of a PVC sheet (20 x 12 cm)
placed on top of a foam pad (28 x 15 x 3 cm), surrounded by moistened cotton
wool, which served both as water source and as barrier to prevent predators from
escaping.Castor bean pollenR{cinus communis L.) was used as fogdt was
provided on a small PVC sheet (4 x 2 cm), which was placed on the arena. Another
small sheet PVC sheet (4 x 2 cm) with cotton yarns (1 cm) under it was provided on
the arena as shelter aasl oviposition site.

Neoseiulus barkeri was supplied by PROMfP (Limeira, Brazil) and
Lasioseius floridensis was supplied by ESALQ (Piracicaba, Brazil), and were
reared on arenas as above. A mixture of mould mite stagg®pliagus
putrescientiae (Shrank)(Acari: Acaridae) was used as food source for both mite
species. Mould mites were reared on similar arena as the predators, receiving
crumbs of crackers as food source (Marilan, Basivhich were supplied every 15
days. The predator arenas were ket alimate room (25 = 1°C, 60 + 10% RH and
14 hours photophase).

2.2 Predation and oviposition

Predation and oviposition rates of three predator species were measured
during three days on each stage of broad mite individually and a mix of pest stages
For obtain eggs oP. latus, petioles of leaves from clean plants (c. 90 days old)
were inserted individually into plastic tubes (4 x 1.5 cm) with moistened cotton
wool. On each leaf, ighty adultP. latus females were transferreahd allowed to
oviposit for 24 hours.After this period females were removed and leaves with
more than 100 eggwere selected for experiment$hus, the arena for eggs
evaluation consisted ofoung chili pepper leaves (+ 7 énFor the stages of
larvae, pupae and adul$ P. latus and mix of stages, the arenas consisted of chili
pepper leaf discs (diam. 30 mm). The arenas (leaves and leaf discs) were placed
individually in Petri dishes (diam. 45 mm) on an agar layer with tisaxial side

up, becaus®. latus preferably inhabitshis side of the leaves. The agar layer was
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cut around the leaves or leaf discs, the excess of agar was removed and water was
added to the Petri dido avoid leaf dehydration and predator escape. Hence, the
arenas were located on top of an agar island surrounded by Wa¢earenasof
each broad mite stage evaluatdividualy received120 larvae, 90 pupae or 70
adults forA. herbicolus and100 larvae, 70 pupae or B@ultsfor N. barkeri and L.
floridensis. The arenas of the mix of broad mite stagesiuad30 adults, 25 larvae
and 25 pupae foh. herbicolus andN. barkeri or 20 adults, 20 larvae and 20 pupae
for L. floridensis. Pilot experiments confirmed that these densities would nolt resu
in prey depletion during thexperimens.

Amblyseius herbicolus reproduces by parthenogenesis telytoky (Moraes and
Mesa 1988). Thusan adult female ofA. herbicolus (1-2 days old) was added
directly to each arenddisc or leaf) For N. barkeri and L. floridensis, sexual
reproduction pairs of females and males wesolated for two days, allowing them
to mate. Subsequently, newly mated female was added to each arena (disc or
leaf). Twenty replicates were carried out for edtHatus stageand each predator
species.Ten replicates were carried out for the mixbroad mite staged.eaves
with P. latus eggswere replaced daily. The densitiglsother prey stages wekept
constant by adding new individuals to the discs every dayaidreas were kept in
a climate chamber (25 + 1°C, 60 = 10% RH and 14 hours phaepha

The number of individuals that preyed eachbroad mitestageand on the
mix of broad mite, based on the presence of prey remains, as well as the number of
predator eggs, was counted daily with a stereoscopic microscope N7
645). Because theviposition rate of predatory mites on the first day is affected by

previous diet (Sabelis 1990), we did not include these data in the analysis.

2.3 Statistics

Predation and oviposition were analysesing generalized linear models
(GLM) with a quasiPasson error distribution for correction of overdispersion
(Crawley 2007). Additionally, we compared the oviposition rate recorded.for
herbicolus andN. barkeri on each situations evaluated and independently for each
predator through ofeneralized lineamodels (GLM) with a quadPoisson error

distribution Differences between the means were obtained through the Wald test
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provided by packag&ontrast” (Kuhn et al. 2008)The analyss were performed
using the statistical software R 2.15 (R DevelopmemeJeam 2012).

3 —Results

All predator species fed on a mixtuoé broad mite stages. Howevehet
number of individuals that preyed on the mix of broad mite staljésred
significantlyamong predator species (Be®23.42,df=2, p<0.001)The predabn
was much higher fahe two species of phytoseiid that tarfloridensis (Fig. 1). In
each broadnite stages offered individugl|lthe number of individuals preyed on
each stage differed significantly with predator species (Deviance= 15026.2,

p < 0.001)(Fig. 2). The phytoseiid#\. herbicolus andN. barkeri fed on all stages.
Predation byL. floridensis was close to zero, especially on larvae andkgg of

broad mites (Fig. 2)Of the threespecies evaluated. herbicolus showed the
highest pedation rate on the different broad mite stadts consumption rate of
broad mite pupae was highest, followed by broad mite larvae and eggs. Broad mite
adults were preyed the least (Fig. I2¢oseiulus barkeri consumed most broad mite
adults, followed byarvae and pupae. A lowest consumption was recorded on broad
mite eggs (Fig. 2).

The oviposition rate differed significantly between predator species on mix
of broad mite stages (Dev= 29.Hb 2, p<0.001) (Fig. 3)A. herbicolus showed a
higher ovipodion thatN. barkeri andL. floridensis. The oviposition rate differed
significantlywhen the broad mite stages were evaluated individually£[4v89,
df= 3, p <0.001) (Fig. ¥for A. herbicolus and(Dev= 31.99,df= 3, p < 0.001) (Fig.

4) for N. barkeri. Lasioseius floridensis showed no significant difference in
oviposition rate when it fed on different broad mite stages (Dev = Gi68&, p =
0.71) and the oviposition was low.

Amblyseius herbicolus showed the highest oviposition rate when it &
broad mite adults, followedy broad mite larvae. The lowest oviposition rate of
this species was registered on broad mite pupae (Fig. 4IN. Barkeri, the highest
oviposition rate was recorded when it fed on broad mite adults, followed by broad

mite pupae;the lowest oviposition rate was recorded when the predator fed on
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broad mite eggs (Fig. 4). The oviposition rateLofloridensis was generally low
(Fig. 4).

There are significant difference between oviposition rates between mix of
stages and each stagevaluated individually on each phytoseiild species
(Dev=96.15df=4, p <0.001; Dev = 97.5df=4, p <0.001 forA. herbicolus andN.

barkeri, respectively).

4 —Discussion

As a first step in the evaluation of the potential agents for control of broad
mites we evaluated the predation and oviposition rates of three predatory mite
species in two differents situations) when they fed on eadiroad mite stages
individually and 2) whertheyfed on a mixture of the different stages of the pest.
The phytoseiids\. herbicolus andN. barkeri preyed and ovipositeh both cases
Few studies have evaluated the predation capacity of the phytaséidbicolus.

This predator has the ability to complete its life cycle on a diet consisting
exclusively of broad mites, mixture of larvae, female adults and probably the eggs
deposited by the female (Rodriguez-Cruz et al. 2013).

Amblyseius herbicolus presented a greater consumption of preys in both
case evaluatedThis species had a higher consumption on the broadpupae
and larvae when fed independently on each stage. This higher consumption may be
related to the fact that pupae are quiescent without any protective mechanism or
antipredator behaviour. Additionallygn only attack is necessary to penetrate and
suck tle pupae and larvae conter{zersonal observatignWhen the predator
attack thebroad miteadult, the effort is greater becausecticle of this stage, and
demand a greater manipulation of the prey (personal observation). Meanwhile, on
the arena of themixture of broad mite stages, the consumption observed was
similar between adultdarvae and pupae of broad migevidence by shrivelled
corps). This facts important because it indicatihat the predator does not preée
particular broad mite stages food, not depending of particular stage to feed and
reproduce Thus,A. herbicolus may reduce the broad mite populations consuming
the stages sponsible for the dispersion tuher locations on the plartarvae,

pupae and adults) and the generation of new individuals (adult females).
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The oviposition rateecordedor A. herbicolus on a mixture of broad mite
stages was higher that recordeden the predator feed on each stage individually.
This fact may indicate that a variety of stagesore nutritieas than consumption
of each stage individuallyThe oviposition rate of. herbicolus was similar or
superior to that recorded for other phytoseidssidered as potential biological
control agents of broad mites on the world (Castagnoli and Falcini 1993,
RodriguezMorel et al.2010, van Maanen et al. 2010). This rate was superior than
recorded onlphiseiodes zuluagai and Euseius concordis, phytoseiid species
evaluated asiological control agents of broad mite in Brazil (Sarmento et al.
2011).

Neoseiulus barkeri has been shown a promising biological control agent of
broad mites before (Fan and Petitt 1994)e Brazilian strain olN. barkeri showed
the ability to prey on all broad mite stages. This species do not show eepcefe
for specifc pest stages in mixture of broad mite stagésilarly to A. herbicolus,
the oviposition rate was superion the mix of broad mite stages than it recorded
on each stage individually. The control of broad mites by this predator can be done
by the reasonsited for theA. herbicolus. In addition, this predator is able to feed
on the whiteflyBemisia tabaci Gennadius (Homoptera: Aleyrodidae) (Nomikou et
al. 2001). The consumption of whitefly can lead to broad mites control, because the
phoretic relationship between the two arthropods (van Maanen et al. 2010).

The blattisociidL. floridensis showed very low predation and oviposition
rates, inthetwo cass evaluated. Our results differ from those obtaiog®ritto et
al. (2012) who recorded oviposition when this predator fiecaanixture of all
broad mite stages on disc of physic nut or bedwes@authors reported significant
difference among oviposition rate® our experiment discs of chili peppeaves
were used Buitenhuis et al. (2014) reported significant difference in the
performance ofAmblyseius swirskii (Acari: Phytoseiidae), according to the plant
species in which the predator was released. Additionally, the relative humiglity us
in the study by Britto et al(2012) was higher than in the currfeexperiment.
According to the authors, the genusasioseius in Brazil is found on natural
vegetationbut in areas with high relative humidity.

Here, it was shown that both phytoseiid species were capable of feeding and
ovipositingon thedifferent broad mite stages offered individually omimix. The

evaluation of biological control agents encompasses a set of criteria, without
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depending of the better characteristic of the natural enemy (Waage 1989). The
systems with use of phytoseiids illustrate thisrsario very well. Their success as
biological control agents depend of several factors, among them the population
grow rate relative to their prey (Sabelis and Van der Meer 1986). Thishiaikl s

not necessarily be superior to the one presented by e¢lyegspecially in predators
classified as generalists like it case of the geAoblyseius and Neoselulus
(McMurtry et al. 2013). The predator populations can be persist due to the use of
alternative food as pollen or nectar (Ramakers 1990, van Rijn and Sabelis 1990,
Sabelis and van Rijn 1997, van Rijn and van Houten 1%3llen can auxiliary on
reproduction and maintenance of the juvenile stages of the predators. (Van Rijn and
van Houten 1991). Additionally, pollen promotes the persistence of the meato

the field even when their prey is scarce (Van Rijn and Sabelis 1990, Nomikou et al.
2001). Amblyseius herbicolus and N. barkeri are able to use pollen afifferent

plant species anA. herbicolus can complete its life cycle exclusively on a pollen
diet (van Rijn and van Houten 19940omikou et al. 2001, Rodrigudé2ruz et al.
2013).

In spite of the higher consumption of broad mites and oviposition showed
by A. herbicolus. We considered thaA. herbicolus and N. barkeri are promising
potential biologial control agents of the broad mite due to the values of predation
and oviposition rates and the characteristic of use of alternative food described on
the literature. Additionally, in the Brazilian scenario these species show bette
predation and oviposition rates that natural enemies previously evaluated for broad
mite control, such as. zuluagai and E. concordis (Samento et al. 2010)We
propose experiment in greenhouse conditions as the next step in the evaluation of

these predatory mites.
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Figure 1. Average number dP. latus preyed (+SE) bythe predatory mite
Amblyseius herbicolus, Neoseiulus barkeri andLasioseius floridensis on mix of P.

latus stages Different letters above the barsndgée significant differences in the
number of the individuals preyed by each predator species per broad mite stage
(Wald test).
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Figure 2. Average numbers Bf latus stages preyed (+SE) ltlge predatory mite
Amblyseius herbicolus, Neoseiulus barkeri andLasioseius floridensis on individual

stage arenas. Different letters above the bars denote significant diéferenthe
number of the individuals preyed by each predator species per broad mite stage
(Wald test).
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CHAPTER 2: TWO SPECIES OF PREDARY MITES ARE POTENTIAL

CONTROL AGENTS OF BROAD MITES ON CHILI PEPPER PLANTS

Abstract

The broad mitePolyphagotarsonemus latus is considered a key pest of
various crops worldwide. In BraziR. latus is the main pest of chili pepper. Two
phytoseiid speeis have been recorded in association with this pest in Brazil,
Amblyseius herbicolus and Neoseiulus barkeri. We evaluated these phytoseiid
species as potential biologicagents for broad mite control.nder greenhouse
conditionsbroad mite controlvas evaluatedrochili pepper plants infested with
different predator:prey ratiosSeven days after the infestation and release of
predators, chili pepper plants without predators showed severe symptoms, including
foliar abscissionHowever, chili pepper plantsith phytoseiidshad low broad mite
population on thelifferent predator:prey ratios. In a second experiment, the control
by these predatory mites species on broad mite populations was evaluated on chili
pepper plants through time and the impact on fruit production. Chili pepper plants
without predators showed higher broad mite populatwitis highervalues on the
scale notes of injury and severe symptom, includialigr abscission The
phytoseiids kept broad mite populations low densitiegshrough time After two
months,plants with predators produced larger fruits than plants without predators.
Our results show that these two phytoseiid species can control broad mites on chili
peppers in different densities and over timRis is the first study that eluated
natural enemies of broad mite in greenhouses conditions. We suggest evaluating

these predators under field conditions.

Key-words: Amblyseius herbicolus, Neoseiulus barkeri, Polyphagotarsonemus

latus, Capsicum frutensces, biological control
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1 —Introduction

The broad mite Polyphagotarsonemus latus (Banks 1904) (Acari:
Tarsonemidae) is a widely distribut@est occurringon more than 60 botanical
families in tropical and subtropical areas (Gerson 1992). The geapsscum has
low tolerance for broad mite atta¢Re CossRomero and Pefia 1998) and the mite
is considered a major pest of peppers in several countries such as China, the USA,
New Zealand and Thailand (Riley 1992, Vichitbandha and Chandrapatya 2011,
Zhang, 2008). In Brazil, bad mitesare a key pest of dhipepper Capsicum
frutensces L.) (Venzon et al. 2006, 20).1Because of their small size (6-D.2 mm
long), they go unnoticed at the beginning of the infestation; their presence only
becomes evident when the plants show the first symptoms (Venzon et al. 2008).
The mites mainlydamage the plant apices, resulting in bronzing and curling of
leaves and leaf abscission under severe attack (Gerson 1992, Weshtaal2003,
Venzon et al. 2011). The main control method of broad miteBraazil is with
chemical pesticides. Despite the lack of officially registered acaricidelsréad
mite contol on chili pepper (Agrofit 2014 some Brazilian farmers apply
pesticides registered for other crops in an attempt to control the pest, but isontro
often not successful (CMF Pinto personal communication). The misuse of this
control method can lead to problems such as environmental contamination,
poisoning of farmers, and residues on fruits. Although there are no records of
acaricide resistanda broad mits, it is well known that other phytophagous mites,
such as the tetranychids, quickly develop resistance to acaricides (Sato 8bal. 20
Lin et al. 2009). Taken together, these factors have generated pressure for
sustainable and environmeniendly control methodsAn alternative to chemical
control is the use of natural enemies to control pests (Hajek 2004, Waterfield and
Zilberman 2012).

Phytoseiild mites are well known as natural enemies of pest mites
(McMurtry et al. 2013), and several phytoseiid species have sipoamise for
control of broad mitegFanand Petitt 1994, Pefia and Osborne 1996; Weintraub et
al. 2003, La et al. 200RodriguezMorell et al. 2010, van Maanen et al. 2010,
Sarmentoet al. 2011). In Brazil, fivgohytoseiids have beerecorded associated

with broad mites Amblyseius herbicolus (Chant) was found irassociation with
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broad mites on chili pepper plants in the state of Minas Gerais (Briialp$
2006,Venzon et al. 2006), and has the ability to grow tmeproduce wherfed
exclusively with broad mites (Rodrigu€ruz et al. 2013). The Brazilian race of
Neoseiulus barkeri Hughes was recorded on a protected gerbera cultivation in
association with broad mites in Mogi das Cruzes (state of Sao, Baanl) (Britto

et al. D11). This specie can it also feed and oviposited on broad Rotdriguez-
Cruz, in prep).

Here, the potential of broad mite control by these two predators on chili
pepper plants under greenhouse conditions was evaluated. Initially, broad mite
control in chili pepper on different predator:prey ratios was evaluated. In a second
experiment, the control by the predatory mites species through time on plpiéirpe
plants infested with broad mites and their impact on fruits production was
evaluated.Additionally, we evaluated the injury levels shown by chili pepper

infested with broad mites.

2 - Materials and methods

2.1 Rearing methods

Chili pepper plants were obtained from seeds planted in a commercial
substrate Tropstrato®, HT hortagas, Brazi) in polystyrene trays (67 x 34 x 5.5
cm) with 128 cells. Seedlings with two pairs of true leaves were transplamed int
plastic pots (I L) containing a mix of soil and organic manure (3:1). Pptéeds
were kept inside wooden frame cages (0.70 x 0.70 x 0.70 cm) covered with a fine
mesh 90 um in a greenhouse and were irrigated twice a week.

Polyphagotarsonemus latus was collected from infested chili pepper plants
in the county of Oratdrios in the experimental area of Agriculture and Livestock
Research Enterprisef Minas Gerais (EPAMIG|[Minas Gerais, Brazil20° 24' 0"

S, 42° 48' 0" W. They were reared on potted chili pepper plants inside plastic pots
(1L), placed inside cages as described above. When plant quality decreased due to
broad mite feeding damage, new plants were introduced into the cages.

Amblyseius herbicolus was collected originally from the same areaPas
latus and fromP. latus-infested cHi pepper plants maintained in a greenhouse in
Vigcosa (Minas Gerais, BraziR0°45°14" S, 42°52°54"" YW They were reared on
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arenagonsisting of a PVC sheet (25 x 12 cm) placed on top of a foam pad (28 x 15
x 3 cm), surrounded by moist cotton wool, which served both as water source and a
barrier to prevent predators from escaping. The foam was placed iteste frays

(30 x 18 x 5 cm) filled with water. Commercial bee pollen was used as food,
provided directly on the PVC sheet. A small PVC sheet (4 x 2 cm) with cotton
yarns under it was provided as shelter and as oviposition site.

Neoseiulus barkeri was sypplied by PROMIP (Brazil). The predator was
reared on arenas as above. A mixture of mould mite stafgsphagus
putrescentiae (Shrank) (Acari: Acaridae), was used as food. Mould mites were
reared on the same arena as the predator, receiving crumbs of crackers as food
source, which were supplied every 15 days. All predator arenas were kept in a
climate room (25 £ 1°C, 60 + 10% RH and 14 hours photophase).

2.2 Potential of cantrol of P. latus on different predator:prey ratios in chili

pepper plants

Chili pepper plants with two true leaves were transplanted into plastic pots
(300 ml) containing a mixture of soil and commercial subs{@&t. When plants
had 1012 leaves (45 days old), they were infested with either 20 or 40 adult
females of P. latus. One hour later, twoadult females ofA. herbicolus or two
recentlymated adult femalesf N. barkeri (both 12 days old since becoming
adult) were released on the infesf#dnt, resulting in predator:prey ratios of 2:20
and 2:40. Plants infested with 20 od 4dult female of P. latus but without
predators served as control. Thus, the four different predatorrptes were
considered as treatments for each predator species.

For eachpredator species and treatment, six replicates were performed.
Each replicate awsisted of annfestedplant with broad mites. Two replicatgere
placed inside lastic trays (50 x 35 x 15 cm) amndater was added to prevent
predator escape and contamination with other arthropBdsh plastic trays
containing the replicateseremaintained inside wooden frame cages (0.70 x 0.70 x
0.70 m) covered with fine mesh (90 unfjor each predator species, the
experiments were conducted with 45 days of difference, but on summer season.

Seven days after predator release, the number of adudid<of P. latus and adults
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and immatures oA. herbicolus andN. barkeri were counted by detaching each leaf
from the plants. The counting of individuals was done using a stereoscopic
microscopigNikon® SMZ 645).

The number of adult femal@. latus and predatorsddults immatures and
egg9 were compared using a GLM with BRoisson orquasiPoisson error
distribution to correct for overdispersiomhen was necessarCrawley 2007).
Contrasts between treatments were assessed with the Wald test (Kulz©@8al

2.3 Control of P. latus on chili pepper plants and impact onfruit production

In the first experiment, control chili pepper showed severe symptoms
including abscission foliar after seven days of infestation with broad Betause
of this fact, a secod experiment was performeah @hili pepper plantsvith more
size and age for evaluating broad mite control over time and impact on fruit
production.

Chili pepper plants with two true leaves were transplanted into plastic pots
(2 L) containing a mdture of soil and commercial Bstrate and maintained in
cagesas described above, until the first flower bud appearance. These plants were
irrigated twice per week and were not fertilized.

Sixty days after transplantation, thpepper plants were infesd with 20
adult female broad mites. One hour later, two adult femalés ladrbicolus or N.
barkeri, were released on each plant. Plants infested with broad lnitegithout
predators served as control. Thtigge treatmentwere obtainedl) Infestedchili
pepper plants A. herbicolus, 2) Infested chili pepper plantsN. barkeri, and 3)
Infested chili pepper plantgithout predators.

Ten replicates wereonductedfor treatment and predator speciésch
replicate consisted of one chili pepper plantested with broad mites. Two
replicates were placadside plastic trayandmaintained inside cages described
on the first experiment.

Five, ten and fifteen days after predator release, the nsmbé?. latus
adult female andthe specimens of pratbrs (adult, immature aneggs) were
assessed ohranch with five leavesut off nearby the place of initial infestation

and countingusing a stereoscopic microscopic as abéwlitionally, we evaluated
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the symptoms of injury presented by the planthendifferent treatments by visual
damage scale with ratings ranging from 0 to 4 (TableThe evaluation of injury
was current out five, ten and fifteen days after of infestation with broad mite.

Table 1 Scale notes for assessment of Injury of broaa Ritlatus in Capsicum

frutensces L. (adapted from Pefia and Bullock 1994).

Level Injury

No injury, smooth and well-expanded leaves with bright green col

Lower brightness on leaves and leaves show slight bronzing.

Moderate Injury, curling, leas showed bronzing.

Leves with severe curling, wilting.

A W N | O

Leaves with necrosis and leaf abscission

Differences in numbers of broad mite in the different treatments were
analysed using a Generalized Linear Mixed Effects Model (LMER) with ss&wi
error distribution, with plantas random factor to correct for pseudoreplication due
to repeated measures (Crawley 2007).

The notes the levels afjury were transformed into x+1 due to that in the
beginning of the assessmerite notes were equal to zerespecially on the
treatments with predators. The notes wsubjected to multivariate analysis of
variance.

Two months after initial infestation witR. latus, the fruitswere collected
In the laboratory, the fruits wermunted and weighed using an electronic balance
(Bioprecis& JA3003N). Numbers of chili pepper fruits were analyzed using a
GLM with a quasiPoisson error distribution to correct for overdispersion (Crawley
2007). Contrasts between treatments were assessed with the Wald test (&luhn et
2008). The weight of chili pepper fruits was subjected to ANOVA with a Tukey
posthoc test.
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3 -Results

3.1 Potential of control of P. latus on different predator: prey ratios in chili

pepper plants

The number oP. latus recorded a the chilipepper phnts after seven days
was signifiantly affected by the predator:pregtio (Fz,16124.3, p<0.001; §
18=15.71,df=3, p<0.00Ifor A. herbicolus andN. barkeri respectively) (Fig. 1 and
Fig. 2). Despite the time difference between the experiments, ndicaghi
difference in the brahmites numberon the predator:prey ratios with any predator
(Fs,16=0.31, p=0.82).

Broad mite populations were higher on plants without predators than on
plants with predators. The increase of broad mite populations on plahtsut
predators showed that the experimental conditions were favourable for growth of
this species. Broad mite populations in treatments with predators were lower tha
the initial populations (20 or 40 females), indicating that predatafuced the pes
population (Fig. 1 and 2).

The predators increased in number during experiment period. However,
there was no significant difference on the number of individuaks. dierbicolus
between the prediar: prey ratios (Dev=37.44f=1, p=0.56) (Fig. 3), witlpresence
of 4.4 (SE +£0.87) and 5.2 (x1.08) individuals for 2:20 and 2:40 predator:prey ratios,
respectively. FON. barkeri, there was no significant difference on the number of
specimens between the predgimey ratios (Dev=16.13df=1, p=0.12) (Fig. 4),
with presence of 1.91 (SE +0.28) and 2.7 (x0.48) individuals for 2:20 and 2:40

predator:prey ratios, respectively.

3.2 Control of P. latus on chili pepper plants in a greenhouse and impactro

production

The number of broad mites differed sigo#ntly ketween chili plants with
or without predator§x?=692.1,df=2, p<0.001) and timexf=149.6,df=2, p<0.001,
Fig. 5). There was no significant difference in the number of broad mites os plant
with A. herbicolus or N. barkeri (X?=0.56, df=1, p=0.45). The numbers of broad
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mite fenmales increased over time on Ictpeppers plants without predators and
remained low on plants with predators (Fig. 5).

Although there was an increase in the numbers of predators of the two
species, there was mhifference significanon the number of individuals between
predator species<{=1.28,df=1, p=0.26) (Fig. 6). There wasgnificant difference
in the numbewof predators in the days evaluatet=7.46,df=2, p=002) (Fig. 6).

The average numbers of predators per plant over the three evaluations was 3.81
(x0.36 SE) forA. herbicolus and 2.86 (+ 0.10for N. barkeri (Fig. 6).

The injury caused by broad mite on physic nut plaiftered signifcantly
between plants with or without predators and with the week of evaluation,
demastrating that the broad mite attack evolves through time (Table 2) (Fig. 7).

Plants with predators produced twice as many fruits per plant than plants
without them (F=0.86,df=2, p=0.04) (Fig. 8A). The weight of fruits of plantith
predators was alsoigher than plants without predators (Fig. 8B, F=1i%2,
p<0.001).

Table 2: Multivariate analysis of variance of the scale notes of injuryedaug
Polyphagotarsonemus latus on chili pepper plants on the treatments
evaluated. VicosMG, 2012.

Sourcevariation Wilk's Lambda Num DF.  Den DF. F P
Treatment 0.596 2 81 27.40 <0.001
Day 0.767 2 81 12.28 <0.001
Treatment*Day 0.649 4 81 10.92 <0.001
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4 —Discussion

The potential ofA. herbicolus andN. barkeri as control agents of broad mite
was evaluatedin greenhouse experiments. dnfirst experiment, lesthan twelve
broad mite individals for the different predatqrey ratios for both predator
speciesvere recordedvanMaanen et al. (2010) found low numbers of broad mites
after three weeksvith an initial predator:prey ratio of 1:10 and 1:20. In our
experiment, broad mite populations would have decreased even more after some
more time, but the control plants were already showing severe danragtos)s
including severe foliar abscission, leen the experiment was ended after seven
days.

The rapid evolution of symptoms in control plantsthis experiment may
indicate the vulnerability of chili pepper fmestinfestations in the early weels
the crop. No studies othe effects of infestatio of broad mites on the different
phenological agesf the chili pepper. However, CoBomero and Pefia (1998)
recorded higher populations of broad mite westpepper plants with 6 weeks of
age compared with plants with more age. Tage and phenologicaktage are
similar to plants used in our experimenhus, the authors conclude that the genus
Capsicum s highly susceptible to broad mite attack.

In the second greenhouse experimevtparkeri andA. herbicolus reduced
broad mite populations on chili peer plants when released in a predatey @atio
of 2:20. The phytoseiidN. barkeri was tested for broad miteontrol onsweet
pepper lima and bean undgreenhouse conditionsidhe United States (Fan and
Petit 1994 Pefia ad Osbourne 1996).hHE Brazilian strain ofN. barkeri showed a
more reduction of broad mite population that American strain when similar
predator:prey ratio were used. Additionally, American strain only showed a
successful broad mite control on a lower predator:prey sratian that bre
evaluated.

Meanwhile, this is the first study that evaluated #fa herbicolus as
biological control agent of. latus under greenhouse condition®ur results
indicatean excellent performance of this specienfirming the outcomes obtained

in labordory tests.A. herbicolus showed similar or better results than other
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phytoseiids evaluated as natural enemies of broadumiter greenhouse conditions
(Pefia ad Osbourne 1996, Onzo et al. 2012, van Maanen et al).2010

A fact recorded in this experimemtas the increased of the number of
individuals of the two phytoseiid species through time, even when numbers of
broad mites were low. This may be caused when the predatorsofeether
resources, such as pollen and nectar from chili pepper flowerskroven thatA.
herbicolus is able to feed and develop on different pollen species (Rodfguez
et al. 2013), and thad. barkeri is capable of ovipositing on an exclusive dietof
broad bean pollen/cia faba L.) (Nomikou et al. 2001). This is importa because
predator populations may thus persist without pests and prevent infestations of the
plants (Van Rijn and Sabelis 1992)dditionally, the presence of domatia in chili
pepper leaves may be a factor that helps on predator establishing. Botiorgreda
mites used as shelter and local for oviposition the domatia (Personal observation).

Chili pepper pants withpresence opredatorsshowed injury notes equal to
zero or very low, without manifestation of severe symptoms from broad mite
attack. High injury rating were recorded on the control chili pepper plants,
including fliar abscission.Moreover, plants without predators produced fewer
fruits with smaller sizeand weight. Stansly and Castillo (2009) recortted sweet
pepper production was significantly different in number and weight of fruits
between plants with and without predator release, with production 2.3 times
superior on plants with presence of predators.

Despite, the absence of standardizatbrsize for fruit commercialization.

The prodeers tend to reject small fruitsfor commercialization(CMF Pinto,
personal communication). Additionallgmall fruits require more effort to harvest,
leading to increased castfor the producer (Embrapa 2Q1&reaterfruits should

be contain moregplacend, pericarp andeeds andenerally shova higher capsaicin
content(Bosland 1996, Cisnerdineda et al. 2007, Pandhair and Sharma 2008).
This chemical compound respondile for the chili pepper pungencfeature well
appreciated in the market (CMF Rirgersonal communication).

Despite better values of predation and oviposition rates showed. by
herbicolus on laboratory tests, the outcomes recorded on greenhouse experiments
no showed differences on the effectiveness of broad mite control by the two
predator species. A characteristic that can favour the performanie bairkeri

under greenhouse conditions is their capacity to feed on whBeftysia tabaci
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(Hemiptera: Aleyrodidae), a common pest on greenhouses (Nomikou et gl. 2001
We considered thaA. herbicolus and N. barkeri as potential control agents of
broadmite, due to the outcomes were similar or better thanrétarded byother
phytoseiids evaluated on the woflan and Petitt 1994, Pefia and Osbourne 1996,
RodriguezMorell et al. 2010,van Maanen et al. 2010)Despite that other
phytoseiids were evaluated on Brazil; this is the first study that evaluaig@lna
enemies of broad mite in greenhouses conditions. Our outcomes indicatAs that
herbicolus and Brazilian strain olN. barkeri may bealternatives to control of this

pest on protected crops. We considered that field experiments should be performed

to investigate the efficiency of these predatory mites for broad mite tontro

36



References

Argov Y, Amitai S, Beate GAC, Gerson U (2002Rearing, release and
establishment of imported predatory mites to control citrus rust mite in Israel.
BioControl47: 399-409.

Boslan PW (1996) Capsicum: Innovative Uses of an Ancient Crop. In: Janick J
(Ed), Progress in New Crops. ASHP Press, Arlington, pp. 479-487.

Britto EPJ, Lindquist EE, de Gilberto GJ (201Redescription ofLasioseius
floridensis Berlese, 1919 (Acari: Mesostigmata: Blattisociidae), with notes on

closely related species. Zootaxa 290451

CisnerosPineda O,TorresTapia LW, Gutiérre2Pacheco LC, Contrerddartin F,
GonzalezEstrada T, Peraz8anchez SR (2007) Capsaicinoids quantification in
chili peppers cultivated in the state of Yucatan, Mexico. Food Chemistry 104:
1755-1760.

Crawley MJ (2007). The R book. Wiley, West Sussex.

De CossRomero M, Pefia JE (1998Relationship of broad mite (Acari:
Tarsonemidae) to host phenology and injury level€apsicum annuum. Florida
Entomology 41: 515-526.

De Moraes GJ, McMurtry JA, Denmark HA, Campos CB (20B4kvised catalog
of the mite family Phytoseiidae. Zootaxa 434494.
De Moraes GJ, Fletchmann CHW (200B)anual de acarologia: acarologia basica

e acaros de plantas cultivadas no Brasil, Holos, Ribeirdo Preto, Brazil.

Empresa Brasiler de Pesquisa Agropecuaria (201€ultivo da Pimenta.

http://www.cnph.embrapa.br/paginas/sistemas producao/cultivo da pimenta/colhe

ita_pos_colheita.htmAccesse® February 2014.

37


http://www.cnph.embrapa.br/paginas/sistemas_producao/cultivo_da_pimenta/colheita_pos_colheita.htm
http://www.cnph.embrapa.br/paginas/sistemas_producao/cultivo_da_pimenta/colheita_pos_colheita.htm

Fan Y, Petit FL (1994)Biological control of broad mitePolyphagotarsonemus
latus (Banks), byNeoseiulus barkeri Hughes on pepper. Biological Control 4: 390
395.

Gerson U (1992)Biology and control of the broad mit@olyphagotarsonemus
latus (Banks) (Acari: TarsonemidaeExperimental and Applied Acarology 13:
163-178.

Hajek A (2004) Natural Enemies: An introduction to Biological Control,

Cambridge University Press, Cambridge, England.

Kuhn M, Weston S, Wing J, Forester J (2008)e contrast package. http://cran.

Nedmirror.nl/web/packages/contrast/vignettes. Accessed 02 March 2012.

La SY, Paikk CH, Lee GH, Kim DH (2009)Biological control of
Polyphagotarsonemus latus (Acari: Tarsonemidae) byAmblyseius cucumeris.

Korean Journal of Entomology 48: 347-354.

Lin H, Chuan.hua X, Jiun W, Ming L, Wencai, Zhimo Z (2009) Resistance
selection and biochemical of resistance to two acaricidesTdmanychus

cinnabarinus (Boiduval). Pest Biochemical Physiology 93: 47-52.

Matos CHC (206). Mecanismos de defesa constitutiva em espécies de pimenta
Capsicum e sua importancia no manejo do acaro braRckyphagotarsonemus
latus (Banks, 1904) (Acari: Tarsonemidad)issertation, Federal University of

Vicosa.

McMurtry J, De Moraes G, Sourassou N. F (2013). Revision of the lifestyle of
phytoseiid mites (Acari: Phytoseiidae) and implications for biological control

strategies. Systeatic and Applied Acarology 1297-320.

Ministerio de Agricultura, Pecuari e Abastecimento, Agrofit (2014
http://agrofit.agricultura.gov.br/agrofit cons/principal agrofit confccessed 2
February 2014.

38


http://agrofit.agricultura.gov.br/agrofit_cons/principal_agrofit_cons

Nomikou M, Janssen A, Schraag, R (200Bhytoseiid predators as potential
biological control agents fdBemisia tabaci. Experimental and Applied Acarology
25: 271-291.

Onzo A, Houedokoho, Hanna R (201Potential of the predatory, Amblyseius
swirskii to supress the broad mitBplyphagotarsonemus latus on the gboma
eggplant Solanum macrocarpon. Journal of Insect Science 12: 1-11.

Pandhair V, Sharma (2008) Accumulation of Capsaicin in Seed, Pericarp and
Placenta of Capsicum annuum L Fruit. Journal of Plant Biochemistry and
Biotechnology 17: 23-27.

Pefla JE, Bullock RC (1994). Efts of feeding of broad mite (Acari:
Tarsonemidae) on vegetative plant growth. Florida Entomologist 77(1): 180-184.

Pefla JE, Osborne L (199@Biological control of Polyphagotarsonemus latus
(Acarina: Tarsonemidae) in greenhouses and field trials using introduafons

predacious mites. Entomophaga 41: 276-285.

Pinto CMF, Salgado LT, Lima PC, Picanco M, Junior TPJ, Moura WM,
Brommonschenkel SH (1999A cultura da pimentaGapsicum sp.). EPAMIG,
Belo Horizonte.

R Development Core Team (201R foundation for statistical computing. Vienna,

Austria.

Riley D (1992) A new occurrence of Broad mite in peppers in the lower Rio

Grande valley of Texas. Subtropical Plant Science 45: 46-48.
Rodriguez€ruz F, Venzon M, Pinto CMF (2013Perfomance ofAmblyseius

herbicolus on broad mites and on castor beans and sunnhemp pollen. Experimental
and Applied Acarology 60: 497-507.

39



RodriguezMorell H, Miranda I, Ramos M, Badii MH (2010Funtional and
numerical responses &mblyseius largoensis (Muma) (Acari: Phytos&lae) on
Polyphagotarsonemus latus (Banks) (Acari: Tarsonemidae) in Cuba. International
Journal of Acarology 36: 371-376.

Rufino JLS, Penteado DCS (2006lmportancia econdmica, perspectivas e
potencialidades do mercado para pimenta. Informe Agropecuéario 27: 7-15.

Sabelis MW (1990Q)How to analyze prey preference when prey density varges
new method to discriminate between effects of gut fullness and prey type
composition. Oecologia 82: 279-285.

Sarmento RA, Rodrigues DM, Faraji F, Erasmo EAL, Lemos F, Teodoro AV,
Kikuchi WT, Santos GR, Pallini A (2011Suitability of the predatory mites
Iphiseiodes zuluagai and Euseius concordis in controlling Polyphagotar sonemus
latus and Tetranychus bastosi on Jatropha curcas plants in Brazil. Experimental
and Applied Acarology 53: 203-214.

Sato ME, Da Silva MZ, Raga A, SouEdho MF (2005) Abamectin resistance in
Tetranychus urticae (Acari: Tetranychidae): selection, crassistance and stability

of resistance. Neotropical Entomology 34: 991-998.

Skirvin D, Fenlon JS (2003Yhe effect of temperature on the functional response

of Phytoseiulus persimilis (Acari: Phytoseiidae). Experimental and Applied
Acarology 31: 37-49.

Stansly P, Castillo J (2009 ontrol of broad mites, spider mites, and whiteflies
using predaceous mites in open field pepper and eggplant. Processing of Florida
State Horticultural Society 122: 282%7.

van Maanen R, Vila E, Sabelis M, Janssen A (20B@®logical control of broad

mites Polyphagotarsonemus latus) with the generalist predatoAmblyseius
swirskii. Experimental and Applied Acarology 52: 29-34.

40



van Rijn P, Sabelis M (1993poes alternative food always enhance biological
control? The effect of pollen on the interaction between flower thrips and its
predator. IOBC/WPRS Bulletin 16: 123-125.

Venzon M, Matos CHC, Pallini A, Santos IC (200Bjagas associadas a cultura de

pimenta malagueta e estratégias de manejo. Informe Agropecuarioc&@g.: 75

Venzon M, Rosado MC, MolinRugama AJ, Duarte V, Dias R, Pallini A (2008).
Acaricidal efficacy of neem againd®olyphagotarsonemus latus (Banks) (Acari:
Tarsonemidae). Crop Protection 27: 869-872.

Venzon M, Amaral DSSL, Perez AL, Rodrige€ruz FA, Togni PHB, Oliveira
RFO (2011) Identificacdo e manejo ecoldgico de pragas da pimenta darawda
pimenta. EPAMIG, Vigosa, Brasil.

Vichitbandha P, Chandrapatya A (201Rjoad mite effects on Chiishoot damage

and yields. Pakistan Journal of Zoology 43: 637-649.

Waterfield G, Zilberman D (2012). Pest management in food system: An economic
perspective. Annual Review of Environmental Resources 37: 223-245.

Weintraub P, Kleitman S, Mori R, Shapira N, Palevsky E (20G8nhtrol of the
broad mite Polyphagotarsonemus latus (Banks) on organic greenhouse sweet
peppers Capsicum annuum L.) with the pedatory mite,Neoseiulus cucumeris
(Oudemans). Biological Control 27: 300-309.

Zhang L (2008)Mites of horticultural crops in the Northern TerritoBepartment

of Regional Development, Primary Industry, Fisheries and Resouxaethern

Government. 5: 1-3.

41



Figures

250

C

g 200 '|'
(%]
o2
E &
- @ 150
C —
o o
- O
QO o b

(D]
H* 100 -
o 2 00 T
o=
S <
q>) (&)
< 50 1

a a
0 T T T T
0:20 0:40 2:20 2:40

Predator:prey ratio

Figure 1. Average numbe(sSE) of broad mite females on chili pepper plants.
Plants were either infested with 20 or 40 adult female broad mites and either O
(0:20 and 0:40) or 2 (2:20 and 2:40) adidinale Amblyseius herbicolus were
released on the plants. Numbers were assessed seven days after initéianfes
Different letters above bars indicate significant differences (Wald test).
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Figure 2. Average nubers (xSE) of broad mite females on chili pepper plants.
Plants were either infested with 20 or 40 adult female broad mites and either O
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Figure 3. Average number of individuals (Adults, immatures and €g&g)) of
Amblyseius herbicolus on chili pepper plants. Initially2 adult females of the
predator were released per plant, which contained either 20 (2:20) or 40 (2:40) adult
female broad mites. Numbers were assessed seven days after initial orfestiti

broad mitesVicosa MG), Brazil, 2012.
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Figure 4. Average number of specimens (Adulsnaturesand eggs)+SE) of
Neoseiulus barkeri on chili pepper plants. Initially, 2dult females of the predator
were released per plant, whicbntained either 20 (2:20) or 40 (2:40) adult female
broad mites. Numbers were assessed seven days afterimfésthtion with broad
mites.Vicosa (MG), Brazil, 2012.
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(days) (£SE)on chili pepper plantDifferent letters indicate significant difference
(Tukey 5%). Vigcosa (MG), Brazil, 2012.

48



12 ~

b= a

c_cs A a

o 10 A

@

o

oy

o 81

%

-~ 6

2

T4 i

o

3

£ 27

=}

z

0 T T T
Without Neoseiulus Amblyseius
predators barkeri herbicolus
Treatment

S 044

E

2 B b

2

= 0.3 [

]

o

3 b

= |

£ 027

©

: i

(@]

‘© i

= 01

[©]

(@]

s

g

< 0 T T T
Without Neoseiulus Amblyseius
predators barkeri herbicolus

Treatment

Figure8. A) Average number&SE) and (B) weight of chili peppeffsuits, in the
absence and in the presence of the phytosAnasbysei us herbicolus or Neoseiulus
barkeri. Different letters above bars indicate significant difference (Wald test for
number fruit and Tukey for weight of fruit). Vicosa (MG), Brazil, 2012.

49



CHAPTER 3: BIOLOGICAL CONTROL ®& BROAD MITES ON PHYSIC NUT
AND CHILI PEPPER IN HE FIELD

Abstract

Several studies have evaluated phytoseiild mites as poterdlafibal
control agents of broad mites the laboratory andn greenhousedHowever, there
is little information on the usef these phytoseiidnites for broad mite control in
open fields. PreviouslyAmblyseius herbicolus and a Brazilian strain dfleoseiulus
barkeri were showto have potential for broad mite control in greenhous&sazil.
Here, weevaluated broad mite control by these predatory mites on physic nut and
on dili pepper in thefield conditions. Physic nut and chili peppg#ants without
predators, harboured higpopulatons of broad mite, showed more damage,
including severe fall of leaves that plants with predators.
The two predators increased numbes over time on two cropsAmblyseius
herbicolus reared similar densities in physic nut and chilli pepper. In chili pepper,
the predatory mitesould have used théower pollenas alternativefood. There
was no significant difference in the number and weightchili pepper fruits
between chili plants with and without predators. However, fruits from plants
without predators were smalldRespite of a single predator release, the results
indicate a positive effeah chili pepper and physic nut, avoiding thegence of

higher broad mite populations and the appearance of severe symptoms.

Key-words: Amblyseius herbicolus, Neoseiulus barkeri, Polyphagotarsonemus

latus, Capsicum frutensces, Jatropha curcas, Biological control

50



1 —Introduction

The broadmite is a small mite (0-:0.3 mm in lengthwith a worldwide
distribution, capable of attacking more than IB&anical families (Gerson and
Weintraub 2012, De Moraes and Flechtmann 20@8jong these are two
important crops, in which the broad mite is considered a key pest in Briaysic
nut Jatropha curcas L.) and chili peppersGapsicum frutescens L.) (Venzon et al.
2006, 2013, Lopes 2009, Sarmento et al. 2011, Evaristo et al. 2013).

The physic nuts a lage shrub of Mexican origin, distributed waosidie in
tropical and subtropical zon€King et al. 2009, Pandey et al. 201Pue to its
tolerance to degradesbils and soils with low fertility, drought and hggh yield of
oil in their seedsit is considered as a promising species for biodieselsingu
(King et al.2009, Pandey et al. 2012, Parawira 2010). In Brazil, smallholders have
begunto plant itas monoculture (Sarmento et al. 2011), and a rgmst,attackas
been increasedOn the physic nut, broad mites are found on the apical region
(Lopes 2009) causing the loss of natural sheen, curling and deformation of leaves
(Fig. 1B).Additionally, the broad mite attack can cause emission disorder of leaves
and premature fall of leaves in severe infestations (Rlcarid D).

Chili pepper Capsicum frutescens L.) is an important crop ithe state of
Minas Gerais State (Brazilvith a strong social component, because its production
usesmainly family labour(Pinto et al. 1999, Venzon et al. 200Bue to small size
of broad mitefarmes usual onl detect it when the first symptoms appear in the
crop (Venzon et al. 2013Yhe symptoms manifested by attacked plants include
curling and bbonzing of leaves, especially tife apicesin severe attacks of broad
mite high defoliation is recorded (Venzon et al. 2013).

The main method for combating broad mite in the world and Brazil
chemical control Refia 1988 Gerson 1992, De Moraes and Flechtmann 2008).
However,for physic nut and chili pepperap acaricidesre officially registered for
broad mitecortrol in Brazil (Agrofit 2014. NewerthelessBrazilian farmers apply
pesticides registered for other crops in an attempt to control the pesiabgpe
chili pepper, but control is often not successful (CMF Pinto personal
communication). Experimentallyabamectin shows good control of broad site

physic nut, but due t@ lack of registration, its use is not recommended in
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commercial plantations (Albuguerque 2008). The misuse of chencigallead to
problems such as environmental contamination, paigoof farmers, and sedues
on fruitsin the case of chili peppéPefnia 1988, Pinto et al. 2012).

Biological control of pest mites is considéras an excellent alternative for
chemical control. Predatory mites of the family Phytoseiidae are keyahatu
enemies of pest miteMcMurtry et al. 2013). Five phytoseiids haveeen
registered in association with broad raite Brazil. Amblyseius herbicolus (Chant)
was found in chili pepper plants infested with the peshe state of Minas Gerais
(Matos 2006).This species grows and can reprodcelusivelyon broad mites
(RodriguezCruz et al. 2013). A second species, a Brazilian straiNeogeiulus
barkeri Hughes, was collectednanfested gerberan greenhouses in the state of
Séo Paulo (Britto et al. 2011 phiseiodes zuluagai Denmark & Muma andtuseius
concordis Chantare the most common natural enemies associated with broad mites
in physic nut in the state of Tocantir&razil (Sarmento et al. 2011Additionally,
Typhlodromus transvaalensis Nesbit was recorded on chili pepper infested on
Minas Gerais (Rodrigue@ruz, unpublished data). Pest control provided by natural
enemies is considered as an environmental service (Myers 1996). This feayure m
be of great importance for smallholders, due to lackedources for pest control
(Sarmento et al. 2011) ant is especially relevant in crops with poor or no
phytosanitary supporas is the case ghysic nut and chili pepper.

Two studies have evaluated the potential of these four species as biological
control agents of broad mite in Brazil (Sarmento et al. 2011, RodriQuezet al.
in prep). However, these studies were carried out on laboratories and greenhouses
Additionally, these studies generalye carried out with releasef only predator
specis. However,generally there are severaf predatory mites inhabiting the
same plant. Lopes (2009) recorded six different predatory mites speciest@sso
on physic nutwhen study the bioecology of broad mite on this crop. Despite this
fact, there is no literature on the interactions that can occur between different
species of predatory mites evaluated as biological control agents of bread mit

Here, weevaluaéd in the field broad mite control biye predatory mites\.
herbicolus andN. barkeri whenreleased idividually and in combination ophysic
nut andreleasedndividually onchili peppermlants. Additionally, we evaluated the
symptoms of injury presented by the plants in the different treatments by visual

damage scalas described on the chapten.
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2 —Material and methods

2.1 Physic nut and chili pepperseedling

Physic nut seedlingaere obtained by sowing the seeds directly in plastic
pots (2L) containing a mix of soil and organic man(8d.). Fortyfive days after
germination, seedlingeceivedchemical fertilization (Biofert®, Brazil). Mohty
fertilization were donewith the same product. Pottegdlants were kept in a
greenhouse until time for transplantati@eedlings werarigated once a week, due
their drought tolerance.

Chili pepoer seedlingsvith four true leaves were obtained from a local
provider (2mearte, Minas Gerais, Brazdhd kept in a greenhouse until time for

transplantation in field. Chili pepper seedlings wienigated daily

2.2 Mite rearing

The broad mites angredator speciesvere obtained from populatien
maintained in theadboratory ofentomology ofthe Agriculture and Livestock
Research Enterprise of Minas Gerais (EPAM(@igosa, Brazil,20° 24' 0" S, 42°

48' 0" W), as described in the previous chapter.

2.3 Physic nut feld experiment

The phwic nut experiment was carried out the experimental area of
EPAMIG in Oratorios(state of Minas Gerais, BrazR20° 24' 0" S, 42° 48' 0" W
Seedlings were transplanted to an area ok 3B m, with two meters ofpsice
between plants antetweenrows, with a total of 182 physic nut plants. Each
hollow for physic nut seedling:eceived two litters of organic manuee week
before transplantation, which was set on August 16, 2013. Chemical fertilization
was appliedd0 and 80 days after transplantation, 70 grams per plant (Heringer ®
20-0520, NPK), to promote leaf emission taking into account thaspecies is

deciduous. Plants were irrigated once a week.
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The broad mite infestation was dortificially. Infestation vas done by
attachinga piece of infested chili pepper leaf (about 3 and average of 15 broad
mite femaley on the upper thirgpart of the plant. Attachment was done with
adhesive tape, ensuring that the abaxial sides remain facing eachbetterse
broad mites preferably inhalitis side of the leaf.

Physic nut plants were infested 90 days afi@ndplantationA week after
this activity, a sheet next to the side of the point of infestation was cut, plaaed in
paper bag and stored in a polystyrene box for transport to the laboratory and
subsequent evaluation of the success of the infestation under a microscope
stereoscopic (Nikon® modelo SMZ 645) The infestation was considered
successfuwhen we recorded thpresence of different broad mite stagestbe
leaves evaluated.

For predators releasing, pipette tips (2 ml) were adapted as contdieer. T
narower end was cutff and sealed with silicondhe wider end was sealed with
PVC film after storage of the predatorso allow the predators breathinge PVC
film received several piercing. Predators were kept stafdngbout 12 hours
before the release

Pipettes containing the predators were fastened with the aid of a cotton
thread (approximately 20 cm of long) placed through the tip and the silicone on the
same leaf on the which the infestation with broad mite was redlizigd2). The
PVC film was completely removed while the silicone was partially removed to
allow dispersion of the predators.

The release of predatory mites occurred omeek after infestation
confirmation,as described abovegsulting in four treatments: (& herbicolus (10
females) (2) N. barkeri (10 females)(3) A. herbicolus + N. barkeri (five females
for each predator specjeg4) no predatory mitesThe predator:preyatio was
approximately of 1:4.5. A randomized complete block design with four replicates
per treatment was used. Each replicgatduded four physic nut plants (two plants x
two rows). Each replicate was isolated from the atheplicates byone plant
physic nutand one rowof physic nut. The outermost plants were not considered to

avoid edge effects.
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2.4 Chili pepper field experiment

The chli pepper experiment was done in Duas Barras, district of Vicosa
(state of Minas Gerais, BraziR0° 24' 0" S, 42° 48 0" W). Seedlmgvere
transplanted to an area of 20 x 20 m, with 0.80 meter of deeen plants and
between rowsof plants, with total of 625 chili pepper plants. During the
experimental period, cultural treatments recommended for the species as
fertilization, irrigation and weed control were carried out accordingechnical
recommendations(EPAMIG, Informe Agropecuéario 2006).Transplantation
occurredin early October.

Chili pepper plants were infested 70 days after transplantation as déscribe
for physic nus. A week after of infestatiowith broad mitesa branch(with four
leaves)next to the infestation placwas cutoff, stored inside of a paper bagd
transported to the laboratory to evaludfee infestation success under a
stereomicrosape as described for physic nuThe infestation was considered
successful when we recorded the presence of different broad mite stages on the
leaves evaluated.

The release of predatory mites was conducted a vaffek infestation
confirmation, resultingn threetreatments: (1)A. herbicolus (5 females) (2) N.
barkeri (5 females) (3) no predatory mites.The predator:prey ratio was
approximately 1:2.3In this experiment, a severe reduction in the number of chili
pepper plants available was recorded. Thesluction was caused by lower
development of the plants, which did not reach a height of ten centimeters, being
discarded for the us&hus, the treatment with combined release of predators no
was realized.

A randomized complete block design with fourlregtes per treatment was
used. Each replicatecluded nine chili pepper plants (three plants x three rows).
Each replicate was isolated from the other through two lines of plants and two
rows. The outermost plants (two plants x two rows) were not coesider
sampling to avoid the edge effect.
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2.5Mite sampling

Seven days after predator releatbee mitesampling was initiatedor both
crops. For physic nut, three e from each plant of the replicate were collected
near to the infestation pointh& leave were put in a paper bastored inside a
polystyrene box and transported to the laboratory for evaluation. For chili papper
branch with five leaveom each plant of the replicateas cut near the infestation
point These branchesereputin Petri dishesstored ina paper bag and transported
to the laboratory for evaluation.

Sampling was continued forsix and eight weeksafter the predators
releasingfor chili pepper and physic nutespectively. The number of broad mite
females as wellas motiles and eggsof predators werecounted under a
stereomicroscopeNfkon® modelo SMZ 645)Similarly to second experiment on
greenhouse, the injury caused by broad mite was recorded accordingvisutie
damagepresented on the chapter two. The evaluation was carried out every week,
coinciding with the counting of mite populations on the two crops.

Additionally to mite sampling, we collected theaturechili pepper fruits
from eachplants of the replicaten three treatments evaluatéihe fruits were
stored in paper bag and transported to laboratory for counting and weigsitngg
an electronic balance (BioprectsdA3003N).The fruits collect was done during

three weeks

2.6 Statistical analysis

Data onthe average numbef broad mite females pdr2 leaves foreach
replicate of the physic nut experiment and nine branches for each replichee of
chili pepperexperiment wereanalyzedusing mixedeffects models (Imer of the
library Ime4 of R, R Development Core Team 2012) with pdentandom factato
correct for repeated measures (Crawley 2007). The contrasts between tieatmen
wereasgsad through model simplificatian

The notes the levels ahjury were transformed into x+1 due to that in the

beginning of the assessmert®e notes were equal to zero, especially on the
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treatments with predators. The notes wswubjected to multivariate analysis of
variance

Numbers of chili pepper fruitfrom each replicate of thregeatments
evaluatedwere analyzed usingeneralized linear model&GLM) with a quask
Poisson error distribution to correct for overdispersion (Crawley 2007). The weight
of chili pepper fruitsvas subjected to ANOVAThe analyse were performed using
the statistical software R 2.15 (R Development Core Team 2012).

3 —Results

On physicnut plants, broad mite populations increased gradually during
four weeksand themdeclineduntil the last week of evaluation, especially on plants
with A. herbicolus or N. barkeri releasedndependently(Fig. 3) The number of
broad mites differedsignificantly among physic nuplants with released of
predatory mites, each species independent or in combination, and plants without
predators X°=3309.9, df=3, p<0.001) (Fig. 3). The broad mite populations in
physic nut plantsvithout predatoy miteswere sigificantly higher than on plants
with predatory mitegFig. 3 contraststhrough model simplificationX?=95.06,
df=1, p<0.001 X?=38091, df=1, p<0.001 X?=18.29, df=1, p<0.001 for A.
herbicolus, N. barkeri and A. herbicolus + N. barkeri, respectively. The
differences irbroad mite populations among physic nut plants with predatory mites
were significant withall values of p<0.01 (Fig.3).

Predatorpopulations ncreased through the time on physic nut plahtse
number of individuals differedsignificantly among plants with and without
predators X?=101.48,df=3, p<0.001) (Fig. 4)Amblyseius herbicolus showedmore
number of individuals thal. barkeri (X?=13.75,df=1, p<0.001), combined release
(X?=33.94,df=1, p<0.001) or plants without predatod$<£95.06,df=1, p<0.00)

(Fig. 4). The number of predators on physic nut plants \nthbarkeri, A.
herbicolus + N. barkeri and plants without themwvere significant withall values of
p<0.01 (Fig.4).

The injury caused by broad mite on physic nut plaiftered significantly
between plants with or without predators and with the week of evaluation,

demonstrating that the broad mite attack evolves through time (Talbly1%)(
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On chili pepper plantdyroad mite populations increased gradually during
four weeks and them declined until the last week of evaluation, especially on plants
with A. herbicolus (Fig. 6. The number of broad mites differed significantly among
chili pepper plants with and without predatox$<134.21 df=2, p<0.001) (Fig. 6).

Table 1. Mulivariate analysis of variance of the scale notes of injury caused by
Polyphagotarsonemus latus on physic nut plants on the treatments
evaluated, Oratérios (MG), Brazil, 2013.

Source variation Wilk’'s Lambda Num DF. Den DF. F P
Treatment 0.22 3 108 127.59 <0.001
Week 0.38 8 81 21.78 <0.001
Treatment*Week 0.58 24 81 3.30 <0.001

The densities of broad mgen chili pepper plants without predasowere
significantly higher than on plants with predatdfg. 5, contrasts through model
simplification: X?=119.44, df=1, p<0.001; X°=67.79, df=1, p<0.001, for A.
herbicolus and N. barkeri, respectively The densities of broad m#en chili
peppers plantgliffered significantlyamong A. herbicolus and with N. barkeri
(X?=13.45,df=1, p<0.001). (Fig. 6

Predatas increased through time in chili pepper plantke number of
individuals differed significantlyamong plants with and without predators
(X?=26.85, df=2, p<0.001) (Fig. ¥ Amblyseius herbicolus showed the higher
nunber of individuals through time &m N. barkeri (X?=5.26, df=1, p=0.002 or
Typhlodromus transvaalensis (X?=26.07,df=1, p<0.00). The numbeiindividuals
of N. barkeri andT. transvaalensis differed significantly(X?=3.94,df=1, p=0.047
(Fig. 7).

Similarly to it recorded on physic nuthg damage caused by the pest on
chili pepperplantsdiffered signifcantly between plants with and without predators

and with the week of evaluation, indicating that injury evolves through time (Table

2) (Fig. 9.
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All chili pepper plants produced fruits. The number of fruits did not differ
significantly on plants wittand withoutpredators (Ek 2:=0.67,df=2, p=0.52)(Fig.
9A). The fruit weight was not different between plants with presence of predators
and plants without them £F:=0.65, p=0.53]Fig. 9B).

The presence ofindividuals of T. transvaalensis Nesbit (Acari:
Phytoseiidae)were recorded both in physic nut (1.12+0.51) and chili pepper
(1.3+£0.42), on plants withouelease of predators. (Fig. 4 and 7

Table 2: Multivariate analysis of varianoé the scale notes of injury caused by
Polyphagotarsonemus latus on chili pepper plants on the treatments
evaluated, Vigosa (MG), Brazil, 2013.

Source variation Wilk’'s Lambda Num DF.  Den DF. F P
Treatment 0.60 2 168 56.00 <0.001
Week 0.47 6 168 31.60 <0.001
Treatment*Week 0.68 12 168 6.51 <0.001

4 —Discussion

An increase ofbroad mite populations was recorded on physicptants
over time, indicatig that conditions were appropriate for pdstelopmentThe
broad mite populations increased until the fourth week of evaluation. After that, a
reduction of broad mite populations in all plants of physic nut was obsgfigd
3). In plants withoutpredators, this reductiomay berelated to severity of the
damagecaused by the broad mites that réaglin severe defoliatioaccording the
scale notes of injurgFig. 5). Thus, the pest lost a source of resources. In physic nut
plants with predators this reduction may be related to the increased number of
predators due to increased use of food reso(Fame 4). However, the growth
pattern of broad mite, a rapid exploitation of the resource inn$tenfeek followed
by a fall asresult of overexploitation of the resourceay be an intrinsi
characteristic of the specidse to their short life cycle and strong attack to the host
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(Lopes 2009, Gerson and Weintraub 2012). Tetranychids, other important
phytophagous mites, showed the same pattern of growth (Krips et al. 1998). Broad
mites on eggplants and sweet pepper plants showed a similar growtim patter
absence of natural enemies on field conditions (Stansley and Castillo 2009,
Vichitbandha and Chandrapatya 2011).

The independent release of ghieedatoy mitesA. herbicolus or N. barkeri,
had a positive effect on physic mlants. heseplants had lower pest populations
during the evaluation period.The injury noteswere low, although sme plants
showed leaves with shine loss and with some degree of curling, but these symptom
were not severand foliar abscissiorwas not recordedThe combinedelease of
phytoseiids showed a lower efficient reduchrgad mite populationsompared to
the independent release of each spedibsre are no previous studies on combined
released of predators for broad mite control. Here, our outcome may be rethted w
the foraging behaviour of the predatofsnblyseius herbicolus is more active in
prey search thaN. barkeri and consme indiscriminately broad mite ammatures
and eggs of theN. barkeri (personal observationsAmblyseius herbicolus is
catalogued as generalist predator, ablesing a wide range of foodM¢Murtry et
al. 2013).However N. barkeri is able to consume the immatures of other species of
phytoseiids (Schausberger and Croft 2000). Thus, this behaviouraftact
negatively the control of the e However, it is not clear the mechanism by which
this result was recorded.

In physic nut, the phytoseiids remained and increased in numbetiroee
especially when release was independéhe highest number . herbicolus was
recorded m the third and fourth weeks of evaluations. The growth of this species
probably indicates the use of feed resource (broad mite) in abundanagseius
herbicolus has the ability to complete its life cycle in exclustiet of broad mite
(RodriguezCruz et al. 203). Additionally, in laboratory experimentsA.
herbicolus consumeda greater number of broad mite individuals in comparison
with N. barkeri, resulting in a higher oviposition ratef the former species
(RodriguezCruz et al. in prep).

In chili pepper, broad mite populationgere recorded on all plants over
time, indicatirg that conditions were appropriate for development of the Besdd
mite populations in chili peppeshoweda similar growth pattermo recorded in

physic nut(Fig. 6). The scale notesf injury showed lower values that recorded on
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physic nut, resulting on a slight defoliation control plantsTherefore, reduction

of broad mite population in these plants may be related to the effects of rainfaill.
During the experimental period werecorded the highest rates of rain for the
region (INMET 2014). Although themo literatureshowingthe effect of rainfall on
broad mites, rainfall has a negative effect on populatainsther phytophagous
mites oncoffeeand physic nut (Pedro Neto et al. 2010, Cruz et al. 2013).

The predatorsemainedand increased in number of individuals on thdi chi
pepper plantsAmblyseius herbicolus showed a higher number comparedNo
barkeri. Additionally to broad mite consumption, chili pepper plant®vide
alternative resources such as nectar polten. Although both predators evaluated
are able to use pollen from different plant spedin{ikou et al. 2001, Rodriguez
Cruz et al. 2013), there is indirect evidence thalerbicolus is moreit effective
usingchili pepper pollen thai. barkeri. In agreenhouse experimemr, herbicolus
populations increased in number in chili pepper plamit low broad mite
populations, butvith flowerspresent (Rodriguez-Cruz et al. in prep).

There was no difference the number and weight of chipepper fruits
between chili pepper plants with or without predators. Althazhgh peppermplants
showed the typical symptoms of broad nateack, the defoliation was not sese
Thus, these plants could recover from the pétsickand compensate the damage
caused by broad mite dueite modular growthAdditionally, someindividuals of
the phytoseiidT. transvaalensis were recorded on these plants. This species was
recorded in association with broad rsiie Ageratum conyzoides, a noncrop plant
usually found on areas of chili pepper cr@godriguez€ruz, unpublished data).
This specie can feed on broad mite (Cafnarte, unpublished dhates),this species
canwas able to exercise some control overlihead mitepopulationsdespite the
low number of registered individualdNe only recorded individuals off.
transvaalensis on chili pepper control plants. dwever, it is possible that this
species ocurred in the other treatments, but in a smaller number due to predation
of A. herbicolus or N. barkeri.

Despite a single release tife predators, their presence resulted positive
for physic nut and chili pepper plants, avoiding the development of high broad mite
populations and the appearance of severe symptoms. There is no information about
the effect of multiple releases of predatory mite for the broad mite control on the

plants evaluated. Howevemultiple releases ofA. cucumeris and A. swirskii
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resuted in a successful broad mite control on sweet peppars(cum annuum L.)

ard eggplant $olanum melongena L.) in openfield when compared to control with
predator or chemical contr@btansly and Castillo 2009)hus, multiple release of
predators may result in low broad mite populations and better benefits for physic
nut and chili pepper.

For the both cropsN. barkeri showed a lowr performance thatA.
herbicolus. This fact may be related to a better adaptation to rédgonal
environmentAmblyseius herbicolus was recorded in association with broad mite in
the region of these studies. Although is it not a native species, may be better
adapted to environmental characteristics that Brazilian stralsh bérkeri. Some
phytoseiids has beemshown lower efficiency between the sampling site and the
site of release. Australian straiof A. herbicolus is capable of controlling
phytophagous mites in orange (New South Wales, Australia), but is much less
effective and not set on orange orchards in Israel (Argov et al. 2002).

Both phytoseiid species evaluated showed their potential asglual
control agents for broad mite. Thus, herbicolus and N.barkeri can be of great
importance for pest control and may be usenhiegrated management strategies of
crops with poor or no phytosanitary suppsuth agphysic nut and chili peppear
in organic cropsProducers can benefit by reducing the application of pesticides,
which represent about 10% of production costs (Vilela et al. 2G@8)hermore,
chili peppersproduced without péigides can result in more profior farmers,
especially m certain markets such as organic produEteally, the potential as
biological control agents of these predatory mites can be exploited in other crops

susceptible to broad mite attack in open field or on greenhouse conditions.

62



References

Albuguerque FA (2008)Metodologia para detedoda presenca do acaro branco
em pintdio manso. EMBRAPA, Centro Nacional de Pesquisa de Algod

Documento 195.

Britto EPJ, Lindquist EE, de Gilberto GJ (201Redescription ofLasioseius
floridensis Berlese, 1919(Acari: Mesostigmata: Blattisociidae), with notes on

closely related species. Zootaxa 290451

Crawley MJ (2007). The R book. Wiley, West Sussex.

Evaristo AB, Venzon M, Matos FS, Freitas RG, Kuki NK, Dias LAS (2013)
Susceptibility and physiological responseslatiopha curcas accessions to broad

mite infestationExperimental and Applied Acarology 60, 485-496.

Gerson U (1992)Biology and control of the broad mit@olyphagotarsonemus
latus (Banks) (Acari: TarsonemidaeExperimental and Applied Acarology 13:
163-178.

Gerson U, Weintraub PG (2012). Mites (Acari) as factor in greenhouse

management. Annual Review of Entomology 57: 229-247.

Informe Agropecuério (2006) Cultivo da Pimenta. Empresa de Pesquisa
Agropecuaria de Minas Gerais 235.

King AJ, He W, Cuevas JA, Freudenberger M, Ramiaramanama D, Graham IA
(2009).Potential ofJatropha curcas as a source of renewable oil and animal feed.
Journal of Experimental Botany 60: 2897-2905.

Krips OE, Witul A, Willems PEL, Dicke M (1998). Intrinsic rate of population

increase of the spider mites Tetranychidae urticae on the ornamental cre@gerb
intraspecific variation in host plant and herbivore. Entomologia Experimeetalis

Applicata 89: 159-168.

63



Lopes EN (2009) Bioecologia dePolyphagotarsonemus latus em acessos de

pinh&o mansaoJétropha curcas). Dissertation, Federal University of Vigosa.

Matos CHC (2006)Mecanismos de defesa constitutiva em espécies de pimenta
Capsicum e sua importancia no manejo do acaro braRckyphagotarsonemus

latus (Banks, 1904) (Acari: Tarsonemidaeissertation, Federal University of
Vicosa.

Ministerio de Agricultura, Pecuai e Abastecimento, Agrofit (2014
http://agrofit.agricultua.qgov.br/agrofit cons/principal agrofit con?ccessed 02
February 2014.

McMurtry J, De Moraes G, Sourassou N. F (2013). Revision of the lifestyle of
phytoseiid mites (Acari: Phytoseiidae) and implications for biological control
strategies. Systematiae Applied Acarology 18(4): 297-320.

Moraes GJ, Fletchmann CHW (2008)anual de acarologia: acarologia basica e

acaros de plantas cultivadas no Brasil, Holos, Ribeirdo Preto, Brazil.

Myers N (1996). EnviromentaleBvices ofBiodiversity. Proceedhg of the Natural
Academy of Sciences 93: 2764-2769.

Pandey VC, Singh K, Singh JS, Kumar A, Singh B, Singh R (2QIEZ)opha
curcas. A potential plant for sustainable environmental development. Renewable

and Sustainable Energy Reviews 16: 2870-2883.

Parawira W (2010). Biodiesel production fromJatropha curcas. A review.
Scientific Research and Essays 5: 11868.

Pefa JE (1988Chemical control of broad mite (Acarina: Tarsonemidae) in limes

(Citruslatifolia). Processing of Florida State of Horticultural Society 101: 247-249.

64


http://agrofit.agricultura.gov.br/agrofit_cons/principal_agrofit_cons

Pefla JE, Osborne L (199@Biological control of Polyphagotarsonemus latus
(Acarina: Tarsonemidae) in greenhouses and field trials using introducfons
predacious mites. Entomophaga 41: 276-285.

Pinto CMF, Salgado LT, Lima PC, Picanco M, Junior TPJ, Moura WM,
Brommonschenkel SH (1999A cultura da pimentaGapsicum sp.). EPAMIG,

Belo Horizonte.

Rodriguez€ruz F, Venzon M, Pinto CMF (2013Perfomance ofAmblyseius
herbicolus on broad mites and on castor beans and sunnhemp getlearimental
and applied acarology 60: 497-507.

Sarmento RA, Rodriguez DM, Faraji F, Erasmo FAL, Lemos F, Teodoro AV,
Kikuchi WT, dos Santos GR, Pallini A (2013Suitability of the predatory mites
Iphiseiodes zuluagai and Euseius concordis in controlling Polyphagotar sonemus
latus and Tetranychus bastosi on Jatropha curcas plants in Brazil. Experimental

and applied acarology 53: 203-214.

Stansly P, Castillo J (2009 ontrol of broad mites, spider mites, and whiteflies
using predaceous mites in open field pepper and eggplant. Processing of Florida
State Horticultural Society 122: 28%7.

Venzon M, Matos CHC, Pallini A, Santos IC (200Bjagas associadas a cultura de

pimenta malagueta e estratégias de manejo. Informe Agropecuaric@y.. 75

Venzon M, Oliveira RM, Perez AL, Rodrigu€zuz, FA, Filho, SM (2013)Lime
sufur toxicity to broad mite, to its host plants and to natural enemies. Pest

Management Science 69: 7383.

Vichitbandha P, Chandrapatya A (201Rjoad mite effects on Cliishoot damag
and yields. Pakistan Journal of Zoology 43: 637-649.

Vilela NJ, Ribeiro CSC, Madail JCM (2008). Eficiéncia técrémmnémico de
quatro sistemas de producdo de pimenCapsicum. Embrapa, Comunicado

Técnico 56.

65



Figures

Figure 1. Physic nut plants genting different attack levels for broad mites. A)
Without attack, see natural shinB) Attacked leaf, presenting deformation by
action of broad mite attack (arrow)¢) Plant attacked presenting disaete
emission of leaves (arrow); D) Aspect gblaysic nut plant, after the premature fall
of leaves provoked by a severe infestatof broad mites (arrow). Oratds (MG),
Brazil, 2013.
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Figure 2.Pipette tip adapted as container for predator releasinghgsic nut and
chili pepper plard. The narroweend was cut andealed with silicone. fie larger

end was sealed with PVC film.
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Figure 3. Number of broad mite females through time (we@&f})on physic nut
plantsunder field conditionsl) Amblyseius herbicolus; 2) Neoseiulus barkeri; 3)
Amblyseius herbicolus + Neoseiulus barkeri and 4) Without predator®ifferent
letters beside the treatment name indicate significant difference (Model
simplification). The arrow indicates th@edatorgelease. Oratips (MG), Brazil,
2013.
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Figure 4. Number of predators through time (wedkSE) on physic nut plants
under field conditions.1) Amblyseius herbicolus, 2) Neoseiulus barkeri; 3)

Amblyseius herbicolus*+ Neoseiulus barkeri* and 4) Without predators
(individuals of Typhlodromus transvaalensis recordegl. Different letters indicate

significant difference (Model simplificationpratorios (MG), Brazil, 2013.
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Figure 5. Variation of the scale notes of injury of broad rRitéatus through time
(days) (xSE)on physic nutplants.Different letters indicate significant difference
(Tukey 5%). Oratdrios (MG), Brazil, 2013.
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Figure 6 Number of broad mite females through time (weeisSSE) on chii
pepper plants under field conditions) Amblyseius herbicolus; 2) Neoseiulus
barkeri and 3) Without pedators.Different letters indicate significant difference
(Model simplification). The arrow indicates the time of release predatbcesa
(MG), Brazil, 2013.
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Figure 7 Number of predators through time (weeks¥$E) on chili pepper plants
under field conditionsl) Amblyseius herbicolus, 2) Neoseiulus barkeri and 3)

Without predatorgindividuals ofTyphlodromus transvaalensis recorded) Different

letters indicate significant difference (Model simplificatioW)¢cosa (MG), Brazil,

2013.
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Figure 8. Variation of the scale notes of injury of broad mitkatus through time
(weekg (xSE) on chili pepper plantsDifferent letters indicate significant
difference (Tukey 5%)YVicosa (MG), Brazil, 2013.
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GENERAL CONCLUSIONS

e The phytoseiidsAmblyseius herbicolus and Neoseiulus barkeri are able to
feed on the different broathite stagesand oviposited as result of the

consumption of broad mite.

e The consumption of bad mites recorded fdrasioseius floridensis was

very lowas well as their ovipositign

e In laboratory tests, the specigsmblyseius herbicolus showed higher
consumption of broad mites and a higher oviposition tdedseiulus

barkeri;

e The phytoseiidsAmblyseius herbicolus and Neoseiulus barkeri are able to
control broad mite populations in different predator:prey ratios on chili

pepper plants under greenhouse conditions;

e The presence oAmblyseius herbicolus and Neoseiulus barkeri benefit the

chili pepper plants, increasing the production of fruits;

¢ Chili pepper plants without presence of predators showed severe symptoms
of broad mite attackncludingleaf abscissionResulting on low production

of fruits, which showed low size and weight;

e First time on Brazil potential control agents of broad mite are evaluated

under greenhouse conditions;
e Under field conditionsAmblyseius herbicolus and Neoseiulus barkeri are

able to reducing the broad mite control on physic nut and chili pepper

plants;
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The presence oAmblyseius herbicolus and Neoseiulus barkeri benefit the
physic nut and chili pepper plants, avoiding the development of severe
symptoms of broad mite attack;

When Amblyseius herbicolus and Neoseiulus barkeri were released in
combination, a lowereduction of broad mite was recorded that when the
predators were released independently;

First time in Brazil was evaluated the effect of the combined relebse

natural enemies of broad mite;

The phytoseiidsAmblyseius herbicolus and Neoselulus barkeri are able to
reducing and controlling broad mite populations under different conditions;

The phytoseiidsAmblyseius herbicolus and Neoseiulus barkeri can be

considered as gooddbogical control agents of broad mite;
The control exercised b&mblyseius herbicolus andNeoseiulus barkeri can

be used in other crops suspctibles to broad atitekbothin greenhouse as

on openfield.
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