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RESUMO

SILVA, Manoel Eduardo da, D.Sc., Universidade Fatde Vicosa; fevereiro de 2014;
Controle biolégico de nematdides gastrintestinais em bows: avaliagdo da eficacia
dos fungos predadoresDuddingtonia flagrans e Monacrosporium thaumasium
produzidos em sistema bifasico e formulados em matride alginato de sddio
Orientador: Jackson Victor de Araujo. Co-orientad@bib Ribeiro Braga.

O Brasil possui aproximadamente 212 milhdes de bownagdos em 171 milhdes de
hectares de pastagens responsaveis por produziirapdamente 96% da carne bovina
brasileira; esse sistema favorece a infecgdo dos snpoa endoparasitos controlados
pela administracdo de drogas antiparasitariasspéaed. flagranse M. thaumasium
sdo alternativas promissoras e sustentveis para o leordl@s helmintoses
gastrointestinais de ruminantes e outros herbivoros, na@ngasua producdo em larga
escala ainda € um dos principais desafios. O objetiabedeabalho foi avaliar a
producédo de massa micelial e de esporos dos fudgtlagranse M. thaumasiumem
sistema bifasico (liquido/sdlido) de producdo e o efdids isolados formulados em
matriz de alginato de sodio na reducdo de larvas imesade nematoides
gastrintestinais apds passagem pelo trato gastrintestin@nesas bovinas no testa“
vitro” assim como avaliar a redugdo ambiental gled_teste a campo em regido semi-
arida. Os meios liquidos de cultivo soja dextrose (8[Quirera de milho (QM) com
valores de pH entre 6,0 e 7,0 se apresentaram comemcigs para producdo de
biomassa e os subprodutos da agroindustria com meimidade proteica e energética
foram mais eficientes para producéo de esporosedle in vitro” os isolados fungicos
apresentaram maior atividade predatéria 72 horas @gé@nsito gastrintestinal e no
teste a campo o uso de péletes de alginato sédio caiewdovele micélio fungico se
mostrou eficiente no controle de tricostrongilideos codugéo efetiva do niumero de

larvas infectantes nas pastagens.



ABSTRACT

SILVA, Manoel Eduardo da, D.Sc., Universidade FeddelVigcosa; February, 2014;
Biological control of gastrointestinal nematodes in cattte evaluation of the
effectiveness of predators fungiDuddingtonia flagrans and Monacrosporium
thaumasium produced in a biphasic system and formulated in sodiunalginate
matrix. Adviser: Jackson Victor de Araujo. Co-adviser: FéRibeiro Braga.

Brazil has approximately 212 million cattle raised on fiillion hectares of pastures
responsible for producing approximately 96% of braamilbeef. This system favors the
infection of animals for endoparasites, controlledthi administration of antiparasitic
drugs. The specieB. flagrans and M. thaumasiumare promising and sustainable
alternatives for the control of gastrointestinal helminths rainants and other
herbivores, however, its large-scale production is &tilajor challenge. The objective
of this study was to evaluate the production of myceliassnand spores of th2.
flagrans and M. thaumasiumin biphasic system of production (liquid/solid) ati
effect of the isolated formulated in sodium alginate mairnxthe reduction of the
gastrointestinal nematode after passage through gastrointestictabt female cattle.
The test was realizedn" vitro" and in semi-arid field to evaluate the environmental
reducion of the b Liquid culture media soybean dextrose (SD) and gpoits (QM)
with pH values between 6.0 and 7.0 are presentedtastl for biomass production
and agribusiness byproducts with higher protein andggraensity were more efficient
in the production of sporesin"vitro" test the fungal isolates showed higher predatory
activity 72 hours after gastrointestinal transit and infigsle test with use of the pellets
of sodium alginate as carrier of fungal mycelium wdfcient in controlling

trichostrongylids thus reducing the number of larvaecinfe in pasture.
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1. INTRODUCAO

A bovinocultura é um dos principais destaques do a&g@cio brasileiro no
cenério mundial. O Brasil possui o segundo maior efdtiwino do mundo, com cerca
de 200 milhdes de cabecas e desde 2004 é o maiotaqomundial de carne bovina
com um quinto do volume comercializado internaciomaite e vendas a mais de 180
paises (ABIEC, 2013).

O pais € um grande produtor de proteina animal e temenoado interno o
principal destino de sua produgdo com um consperocaptade 37,4 kg de carne
bovina, 43,9 kg de carne de aves e 14,1 kg de saine, refletindo o bom desempenho
da economia brasileira. Considerando a producacad®eg bovina, suina e de aves,
estimada em 24,5 milhdes de toneladas no ano de 2010s ue 75% dessa produgéo
foi consumido internamente. Assim como as princigaisies produzidas, as carnes
ovina e caprina e a producgdo de leite e seus derivaiosEonsumidos majoritariamente
no mercado interno brasileiro (IBGE, 2013).

A participagdo brasileira no comércio internacionakreapnta indices de
crescimento anuais, com destaque para a carne baénfiango e suina. Segundo
dados do Ministério da Agricultura, até 2020, a expeetatigque o pais suprird 44,5%
do mercado mundial de carne bovina, 48,1% de catieadgo e 14,2% de carne suina,
indicando que o Brasil poderd manter a posicdo daend exportador mundial de
carnes bovina e de frango (MAPA, 2013)

O rebanho bovino brasileiro proporciona o desenvolvimee dois segmentos
lucrativos: as cadeias produtivas da carne e leiteldd beuto da producéo desses dois
segmentos, estimado em R$ 67 bilhdes anuais, aliadsengeeda atividade em todos
0s estados brasileiros, evidenciam a importanciaGesma e social da bovinocultura
em nosso pais. O clima tropical e a extensao tertitwi®rasil favorecem a obtencéo
deste resultado, uma vez que permitem a criagadoaitria do gado em pastagens.
Somado a esses fatores, o investimento em tecnologspacitagdo profissional, o
desenvolvimento de politicas publicas, a segurangeeatar dos produtos ofertados e
o controle da sanidade do rebanho, contribuem para quais atenda as exigéncias de
rigorosos mercados e conquiste mais espacgo no cenanidial (ANUALPEC, 2013).

A saude animal, numa visdo ampliada, envolve questékgianadas a
enfermidades dos animais, saude publica e controleridogs em toda a cadeia
alimentar, assegurando a oferta de alimentos segires estar animal. Para assegurar

a saude animal, é necessaria a existéncia de semg¢@snarios bem estruturados,
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capacitados e aptos para deteccdo e adogcao prececenathdas de controle e
erradicacdo das doencas. Em sintonia com a Orgaoizdgndial de Saide Animal —
OIE, que reconhece o servico veterinario como um bébligp mundial, o servico
veterinério brasileiro, responséavel pela condugcédo dhtiga de saude animal,
compartilha com o setor privado as responsabilidades gpicacdo das medidas que
objetivam a melhoria da saude animal (MAPA, 2013).

Segundo dados da FAO (2013) 20% das perdas emtmiddde animal sdo
devidas as doengas infectocontagiosas e dentre ®lparasitoses ocupam lugar de
destague. Os parasitos internos e externos sdo codsigdeaa principais causas de
perdas econbémicas na Ameérica Latina e em outras eegidgicais e subtropicais do
mundo (Molento et al., 2013).

O desenvolvimento de antiparasitarios (acaricidas, insati@dnti-helminticos)
de grande eficacia, amplo espectro de acao e pesidual, permitiu ao produtor acesso
a uma ferramenta de controle pratica e adaptavel eediés sistemas de producéo.
Estas caracteristicas aliadas a diminuicdo de toxicidaslenddernos quimioterapicos
criaram um falso sentido de seguranca no produtor,sgbstituiu o diagndstico e a
consultoria Médico Weterinaria por quase exclusiva atifio de farmacos.
Lamentavelmente o uso indiscriminado das bases quiméaste a selecdo de cepas
parasitarias resistente aos quimioterdpicos e o progressanga da resisténcia no
ambito mundial tem demonstrado que os antiparasit&dms recursos necessarios,
porém ndo renovaveis, na medida em que cepas resistamtinuam expandindo-se e
persistem nas diversos sistemas de producao (FAG).201

A producdo animal é dependente dos farmacos pafiagia e/ou terapia
individual ou de rebanho visando assegurar a prodatieidA presencga de residuos nos
produtos de origem animal (substancia ativa ou seushaiiéds) decorrente do uso
inadequado dos pesticidas, parasiticidas ou outrosifm®deterinarios determina uma
adulteracéo dos alimentogemn sido assunto de grande relevancia no mundo moderno
que tem priorizado os alimentos de qualidade como basgréticas alimentares
promotoras da saude (Padilha, 1996; Balan et al8)200

Os atuais compostos endectocidas séo eficientes @naioee ectoparasitas, mas
seus residuos fecais e metabdlitos, determinados psémetn, solvente e a rota de
administracdo aumentam grandemente 0s riscos asse@guersisténcia, a poténcia e
a ecotoxicidade (Herd, 1996; Balan et al., 2008).

Considerando que parte do ciclo de vida dos nemat@egassa no ambiente,
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medidas alternativas que possam auxiliar no contrelsuis formas infectantes séo
constante objeto de estudo de pesquisadores em todoojewnire essas medidas
merece destaque o controle biolégico realizado como&ingmatéfagos. Como regra
de manutencédo dos sistemas bioldgicos, toda populagiu&da por antagonistas. Na
auséncia de controladores naturais, a populagdondgeterminado organismo poderia
aumentar indiscriminadamente. Esse processo ocorreainadmte e ndo é dependente
da interferéncia do homem (Gronvold et al., 1996).

O controle biolégico concentra sua agdo sobre estagiosdd livre, vetores,
hospedeiros intermediarios e paraténicos, mas péoe sestagios parasitarios. A
diminuicdo da fonte de infecgdo para os hospedeir@ssfioom o uso dos fungos
nematéfagos causa menos efeitos negativos no ambieoge animais e em seus
produtos que os métodos quimicos tradicionais (Gidneb al., 1996; Aradjo et al.,
2006).

2. REVISAO DE LITERATURA

Durante o desenvolvimento no meio ambiente, os owstaios larvares dos
nematodides gastrintestinais sdo submetidos ao efeitdatedabidticos (temperatura,
umidade e tensdo de oxigénio) e bidticos (fauna e €iopadfila) (Lopez-Llorca et al.,
2008). Para que haja continuidade do ciclo biologios, estadios de vida livre
necessitam superar as barreiras causadas por edsess fque influenciam seu
desenvolvimento (Waller e Larsen, 1993).

A identificacdo de agentes bioldgicos com acdo antsigorobre as fases de
vida livre pode permitir 0 seu uso integrado a outradisghas, como alternativa para
redugcdo da contaminagdo das pastagens e consequértedsenpopulacdo de
nematodides parasitos dos animais criados extensivamenper sua vez reduzir a
dependéncia de produtos quimicos utilizados como eftiihticos (Waller, 1992;
Padilha, 1996).

Diferentes microrganismos como protozoérios, turbmdari tartigrados,
oligoquetas, insetos, acaros, nematoides, virus e lzact@in sido relatados como
antagonistas de nematoides e os utilizam como fontes dentesr (Mankau, 1980;
Lysek e Nigenda, 1989; Stirling, 1991; Waller e Lardf93; Gronvold et al., 1996).

Embora Jansson e Poinar (1986) tenham relatado otemeanMéxico de uma
peca de ambar de milhdes de anos, contendo um furegador parasitando o
nematoéideOligaphelenchoides atrebora primeira descricdo de um fungo predando
nematoides foi feita em 1888 por Zopf (Gray, 1983héz-Llorca et al., 2008).



Os fungos nemat6fagos sdo antagonistas dos nematéésestes no ambiente,
podendo ser isolados do solo (Dias et al., 1995¢sfézscas coletadas diretamente do
reto de animais (Manuelli et al., 1999) ou bolos fecaisdecomposi¢do (Mahoney e
Strongman, 1994; Saumell e Padilha, 2000), apresemtgrehde potencial para o
biocontrole de parasitas de plantas e animais (StirlimgihS1998; Araujo, 1999).

Diversos estudos com uso de fungos nematdfagos coombroladores
bioldgicos tém demonstrado que este € um método gsono controle de nematoides
gastrintestinais de animais domésticos (Larsen, 2000; d\retjjal., 2004a). Estes
microorganismos, de acordo com seu modo de acaalassificados em oportunistas
(parasitas de ovos), endoparasitas, produtores de dfigtslioxicos aos nematoides e
predadores (Lopez-Llorca et al., 2008).

Algumas espécies de fungos como os do génBteurotus liberam
nematotoxinas capazes de destruir os nematoides (WNuaydhertz, 1988; Barron e
Thorn, 1987). Estas toxinas sdo produzidas por &lségretoras encontradas em
intervalos ao longo das hifas e sdo capazes de imoluBzaematdides, outras espécies
fangicas destroem os nematoides por producdo de nlitiabdom efeitos ovicidas
(Waller e Faedo, 1993).

Os fungos com acdo ovicida produzem também hifassgquiixam aos ovos,
formando uma dilatagdo no ponto de interagdo que dandiccasca do ovo,
provavelmente através da acdo de enzimas, facilitapdmetracdo. Posteriormente, o
fungo forma ramos de micélio no interior do ovo, conmdo o embrido. Hifas
enddgenas emergem do ovo e produzem conidi6éfopstoe de conidios (Morgan
Jones e Rodriguez Cabana, 1988).

O grupo dos endoparasitos infecta os nematodides atravéeudeesporos. A
infeccdo pode ocorrer pela adesdo a cuticula do neraat@ichtravés da ingestdo do
esporo que germina, cresce e se difunde pela cavidadgporea do nematdide,
absorvendo seu conteudo. Estes fungos, com poucascOes; Sao parasitos
obrigatérios, de dificil cultivo ih vitro” e, portanto, pouco praticos para serem
utilizados em programas de controle biolégico de nemeddidohmann e Sikora, 1989;
Waller e Larsen, 1993).

A maioria das espécies fungicas nematéfagas estéfickds como fungos
predadores. Estes sdo organismos saprofitas muedignestudados e sua atividade
predatdria € direcionada para o ambiente fecal ostho gresentes ovos e larvas.

Produzem um extenso sistema de hifas e ao longo @etaadilhas que capturam os
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nematoéides (Lopez-Llorca e Robertson, 1992; Lars®99;1Aradjo et al., 2008).
Segundo Gray (1987) sao conhecidos seis tipos deddhas:
hifas adesivas ndo modificadas ou néo diferenciadas;

ramificagdes hifais anastomosadas formando redes tridioretis;

a
b
C. ramificagOes adesivas, que formam redes simplegdaundnsionais;
d nodulos adesivos;

e anéis constritores;

f. anéis ndo constritores.

Este grupo tem sido amplamente estudado no controlégimiol dos helmintos
gastrintestinais, em condi¢cdes laboratoriais e a campodi® 1977; Mankau, 1980;
Larsen, 1999; Braga et al., 2009; Braga et al., 2010)possuem grande variagdo na
capacidade predatoria sobre nematoides, sdo os fregisentemente isolados e
apresentam facilidades de cultivo em laboratério e npaitencial de comercializacao
(Aradjo, 1999) se comportando como antagonistas aiatpromovendo a captura e
destruicdo do parasito. A maioria dos estudos tém seenttado em espécies dos
génerodArthrobotrys Duddingtoniae Monacrosporium(Larsen, 2000).

2.1 -Antecedentes

A principal medida de controle dos nematoides gag#siinais € o uso regular
de anti-helminticos (Molento et al., 2005; Mendoza3iees e Torres-Acosta, 2012).
Entretanto esta medida é muito impactante para o ambieisteemove apenas parte da
populagdo dos nematoides uma vez que a grande mestéigpresente no ambiente em
diversos instares parasitarios (ovos e estadios lpr@épendendo da espécie de
nematoide (Wagner e Polley, 1999). Existe também pm@acupacdo crescente com a
selecdo de estirpes parasitarias resistentes as draiesnainticas, que tem se tornado
um grande empecilho a criagdo animal (Larsen, 20963om os residuos dos
quimioterapicos presentes nos produtos de origem hffitemdoza-de-Gives e Torres-
Acosta, 2012).

As primeiras pesquisas da atividade de fungos nematfsampre nematoides
parasitos de animais datam do inicio do século pasgadodo pesquisadores franceses
publicaram artigos demonstrando haver atividade dereglespécies de fungos sobre
larvas de nematdides parasitos de animais em condid@daboratério e a campo
(Pandey, 1973).

A formacdo dos diferentes tipos de armadilhas podemeserresposta a

estimulos provocados pelos movimentos dos nematdidess@lae Nordbring-Hertz,
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1980), substancias excretadas pelos parasitos (Niugeldertz, 1988), escassez de agua
e nutrientes (Balan e Gerber, 1972) ou espontaneammnéégumas espécies de fungos
(Araujo et al., 1992).

O processo de captura dos nematdéides pelos fungga;Se com a atracdo dos
nematoéides pelas armadilhas, ou substéncias orgéeicaorganicas como o GO
(Barron, 1977) e é&cido sialico (Jansson e Nordbriag#11984) seguida da apreensao
nas armadilhas. ApGs a apreensédo a cuticula do nema@dédada e penetrada por um
bulbo, ocorrendo entdo sua destruicdo e seu conthghwvido pelo fungo (Drechsler,
1937).

Os mecanismos de adesédo e destruicdo ndo estdo beoterzados em
interacdes de fungos e nematdides parasitos de anthaigsticos, sendo esta
caracterizagdo de grande importancia; podendo aidvatascialmente a habilidade de
um fungo capturar nematodides e implicar na sele¢ésalado fangico a ser utilizado
em programas de controle biol6gico (Mendoza-de-Gaves., 1999).

Os estudos em controle biologico tém como meta, encontraisolado de
fungo capaz de sobreviver a passagem pelo trato gestif@l, colonizar o bolo fecal e
agir de forma eficaz sobre as larvas infectantesfésdrde produzir em larga escala,
possuir capacidade de sobreviver ao periodo de anaraBnto e ndo causar efeitos
deletérios sobre o0 ecossistema onde esta sendo ap@aches, 1998).

O desenvolvimento de processos de producdo e de lamdes fungicas
economicamente viaveis e de fécil aplicagdo € outradgrdesafio na implementacéo
dos fungos nemat6fagos em programas de controle giolée um dos passos
necessarios para o emprego desta forma de controbr-& uma realidade préatica no
controle integrado de nematdides parasitos, poréncultiides técnicas no cultivo de
alguns fungos nematofagos, tém prejudicado as pesgsidare as potencialidades
destes microorganismos (Van Gundy, 1985).

Os conidios e clamidésporos séo produzidos em cslfivagicos realizados em
substratos sdlidos como gréos e farelos de ceremimcb de cana, casca de café e
esterco bovino (Dias e Ferraz, 1993; Machado e Cani®8,). Mas estes sistemas
apresentam limitacbes como alteracdes bioquimicas sofpdis graos, problemas
com contaminacao apdés longo periodo de incubacBartdo-os muitas vezes inviaveis
comercialmente e dificeis de adaptar a producéo smalee industrial (Santurio et al.,
2011).



Papavizas et al. (1984), consideraram a producamassa fangica em meios
liquidos como a melhor forma de se produzir micéli@omidios de organismos para o
controle bioldgico. Waller (1996) sugeriu que esta foda producéo poderia facilitar a
formulacdo e administragéo desses microorganismaesiaggando melhor aos sistemas
de producgédo em larga escala.

Uma alternativa para veiculacdo e administracdo de fuadosrbivoros tem
sido o alginato de sédio (Walker e Connick, 1983;dVielSanhueza, 1995; Aradijo,
1999; Assis et al.,, 2012). Segundo Lewis e Papa\iz887), esta tecnologia seria
apropriada para veiculagdo de agentes de biocontredieizindo a populagdo dos
patdgenos e estimulando a proliferacdo dos antagenis

No Brasil, bons resultados em condi¢Ges laboratoriaiscempo (Alves et al.,
2003; Araujo et al., 2004b; Vilela et al., 2013; Assis gt24113) tém sido obtidos com
esta formulacdo, onde foi observada a sobrevivénci fdagos nos péletes a
temperatura de°@ por até 40 meses, e a temperatura ambiente porirapdamente 4
meses (Stirling e Mani, 1995), o que torna esta forgdinldastante promissora.

Outras metodologias para administracdo de materialidingcorporado em
suplementos minerais (Waller e Faedo, 1996), em disss intra-ruminais para
liberagdo controlada de clamidosporos (Waller et al., 1P00u em péletes
multinutricionais (Casillas-Aguilar et al., 2008) tem sido é@stlas e apresentam

resultados promissores em formulacdes contendo clapodds de. flagrans



3. OBJETIVOS

3.1. Objetivos gerais

1. Avaliar sistemas de producdo de micélio e esporos dgo$upredadores das
espéciesDuddingtonia flagrang(CG 722 e AC001) éMonacrosporium thaumasium
(NF34A) em diferentes composicdes de meios liquidesbstratos sélidos em sistema
bifasico (liquido/sélido);

2. Avaliar a formulagédo dos fungoBuddingtonia flagranse Monacrosporium
thaumasiumem matriz de alginato de soédio apds producdo b#asio controle
bioldgico de nematdides gastrintestinais de bovinosliema semiérido.

3.2.  Objetivos especificos

1. Padronizar metodologia de cultivo de massa miceliasistamas liquidos;

2. Padronizar metodologia de cultivo de esporos (conidi@tamiddsporos) em
sistemas sdlidos;

3. Determinacé@o do melhor sistema de producéo bifasica;

4. Avaliar o desenvolvimento ponderal dos animais submet@os diferentes

controladores biolégicos;

5. Quantificar o nimero de ovos por grama de fezes [O#liBinado pelos
animais;

6. Recuperar e identificar as larvas infectantes nasgesa

7. Qualificar os géneros de larvas e helmintos existemesmmais;

8. Determinar a efichcia dos isolados fungico no controdes thelmintoses

gastrintestinais em animais criados em clima semiérido;
9. Validar o método de cultivo fangico para o controle dadmtoses

gastrintestinais de bovinos.
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ABSTRACT

Background

Duddingtonia flagransand Monacrosporium thaumasiuere promising fungus
species in veterinary biological control of gastrointestinal atedes because of their
production capacity of fungal structures (conidiad/an chlamydospores), growth
efficiency in laboratory solid media and especially thiedatory capacity. However,
their large-scale production remains a challenge. Thikwaimed at evaluating the
mycelial mass production db. flagrans (AC001 and CG722) andl. thaumasium
(NF34A) nematophagous fungi under different cultumeditions.
Results

The results did not present significant differences (@.05) in mycelia mass
production between the isolates cultured under pHRu@thermore, after 168 hrs., the
isolate CG722 presented a lower production of mycelisdsnia medium CM (corn
meal) (p < 0.05).
Conclusion

We therefore concluded the use of culture media Sy ¢extrose) and CG
(corn grits) at pH values between 6.0 and 7.0 is seitédsl high mycelial mass
production oD. flagransandM. thaumasium.
Keywords

Nematophagous fungDuddingtonia flagrans Monacrosporium thaumasium

Biological control, Fungal mycelium
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1. BACKGROUND

Duddingtonia flagransand Monacrosporium thaumasiuere promising fungus
species in veterinary biological control of gastrointestinal atedes because of their
production capacity of fungal structures (conidiad/an chlamydospores), growth
efficiency in laboratory solid media and especially thpredatory capacity [1].
However, the application of these organisms as bicdbgontrol agents [2,3] is still
facing major challenges in large-scale production apndageé. After isolation, these
organisms need to be preserved for long periodsv# ind evaluated in order to be
selected as potentially useful in control programeifTimaintenance in the laboratory is
a basic requisite for successful biological control paotg, though technical difficulties
have impaired this. The fungi maintenance process esjyseriodic replication,
exposure of the culture to contaminations and favoumggations that can alter their
predatory capacity [2,4,5].

Biological control with predatory nematophagous furgyaiviable option [1].
One of the principal advantages is its ability to survivddag periods under laboratory
conditions; however, some isolates may lose their poegactivity [2].

According to Nozaket al [6], the conditions for fungus growth are not always
the same for sporulation. It is also known that soml&uee media are favoured more
than others for the sporulation of fungi. Economically biea methods for the
development of fungal material production in the laboyat@re necessary and an
important step in enabling the commercial productioneshatophagous fungi [1]. This
work aimed at evaluating the mycelia mass productio.oflagrans (AC001 and
CG722) andM. thaumasium(NF34A) nematophagous fungi under different culture

media and pHs and after different incubation times.

2. METHODS
2.1. Fungi

Two isolates of the funguSuddingtonia flagrangAC001 and CG722) and one
of Monacrosporium thaumasiuifNF34A) which originated from Brazilian soil, were
maintained by continuous transfer to solid media culturethie Laboratory of
Parasitology of the Department of Veterinary of the Fed®alersity of Vigosa.

Specimens were kept at 4 °C in 2% corn meal agar (RPA)@nd protected from light.
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2.2. Mycelia mass production

Five fragments with approximately 4 mm of each isol&€Q01, CG722 and
NF34A) previously cultured in 2%CMA were transferréd Erlenmeyer flasks
containing 50 ml of the liquid media:

Q) Soy dextrose (SD): 200 g of cooked grain for 3@ m 1 | of water, 40 g of
dextrose added.

(2) Potato dextrose (PD): 200 g of cooked and peeiatges for 30 min in 1 | of
water, 40 g of dextrose added.

(©)) Corn grits (CG): 200 g of cooked corn grits forr@ in 1 | of water, 40 g of
dextrose added.

(4) Corn meal agar (CM): 17 g of corn extract (DIFQfiluted in 1 | of boiling
water (100°C). The agar was removed from the mediwaugh filtration using a Tamis
filter 106.

The soy grain Glycine max(L.) Merr.] contained 39.01% of brute protein,
22.80% of oleic fatty acids and 1.91% of alanine anacals. The corn grairnZéa
mayg contained 9.11% of brute protein, 28.45% of oleic aaitlyfacids and 0.66%
alanine amino acids. The potd@®olanum tuberosur.) contained 2.39% brute protein
[7]. These nutrients, according to Rosenweig [8] dgksterhuis et al. [9], are
considered essential for fungal growth and sporulation
2.3. pH of culture media

The described media above (SD, PD, CG and CM) heid pid measured by a
pH meter and were adjusted to 4.0, 5.0, 6.0 and 700 ghrthe addition of NaOH (1 N)
or HCI (1 N) diluted in distilled water.

2.4. Incubation times

Each fungal isolate for all culture media and pHsewmrcubated at 26.5°C
under constant agitation (65 rpm). After growth, three $asnpf each isolate from the
different culture conditions were collected after 24, 28 96 and 168 h of incubation.
Samples were filtrated with ME 24 Ou2n filter in Kitazato flasks and using a vacuum
pump. Filtrated samples were maintained in BOD and inculzt&0°C and weighed
daily.

2.5. Statistical analysis

Data obtained from the mycelial mass growth of the teftedi (AC001,
NF34A and CG722) from the different culture media, tirard pHs were subjected to
analysis of variance (ANOVA). Subsequently, the edficy of the mycelial growth in
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the different culture media, times, and pH was evaludtgdTukey's test at 1%
probability.

3. RESULTS

The results for mycelial mass production of the thre¢edesungal isolates
(ACO001, CG722 and NF34A) at different pH values &inees of cultivation are shown
in Table 1.

In the present study, no differences were observedyitelial mass (p > 0.05)
between the tested fungal isolates (AC001, CG722 argR4AFin any of the culture
media at pH 4.0. For this pH value, there was alsonfiloeince observed for the
different for the mycelial mass production.

On the other hand, we observed that the isolates ACAOIN&34A present
different mycelial mass production in the SD cultoredium at pH 5.0 after 48 hours of
incubation compared to other incubation times and isolgies0.05). For the CG
culture medium with this same pH value, the three delstglates (AC001, and CG722
NF34A) showed no difference after 24 and 48 hoardtie mycelial mass production.
However, a difference was observed (p <0.01) ferrttycelial mass production of the
three tested fungal isolates after 72, 96 and 168 hours.

Regarding pH 6.0, a difference was observed (p5@Gfhong the tested isolates
in mycelial mass production for SD and CG culture medithe different times tested.
Furthermore, in the SD culture medium, the isolate NF34#wed a higher mycelial
mass after 48 hours of cultivation (p <0.01). Howetls,isolate CG722 showed higher
mycelial mass after 168 hours of culture (p <0.01). ther CG culture medium, the
three tested isolates (AC001, CG722 and NF34A) showetifference after 24 and 48
hours. However, after 72, 96 and 168 hours, a @iffee was observed (p <0.01) with a
tendency for higher mycelial mass for the higher piyiof culture.

The isolates AC001, CG722 and NF34A present differenttiproates at pH 7.0
after 24 and 48 hours of incubation (p <0.01). Thewtn at this pH also tends to be

higher after longer incubation times.

Table 1 - Mycelial mass production of the funDi flagransandM. thaumasiununder

different culture conditions

20



Times Isolates

(hs)

pH5

pH 6

pH 7

SD

CG

SD

CG

CG

ACO001
24 NF34A
CG722
ACO001
NF34A
CG722
ACO001
NF34A
CG722
ACO001
NF34A
CG722
ACO001
NF34A
CG722

48

72

96

168

0.40 +0.12A
0.37 £ 0.01A
0.22 + 0.05A
0.59 +0.08B
0.38 +0.04B
0.25 +0.07A
0.64 + 0.22A
0.42 +0.01A
0.25 +0.18A
1.10 £ 0.47A
0.35 +0.02A
0.30 + 0.02A
1.17 £ 0.28A
0.64 + 0.16A
0.97 +0.28A

1.40 £ 0.25A

0.16 + 0.08A

0.36 + 0.03A 0.34 + 0.04A

0.40 + 0.23A
1.44 + 0.16A
0.61 + 0.06A
0.51 + 0.30B
1.68 £ 0.23B
0.38 +0.42B
0.36 + 0.58B
1.14 £ 0.43B
0.37 +£0.02B
0.60 + 0.12B
1.02 £1.04B
0.80 +0.16B

0.15+ 0.02A
0.50 + 0.12A
0.43+0.10B
0.15+0.01A
0.73+0.23A
0.46 + 0.05A
0.20 + 0.04A
0.59 + 0.04A
0.57 £ 0.09A
0.39 + 0.05A
1.15+0.10A
0.59 £ 0.11A

1.20.88A
0.3D.88A
0.60.25A
1.66.51A
0.30.62A
0.28.25AB
1.30.38AB
0.30.84AB
0.48.24AB
1.06.26AB
0.39.83AB
0.38.39AB
1.50.27AB
0.36.84AB

0.23+0.05B 1.07 £0.50B 0.10.G3AB

1.86 £ 0.42A
0.35+ 0.05AB
0.14 + 0.20A
1.11 + 0.58AB
1.12 + 0.60AB
0.40+0.07B
1.90 £ 0.40B
0.37 +0.03B
0.45+0.10B
0.93+0.16B
0.37 +0.08B
0.34 +0.09B
0.30 + 0.86B
0.38 + 0.06B
0.14+0.31B

Means and standard deviation expressed in grams.

Different capital letters in columns show statitidifference (p < 0.05 or p <0.01) by Tukey test.

4. DISCUSSION

Our results demonstrated that the nematophagous findliagrans and M.

thaumasiumcan grow in culture using the media described, whieh agro-industrial
by-products, and present good mycelial mass produdloneover, the optimisation of
the culture time and culture medium pH can be impoitatie future application of
these organisms as biological control agents and @ir tlarge-scale industrial
production. According to Aradjo and Ribeiro [10], theommercialisation of
nematophagous fungi depends on their: [1] predatificiency, [2] stocking demands,
[3] satisfactory growth rates in the laboratory and dd¢eptability of association to
other isolates. Although predatory activity is notoassted with mycelial growth,
fungal growing (either chlamydospores or mycelia)risiraportant factor in terms of

propagation and survival of these organisms in envisotial conditions [11].
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Although all the culture media used in our experimdrmase relatively low
production costs, the culture time necessary for theefrf mass production were
different between the tested isolates of predatoryif(®g001, NF34A and CG722).
This result indicates possible saturation of the culturdianevhich depends on the
inoculum, culture medium pH and medium type tested, tba®borating other studies
[1,12-15].

The highest mycelia production of the three fungal isslataintained under the
different culture media, culturing time and pH valdégsm 4 to 7), were achieved as
follows: D. flagrans (AC001 isolate) growing in CG at pH 7, after 72 h inculrati
resulted in 1.9 g mycelia productiob; flagrans(CG722 isolate) growing in SD at pH
6, after 168 h incubation time produced 1.07 g of hig@ndM. thaumasiun{(NF34A
isolate) growing in CG at pH7, after 48 h incubation predut.12 g mycelia mass.
These results shown that neutral pH values resulte@ ihigher mycelial mass
production. This result is in agreement with the wdrksSoprunov [16] and Mitsui [17]
that observed a better growth of the nematophagous swArtiurobotrys conoidesit a
neutral pH. Dias and Ferraz [18] demonstrated that fimgus presented higher
mycelial mass production in solid medium at six differedtyalues, ranging from 4.0
to 9.0. However, Gorlenko et al. [19] established yaues 6.0-7.0 as ideal for the
mycelial mass development 8f musiformisandA. conoidesTherefore, nutritionally
rich media at neutral pH values can be suggesteideas for the development and
production of fungi mycelial mass. This is particlyamnoticeable when associated with
optimal temperature and culture times.

Of the culture media tested, soy dextrose (SD) and gots (CG) presented
higher potential in mycelial mass production, possiblyabse of their bromatologic
composition and nutritional enrichment essential for &imgrowth, particularly the
amino acid described by Rosenweig [8] and Dijkstertatisal. [9] and their brute
protein. These authors demonstrated higher nematopdafymgi growth in media
containing oleic acid and D-alanine, carbon and ensmyces of trap formation.
Moreover, the media composition determines the quantiy quality of fungal
mycelial growth and sporulation. In addition to the mediwmgosition, others factors
such as temperature and light are critical to the sparnl§20]. However, when a
fungus grows better in a specific media, it is acaplat specific metabolites are
involved [21]. Therefore, the methods of our work eveimilar to those described by

Dias & Ferraz [18] who observed radial growth andgai structures oArthrobotrys
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spp in PDA (potato dextrose agar), BDA-P (potato daeseragar; peptone, 10 g),
YPSSA (yeast extract, 4 g;oHPQ,, 1 g; MgSQ.7H,0O, 0.5 g; soluble starch, 20 g;
agar, 20 g; distilled water, 1 I), CMA(corn meal aganyl corn meal-A (corn meal, 20
g; agar, 20 g; distilled water, 1 [) media. These enstlalso stated that the use of liquid
media and mycelial mass weighing would be suitable tqalesi for the evaluation of
mycelial growth. Field studies are necessary to evaluatgtédatory ability of the
tested fungal isolates (AC001, CG722 and NF34A) cultatedifferent pH values and

culture times in order to prove their efficiency inlbiical control programs.

5. CONCLUSION

The use of culture media SD (soy dextrose) and C@&(gdts) at pH values
between 6.0 and 7.0 is suitable for high mycelial masdymtion ofD. flagransandM.
thaumasiumMore studies must be conducted to determine their nuaitidemands.
The results of the present study will have an importaptig@tion in fungal production
for further works focused to evaluate the oral admigigin of nematophagous fungal
mycelia as a strategy of control of gastrointestinal jitara®matodes of importance for

livestock industry.
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Resumen

Las especieBuddingtonia flagrang/ Monacrosporium thaumasiuson micro-
hongos considerados como promisorios agentes deotbittfogico de nematodos de
rumiantes. Estos hongos producen esporas o clanoidisspgue son capaces de
sobrevivir después de pasar a través del tracto gdsstial de los animales.
Normalmente, estas estructuras son desarrolladas drajliciones adversas., la falta
de nutrientes. La formacion de estas extructuras esanaateristic desable; ya que
promueve la sobrevivencia y diseminacion de los hepgoa propdsitos de bio-control.
El objetivo de este estudio fue evaluar la producc@®esporas / clamidosporas de dos
especies de hongos nematofados flagrans (aislados AC001 y CG722) W.
thaumasiunfaislado NF34A) cultivados en subproductos agro-im@ess con el objeto
de identificar el mejor medio para su uso en progsatieabio-control de nematodos.
Diferentes volumenes (10, 15 y 20 mL) de masa miceliatdn utilizados como
indculo inicial y adicionados a 100 gramos de med@srecimiento sélidos (sémola de
arroz - QA, sémola de Maiz - QM, bagazo de cafa,-#a§a de arroz - PA y cascara de
café - CC) para evaluar la produccion de conidietagnidosporas de los hongos. Los
aislados AC001 y CG722 mostraron las mejores pimdoes en medio QA (p<0.05).
El volumen de 20mL de masa micelial utilizado como ihddnicial proporcioné una
mayor recuperacion de esporas para estos mismosoaisEdaislado NF34A presento
una baja o nula produccion de estructuras reprodsctindos diferentes volimenes de
masa micelial utilizados. La mejor produccion de espéraamidosporas se obtuvo
utilizando subproductos de agroindustria con una magmsidad protéica y energética,;
contrario a lo que se esperaba.
Palabras clave:hongos nematéfagos; control bioldgico; subproducgpsirrdustriales;

esporas.
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Abstract

Duddingtonia flagransand Monacrosporium thaumasiunare micro-fungi
considered as promising nematode bio-control agentsnoihants. Such fungi produce
either spores or chlamydospores that are able to suraiter passing the
gastrointestinal tract of animals. Normally, these fungalcsires are developed under
adverse conditionge., the lack of nutrients. Spore/Chlamydospores formatioa is
desirable feature; since promote the survival and smpgafingi for bio-control
purposes. This study was aimed to assess the sgamyclospore production by two
species of nematophagous furlgi flagrans (isolates AC001 and CG722) arM.
thaumasium (isolate NF34A) cultured in agro-industrial sub-praduen order to
identify the best medium for use in nematode bio-comirograms. In order to assess
the spore/chlamydospore production, different voluofemycelia mass (10, 15 and 20
mL) were used as initial inoculum and 100 g of solidwgng media (rize semolina —
QA; maize semolina — QM; cane chaff — BC; rize chaRA; coffee grain skin) were
added to each media. The AC001 and CG722 isolategnstiee highest production in
QA (p<0.05). The 20mL volume of mycelia mass usenhifial inoculum promoted the
highest spore/chlamydospore recovery in these isolates NF34A isolate showed a
low or nule spore/chlamydospore production in the differaycelia mass used. The
best spore/chlamydospore production was achieved usigadino-industrial sub-
products with the higher protein/enery source. This fipavas different than the results
we tought.
Key words: nematophagous fungi; biological control; sub-produgso-#ndustries;

spores.
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1. INTRODUCCION

Los hongos nematdfagos producen esporas o coniditanpién producen
esporas de resistencia conocidas como clamidosgéstes Ultimas, una vez que son
administradas oralmente en los animales, poseen pacicad para resistir la
degradacion gastro-intestinal de los rumiantes y dteoBivoros [19] y son eliminadas
junto con las heces, manteniendo su capacidad geiainatde colonizacion de las
heces, en donde ejercen una actividad depredadorasyugen a los estadios
parasitarios de nematodos [18]. Este sistema permie infgirraheiclo biolégico de los
parasitos [2]. Segun Scholler y Rubner [17] la fordadle clamidosporas es una
respuesta a condiciones de crecimiento desfavorates & deficiencia de nutrientes,
y aunque los hongos no requieren de grandes ceatdde nutrienes para sobrevivir,
conocer que medios son favorables para una mayacickad de esporulacion son
necesarios para su uso en sistemas de control de desatarasitios del ganado [2, 9].
La esporulacion fangica abundante es factor importangéea pdiseminacion,
sobrevivencia y es deseable en programas de contraiglmiol [1, 20]. Para su
crecimiento, los hongos requieren un conjunto dedictomes ambientales; sin
embargo, la concentracion de nutrientes en los me@iasiltivo es lo que determinan
la calidad y cantidad del crecimiento del hongo ypstdominara la esporulacion,
favorecida por el agotamiento nutricional, o crecinganicelial [6]. Segun Larsen [10]
la temperatura Optima para el crecimientobDieldingtonia flagrans es 30° con una
gran produccioén de esporas, pero en temperaturasomefe a 25° existe crecimiento
fangico.

La especieD. flagrans tiene un elevado potencial para la produccién de
clamidosporas intercaladas a sus hifas y numerosogli@®nformados en las
extremidades de los conidi6foros que son extructupaedacibles [16]. Los conidios
son caracterizados a través de su morfologia queepradhr de elipticos a ovoides, y
las clamidosporas son estructuras altamente resistenfesmgdas en condiciones
adversas de crecimiento y las hifas forman redéesadhs relativamente cortas que
atacan y destruyen rédpidamente las larvas de lostodosa[5, 4].

La especieMonacrosporium thaumasiuproduce solamente un conidio en la
extremidad apical de cada conidi6foro, que son génerde erectos, transparentes y
fusiformes, con dos o mas septos transversales,r@nédlula intermediaria que es mas
grande en las extremidades [12, 21, 2]. Las espat#d género Monacrosporium

poseen hifas vegetativas septadas y ramificadas quedtdasan para depredar
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nematodos por medio de redes adhesivas, nddulatey tedimensionales adhesivas o
anillos constrictores [15].

Este trabajo tiene como objetivo evaluar la produccidéesperas/clamidosporas
de hongos depredadores de las espdZidtagrans (aislados CG722 y AC001) M.
thaumasium(aislado NF34A) en diferentes sustratos solidos (e arroz — QA;
sémola de maiz — QM; bagazo de cafia con melaza de-cBfia paja de arroz con
melaza de cafia — PA y cascara de café con melazafide— CC) considerados como
subproductos de la agroindustria, para la determinat@dmejor medio de produccion
de esporas para su aplicacion en programas de tditégico de helmintosis de

bovinos en pruebas de pastoreo en campo.

2. MATERIAL Y METODOS
2.1. Organismos fungicos

Se utilizaron dos aislados fungicos de suelos brasilefé especi®. flagrans
(AC001 y CG722) y uno de espetit thaumasiunfNF34A) originarios de la micoteca
del Laboratorio de Parasitologia del Departamento deinvatea de La Universidad
Federal de Vicosa y mantenidos a 4°C en la obsaiedaubos de ensaye conteniendo
medio Harina de Maiz Agar al 2% (HMA 2%).
2.2 Produccion de estructuras fungicas

Para evaluar la produccion de conidios y clamidospaa utilizaron diferentes
volimenes de masa micelial (10, 15 y 20 mL). El datpara establecer los indculos
iniciales para el crecimiento de los aislados fungicosCACCG722 y NF34A, se baso
en una prueba previa (en preparacion) con diferenésBos liquidos, pH y tiempos de
cultivo. Los volumenes mencionados fueron utilizadm®i@ indculo inicial, a los que
se adicionaron 100 gramos de medios sélidos dentigsatio (sémola de arroz — QA
sémola de maiz - QM; bagazo de cafia con melaza @de-cBE; paja de arroz con
malaza de cafia - PA y cascara de café con melazeafie - CC), que fueron
esterilizados a 120°C y 1.5 atm por 15 minutos y acanthdos en matraces
Erlenmeyer con capacidad para 250 mL. El experimkrgaealizado por triplicado y
después de los siete (7) dias de incubacion en unta &@D (Biological Oxigen
Demand) a temperatura de 25°C, en cada matraz Enfenrfueron adicionados 100mL
de solucion Tween 20 a una concentracion de 0.05%.maisaces fueron agitados
vigorosamente y fueron tomadas nueve (9) alicuotas Gdelllde cada matraz

Erlenmeyer para la cuantificacion de esporas bajoostopia de luz con aumentos de
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10 y 40x con la ayuda de una camara de Fuchs RobkeBtharomedio de esporas
contenidas en las nueve alicuotas fue considerado gsii@ar la concentracion

promedio de esporas producidas.

3. RESULTADOS

Los aislados fungicos AC001 y CG722 presentarenmmajores producciones
de estructuras reproductivas en el medio QA (p<Q;D&la 1). El volimen de 20 mL
de masa micelial utilizado como indculo inicial reswdd una mayor recuperacion de
esporas para estos mismos aislados (Tabla 1).

El aislado NF34A presentd una baja o ausencia ddupcion de estructuras
reproductivas en los diferentes volumenes de masdiahiglizados (Tabla 1).

El aislado CG722 presentd una mayor produccion diliosny clamidosporas
cuando 20mL de masa micelial fueron agregados engl@idos de sémola de arroz
(p<0,05); mientras que el aislado AC0O01 obtuvo unayroidn intermedia, que no
mostro difierencia estadistica con el aislado NF34A (53Q;Dabla 2).

Dentro de los medios soélidos de cultivo evaluados (QM, BC, PA, CC), el
medio QA presentd la mayor produccion de estructiiragicas y el medio BC la
menor produccién de conidios y clamidosporas (Tahla

Cuando comparamos los diferentes volimenes de mib@tigico utilizados
como inoculo (10, 15 o 20 mL), la mayor producci@adnidios y clamidosporas fue
observada cuando fueron inoculados con 20 mL de mméslial sobre los medios

solidos de cultivo (Tabla 1y 2).

4. DISCUSION

Araujo et al. [2] mencioné que los hongos depredaglop son exigentes en su
nutricion en cultivo y no necesita de medios complegiis.embargo la produccion de
conidios y/o clamidosporas por estos organismos sdaaior importante, una vez que
son necesarias una gran cantidad de esporas pdwucpri@rmulaciones empleadas en
programas de control bioldgico, y para la propagagiéapervivencia de los hongos en
condiciones ambientales [1]. En el presente estudiobservé que la produccién de
estructuras fangicas se logré por medio de la utilmaacle medios alternativos, de
preparacion simple y a un bajo costo de produccigoe son considerados como
subproductos de la agroindustria.

Dhingra y Sinclair [6] dijeron que un buen medio ddtieco permite gran
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esporulacion y pequefio crecimiento micelial, siendg geeeralmente la esporulacion
es favorecida por el agotamiento nutricional, que es cowdicion adversa de
crecimiento vegetativo; sin embargo, los medios pobresu@tentes con poca fuente
de Carbono (C) y nitrégeno (N) favorecen la formadérclamidosporas con supresion
del crecimiento vegetativo debido al estrés nutricioSa&gun Bogus et al. [3] los
mecanismos involucrados en la regulacion de la fodgnate clamidosporas, asi como
la funcion exacta de estas esporas es desconociddgnsestraron que los medios de
cultivo deficientes en nutrientes (MM y CMA) no produatamidosporas o producen
clamidosporas inmaduras, por otro lado en todos ledian ricos se estimula la
produccion de clamidosporas (p.ex. LB) en cuantasaekporas producidas en los
medio SAB y SAB-HP no se alcanzé la madurez quebsevo en las esporas en los
medios SAB-GM. En el presente trabajo, los resultagloservados se mostraron
contradictorios con otros trabajos, pues como ha rggdortado los medios de cultivo
soélidos con mayores niveles de Carbono y Nitrogeno Y@M) que segiin Magalhdes
et al. [13] tienen el 13.95 y 9.11% de proteina brugpeetivamente y 0.61 y 0.66% de
aminoacidos de alanina, mostraron en el presente estudi gran capacidad de
produccion de estructuras reproductivas, los que@us@nificar que otros nutrientes
pueden ser limitantes para la produccion de conidickmyidosporas. Asimismo, se
observd una elevada produccion de estructuras regiieas en el medio de cultivo
QA, probablemente debido a una mayor riqueza de ntegsigresentes en este medio
que segun Dijksterhuis et al. [7] son considerados iedescpara el crecimiento y
esporulacion fungica.

Maciel et al. [11] evaluaron la produccion De flagrans (CG768),A. robusta
(131) y M. thaumasium(NF34A) en los medios de cultivo comerciales (Agauég
AA2%; Corn Meal Agar - CMA2%; extracto de levadura4d%, K,HPO, 0,1%,
MgSQO,.7H,0O, 0,05%, almidon soluble 2%, Agar 2% -YPSSA2% yaRp Dextrosa
Agar - BDA2%) y observaron que los aislados CGy®834A presentaron el mayor
y menor nimero de esporas en los medios BDA2% y%®A2spectivamente. En este
mismo trabajo los autores registraron que el aislad@i@dent6 produccioén de esporas
intermediarias, no presentando diferencia estadisticalacion a los demas (p>0,05).
Gardner et al. [8] observaron que la producciorcidenidosporas d®. flagrans se
incrementé en medio Agar Sabouraud dextrosa (8,6°xlafidosporas rif) con un
pH entre 5,5-7,5 y en un sistema bifasico (medio digWlueller-Hinton, 1%; extracto
de levadura, 1%; ¥1PO,, 0,3%; GH3OsNa, 0,1%; glucosa, 0,05% - MYPG/ medio
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sOlido sales de Vogel). Las concentraciones de asmirservadas fueron de 6,2 y 5,6
x 10> mI' , respectivamente, con la adicion de almidén o gliceEa relacion al
presente trabajo, se observo una similitud en los ressl@atenidos, donde los medios
de cultivo pobres (subproductos fibrosos de la agrotndyspropiciaron una baja
produccion y los medios ricos en nutrientes esenci@abproductos energéticos/
protéicos) fueron més eficientes en la produccion tieasras reproductivas.

Segun Mota et al. [14] después de la preservaciondderentes métodos de
conservacion Arthrobotrys robusta(aislado 131) presenté mayor producciéon de
estructuras quélonacrosporium thaumasiur(aislado NF34A) en medio de cultivo
YPSSA, aunque una gran produccion ha sido obseresdambos aislados. Sin
embargo, estos resultados no concuerdan con los aelgisten el presente trabajo, una
vez que el aislado NF34A present6 una pequefia o molugqrion de esporas en
medios pobres en aminoécidos y &cidos grasos que Difesterhuis et al[7] es
considerado esencial para el crecimiento y espoénaY segun Magalhdes et §l3]
el bagazo de cafia, la paja de arroz y la cascarafég@esentan, 1.82, 5.00 y 10.07%
de proteina bruta y 3.99, 12.15 y 17.93% de acidoogvisco, respectivamente y son
considerados como forraje. Aunque Scholler e Rulii@rdefinieron que la formacion
de clamidosporas es un sintoma de condicion denuiertio desfavorable, este efecto

no fue observado en el presente trabajo.

5. CONCLUSION

La produccién de esporas mediante la utilizacion deprsdiictos de la
agroindustria se mostrd eficiente con cierta viabilidachitd y econdmica. Los
subproductos con mayor densidad proteica y energgtiegemplo., la sémola de arroz,
promovié una mayor eficiencia para la produccién deuesiras reproductivas, asi

como el mayor inéculo inicial.

6. AGRADECIMENTO
Los autores agradecen a FAPEMIG, CAPES y CNPqg papeyo financiero

para la ejecucion de este trabajo.

7. CONFLICTO DE INTERES
Declaramos publicamente que no hay ningun conflictoéeés al respecto de

este trabajo.

34



8. BIBLIOGRAFIA

1. Araudjo JV, Campos AK, Paiva F, Vieira-Bressan MEReito antagonista de fungos
predadores do génerArthrobotrys sobre larvas infectantes deesophagostomum
radiatum Cooperia punctatae Haemonchus placeRev. Bras. Ciencia Vet. 2001; 8:
81-84.

2. Araljo JV, Mota MA, Campos AK. Controle biologico Helmintos parasitos de
animais por fungos nemato6fagos. Rev. Bras. Parasébl2004; 13: 165-169.

3. Bogus M, Czygier M, Kedra E, Samborski J. Inwviassessment of the influence of
nutrition and temperature on growing rates of fdeddingtonia flagranssolates, their
insecticidal properties and ability to impdaieligmosomoides polygyrumsotility. Exp.
Parasitol. 2005109: 115-123.

4. Braga FR. Acdo in vitro de fungos das espédmsidingtonia falgrans
Monacrosporium sinensePochonia chlamydosporiaobre ovos dé&asciola hepatica
e Schistosoma mansonVigosa: Brasil, 2008. 67p. Dissertagdo de mestrado em
Medicina veterinaria — Universidade Federal de Vicosa.

5. Cruz DG, Araujo FB, Molento MB, DaMatta RA, de RaSantos C. Kinetics of
capture and infection of infective larvae of trichosigylides and free-living nematodes
Panagrellussp. byDuddingtonia flagransParasitol. Re2011; 109: 1085-1091.

6. Dhingra OD, Sinclair JB. Basic plant pathology metha@$ edition. CRC Press,
1995.

7. Dijksterhuis J, Harder W, Veenhuis M. Proliferationl &mnction of the microbodies
in the nematophagous fungaghrobotrys oligosporaluring growth on oleic acid or D-
alanine as the sole carbon source. FEMS Microbiol. 1L683; 94: 1-9.

8. Gardner K, Wiebe MG, Gillespie AT, Trinci APJ. Buation of chlamydospores of
the nematode-trappinguddingtonia flagransn shake flask culture. Mycol. Res. 2000;
104: 205-209.

9. Larsen M. Biological control in a global perspectivea review with emphasis on
Duddingtonia flagransin: Biological Control of nematode parasites of smathinants

in Asia, FAO, Roma. 2002: 19-37.

10. Larsen M. Studies on the capacity of microfutwidestroy animal parasitic
nematode. Copenhagen: Denmark, 1991. 61p. Thed (Phe Royal Veterinary and
Agricultural University.

11. Maciel AS, Aradjo JV, Campos AK. Viabilidade seblarvas infectantes de

35



Ancylostomaspp dos fungos nematéfagdghrobotrys robustaDuddingtonia flagrans

e Monacrosporium thaumasiuepos esporulacdo em diferentes meios de cultura. Re
Bras. Parasitol. Vet. 2006; 15: 182-187.

12. Liu XZ, Zhang KQ. Nematode-trapping speciesMuinacrosporiumwith special
reference to two new species. Mycol. Res. 1994; 93:658.

13. Magalhdes KA, Valadares Filho SC, Pereira OG.eléaabde composicdo de
alimentos. In: Exigéncias nutricionais de zebuinos eldaalde composicao de alimentos
BR-corte (1.ed.). Vigosa: UFV. 2006; 95-142.

14. Mota MA, Campos AK, Araujo JV. Influence of @ifent storage methods on the
predatory capacity of the fungirthrobotrys robustaand Monacrosporium thaumasium
after passage through the bovine gastrointestinal tract. \WoNticrobiol. Biotechnol.
2003; 19: 913-916.

15. Saxena G. e Mittal N. Trap formation by conidia of atde-trapping
Monacrosporiunspp. Mycol. Res. 1995; 7: 839-840.

16. Sanyal PK, Sarkar AK, Patel NK, Mandal SC, Par@mulation of a strategy for
the application oDuddingtonia flagrango control caprine parasitic gastroenteritis. J.
Helminthol. 2008; 82: 169-174.

17. Scholler M, Rubner A. Predacious activity of thematode destroying fungus
Arthrobotrys oligosporain dependence of the medium composition. Microbids.R
1994; 149: 145-149.

18. Silva ME, Araujo JV, Braga FR, Soares FEF, Rpdis DS. Control of infective
larvae of gastrointestinal nematodes in heifers usiifeyent isolates of nematophagous
fungi. Rev. Bras. Parasitol. Vet. V. 2013; 22: 78-83.

19. Tavela AO, Araujo JV, Braga FR, Silva AR, CdneaRO, Aratjo JM, Ferreira SR,
Carvalho GR. Biological control of cyathostomin (Nenuo Cyathostominae) with
nematophagous fungudonacrosporium thaumasiunm tropical southeastern Brazil.
Vet. Parasitol. 2011; 175: 92-96.

20. Waller PJ, Faedo M, Ellis K. The potential of nespaagous fungi to control the
free living stages of nematodes parasites of sheeprdsvwhe development of a fungal
controlled release device. \et. Parasitol. 2001; 102:33D.

21. Zhang K, Liu X, Cao L, Gao R. A new speciedaahrobotrysfrom China. Mycol.
Res. 1996; 100: 527-530.

36



Tabla 1- Promedio de esporas producidas por diferentes aslktgicos en diferentes

medios sdlidos de cultivo después de 7 dias de intuba®6.5°C.

Inéculo Medio Aislados fangicos
de
M) cuttivo ACO0L* NF34A* CG722
QA 7,3x10(#2x100a  1,1x10(#3,3x10ha  2x10°(x4x10)a
QM 2,2x10(+4,1x10)a Oab 1,1x10(+3,3x10)a
10ml BC Oa 1,1x1d'(+3,3x10)ab Oa
PA 3,4x10(+1,4x10)a  1x10'(+8,6x10)a Oa
ccC 2.2x10(@#4,1x10)a  7,7x10(29,7x10)a 2,2x10(+6,6x1F)a
QA 3x10°(+6x10)a Oab 5x10°(+4x10°)b
QM 2,6x10'@#2x10%a Oab Oa
15ml  BC Oa 1,5x10'(1,6x10)a Oa
PA 6,3x10(#2,9x1¢)a  1,1x1d1x10%a  1,1x10(x3,3x1F)a
cC 5,1x10/(+6,7x10a  6,6x10(+1,3x1d)ac Oa
QA 2,5x10(*3x10°)a Oab 5,2x10(+6,5x10)b
QM 3,4x10'(*2,4x10)a Oab 3,3x10(+6,6x10)a
20ml  BC Oa 5,5x10°(+8,8x10")a Oa
PA 1x10°%(x7,5x10)a  6,6x1G(x7x10%a Oa
ccC 1,4x10@2x10%a  2,4x10(x1,8x10)ac Oa

Promedios seguidos por diferentes letras minisanass columnas no son estadisticamente dife(pr@85) —
prueba de Tukey
(QA — Sémola de arroz; QM — Sémola de Maiz; BC gaa de cafia; PA— Paja de arroz, CC — Cascaia@e c

* = Valores promedios de recuperacién de espoeasidbsporas después del periodo de incubacion.
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Tabla 2 - Promedios de esporas recuperadas después deulza@idn de diferentes

aislados fungicos en diferentes medios s6lidos de culfiespués de siete dias de

incubacion.
Hongos QA QM BC PA CcC
2,5x10 3.4x1d 1x10 1,4x10
AC001 Oa
(3x10)a (2,4x10)a (7,5x1d)a (2x10ha
5,5x16 6,6x1C0 2,4x1d
NF34A Oab Oa
(8,8x10)a (7x10)b (1,8x1d)ab
5,2x10 3,3x1d
CG722 Oa Ob Oac
(6,5x10)ac (6,6x1d)a

Promedios seguidos por letras iguales las columaa®n estadisticamente diferentes (p<0.05) - prueb

de Tukey

(QA — Sémola de arroz; QM — Sémola de Maiz; BC gaa de cafa; PA— Paja de arroz, CC — Cascaia@e c
Nota: El indculo inicial para cada hongo fue dey@e una suspensién micelial.
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ABSTRACT

The effect of different nematophagous funBiufldingtonia flagrans(AC001
and CG722) andVonacrosporium thaumasiurNF34)] on the control of infective
larvae (Ls) of nematodes after gastrointestinal transit in bovemeales (3/4 Holstein x
Zebu) was evaluated. A total of 24 pubescent bovemafes were used, weighing
approximately 320 kg. There were three treatment growgzd] eontained six animals
that received orally 150 g of pellets (0.2 g of myaaljuin a single dose, in a sodium
alginate matrix containing mycelial mass of the fubgiflagrans(AC001 or CG722),
M. thaumasium(NF34) and a control group (without fungi). Faesamples were
collected from animals at intervals (12, 15, 18, 21,48tand 72 hours). At the end of
17 days, the £ not preyed were recovered by the Baermann methwalfungal isolates
tested were capable of destroying thealfter gastrointestinal transit. It was observed
that within 72 hours, the isolates AC001, CG722 and Nst#dved a higher predatory
activity (81.2%, 97.3% and 98.3%, respectively). Témults justify the need for studies
in the field, and at longer intervals, in order to obsethe efficiency of the fundD.
flagrans evenM. thaumasiumin the environmental control of nematodes of naturally
infected cattle.

Keywords: Nematophagous fungiDuddingtonia flagrans Monacrosporium

thaumasiumnematodes, cattle.
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RESUMO

O efeito de diferentes fungos nematofagbsiddingtonia flagrans(AC001 e
CG722) eMonacrosporium thaumasiu(iNF34)] no controle de larvas infectantes (L3)
de nematdides apos o transito gastrointestinal em fémeemb@8/4 Holandés x Zebu)
foi avaliado. Um total de 24 fémeas bovina pubeseeftieam utilizadas, pesando
aproximadamente 320 kg. Havia trés grupos de tratameatta um continha seis
animais que receberam por via oral de 150 g de gé(8t€g de micélio), em dose
Gnica, em uma matriz de alginato de sodio contendoamasselial dos fungo®.
flagrans(AC001 ou CG722)M. thaumasiun{NF34) e um grupo controle (sem fungo).
Amostras de fezes foram coletadas dos animais em iluer{@&?, 15, 18, 21, 24, 48 e
72 horas). No final de 17 dias, as L3 ndo predanli@srf recuperadas pelo método de
Baermann. Os isolados de fungos testados foram capezestruir as L3 apds transito
gastrointestinal. Observou-se que dentro de 72 horasotzlos AC001, CG722 e
NF34 mostraram uma maior atividade predatoria (81,298,3% e 98,3%,
respectivamente). Os resultados justificam a necessid@destudos a campo e em
intervalos mais longos, a fim de observar a eficacia diogokD. flagransou mesmo
M. thaumasiumno controle ambiental dos nematdides de bovinos alatante
infectados.
Palavras-chaves Fungos nemat6fagosDuddingtonia flagrans Monacrosporium

thaumasiumnemataéides, bovinos.

42



1. INTRODUCTION

Cattle, goats and sheep represent one of the main soofgerotein for the
human population. However, one of the obstacles to thentdwide production is
gastrointestinal helminthosis, most often responsible domadje to livestock, in which
the estimated costs are about 68 million dollars a g&are almost all of the animals
produced in the field harbour one or more speciesetrhinth (ANUALPEC, 2003;
TORINA et al.,, 2004; AMARANTE, 2009). In the world,ahcountry that holds the
largest commercial bovine herd is Brazil; however, duthtéomethod of production,
most often wholly or in part on pasture, there is tamtsinfection by parasites present
in the grazing land (ANUALPEC, 2003). Because of tigistrointestinal nematodes
are a serious problem in the production of ruminantgeothe animals have been
exposed to high parasite loads they may succumbciaipehe younger ones that are
the most susceptible (AMARANTE, 2009).

In this context, nematodes, especially the g¢tasmonchusare responsible for
large economic losses in livestock (URQUHART et al96)9The conventional method
to control such gastrointestinal parasites is the use mhetyc anthelmintic drugs.
However, in recent decades there has been an inéregmerest in the development of
new methods to control nematode parasites of livestoeknthin reason being the
increasing development of anthelmintic resistance in segraties of parasitic
nematodes of ruminants, including anthelmintic rests#aof nematode parasites of
cattle (FIEL et al., 2001; ARAUJO et al., 2004a; CONDI let2009; SUTHERLAND
and LEATHWICK, 2011).

Thus, the use of nematophagous fungi, in particularetpeciePuddingtonia
flagrans and Monacrosporium thaumasiymas an alternative control has been
constantly tested, and with interesting results bothenfield and laboratory conditions
(BRAGA et al., 2009, 2011a; SILVA et al., 2009; PAZ-$AL et al., 2011; TAVELA et
al., 2011). In addition, the passage of different flisgaictures, as well as of different
isolates of the same species of fungus, through theogasstinal tract of different
animal species has been the target of several studM&SEN, 1999; GRONVOLD et
al., 1993, 1996). In this context, the challenge of tistsdies has been to investigate
whether there are differences in viability and predaswtvity of these fungi after
suffering ‘stress’ during passage through the gastroinggract of animals. The best
fungal isolates need to be identified that can accomateothe characteristics of a

potential biological control with a marketing purpose, #e production of
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chlamydospores, resistant structures.

The objective of the present study was to evaluate thet effiedifferent
nematophagous fungi in the control of infective larvdeg) (of gastrointestinal
nematodes by nematophagous fungi after gastrointestamaittin bovine females (3/4
Holstein x Zebu).

2. MATERIALS AND METHODS
2.1. Fungi

Two isolates of the nematophagous funBudlagrans(AC001 and CG722) and
one isolate of the fungud. thaumasiun{NF34) were used. These isolates are from soil
in Brazil. These isolates were obtained from Braziligrnicaltural soil, in Vigosa city,
Zona da Mata region of Minas Gerais state. They werected using the soil-
sprinkling method of Duddington (1955), modified gn$os et al. (1991).
2.2. Production of mycelial mass

For the formation of fungal mycelia @f. flagrans(AC001 and CG722) aril.
thaumasium(NF34), culture discs of approximately 4 mm in deten, in 2% water—
agar (2% WA) were transferred to 250 ml Erlenmejasis containing 150 ml of liquid
medium GPY (glucose, sodium peptone and yeast extraader agitation of 120 rpm,
in the dark and at the temperature of 26°C for 10 d&fgsr this period, the mycelia
were removed, filtered, and weighed on an analybeddnce. All procedures followed
the methodology of Braga et al. (2009).
2.3. Animals

A total of 24 pubescent bovine females (3/4 Holstein x uXelwith
approximately 20 months old, were used, having apprmteiy 320 kg live weight.
During the whole experiment the animals were stabledethavith sugarcane plus urea
and concentrate with 16% protein. These animals are inen$anta Rita Experimental
Farm, owned by Empresa de Pesquisa AgropecuaridriesGerais - EPAMIG.
2.4. Experimental assay

For thein vivo assay, the animals were stabled and dewormed wetimbctin
1% (lvergen ®-Biogenesis; 200y/kg body weight) 45 days before receiving pellets
containing mycelial mass (0.2 g of mycelim) of the ase$¢ ofD. flagrans(ACO01 or
CG722) andM. thaumasium(NF34) and pellets without fungus (control). Then they
were separated into four groups of six animals eaot:gooup was fed alginate pellets

containing D. flagrans AC0O01; one group received pellets containiDg flagrans
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CG722; a third group received pellets containvhgthaumasiunNF34; and the fourth
group remained as control group and was fed pellgt®ut fungi.

Then, in the groups treated with AC001, CG722 and NE&dh animal received
150 g of pellets, in a single dose containing mycelisdsraf fungi. For this, each one
of the fungi was mixed in 500 g of feed for cattle witl¥d protein. The animals from
the control group received a single administration of ¢80 pellets without fungi plus
500 g of feed.

Later, after the administration of the fungi, faecal sampiee collected from
animals at intervals (12, 15, 18, 21, 24, 48 and 72dhoAbout 30 g of faeces from
each animal of the treated and control groups were geniwed to form a ‘pool’ for
each experimental group. Next, from the faecal mateakécted (‘pool’) in the times
after fungal administration, coprocultures were pented according to the technique
described by Robersts;O’Sullivan (1950). From eachirset (12, 15, 18, 21, 24, 48 and
72 hours), six repetitions for each coproculture wesdopmed for each of the treated
and control groups, totalling 24 samples per timeaatatal of 168 coprocultures. These
coprocultures were incubated in a BOD chamber at 2&tCpaotected from light for
17 days. After this period theslthat had not been preyed upon were recovered in
haemolysis tubes with the aid of the Baermann apypsrand quantified and identified
according to criteria proposed by Keith (1953). For thes used light microscope
objectives of 10x and 40x. The data obtained wereestdy to analysis of variancg (
test) and subsequent regression analysis. Means wengaced using the Tukey test at
the 5% level of probability (AYRES et al., 2003).

3. RESULTS

In the present study, it was observed that the fubhgilagrans (AC001 or
CG722) andM. thaumasium(NF34) destroyed theslLof gastrointestinal nematodes
after transit through the gastrointestinal tract of cattlethin faeces of the treated
groups, conidia and chlamydospores were identifiedheffungal species teste®.(
flagransandM. thaumasiury) as well as visualization of preyed (Figures 1a-d). For
each time studied, the fungi showed a percentage reducti the number of 4
recovered by the Baermann method from the copraedtafter 17 days that varied
from 87% to 81.2% for the ACO01 isolate, from 88.480¥.3% for NF34 and from
98.2% to 98.3% for CG722 (Figure 2); comparison$hie control group are shown in
Figure 3.
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On the other hand, over tkampling timethere was no differenc@ & 0.05) in
the action of the tested fungal isolates, and therefotieei recovery of 4 at the end of
17 days. However, the CG722 isolate showed a betteorpeahce compared with
ACO001 and NF34. In relation to the identification gfdbtained from coprocultures, it
was observed that the genttemonchuswvas the most prevalent with 69%, then
Oesophagostomumith 26% andCooperiawith 5%.

4. DISCUSSION

The fungi tested (ACO001, NF34 and CG722) were ableremain viable
following gastrointestinal transit through naturally infectettlieademonstrating their
predatory activity at the end of the experiment (Figlreesd and Figure 2); therefore,
they may be used in other studies in the field. It catiw remembering that in the
present study, the genttaemonchusvas the most prevalent, confirming the studies
cited above. Moreover, these results are compatible attibr reports regarding the
passage and predatory activity of nematophagous fantjie controlin vitro andin
vivo of gastrointestinal nematodes of cattle (ARAUJO et aD4B]

The use of nematophagous fungi for the biological cbrdf gastrointestinal
parasites of domestic animals reduces the contaminatisailpSince they act directly
on Ls present in the environment (LARSEN, 1999; ARAUJO et 2004a). Studies
conducted in several regions in Brazil have shown aehigrevalence of the genera
Cooperia Haemonchus Oesophagostomum Trichostrongylus Trichuris and
Bunostomumin cattle (Furlong et al., 1985). This premise is égoaxdance with Lima
(1989) who discussed that the &f parasitic nematode species are available in pastures
almost all year round, serving as a continuous souritdestion for animals.

Regarding the results observed relating to the reducticrecovered g from
coprocultures, it was found that: (1) the three test@dtiss (AC001, NF34 and CG722)
showed similarity in predatory activity & 0.05), reflected thereby in a higher number
of larvae destroyed; (2) the experimental assay was ctediun coprocultures;
however, the same could be extrapolated for futusayasin the field, especially with a
longer time interval to be studied, noting that ang of the tested isolates may be used,
save some peculiarities of each species (BRAGA e2@l1Db).

The literature reports that the most practical way for tilzation of the fungi
D. flagrans(AC001 or CG722) anil. thaumasiumin addition to other nematophagous

fungi, is the oral administration of fungal material agycetium, conidia and/or

46



chlamydospores and the inoculation of these organisnas sadium alginate matrix,

‘pellets’, a more recent method, which has presentestl gesults (LARSEN, 1992;

ARAUJO et al.,, 2004a; DIAS et al., 2007; TAVELA et &011). On the other hand,
much has been discussed on the use of different isabtee same species of fungus
under the same conditions, in this case partly natural tfatdcould present distinct

results. In relation to this fact, differences interd antra-specific in the predatory
activity of nematophagous fungi are common and haveady been observed in
experiments with other fungal isolates (MENDOZA-DE-&BE et al., 1999).

The speciesD. flagrans isolates AC001 and CG722, has been tested in
laboratory conditions and in the field. In the pastor@vold et al. (1993) observed a
reduction ofOstertagia ostertagis in the faecal mass of calves, when fed with barley
grain containing the fungu®. flagrans In another study, Dias et al. (2007)
demonstrated that the treatment of young bovine animals peilets containing the
fungusD. flagrans (CG722) was effective in reducing the EPG and coresaityuin
reducing the number ofslof gastrointestinal nematodes obtained from copro@stur
Those results are in agreement with the present studyhichwas also observed the
efficiency of predation. However, it is worth rememberihgt even with no difference
(p > 0.05) in the reduction ofsLrecovered from coprocultures, the isolate CG722
proved to be more efficient, with a percentage redncof 98.3% compared with
ACO001 (81.2%) after 72 hours. However, there are fieports of comparison of the
isolates AC0O01 and CG722 BX. flagransspecies in the control of nematode parasites
of naturally infected Holstein cattle.

Araujo et al. (2004b) evaluated the resistance oh#raatophagous fungud.
sinensgisolate SF470) in passing through the gastrointddtimet of cattle and then its
predatory ability on infective trichostrongylid larvae afits passage. In that study, the
authors reported a difference at the end of the expetiafé1.3% in the recovery okL
in the coprocultures. Furthermore, it was observed that rumber of § of
gastrointestinal nematodes recovered from the animals aiotfteol group was higher
(p < 0.05) than that of the treated group. In another stAthiljo; Ribeiro (2003)
demonstrated the capacity of the isolaks appendiculatum(CGI) and M. sinense
(SF53) to pass through the gastrointestinal tract of cattleoaserved the presence of
conidia after 14 days of incubation. Those results aragreement with the present
study, since the tested isoldtée thaumasium(NF34) was able to cause a reduction

(97.3%) in the number ofslrecovered at the end of 17 days, and, in additiorgaiun
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structures were also observed in agreement with &masgy

Finally, the use of nematophagous fungi for the biologicaitrol of nematode
parasites of ruminants has been widely studied; howdlverauthors understand that
this will only be possible after the involvement of indwestrin the development of
fungal formulations. On the other hand, the resulssifjuthe need for studies in the
field, at longer intervals, in order to observe thecedficy of fungiD. flagrans(AC001
or CG722) orM. thaumasium(NF34) in the environmental control of nematodes of
naturally infected cattle, evaluating in the future the bppraach for the integrated

control of bovine helminths.
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Fig. 1a—d Infective larvae captured by nematophagous fubgidgingtonia flagrans
(AC001 and CG722) anidlonacrosporium thaumasiuNF34)] (white arrow) in Petri
dishes containing 2% water—agar, and trap formation byfiingal isolates (black
arrow). Magnification: (A) 10x and (D) 40x objective $¢en
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ABSTRACT

Brazil has a herd of 212 million cattle and 171 million hexgaof pastures that
produce approximately 96% of Brazilian beef. The Bigaz production system enables
animal infection by endoparasites, which are consttieree of the main obstacles for
the development of this industry and are responsibledosiderable economic losses.
The control of parasitic diseases is performed ve atiministration of antiparasitic
drugs, but they leave residues of the products in théetteenimal, affect non-target
organisms and select resistant strains of the parashesspecie®. flagransand M.
thaumasiumare promising and sustainable alternatives for controtissgjrointestinal
helminths of ruminants and other herbivores. In thidstwe evaluated the efficacy of
isolates of these species, formulated in a sodium alginatex and administered twice
a week, to reduce the number of environmental infeckiveae of gastrointestinal
nematodes that affect prepubescent zebu females.r8dted animals presented fewer
eggs and a lower number of infective larvae pemgo&faeces (p < 0.05). The pastures
occupied by treated animals showed a statistically sgnif reduction (p < 0.05) of the
number of Iz and, furthermore, the genei@ooperia sp Haemonchus sp and
Oesophagostomum .swere the most prevalent. The average weight of timadé did
not differ statistically (p > 0.05) among the treated andtrol groups. The use of
sodium alginate pellets as vehicle for delivery of thegiitsomycelieD. flagrans(isolate
AC001) and M. thaumasium (isolate NF34A) proved effective in controlling
trichostrongylids in prepubescent cows bred in the seiditegion, with an effective

reduction in the number of infective larvae in the prastu

Key words: Parasites, helminths, nematophagous fungus, beefaattleebu.
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INTRODUCTION

Brazil has a herd of 212 million cattle, the largeshoeercial cattle herd in the
world, and 171 million hectares of pastures respdémdir producing approximately
96% of Brazilian beef (Abiec, 2013; Anualpec, 2012).

The Brazilian production system (extensive or semi-intehsfagours the
frequent infection of animals with gastrointestinal nematpe@specially younger ones
who have greater susceptibility, representing a majostcaint to livestock production
(Amarante, 2009). Endoparasites are considered otleeainain obstacles to the full
development of production activities and are respondinlemajor economic losses
worldwide (Fortes et al., 2011).

Maintaining animal health becomes a challenge in produsiistems due to the
misuse of the management alternatives available, sucheasotherapeutic treatments.
Although widely used, drugs can leave residues imahnproducts, may have a toxic
effect on non-target organisms in the environment and faclitate the selection of
parasitic species that are resistant to treatment. Therefiere are limitations that must
be considered in relation to the use of such productsdde-de-Gives & Torres-
Acosta, 2012).

The specieDuddingtonia flagransand Monacrosporium thaumasiumroduce
spores (conidia and / or chlamydospores) and myceliapable of resisting the
digestive process of ruminants and other herbivores @lonising faeces. Hyphae
grow short tridimensional adhesive networks, constriciegs and adhesives nodules
that are able to capture and destroy nematode larvagz @ al. 2011, Araujo et al.
2004; Sanyal et al., 2008, Braga, 2008).

The aim of this study was to evaluate the efficacy ajrentilation in a sodium
alginate matrix containing mycelium of the fungbsflagrans(isolate AC001) and\.
thaumasium(isolate NF34A) in the biological control of gastrostiral nematodes in

prepubescent female zebu cattle, bred in the Brazilianraenregion.

MATERIAL AND METHODS

46 prepubescent Zebu females, weaned, aged 7-9 mbethef gastrointestinal
parasites were used, and they were separated by weiglsixritomogenous groups (p
> 0.05) and kept for 6 months in pastures seededBvabhiaria brizanthaat 1 UA /
ha. The pellet formulation was added to the concentrdie tpven to the animals twice

a week. Groups 1, 2, 3, 4, 5 and 6 were given,ectsely, 5 grams of pellets without
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the fungus addition, 10 grams of pellets without thegfisnaddition, 5 grams of th2.
flagrans isolate AC001 pellet, 10 grams of ACO001 isolate pebegrams of theM.
thaumasiumsolate NF34A pellet, 10 grams of the NF34A isolategpell

The experiment was conducted in Carbonita, in the megion of the
Jequitinhonha River valley in Minas Gerais (17° 20' 36uth, 43° 12' 32" West and at
an altitude of 620 metres). The AC001 and NF34A furggates were obtained from
the Fungal Culture Collection of the Veterinary Departnodérithe Federal University of
Vicosa DVT / UFV, grown in the liquid medium GPY (ghse, sodium peptone and
yeast extract) and formulated in a sodium alginate matthx Wi% fungal mycelium, as
proposed by Walker and Connick (1983) modified Lyodeal. (1993).

Pasture samples were taken every 28 days on altermats pf 0-20 and 20-40
cm away from the stool. Moreover, every 14 dayscdaesamples were collected
directly from the rectum to determine the number ofsguer gram of faeces (EPG) and
reduction of larvae per gram of faeces (LPG) in theiiro test. The animals were
weighed every 28 days.

Rainfall was measured daily with a rain gauge installedhe farm, always at 9
am, and maximum and minimum temperatures were also umgehAsusing a
thermometer.

The experiment was designed on a factorial schemeafusolates x doses
(eight repetitions, two fungal isolates and two dosel$¢wend two untreated control
groups. The values of eggs per gram of faeces (Efn@)larvae per gram of faeces
(LPG), after logarithmic transformation (log x+1), weigbain of animals and
Baermann method/technique for pastures were subjéctehalysis of variance and
compared with the Tukey test at a 1 and 5 % significdagel using Bioestat 5
software.

RESULTS AND DISCUSSION

The number of eggs per gram of faeces (EPG) elimirayetie animals did not
differ statistically (p > 0.05) among the treated anatr@d groups, although there was a
trend of linear decrease in egg elimination (Table Inficaing the results obtained by
Maingi et al. 2006; Waller et al. 2006 and Faessler.e2)7 and demonstrating that
the nematophagous fungi are environmental controllacs reot act directly in the
reduction of clinical parasitism. However, the spe@edlagransandM. thaumasium

have previously demonstrated effectiveness in redutimd=PG after passing through
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the gastrointestinal tract of bovines (Alves et al. 2003ujar&@t al. 2004; Dias et al.
2007; Jobim et al. 2008; Assis et al. 2012 and 2013a ®itval., 2013)Moreover, for
times after initial fungal dosage, animals in the controugs showed a statistically
higher frequency of infection (p > 0.05) between tih¢zero) and other times after
treatment, thus showing a higher parasitic burden fouttieated animals compared to
the treated groups (Table 1). Thus, applying the furigusiocontrol should be done
not only when there is heavy infestation of the free-tj\stages in the environment, but
also when environmental conditions allow their growth.

Regarding the larvae present in the pastures, the gtregied withD. flagrans
(10 g/animal) andM. thaumasiun{10 g/animal) showed, at the end of the evaluation, a
statistically significant reduction (p < 0.05) in the numbieiarvae recovered in relation
to the other groups (Table 4), demonstrating efficiemicthese isolates at this dosage,
and confirming the works of Alves et al. 2003; Wallealet2004; the Gives et al. 2006;
Faessler et al. 2007; Dias et al. 2007 and Assis €0aP. This fact demonstrates that
even in low humidity conditions, the stool has enouglistare to allow fungal growth,
predatory activity, and, thus, prevent clinical parasitemd productivity losses while
maintaining a sufficient number of larvae for the animaldewelop naturally acquired
immunity (Waller & Larsen , 1993).

In the experimental period, the average temperaturededavas 24 °C, varying
between 7 and 38 °C. The average daily rainfall regdtéor the months of March,
April and May was, respectively, 4.3, 1.4 and 1.6 mmd in the other months (June,
July and August) there was no precipitation. These enwiental conditions are
considered satisfactory for the development of the laofeenimal parasites (Freitas,
1982) and nematophagous fungi (Dhingra & Sinclair5)4Pigure 1).

In vitro test to evaluate the reduction of larvae the lImemof L; recovered in the
faeces through the LPG technique showed a linear wéghowth from day O (zero)
until the end of the evaluation, but the treated grobpsved lower quantities of larvae
(p<0.05) compared to the control groups, demonstratifecteveness in reducing
infective larvae (L3) of trichostrongylids in the "inng” test (Table 3). This especially
applied to the group treated wihh flagransat a dosage of 10 grams/ animal, which
had the lowest quantity of larvae per gram of faeo@sfirming the work of Kahn et al.,
2007; Aguilar et al.,, 2008; Ojeda-Robertos et al.080Assis et al. 2012 and
demonstrating the ability of this isolate to pass throtigh gastrointestinal tract of

ruminants without losing its predatory skill.
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The genera&ooperiasp., Haemonchusp. andOesophagostomusp. were the
most prevalent in the assessments, confirming the vadiklves et al., 2003 and Jobim
et al., 2008. Of these, the geneoperiasp. was the most prevalent (72%) infective
agent of the animals.

The average weight of the animals showed no statiddifi@rences (p>0.05)
between the treated and control groups during the expetahperiod, but between the
times of treatment, a gain in live weight was statisticallyif@nt (p<0.05) (Table 2).
On the other hand, Waller et al., 2004; Dias et2@07, and Vilela et al., 2012 observed

higher weight gain in sheep, cattle and goats, respegtafedr fungal treatment.

CONCLUSION

The use of alginate pellets as a vehicle for fungaletiym D. flagrans(isolate
AC001) and M. thaumasium (isolate NF34A) proved effective in controlling
trichostrongylids in prepubescent ruminant cows in thei-seioh region of the state of
Minas Gerais - Brazil, and effectively reduced the hamof infective larvae in

pastures.
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Figura 1 - Weather data (temperature and rainfall) registeredeirséimi-
arid region
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Figure 1 - Temperature (maximum and minimum) and rainfalmeliological data
observed during the experimental evaluation of differfeimigal isolates and doses

administered to female prepubescent cattle undezingraconditions in a semi-arid
region.
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Table 1 - Average and standard deviation of the numbeegys per gram of faeces (EPG), counted on femalamdxwafter receiving
different doses of the fungal isolatesbfflagrans(AC001) and\M. thaumasiun{NF34A).

14 28 42 56 70 84 98 112 126 140 154 168

TREATMENT
DPFA* DPFA* DPFA* DPFA* DPFA* DPFA* DPFA* DPFA* DPFA* DPFA* DPFA* DPFA* DPFA*
CONTROL 0Aa 7Aa 92Aa 50Aa 28Aa 164Ab 128Aba 128Ab 50Aa 142Ab 125Ab 100Aa 100Aa
0) (£18) (£130) (#91) (¥26) (£118) (%118) (+152) (#40) (#117) (x125) (x114) (294)
0Aa 7Aa 35Aa 35Aa 121Aa 157Aba 114Aba 28Aa 92Aba 171Aa 221Ab 157Ab 278Ab
CONTROL 0) (£#18) (#55) (#55) (¢125) (+218) (+134) (x26) (+117) (x234) (+308) (+136) (x399)
ACOOL/5G OAa OAa 106Aa 268Aa 268Aa 106Aa 275Aa 225Aa 100Aa 156Aa 131Aa 200Aa 331Aa
0) (0) (£172) (£587) (+443) (+129) (#618) (£389) (+169) (+293) (+146) (+243) (+387)
ACO01/10G 0Aa 0Aa 156Aa 6Aa 43Aa 75Aa  137Ab 50Aa 106Aa 175Ab 106Aa 125Ab 62Aa
0) (0) (#441) (x17) (49) (¥119) (£140) (80) (x134) (x164) (+111) (+88) (x69)
NE34A/5G OAa OAa 75A8  43As 112At 68As 162Ac 125Ac 200Ac 193Ae 243At 125Ac 237A¢
0) (0) (#212) (x72) (+182) (+136) (£195) (x237) (+381) (+323) (+388) (+162) (+417)
O0Aa OAa 81lAs  137Ac 137At 162Ac 212At 81As 125Ac 181Ac 106Ac 256Ac 231At
NF34A/10GR

(0) (0) (£99)  (+199) (+118) (£266) (£269) (x99) (+162) (£346) (x101) (+325) (£257)

Different lowercase letters in rows mean that there is stafistifference (p> 0.05) - Tukey test
Same capital letters in columns mean that there is no stdtdifference (p> 0.05) - Tukey test

* Days after initial fungal pellet distribution (DPFA)
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Table 02- Average weight and standard deviation of fenbaleines (kg) observed after the administrationifiéent doses of the fungal
isolates oD. flagrans(AC001) andV. thaumasiunfNF34A).

TREATMENT 0DPFA*  28DPFA* 56 DPFA* 84 DPFA* 112 DPFA* 140 DPFA* 168 DPFA*
CONTROL 22228Aa  24585Aa  268,14Aa  275,85Aa  290,71Aa 295,83Aa 292,83Aa

(+49,2) (53.7) (£52.6) (+44.7) (+47.4) (+46.3) (+44.8)
CONTROL 218,71Aa  243.42Aa  255.14Aa  268.57Ab  282.42Ab 276.57Ab 281.71Ab

(+25,0) (£30.4) (£29.7) (£32.0) (£27.8) (£31.6) (+30.3)
ACOOL5GR 221,0Aa  252.25Ab  274.62Ab  282.12Aba  283.87Aba  286.25Aba  294.5Aba

(+19,0) (+20.5) (+19.4) (+19.2) (+18.3) (+16.4) (+16.3)

220,0Aa  248.62Aa  255.37Aa  267.75Aa  267.25Aa 261.0Aa 267.62Aa
ACO00110GR

(+49,4) (+50.7) (53.8) (£53.9) (+48.2) (£52.0) (53.6)

222,0Aa  233.62Aa  264.0Aa 274.0Aba  276.62Aba  278.5Aba 282.0Aba
NF34A5GR

(33,2) (£32.0) (+31.3) (+30.5) (£35.1) (£33.3) (£31.4)

227,62Aa  239.87Aa  257.25Aa  265.75Aa  270.37Aa 270.75Aa 270.5Aa
NF34A10GR

(£34,1) (£33.9) (£33.1) (£31.3) (32.3) (£32.9) (£32.5)

Different lowercase letters in rows mean that there is stafistifference (p> 0.05) - Tukey test

Same capital letters in columns mean that there is no stdtdifference (p> 0.05) - Tukey test

* Days after initial fungal pellet distribution (DPFA)

66



Table 03 - Average and standard deviation of the numbdarvie per gram of faeces (LPG) recovered afteri@dtration of different
doses of the fungal isolatesdf flagrans(AC001) andM. thaumasiunfNF34A).

TREATMENT O DPFA* 28 DPFA* 56 DPFA* 84 DPFA* 112 DPFA* 140 DPFA* 168 DP&*
0.83Aa 41.53Ab 7.65Aab 45.12Ab 54.04Ab 34.81Aba 39.33Ab
CONTROL
(x0.24) (x15.94) (x2.23) (x23.56) (x7.14) (x24.02) (x25.98)
4.12Aa 33.92Ab 25.15Aa 17.36Bab 31.27Aab 40.39Aba 38.98Aba
CONTROL
(x1.78) (x20.73) (+9.66) (£5.98) (x17.95) (x19.58) (x22.55)
ACOOL & 3.59Aa 58.75Ab 92.82Bb 53.21ADb 71.16ABb 37.2Aab 47.83Aab
r
J (x2.24) (x26.25) (x49.66) (x11.33) (x17.86) (x14.88) (x29.33)
4.56Ba 26.30ABb 6.76Aa 13.91Bab 14.10Bab 12.21Aab 13.54Aab
ACO001 10gr
(x2.5) (x9.89) (x3.41) (£5.41) (x10.11) (x9.75) (x14.83)
NF34AS 5.57Ba 3.63Ba 23.26Aa 27.33Aa 56.14ADb 60.47ABb 44.23Aba
r
J (x0.83) (x1.79) (x11.90) (x14.79) (x15.54) (x20.33) (x18.95)
3.53Aa 23.73Aba 69.4Bb 33.57Aab 32.29Aab 32.24Aab 35.86Aab
NF34A 10gr
(x2.67) (x11.97) (x42.60) (x17.26) (x14.83) (x10.80) (x19.31)

Different lowercase letters in rows mean that there is stafistifference (p> 0.05) - Tukey test
Same capital letters in columns mean that there is no stdtdifference (p> 0.05) - Tukey test

* Days after fungal pellet distribution
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Table 04 Average and standard deviation of the numberididstrongylids larvae recovered per kg / MS adidministration of different
doses of the fungal isolat&s flagrans(AC001) andM. thaumasiun{NF34A).

TREATMENT 0 DPFA* 28 DPFA* 56 DPFA* 84 DPFA* 112 DPFA* 140 DPRA* 168 DPFA*
CONTROL 281.95Aa 2390.08Aa 3.77Aa 170.36Aa 213.49Aa 101.21Aa 73.37Aa
(x443.63) (x4615.05) (¥9.23) (x281.67) (x138.35) (x66.46) (x9.47)
CONTROL 281.95Aa 4088.25Aa 13.89Aa 762.21Aa 222 .62Aa 108.11Aa 109.86Aa
(x443.63) (x7098.83) (x21.52) (¥1261.07) (x94.59) (x31.57) (£74.96)
281.95Aa 344.99Aa 3.96Aa 21.41Aa 248.85Aa 99.23Aa 71.09Aa
ACO001 5GR
(x443.63) (¥510.31) (#9.7) (x27.08) (£75.20) (F77.77) (x33.18)
281.95Aa 941.9Aab 76.55Aac 17.73Aac 228.9Aab 78.2Aac 24.9ABac
ACO001 10GR
(x443.63) (x1040.38) (88.24) (x24.87) (x96.15) (x30.07) (x30.5)
NF34A 5GR 281.95Aa 1421.56Aa 9.33Aa 2011.21Aa 197.76Aa 147.68Aa 42 .93Aa
(x443.63) (¥1692.17) (x22.85) (x4481.5) (x82.9) (x54.85) (55.39)
NF34A 10GR 281.95Aa 1957.34Aa 93.56Aa 12886.74Aa 894.63Ba 220.58ABa 30.92Aba
(x443.63) (¥3102,19) (¥159.28) (¥19700.41) (£569.47) (¥139.52) (x36.04)

Different lowercase letters in lines mean that there fs8tal difference (p> 0.05) - Tukey test

Same capital letters in columns mean that there is no stdtdifference (p> 0.05) - Tukey test

* Days after fungal pellet distribution
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CONSIDERACOES FINAIS

Os meios liquidos de cultivo soja dextrose (SD) e cmide milho (CG) com
valores de pH ajustados para 6.0-7.0 se mostraranergés para producédo de massa
micelial dos fungo®. flagranse M. thaumasium

Os subprodutos da agroindustria testados se mostrar@ientefs, com
viabilidade técnica e econdmica para producdo de esgargicos (conidios e/ou
clamiddsporos) db. flagranse M. thaumasium

Os subprodutos com maior densidade protéica e dmardquirera de arroz —
QA e quirera de milho — QM), assim como o maior uidcinicial, foram mais
eficientes na producgéo de estruturas reprodutivas;

Os resultados encontrados na producdo de massa trecdéaesporos fangicos
terdo importante implicagdo em futuros trabalhos qudiebie avaliar a administragéo
oral destas estruturas como estratégia de controle Ioiolode nematoides
gastrintestinais parasitas de animais de producgéao;

Os resultados encontrados no teste de passagem eécedeidarvasn vitro
justificam a necessidade de estudos & campo, pimdperprolongados, para avaliar a
eficiéncia dos fungo®. flagrans (AC001 e CG722) @M. thaumasium(NF34A) no
controle ambiental de nematoides em bovinos natergkninfectados sob diferentes
condi¢cbes ambientais, buscando a melhor maneiraggtahelecer o controle integrado
das helmintoses bovinas;

O uso de péletes de alginato de sédio como veicula administracdo de
micélio fungico deD. flagrans(AC001) eM. thaumasiun{NF34A) mostrou-se efetivo
na reducéo do numero de larvas infectantes de trarmgitideos em pastagens na regiao

semi-arida do estado de Minas Gerais — Brasil.
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ANEXOS




CAPITULO 1

“Mycelial mass production of fungi
Duddingtonia flagranandMonacrosporium
thaumasiununder different culture conditions”
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Tabela 01 — Produgé&o de massa micelial (em graseaisingoDuddingtonia flagrangisolado AC001) sob diferentes condigbes de cultmeios, tempos e

pH).
Duddingtonia flagrangisolado AC001)
SD — Soja Dextrose BD — Batata Dextrose QM — Qaide milho CMA — Corn Meal Agar
pH 24 hs 48 hs 72 hs 96 hs 168 hs 24 hs 48 hs s72h96 hs 168 hs 24 hs 48 hs 72 hs 96 hs 168 hs 24 K48 hs 72 hs 96 hs 168 hs
0,282t 0,353: 10,8837 0,153« 0,272: 0,055¢ 0,218 0,274t 0,311 0,1837 0,000C 0,020¢ 1,162¢ 0,195 0,140¢ 0,023¢ 0,156° 0,221f 0,133¢ 0,000(
4 0,5410 0,4795 0,4803 0,3103 0,2884 0,2479 0,2760420d4, 0,2957 0,3550 0,0105 1,9536 0,8278 0,7588 96,54 0,0069 0,1631 0,1510 0,1470 0,0447
0,2226  0,5636  0,4714 0,3153 0,3015 - 0,2026  0,194B,3043 0,2680 1,9549 0,9321 1,0660 1,6371 0,58850028, 0,0714 0,1750 0,1443 0,1461
0,5521 0,6911 0,6556 11,3154 1,3939 0,0456 0,54544768, 0,2903 0,5405 11,6576 11,5681 1,8785 0,6459 63,41 0,0000 0,0692 0,1300 0,0378 0,1120
5 0,356¢ 0,526( 0,414¢ 1,436¢ 1,279¢ 0,091¢ 0,211f 0,262( 0,208 0,528 1,149¢ 1,492« 1,756¢ 1,404¢ 0,000 0,004C 0,098° 0,110¢ 0,101¢ 0,182¢
0,3136 05717 0,8589 0,5684 0,8619 0,0588 0,3208511@, 0,2038 0,5477 1,4148 1,2474 1,4289 1,3774 53,81 0,0000 0,0689 0,1068 0,1171 0,1821
0,2596 0,3621 0,7757 0,5800 1,1754 0,0565 0,36861408, 0,1753 0,6362 1,3149 2,2209 1,2607 1,3669 45,250,0964 0,1418 0,1909 0,2501 0,1710
6 0,1241 0,6129 0,9456 0,5551 1,2390 0,0636 0,19156998, 0,1594 0,8303 0,4074 1,4317 1,0251 0,8864 92,79 0,1127 0,1368 0,1394 0,1452 0,1328
0,1127 0,526¢ 0,489( 0,644¢ 1,037: 0,563( 0,251 0,447¢ 0,127° 0,733 2,168f 1,247¢ 1,776 0,947( 1,467 0,0675 0,173! 0,157¢ 0,130( 0,197¢
0,1157 0,098¢ 0,739¢ 1,490¢ 0,757 0,075¢ 0,319« 0,502¢ 0,152° 0,889« 1,335 0,546¢ 1,480« 0,756: 1,080: 0,118: 0,108° 0,155¢! 0,127( 0,121
7 0,2460 0,1910 0,4937 0,6223 0,7314 0,0680 0,2504322d4, 0,2191 0,7412 2,3924 1,0926 2,1389 0,9722 00,00 0,1250 0,1289 0,1388 0,1539 0,1849
0,2231 29247 0,5332  0,8683 0,7927 0,1542 0,22323981, 0,2354 0,7097 1,8740 1,7119 2,2756 1,0751 70,450,0066 0,1177 0,1363 0,1449 0,1393
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Tabela 02 — Produg&o de massa micelial (em graseasingoDuddingtonia flagrangisolado CG722) sob diferentes condigdes de cu(tiveios, tempos e

pH).
Duddingtonia flagrangisolado CG722)
SD — Soja Dextrose BD — Batata Dextrose QM — Qaide milho CMA — Corn Meal Agar
pH 24 hs 48 hs 72 hs 96 hs 168 hs 24 hs 48hs s72h96 hs 168 hs 24 hs 48 hs 72 hs 96 hs 168 hs 24 h48 hs 72 hs 96 hs 168 hs
0,286¢ 0,209¢ 0,276: 0,249¢ 0,3507 0,164¢ 0,170¢ 0,189¢ 0,235¢ 0,263¢ 0,000C 0,218! 0,1427 0,160z 0,000 0,0347 0,163t 0,113t 0,124¢ 0,000:
4 0,2947 0,2032 0,2616 0,2817 0,6792 0,1308 0,17612210, 0,2384 0,2661 0,0000 0,0000 0,0000 0,0000 56,130,0041 0,0594 0,0077 0,1238 0,1176
0,2480 0,2149 0,2470 0,3145 0,9516 0,1721 0,21882248, 0,2305 0,2465 0,0000 0,0000 0,0000 0,0000 00000,3214 0,1913 0,053 0,1177 0,2195
0,1958 0,2446 0,2570 0,2822 1,2945 0,1574 0,22122326, 10,2339 0,2392 0,0000 0,0000 0,2992 0,0000 00,000,0260 0,0488 0,0410 0,0677 0,0223
5 0,187 0,252¢ 0,230( 0,301¢ 0,748 0,134¢ 0,202¢ 0,269¢ 0,362« 0,227: 0,000 0,000( 0,000 o0,00C 0,000 0,114% 0,119¢ 0,025 0,071¢ 0,000(
0,2881 0,2591 0,2659 0,3263 0,8776 0,1719 0,22422779, 10,2377 0,2347 0,0000 0,0000 0,0000 0,0000 00000,0768 00549 0,0171 0,0632 0,0354
0,1568 0,1733 0,2593 0,4338 1,4242 0,2735 0,1658291@ 0,5343 04115 0,4754 0,5286 0,5852 0,4086 33,18 0,0408 0,0524 0,0969 0,0709 0,1490
6 0,1318 0,1529 0,1896 0,3351 0,5018 0,1667 0,22022840, 0,3580 0,4353 0,4648 0,0160 0,2071 0,1750 90,130,0235 0,0000 0,1055 0,0801 0,1265
0,177¢ 0,151« 0,189 0,416 1,3137 0,146z 0,153! 0,374¢ 0,359] 0,450¢ 0,910¢ 0,312° 0,677¢ 0,567%¢ 0,205¢ 0,013 0,022: 0,079%¢ 0,096¢ 0,092(
0,160z 0,131¢ 0,230¢ 0,347¢ 0,871¢ 0,197¢ 0,193¢ 0,423( 0,7637 0,330¢ 0,038¢ 0,144! 0,5617 0,309¢ 0,454( 0,039: 0,052¢! 0,047C 0,145: 0,021¢
7 0,1258 0,1561 0,3547 0,2636 0,6146 0,2121 0,28552410, 0,2906 0,3400 0,0000 0,2580 0,4463 0,2746 00,000,0378 0,0269 0,0359 0,0719 0,0444
0,1424 0,1738 0,2545 0,2906  1,1452 0,1992 0,1882507@, 0,4180 0,2571 0,3986 0,1567 0,3505 0,4463 88,150,0984 0,0660 0,1146 0,0774 0,0531
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Tabela 03 — Produgé&o de massa micelial (em graseasingoMonacrosporium thaumasiu@solado NF34A) sob diferentes condi¢des de cultiaeios,
tempos e pH).

Monacrosporium thaumasiufisolado NF34A)

SD — Soja Dextrose BD — Batata Dextrose QM — Qaide milho CMA — Corn Meal Agar
pH 24 hs 48 hs 72 hs 96 hs 168 hs 24 hs 48 hs s72h96 hs 168 hs 24 hs 48 hs 72 hs 96 hs 168 hs 24 h48 hs 72 hs 96 hs 168 hs

0,6000 0,4123 0,3998 0,3818 0,6503 0,0921 0,16441088 0,1446 04797 0,2831 0,3909 0,3537 0,3358 76,33 0,1401 0,1097 0,0000 0,0539 0,1400
4 0,4116 03591 0,4582 0,3243 0,4720 0,1203 0,11331058, 0,1466 0,4064 0,2004 0,3433 0,4043 0,4083 30,320,0892 0,0263 0,0000 0,0000 0,1308
0,4155 0,3028 0,4639 0,3890 0,4015 0,1333 0,11071223 0,1251 0,3641 0,3663 0,3464 0,3835 0,3555 58,350,0484 0,0953 0,0994 0,0981 0,3333

0,3743 0,3728 0,4058 0,3726 0,8226 0,1961 0,13961920, 0,2255 0,8048 0,3783 0,4764 0,4317 0,3492 20,420,1874 0,1417 0,1754 0,1605 0,2043
5 0,3664 0,4323 0,4440 0,3728 0,6272 0,2591 0,15072000, 0,1880 0,7874 0,3193 0,3652 0,3885 0,3794 30,310,0683 0,1360 0,1429 0,1077 0,1196
0,3904 0,3446 0,4171 0,3298 0,4935 0,1954 0,14091982 0,2953 0,8200 0,3891 0,3932 0,3466 0,3984 10,320,0582 0,1040 0,1557 0,0965 0,1003

0,3070 0,3906 0,5015 0,4670 0,5229 0,8385 0,20621450, 0,1276 0,1367 0,2349 0,3619 0,3678 0,3756 8Q,400,1995 0,1159 0,1462 0,1375 0,1886
6 0,3404 0,3684 0,4054 0,6251 0,7189 0,5138 0,2630161%, 0,1330 0,1075 0,3885 0,3708 0,3376 0,3269 98,36 0,0775 0,1659 0,1694 0,1301 0,1009
0,3960 0,5597 0,4781 0,6457 0,5406 0,4711 0,22281320, 0,1481 0,1483 0,3542 0,3150 0,4130 0,3387 80,310,1029 0,1257 0,1138 0,1158 0,1057

0,2680 0,4223 0,6894 11,1631 1,1393 0,6764 0,26771043, 0,1066 0,1255 0,3932 0,4456 0,3465 0,4402 6@,450,1639 0,1830 0,1641 0,2470 0,1950
7 0,3190 10,6369 0,7510 0,8364 0,7809 0,9191 0,31141004, 0,1262 0,1053 0,2907 0,3029 0,4154 0,2776 20,340,1566 0,1687 0,1633 0,2309 0,0945
0,2299 1,0580 0,7717 0,7611 0,4881 0,9044 0,37291708, 0,0819 0,0876 0,3725 0,3844 0,3761 0,4149 96,340,0960 0,2035 0,1372 0,1730 0,1518




Teste de normalidade

Probability Plot of M Micelial
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Transformacio NAO resolveu o problema da anormalidade

Kruskal-Wallis Test on M Micelial
Isolado N Median Ave Rank Z
AC001 239 0,3153 424,6 5,89
CG722 240 0,1878 277,6 -7,53
NF34A 240 0,3192 378,1 1,65
Overall 719 360,0

H=62,75 DF=2 P =0,000

H=62,75 DF=2 P =0,000 (adjusted for ties)

Interval Plot of M Micelial vs | solado
95% Cl for the Mean

0,74

0,64
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T
AC001 CG722
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Todos os isolados diferem entre si

Kruskal-Wallis Test on M Micelial
Meio N Median Ave Rank Z
BD 179 0,2245 353,7 -0,47
CMA 180 0,1131 157,3 -15,12
QM 180 0,3759 437,2 5,76
SD 180 0,4035 491,8 9,83
Overall 719 360,0

H = 268,93 DF=3 P =0,000
H =268,97 DF=3 P =0,000 (adjusted for ties)

Interval Plot of M Micelial vs Meio
95% ClI for the Mean

0,7
0,6

i

0,4+

0,3 E

0,2

M Micelial

0,1 &

BD CMA QM SD
Meio

Os meios Quirera de Milho e Soja Dextrose nao diferem @&e si, mas diferem dos demais.
Os meios Batata Dextrose e Corn Meal Agar diferem & si.

Kruskal-Wallis Test: M Micelial versus PH
719 cases were used
1 cases contained missing values

Kruskal-Wallis Test on M Micelial

PH N Median Ave Rank Z
4 179 0,2188 317,1 -3,19
5 180 0,2385 352,4 -0,57
6 180 0,2788 389,4 2,19
7 180 0,2576 380,9 1,56
Overall 719 360,0

H=13,30 DF =3 P =0,004
H=13,30 DF =3 P =0,004 (adjusted for ties)

Interval Plot of M Micelial vs PH
95% ClI for the Mean

0,50

0,454

0,404

0,354

M Micelial

0,304

0254

0,204

PH
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Regression Analysis: M Micelial versus PH; PH2
The regression equation is
M Micelial = - 0,554 + 0,300 PH - 0,0231 PH2

719 cases used, 1 cases contain missing values

Predictor Coef SECoef T P
Constant -0,5539 0,4385 -1,26 0,R0%
PH 0,3003 0,1644 1,83 0,068
PH2 -0,02312 0,01489 -1,55 0,8
Modelo quadratico ndo se ajusta

The regression equation is
M Micelial = 0,117 + 0,0459 PH

719 cases used, 1 cases contain missing values
Predictor Coef SECoef T P

Constant 0,11678 0,07490 1,56 0,119

PH 0,04593 0,01334 3,44 0,001

S=0,399724 R-Sq=1,6% R-Sq(adj)=1,5%

Scatterplot of M Micelial vs PH
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Regression Analysis: M Micelial versus Tempo
The regression equation is
M Micelial = 0,299 + 0,000866 Tempo

719 cases used, 1 cases contain missing values
Predictor Coef SECoef T P
Constant  0,29875 0,02888 10,35 0,000
Tempo  0,0008658 0,0003025 2,86 0,004
S=0,400731 R-Sq=1,1% R-Sq(adj)=1,0%
Analysis of Variance

Source DF SS MS F P
Regression 1 1,3158 1,3158 8,19 0,004

Residual Error 717 115,1398 0,1606
Total 718 116,4556



Scatterplot of M Micelial vs Tempo
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A transformacéo néo resolve

Kruskal-Wallis Test: M Micelial versus Meio
239 cases were used
1 cases contained missing values

Kruskal-Wallis Test on M Micelial

Meio
BD
CMA

N Median

59 0,2680

60 0,1300

Ave Rank Z
104,1 -2,04
47,2 -9,42
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QM 60 1,2576 183,2 8,19
SD 60 0,5466 145,22 3,26
Overall 239 120,0

H=127,75 DF=3 P =0,000
H=127,76 DF=3 P =0,000 (adjusted for ties)

Interval Plot of M Micelial vs Meio
95% Cl for the Mean

1,44

{

1,0

0,84

M Micelial

0,44

0,24
=

0,0

i

T
BD CMA QM SD
Meio

Todos os meios diferem entre si

Regression Analysis: M Micelial versus Tempo

The regression equation is
M Micelial = 0,515 + 0,000666 Tempo

239 cases used, 1 cases contain missing values
Predictor Coef SECoef T P
Constant 0,51470 0,07182 7,17 0,000
Tempo  0,0006657 0,0007514 0,89 OR7S

N&o ha tendéncia linear e nem quadratica significata

Scatterplot of M Micelial vs Tempo

Tempo
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N&o ha tendéncia significativa em relagdo ao tempo

Regression Analysis: M Micelial versus PH
The regression equation is
M Micelial = 0,194 + 0,0682 PH

239 cases used, 1 cases contain missing values
Predictor Coef SECoef T P

Constant 0,1936 0,1854 1,04 0,298
PH 0,06821 0,03300 2,07 0,640
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S =0,569460 R-Sq=1,8% R-Sq(adj)=1,4%
Analysis of Variance

Source DF SS MS F P
Regression 1 1,3854 1,3854 4,27 0,040
Residual Error 237 76,8555 0,3243

Total 238 78,2409

Scatterplot of M Micelial vs PH
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A transformacé&o néo resolveu o problema da anormalidasldos dados

Kruskal-Wallis Test: M Micelial 1 versus Meio_1

Kruskal-Wallis Test on M Micelial_1

Meio_1 N Median Ave Rank Z
BD 60 0,23515 156,4 4,63
CMA 60 0,06460 62,6 -7,46
QM 60 0,13730 96,3 -3,11
SD 60 0,26045 166,7 5,95
Overall 240 120,5

H=91,59 DF =3 P =0,000
H=91,75 DF=3 P =0,000 (adjusted for ties)

Interval Plot of M Micelial_1 vs Meio_1
95% C for the Mean

0,54

0,4

' 0,34

M Micelial_1

o
N
h

0,14

&

BD CMA oM SD
Meio_1

BD néo difere de QM e de SD
CMA difere de todos
QM difere de SD

Regression Analysis: M Micelial_1 versus Tempo_1

The regression equation is
M Micelial_1 =0,110 + 0,00140 Tempo_1

Predictor Coef SECoef T P
Constant 0,10973 0,02708 4,05 0,000
Tempo_1 0,0013964 0,0002839 4,92 0,000

S=0,217316 R-Sq=9,2% R-Sq(adj) =8,8%
Analysis of Variance

Source DF SS MS F P
Regression 1 1,1429 1,1429 24,20 0,000

Residual Error 238 11,2399 0,0472
Total 239 12,3828
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Scatterplot of M Micelial_1 vs Tempo_1
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Regression Analysis: M Micelial_1 versus PH_1

The regression equation is
M Micelial_1 = 0,0367 + 0,0340 PH_1

Predictor Coef SECoef T P

Constant 0,03673 0,07287 0,50 0,615

PH 1 0,03399 0,01298 2,62 0,009

S =0,224883 R-Sq=2,8% R-Sq(adj)=2,4%
Analysis of Variance

Source DF SS MS F P

Regression 1 0,34659 0,34659 6,85 0,009
Residual Error 238 12,03622 0,05057

Total 239 12,38281
Scatterplot of M Micelial_1 vsPH_1
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Probability Plot of M Micelial_2
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A transformacéo n&o resolveu o problema da anormalidaesl

Kruskal-Wallis Test: M Micelial_2 versus Meio_1

Kruskal-Wallis Test on M Micelial_2

Meio_1 N Median Ave Rank Z
BD 60 0,1561 93,6 -3,47
CMA 60 0,1334 49,3 -9,17
QM 60 0,3658 151,7 4,02
SD 60 0,4273 1874 8,62
Overall 240 120,5

H =139,88 DF=3 P =0,000
H =139,88 DF=3 P =0,000 (adjusted for ties)
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Interval Plot of M Micelial_2 vs Meio_2
95% Cl for the Mean
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CMA difere de todos
BD néo difere de QM
SD difere de todos

Scatterplot of M Micelial_2 vs Tempo_2

1,2 o .
[ ]
1,0
]
[ ] [ ]
0,8 . o [ ]
o~ [ ]
! ) ) .
2 06{ o ° s
Rks] ° °
= [ ]
= 0,44
0,2 ' ' i
0,0 ® ° °
T T T T T T T T T
20 40 60 80 100 120 140 160 180

Tempo_2

N&o ha tendéncia significativa em relagdo ao tempo

Regression Analysis: M Micelial_2 versus PH_2

The regression equation is
M Micelial_2 = 0,125 + 0,0347 PH_2

Predictor Coef SECoef T P
Constant 0,12528 0,06695 1,87 0,063
PH 2 0,03475 0,01193 2,91 0,604

S =0,206613 R-Sq=3,4% R-Sq(adj)=3,0%
Analysis of Variance

Source DF SS MS F P
Regression 1 0,36224 0,36224 8,49 0,004

Residual Error 238 10,15996 0,04269
Total 239 10,52220
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M Micelial_2

Scatterplot of M Micelial_2 vs PH_2
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CAPITULO 2

“Produccion de conidios y clamidosporas de los hongos
Duddingtonia flagrany Monacrosporium thaumasiuan
diferentes meédios solidos”
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Tabela 04 — NUumero médio de esporos (conidiosneidéssporos) dos fungdduddingtonia flagrangisolados AC001 e CG722)Monacrosporium
thaumasium(isolado NF34A) produzidos em diferentes meios e8lide cultivo apds 7 dias de incubacéo a 26,5°C.

Duddingtonia flagrangisolado AC001)
Quirera de arroz - QA Quirera de milho - QM Bagdeccana - BC Palha de arroz - PA Casca de café - CC
10mL 15mL 20mL 10mL 15mL 20mL 10mL 15mll 20mL 10mL 5niL 20mL 10mL 15mL 20mL
0 200000 1000000 0 0 30000 0 0 0 20000 80000 80000 0 0 10000
0 50000 200000 0 0 70000 0 0 0 30000 30000 30000 0 10000 0
10000 2000000 200000 0 20000 10000 0 0 ( 60000 @000 200000 0 0 10000
0 20000 30000 10000 40000 60000 0 0 0 50000 40000 00007 | 10000 0 60000

600000 100000 200000 0 20000 30000 0 0 ( 10000 (07000 30000 0 10000 3000(
20000 0 10000 0 7000( 60000 0 0 0 30000 900p0 80000000 0 20000
50000 0 400000 0 20000 2000(¢ 0 0 0 30000 40000 ®o00 O 200000 0

0 80000 60000 0 4000( 10004 0 0 0 20000 100000 @oOo O 100000 0
0 0 200000 100000 30000 2000(¢ 0 0 0 20000 70000 @pgo 0 200000 0
Duddingtonia flagrangisolado CG722)
1000000 0 200000 1000 0 0 0 0 0 0 0 0 20000 0 o
300000 10000 200000 0 0 0 0 0 0 0 0 0 0 0 d
30000 80000 100000 0 0 0 0 0 0 0 10000 0 d 0 D
0 900000 2000000 0 0 0 0 0 0 0 0 0 0 0 0
0 600000 900000 0 0 0 0 0 0 0 0 0 0 0 0
0 900000 1000000 0 0 0 0 0 0 0 0 0 0 0 0
0 600000 100000 0 0 50000 0 0 0 0 0 0 0 0 d
0 500000 200000 0 0 50000 0 0 0 0 0 0 0 0 d
0 1000000 100000 0 0 200000 0 0 0 0 0 0 0 0 0
Monacrosporium thaumasiu(rsolado NF34A)

100000 0 0 0 0 0 0 10000 0 10000 10000 0 20000 @000 O
0 0 0 0 0 0 0 30000 0 1000D 0 0 20000 0 10000
0 0 0 0 0 0 0 50000 20000  100Q0 10000 0 0 0 30p00
0 0 0 0 0 0 0 0 0 3000(¢ 2000d 0 10000 0 60000
0 0 0 0 0 0 0 0 1000d 0 30000 10000 20000 100p0 0™Q0
0 0 0 0 0 0 0 0 2000d 1000D 0 1000D 0 0 30000
0 0 0 0 0 0 0 20000 0 0 1000d 1000D 0 0 20000
0 0 0 0 0 0 10000, 2000( 0 10000 20000 10000 D q 0Q0
0 0 0 0 0 0 0 10000 0 1000D 0 20000 0 10000 10000
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PRODUCAO DE ESPOROS
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A transformacgéo dos dados néo resolveu o problema @deormalidade

Kruskal-Wallis Test: N° Esporos versus Isolados

Kruskal-Wallis Test on N° Esporos

Isolados N Median Ave Rank Z
ACOO1 135 1,00000E+04 247,4 5,39
CG722 135 0,000000000 175,8 -3,30
NF34A 135 0,000000000 185,8 -2,09
Overall 405 203,0

H =29,57 DF=2 P =0,000
H =40,10 DF =2 P =0,000 (adjusted for ties)
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Interval Plot of N° Esporos vs | solados
95% Cl for the Mean

140000
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8 80000- &
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Z
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Isolados
ACOO1 e CG722 nao diferem entre si.
NF34A difere de AC001 e de CG722.
Kruskal-Wallis Test: N° Esporos versus Meio
Kruskal-Wallis Test on N° Esporos
Meio N Median Ave Rank Z
BC 81 0,000000000 151,4 -4,44
CcC 81 0,000000000 193,2 -0,85
PA 81 1,00000E+04 239,3 3,12
QA 81 0,000000000 248,5 391
QM 81 0,000000000 182,7 -1,75
Overall 405 203,0
H=238,81 DF=4 P =0,000
H=52,64 DF=4 P =0,000 (adjusted for ties)
I nterval Plot of N° Esporos vs Meio
95% Cl for the Mean
300000 _
250000
200000 )
&
2 150000
i
Z 100000- o
50000
%
N - & K3
BC o PA ® QM
Meio

BC, CC e QM néo diferem entre si.
BC difere de PA e QA.
QA difere de todos os demais
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Scatterplot of N° Esporos vs Volume
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N&o ha tendéncia significativa em funcéo de volume
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CAPITULO 3

“Control infective larvae of gastrointestinal nematooes
heifers by isolates of the nematophagous fungi”
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Tabela 05 — Numero médio de larvas infectantesridestrongilideos (k) por grama de fezes, recuperadas pelo método demBan, apos 17 dias de
coprocultivo em grupos tratados cdaddingtonia flagrangisolados AC001 e CG722Ylonacrosporium thaumasiugisolado NF34A) e grupo controle.

12 HORAS 15 HORAS 18 HORAS 21 HORAS 24 HORAS 48 HORAS 72 ABR
SIN|S|E 2 |8[S|E|g/R|sE|8|8[S|E|2|8|s|E|g|R|g/IE8|R 3 |E
SOl m| 2 O | lmwm| Z |9 K|lm|Z2| 9 | K|lm| Z o M m|Z|Q9 | o Z2 9 KMlnlZ
Q1O L| o O |10l ogol|lOlOlL| o] ©|O|L| O O 10Ol L|log|lOC | OlL|oglO|O || O
< | O | Z2]| O < | O0O|lZ|]0|<|O0O|Z2|0| < |OC|Z2]| 0O < |0 |lZ|lo| < |O|Z2|l0|<<|0O0 | Z2]|0
21 1] 1| 28| 15| 6] 0 24 49 4 0 10 20 4 3 (6 18 |0 [0 [39 |16 | 4| 28] 2| 2| 0] 20
11,2 | 0] 25118319041 14|14 12|17 3] 0] 79|25 9| 0|54 2| 5|7 ]|61]9]1 0]38
21 6] 0| 65 4 6| O 75 8§ 71 3 18 4 A4 P2 65 15 |13 |0 |64 |3 | BB | 46| 1| O 0| 13
10| 6| O] 30| 10| 8] 1 71 2 3 0 22 24 |3 |3 21 5 5 |0 |28 |63 | 6| 89| 6| 0] 1| 18
5|1 0] 0| 44| 30| 1, 3 87 71 3 0 23 2 5 3 101 B1 |6 |0 |21 |5 8197 0| 0] 0] 14
1112 0] 41 9] 10 O 56 16 4 1 D 2 3 |0 8 a7 |11 |1 |53 |9n | 20| 107 3 | O 1| 14
35, 4]0 |35¢|115] 7] 0 |63f|75]35]05] 151053525 775|175]55]0]46 265|555 75125 0| 0|16
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LARVAS RECUPERADAS
Teste de normalidade

Probability Plot of N° de larvas recup

Normal
99,9
Mean 16,24
b StDev 23,49
991 o N 168
RI 0,863
951 P-Value <0,010
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o
3
?

T T T
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N° de larvas recup

Os dados n&o tem distribuicdo normal
Transformacao de dados

Probability Plot of RAIZ(Y+0,5)

Normal
99,9
Mean 3,286
StDev 2,445
€ N 168
R 0,963
951 P-Value <0,010

Percent
o
3
)

50  -2,5 0,0 2,5 5,0 7,5 100 125
RAIZ(Y+0,5)

A transformacgéo dos dados néo resolveu a anormalidadis dados

Kruskal-Wallis Test: N° de larvas recup versus Tempo

Kruskal-Wallis Test on N° de larvas recup

Tempo N Median Ave Rank Z
12 24 3,500 73,9 -1,15

15 24 9,000 92,0 0,82

18 24 5,000 76,3 -0,89

21 24 4,000 88,1 0,39

24 24 12,000 91,3 0,74

48 24 10,500 1134 3,15
72 24 1,000 56,4 -3,06
Overall 168 84,5

H=19,50 DF=6 P =0,003
H=19,64 DF=6 P =0,003 (adjusted for ties)
Ha efeito significativo de tempo



Scatterplot of N° de larvas recup vs Tempo
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Regression Analysis: N° de larvas recup versus Tempi@m?2

The regression equation is
N° de larvas recup = - 6,48 + 1,65 Tempo - 0,02@81i2
PONTO DE MAXIMO (31,37; 32,36)

Predictor Coef SECoef T P
Constant  -6,478 7,798 -0,83 0,407
Tempo 1,6466 0,5081 3,24 0,601
tem2 -0,020306 0,005997 -3,39 0,601

S$=22,8270 R-Sq=6,7% R-Sq(adj)=5,5%
Analysis of Variance

Source DF SS MS F P
Regression 2 6137,4 3068,7 5,89 0,003
Residual Error 165 85977,0 521,1

Total 167 92114,5

Kruskal-Wallis Test: N° de larvas recup versus TRAT

Kruskal-Wallis Test on N° de larvas recup

TRAT N Median Ave Rank Z
AC001 42 9,500000000 94,2 1,49
CG722 42 4,500000000 66,7 -2,75
CONTROLE 42 4,00000E+01 141,9 8,83
NF34A 42 0,000000000 35,3 -7,58
Overall 168 84,5

H =108,87 DF=3 P =0,000
H =109,65 DF=3 P =0,000 (adjusted for ties)
Ha efeito significativo de tratamento
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Interval Plot of N° de larvas recup vs TRAT
95% ClI for the Mean
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CG722 nao difere de NF34A
ACO001 difere de todos
Controle difere de todos

DESDOBRAMENTO DA INTERACAO
ESTUDO DE TRATAMENTO DENTRO DE CADATEMPO 12
Teste de normalidade

Probability Plot of N° de larvas recup

Normal
Mean 12,17
° StDev 17,54
%1 N 2%
RI 0,887
= P-Value  <0,010
0
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£ 60
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Dados transformados tem distribuigcdo normal
One-way ANOVA: RAIZ(N°+0,5) versus Trat



Source DF SS MS F P
Trat 3 98,530 32,843 40,42 0,000
Error 20 16,252 0,813

Total 23 114,782

S=0,9014 R-Sq=85,84% R-Sq(adj) = 83,72%

Individual 95% Cls Rdean Based on

Pooled StDev
Level N Mean StDev + + + +
AC001 6 2,2273 0,9203 (--*---)
CG722 6 2,0246 1,0398 (-=*---)
CONTROLE 6 6,1862 1,1302 (—-*---)
NF34A 6 0,7934 0,2113 (-—*--)

+ + + +

0,0 20 04, 6,0

Pooled StDev = 0,9014
Controle superou todos os demais
Os demais nao diferem entre si

ESTUDO DE TRATAMENTO DENTRO DE CADATEMPO 15
Teste de normalidade

Probability Plot of N° de larvas recup_1
Normal

Mean 19,96

° StDev 26,28

95 N 24

RJ 0,882

901 P-Value <0010
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8 50
g 0
30
20
10
54
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-50 -25 0 25 50 75 100
N° de larvas recup_1
Transformacao de dados
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01 P-Value 0,092
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Os dados transformados tem distribuicdo normal

One-way ANOVA: RAIZ(N°+0,5 versus Trat

Source DF SS MS F P



Trat 3 141,32 47,11 40,01 0,000
Error 20 23,55 1,18
Total 23 164,87

S=1,085 R-Sq=8572% R-Sq(adj)=83,57%

Individual 95% Cls Forekh Based on
Pooled StDev

Level N Mean StDev + + -+ +
AC001 6 3,596 1,131 (-*---)
CG722 6 2,594 0,726 (-*---)
CONTROLE 6 7,568 1,635 (--*---)
NF34A 6 0,987 0,480 (---*---)

F— S O

Pooled StDev = 1,085

ACO001 difere d NF34A

CG722 nao difere de AC001 e NF34A
Controle difere de todos os demais

ESTUDO DE TRATAMENTO DENTRO DE CADATEMPO 18
Teste de normalidade

Probability Plot of N° de larvasrecup_2
Normal
Mean 7375
StDev 6,877
951 N 24
RJ 0956
907 P-Value 0,047
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NP de larvas recup_2
Transformacao de dados
Probability Plot of RAIZ(N°+0,5_1_1
Normal
Mean 2,529
StDev 1,243
95 N 24
R 0,994
07 P-Value >0,100
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& 01
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204
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RAIZ(NP+0,5 1 1

Dados transformados tem distribuicdo normal
One-way ANOVA: RAIZ(N°+0,5_1 1 versus Trat_2

Source DF SS MS F P
Trat 2 3 25,253 8,418 16,39 0,000
Error 20 10,273 0,514

Total 23 35,526



S=0,7167 R-Sq=71,08% R-Sq(adj) = 66,75%

Individual 95% Cls Rdean Based on

Pooled StDev
Level N Mean StDev ----+ + + R
AC001 6 2,9424 0,9003 F—--)
CG722 6 1,9913 0,4917 (-mme¥ )
CONTROLE 6 3,9584 0,7729 (- *emann)
NF34A 6 1,2230 0,6364 (-----*-----)

-t + -+ S

1,0 2,0 3,0 4,0

Pooled StDev = 0,7167

NF34A nao difere de CG722

CG722 nao difere de AC001

ACO001 nao difere de controle

Controle nao difere de CG722 e de NF34A
ACO001 difere de NF34A

ESTUDO DE TRATAMENTO DENTRO DE CADATEMPO 21

Teste de normalidade

Probability Plot of N° de larvasrecup_3
Normal
Mean 21,92
. StDev 31,95
951 N 24
R 0836
907 P-Vaue <0,010
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A transformacéo dos dados néo resolveu a anormalidade

Kruskal-Wallis Test: N° de larvas recup_3 versus Trat3

Kruskal-Wallis Test on N° de larvas recup_3

Trat 3 N Median Ave Rank Z
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AC001 6 10,500 12,2 -0,13
CG722 6 3,500 11,1 -0,57
CONTROLE 6 77,500 21,3 3,53
NF34A 6 2,500 5,4 -2,83
Overall 24 12,5

H=15,64 DF=3 P =0,001
H=1594 DF=3 P =0,001 (adjusted for ties)

Interval Plot of N° de larvasrecup_3 vs Trat_3
95% Cl for the Mean
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Controle difere de todos os demais
Os demais ndo diferem entre si

ESTUDO DE TRATAMENTO DENTRO DE CADATEMPO 24
Teste de normalidade

Probability Plot of N° de larvasrecup_4
Normal
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Probability Plot of RAIZ(N°+0,5) A

Normal
99
Mean 3,539
StDev 2,345
95+ N 24
ol R 0,995
P-Value >0,100
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o
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1 T T T T T

2 0 2 4 6 8 10
RAIZ(N°+0,5) A

Dados transformados tem distribuicdo normal
One-way ANOVA: RAIZ(N°+0,5) A versus Trat_4

Source DF SS MS F P
Trat 4 3 105,71 35,24 33,94 0,000
Error 20 20,76 1,04

Total 23 126,48

S=1,019 R-Sq=83,58% R-Sq(adj)=81,12%

Individual 95% Cls Forekh Based on
Pooled StDev

Level N Mean StDev + + -+ +
AC001 6 4,238 1,116 ()]
CG722 6 2,625 1,064 (=-*---)
CONTROLE 6 6,498 1,316 (--*----)
NF34A 6 0,793 0,211 (--*---)

F— S O

Pooled StDev = 1,019
Controle e NF34A diferem de todos e entre si
AC001 e CG722 néao diferem

ESTUDO DE TRATAMENTO DENTRO DE CADA TEMPO 48
Teste de normalidade

Probability Plot of N° de larvas recup_5

Normal
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Mean 29,21
StDev 32,63
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o) R 0,802
P-Value <0,010
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Transformacao de dados
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99

Probability Plot of RAIZ(N°+0,5) A 1
Normal

70
60

Percent
o
3
7

Mean 4,724
StDev 2,778
N 24
Rl 0,933

P-Value <0,010

RAIZ(N+0,5) A_1

12

Transformacgéo néo resolveu o problema da anormalidade

Kruskal-Wallis Test: N° de larvas recup_5 versus Trat5

Kruskal-Wallis Test on N° de larvas recup_5

Trat 5 N Median Ave Rank Z
AC001 6 26,500 14,7 0,87
CG722 6 5,500 8,0 -1,80
CONTROLE 6 75,000 20,5 3,20
NF34A 6 5,500 6,8 -2,27
Overall 24 12,5

H=14,53 DF =3 P =0,002
H=14,67 DF=3 P =0,002 (adjusted for ties)

Interval Plot of N° de larvas recup_5
95% Cl for the Mean

vs Trat_5
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Apenas controle difere de CG722 e

ESTUDO DE TRATAMENTO DENTRO DE CADA TEMPO 72

de NF34A

Teste de normalidade
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Probability Plot of N° de larvas recup_6
Normal
Mean 575
° StDev 8,644
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Os dados transformados tem distribuicdo normal

One-way ANOVA: RAIZ(N°+0,5) A_1_1 versus Trat_6

Source DF SS MS F P
Trat 6 3 46,678 15,559 38,98 0,000
Error 20 7,982 0,399

Total 23 54,661

S=0,6318 R-Sq=85,40% R-Sq(adj) = 83,21%

Individual 95% Cls Adean Based on
Pooled StDev
Level N Mean StDeV -------t----m-motomo oo
AC001 6 1,8359 0,8691 (--*----)
CG722 6 0,9391 0,3766 (----*---)

CONTROLE 6 4,3178 0,7924 (-*--)
NF34A 6 0,8797 0,2673 (--*----)
+ S +--

1,2 2,4 3,6 4.8
Pooled StDev = 0,6318

Controle difere dos demais
Os demais nao diferem entri si

ESTUDO DE TEMPO DENTRO DE CADA TRATAMENTO — AC001

Regression Analysis: N° de larvas recup versus Tempi@m?2

The regression equation is
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N° de larvas recup = - 20,1 + 2,30 Tempo - 0,02°&m2
PONTO DE MAXIMO (41,52; 27,64)

Predictor Coef SECoef T P
Constant -20,077 7,725 -2,60 0,013
Tempo 2,2958 0,5033 4,56 0,600
tem2 -0,027133 0,005941 -4,57 0,600

S=11,3073 R-Sq=35,0% R-Sq(adj) = 31,6%

Analysis of Variance

Source DF SS MS F P
Regression 2 2682,8 1341,4 10,49 0,000
Residual Error 39 4986,3 127,9

Total 41 7669,1

Scatterplot of N° de larvas recup vs Tempo
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ESTUDO DE TEMPO DENTRO DE CADA TRATAMENTO - CG722

Regression Analysis: N° de larvas recup_1 versus Temph tem2_1

The regression equation is

N° de larvas recup_1 = 0,52 + 0,356 Tempo_1 - 0,004em2_1

PONTO DE MAXIMO(35,96; 6,92)

Predictor Coef SECoef T P
Constant 0,522 2,195 0,24 0,813
Tempo_1 0,3564 0,1430 2,49 0,017
tem2_1 -0,004910 0,001688 -2,91 0,086

S=3,21280 R-Sq=254% R-Sq(adj) = 21,6%

Analysis of Variance

Source DF SS MS F P
Regression 2 137,06 68,53 6,64 0,003
Residual Error 39 402,56 10,32

Total 41 539,62
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Scatterplot of N° de larvas recup_1 vs Tempo
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ESTUDO DE TEMPO DENTRO DE CADA TRATAMENTO — NF34A

The regression equation is

N° de larvas recup_2 =- 6,85 + 0,562 Tempo_2 - @631 tem2_2

PONTO DE MAXIMO (44,53; 5,66)

Predictor Coef SECoef T P
Constant  -6,852 1,947 -3,52 0,601
Tempo_2 0,5617 0,1269 4,43 0,060
tem2 2 -0,006305 0,001498 -4,21 0,080

S=2,85025 R-Sq=34,3% R-Sq(adj)=31,0%

Analysis of Variance

Source DF SS MS F P
Regression 2 165,738 82,869 10,20 0,000
Residual Error 39 316,833 8,124

Total 41 482,571

Scatterplot of N° de larvas recup_2 vs Tempo_2
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ESTUDO DE TEMPO DENTRO DE CADA TRATAMENTO — CONTROL E

Regression Analysis: N° de larvas recup_3 versus Tem@) tem2_2

The regression equation is

N° de larvas recup_3 = 0,5 + 3,37 Tempo_2 - 0,0428n2_2

PONTO DE MAXIMO (39,36; 66,96)
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Predictor Coef SECoef T P
Constant 0,50 17,53 0,03 0,978
Tempo_2 3,373 1,142 2,95 0,605
tem2 2 -0,04288 0,01348 -3,18 0,603

S=256576 R-Sq=224% R-Sq(adj) = 18,4%

Analysis of Variance

Source DF SS MS F P
Regression 2 7401,1 3700,5 5,62 0,007
Residual Error 39 25674,3 658,3

Total 41 33075,3

Scatterplot of N° de larvas recup_3 vs Tempo_3
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CAPITULO 4

“Evaluation of the effectiveness Bluddingtonia flagrans
andMonacrosporium thaumasium the biological control
of gastrointestinal nematodes in female bovines bréukein

semiarid region”
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Tabela 06 — NUumero médio de ovos por grama de {€@6&) eliminado por fémea bovina apés
recebimento de diferentes doses dos fulydtagrans(isolado AC001) oM. thaumasiunfNF34A).

0 50 | 300 50 0 350 200 200 5( 150 50 D 100
L 0 0 100 | 250 50 100 50 50 100 200
8 0 0 250 0 0 300, 300 450 50 300 50 250 100
= 0 0 0 0 50 50| 250 50 0 0 50 0 0
% 0 0 0 0 0 15C | 50 50 0 0 50 0 0
O 0 0 0 50 50 50 50 50 104 250 350 150 160
0 0 0 0 50 150 0 50 50 100 200 200 250
0 0 150 0 250 600 40( 50 350 400 850 400 1150
L 0 0 50 150 50 50 50 50 50 100 50 50 100
8 0 0 0 5C 50 50 50 50 50 50 50 10C | 20C
= 0 0 50 0 200 0 100 0 50 50 150 200 50
% 0 50 0 0 0 50 50 0 10C 0 0 0 50
O 0 0 0 0 0 50 0 0 0 0 50 100 5(
0 0 0 50 300] 300 150 50 50 600 400 250 350
0 0 0 0 0 0 0 0 0 0 0 0 0
x 0 0 50 0 100 50 50 50 0 0 0 100 150
(L(D) 0 0 50 25C | 10C | 20C | 50 | 30C | 10C 10C | 35C | 25C | 60C
= 0 0 50 0 0 0 50 0 0 0 10( 5( 100
8 0 0 0 0 0 0 15C | 10C | 10C 0 10C 10C 50
2 0 0 200 | 200] 700 350 100 200 100 250 150 700 850
0 0 0 0 50 50 0 0 0 50 0 0 0
0 0 500 | 1700, 1200 200 | 1800 1150 500 850 350 400 900
0 0 0 0 50 50 0 0 0 0 50 0 0
x 0 0 | 125C 0 10C | 10C | 25C | 20C | 30C 45C | 20C 15C 10C
8 0 0 0 0 0 0 0 0 0 0 0 10( 0
S 0 0 0 0 0 0 50 0 0 250 50 100 50
S 0 0 0 0 100 0 350  15( 25( 150 3700 300 200
g‘): 0 0 0 0 100] 350 50 50 50 150 200 150 30
0 0 0 5C 0 0 10C 0 0 50 50 15C 0
0 0 0 0 0 100] 300 0 250 350 0 50 100
0 0 0 0 50 0 0 0 0 0 0 50 15C
x 0 0 0 0 0 0 500 0 50 50 50 0 0
8 0 0 0 0 50 0 50 0 50 50 50 150 1Q0
P 0 0 0 50 150 0 50 15( 35( 850 590 100 250
3 0 0 600 | 200| 550 400 400 700 1100 550 1100 500 1250
LZL 0 0 0 10C 0 50 50 50 0 0 50 50 50
0 0 0 0 50 50| 250 50 50 50 10D 150 100
0 0 0 0 50 50 0 50 0 0 50 0 0
0 0 0 0 50 100 50 0 0 0 50 50 50
o 0 0 100 0 50 1000  10¢ 0 0 0 150 1Q0 100
8 0 0 250 | 400 100 10¢ 50 100 100 50 50 D 0
i‘ 0 0 100 | 500| 200 80Q 750 200 300 10pO0 1pO 150 450
S 0 0 0 10C | 35C 0 20C 0 50 30C 15C | 45C | 50C
LZL 0 0 0 0 0 0 50 0 50 0 0 0 50
0 0 0 0 10C 0 0 10C 50 10C 0 0 50
0 0 200 | 100] 250 20Q 500 250 450 @ 300 700 650
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OPG
Teste de normalidade
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Transformacgéo néo resolve

Kruskal-Wallis Test: OPG versus Trat

595 cases were used
3 cases contained missing values

Kruskal-Wallis Test on OPG

Trat N Median Ave Rank Z
ACO001 208 0,000000000 287,3 -1,11
Cc2 91 5,00000E+01 310,4 0,75

CONTROLE 1 88 5,00000E+01 307,4 0,56
NF34A 208 5,00000E+01 299,3 0,13
Overall 595 298,0

H=155DF=3 P=0,671

H=1,73 DF=3 P=0,631 (adjusted for ties)
N&o ha efeito significativo de tratamento
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I nterval Plot of OPGvs Trat
95% Cl for the Mean
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Regression Analysis: OPG versus Dose; Dose2

The regression equation is
OPG =975+ 17,9 Dose - 1,71 Dose2
PONTOS DE MAXIMO (5,23 ;144,34)

595 cases used, 3 cases contain missing values

Predictor Coef SECoef T P

Constant 97,49 16,54 5,89 0,600
Dose 17,942 8,039 2,23 0,026
Dose2 -1,7089 0,7617 -2,24 0,025

S=221,262 R-Sq=0,9% R-Sq(adj)=0,5%

Analysis of Variance

Source DF SS MS F P
Regression 2 250249 125125 2,56 0,078
Residual Error 592 28982499 48957

Total 594 29232748
Scatterplot of OPG vs Dose
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Regression Analysis: OPG versus Dias

The regression equation is
OPG = 33,8 + 0,993 Dias
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595 cases used, 3 cases contain missing values

Predictor Coef SECoef T P
Constant 33,84 16,70 2,03 0,043
Dias 0,9929 0,1693 5,87 0,000

S=215855 R-Sq=5,5% R-Sq(adj)=5,3%

Analysis of Variance

Source DF SS MS 3
Regression 1 1602830 1602830 34,4000,00
Residual Error 593 27629918 46593

Total 594 29232748

Scatterplot of OPG vs Dias
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Tabela 07 — Peso de fémeas bovinas (kg) observadoagiministracio de diferentes doses dos fubBgos
flagrans(isolado AC001) oM. thaumasiungisolado NF34A).

ODPFA | 28 DPFA | 56 DPFA| 84 DPFA| 112 DPFA 140 DPFA 8®PFA
25( 284 30¢ 301 31¢ 32C 31E
178 200 221 230 248 : :
187 21C 237 277 260 25¢ 260
CONTROLE | 160 177 200 210 231 236 231
285 310 328 325 345 335 326
221 23E 262 267 287 28F 27E
275 305 328 325 349 349 350
22F 26( 27E 27¢ 28¢ 28F 20C
190 210 229 241 270 258 258
256 270 282 305 310 310 317
CONTROLE | 215 247 260 268 277 270 280
246 282 290 308 320 323 322
202 23E 24C 26C 277 257 265
197 200 210 220 235 233 240
25€ 297 31C 30¢ 31E 31C 321
200 225 247 249 260 260 280
210 245 260 269 270 275 284
212 251 275 277 272 285 285
ACO01/5GR 57 232 260 270 272 275 281
23¢ 257 28F 297 297 30¢ 30C
225 255 285 297 295 300 317
22t 260 27E 294 29C 28F 28¢
275 305 320 338 325 330 340
165 195 202 209 222 210 216
23C 25¢ 25E 265 260 257 265
240 283 285 292 285 281 280
ACOOL/I0GR = 6 18t 192 20E 217 20E 21E
170 200 199 221 211 203 210
28F 314 32¢ 34C 33t 32¢ 345
235 257 261 272 283 274 270
260 262 293 300 208 300 295
252 27¢ 30E 314 33C 32¢ 32¢
177 190 225 230 230 238 240
247 26€ 201 29¢ 31C 31C 317
NF34A5GR 144 210 235 252 250 246 260
23¢ 25¢ 277 281 27¢ 28¢ 287
225 221 260 276 284 282 278
185 200 230 240 241 244 250
21¢ 22C 227 247 267 265 27¢
283 300 310 326 327 327 330
221 25( 26( 265 277 27¢ 26E
184 200 220 235 230 230 235
NF34A/L0GR — ¢ 24¢ 28C 277 27€ 27E 27€
224 23E 25¢ 26( 265 26€ 25¢
255 266 285 290 299 303 300
18t 20C 22F 23C 231 23C 232

111




PESO

Teste de normalidade

Probability Plot of Peso
Normal
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° Mean 262,4
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Os dados tem distribuicdo normal

DADOS NAO BALANCEADOS PARA A ANALISE DE VARIANCIA

Kruskal-Wallis Test: Peso versus Trat

320 cases were used
2 cases contained missing values

Kruskal-Wallis Test on Peso

Trat N Median Ave Rank Z
ACO001 112 270,0 164,1 0,551
Cc2 49 260,0 156,4 -0,34

CONTROLE 1 47 273,0 1750 1,16
NF34A 112 260,0 152,6 -1,12
Overall 320 160,5

H=224 DF=3 P=0,525
H=2,24 DF =3 P =0,524 (adjusted for ties)

Scatterplot of Peso vs Doses
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N&o ha efeito significativo de tratamento
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N&o ha tendéncia em fucdo de doses

Regression Analysis: Peso versus Dias; Dias2

The regression equation is
Peso =223 + Q,833 Dias - 0,00298 Dias2
PONTO DE MAXIMO (139,77 ;291,21)

320 cases used, 2 cases contain missing values

Predictor Coef SECoef T P
Constant 222,950 4,599 48,48 0,000
Dias 0,8326 0,1284 6,48 0,600
Dias2  -0,0029838 0,0007355 -4,06 0,000

S=357271 R-Sq=24,5% R-Sq(adj) = 24,0%

Analysis of Variance

Source DF SS MS F P
Regression 2 131406 65703 51,47 0,000
Residual Error 317 404627 1276

Total 319 536033

Scatterplot of Peso vs Dias
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Tabela 08 — NUumero médio de larvas infectantes destrizngilideos (k) por grama de fezes, recuperadas
pelo método de Baermann, apds administragdo de mtidsrdoses dos fungds flagrans(isolado AC001)
ou M. thaumasiungisolado NF34A).

ODPFA | 28DPFA | 56 DPFA | 84 DPFA| 112 DPFA 140 DPFA 8@®PFA
1,2 36,0 8,7 76,4 52,2 38,3 75,9
0,8 65,€ 5,7 34,C 57, 38,¢ 7,C
0,7 42,7 8,3 36,0 59,2 76,7 40,0
CONTROLE 0,6 40,z 9,7 15,1 40,4 31,1 13,7
1,0 48,0 4,2 38,3 56,5 7,6 42,0
0,6 16,7 9,3 70,6 58,1 16,3 57,5
0,8 41,5 7,7 45,1 54,0 34,8 39,3
4,0 56,0 6,5 17,5 35,9 22,3 31,0
7,C 23,7 26,4 14,¢€ 18,7 35,C 73,2
4,3 64,2 28,5 21,9 12,9 47,0 29,9
CONTROLE 3,8 25,8 29, 6,8 57,8 36,5 37,¢
4,2 17,z 34,& 23,1 17,C 25,4 7,8
1,4 16,9 25,5 20,1 45,9 76,1 54,4
4,1 33,9 25,2 17,4 31,3 40,4 39,0
6,7 27,5 23,9 68,6 57,1 46,0 105,6
0,8 60,4 72,4 50,1 96,8 50,0 36,9
3,3 95,7 97,2 42,7 61,0 44,8 22,9
ACO001/5GR 15 57,5 70,8 39,3 90,5 39,9 44,5
4,C 32,5 125,( 56,¢ 55,¢ 33,¢ 43,4
5,3 78,9 167,8 62,3 65,8 9,2 33,8
3,6 58,¢ 92,¢ 53,2 71,2 37,2 47,¢
8,1 35,0 4,9 11,5 32,2 7,4 3,0
3,3 34,0 2,1 11,6 7,4 22,3 15
3,7 10,3 7,0 175 6,3 26,9 6,0
ACO001/10GR 1,4 26,6 11,7 22,3 6,4 4,9 5,7
4,C 25,€ 9,3 13,¢ 18,4 6.4 31,€
7,0 55 6,7 14,0 5,3 33,2
4,6 26,8 6,8 13,€ 14,1 12,2 13,5
5,4 4,2 18,8 32,8 33,8 64,3 46,4
6,4 7,0 7,8 46,9 66,4 73,3 48,9
6,3 3,0 17,1 27,5 57,5 69,2 73,9
NF34A/5GR 4,2 2,1 23,0 8,0 79,0 83,0 19,2
5,2 2,8 30,¢ 12,4 51,4 45,4 28,7
59 2,6 42,1 36,5 48,7 27,6 48,4
5,6 3,6 23,C 27,8 56,1 60,< 44,2
4,2 32,€ 23t 12,4 48,¢ 35,€ 38,¢
3,6 35,3 43,7 36,5 15,6 15,4 59,9
8,3 28,2 108,2 44,5 50,5 35,8 57,2
NF34A/10GR 3,0 6,6 30,1 51,7 29,1 45,6 23,0
0,9 28,7 123,7 44,4 31,7 37,2 13,6
1,3 10,9 87,2 12,0 18,0 23,9 23,1
3,5 23,7 69,4 33,6 32,3 32,2 35,9
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NUMERO DE LARVAS POR GRAMA DE FEZES

Teste de normalidade

Probability Plot of N° L3
Normal
99,9
° Mean 31,49
StDev 27,05
=l N 251
R 0,944
951 P-value <0,010
%0
80
= 10
60
85
o 407
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54
H °
[ ]
01 T T T T T T
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Transformacao de dados
Probability Plot of RAI Z
Normal
99,9
Y Mean 5,122
SDev 2,404
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Transformacgéo néo resolve
Kruskal-Wallis Test: N° L3 versus Trat

251 cases were used
1 cases contained missing values

Kruskal-Wallis Test on N° L3

Trat N Median Ave Rank Z
ACO001 83 23,90 1224 -0,56
Cc2 42 2455 1205 -0,53

CONTROLE1 42 36,00 130,6 0,45
NF34A 84 2890 130,0 0,62
Overall 251 126,0

H=0,87 DF=3 P =0,832

H=0,87 DF =3 P =0,832 (adjusted for ties)
N&o ha efeito significativo de tratamento

Regression Analysis: N° L3 versus Dose; Doses2

The regression equation is
N° L3 =29,6 + 5,54 Dose - 0,621 Doses?2
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PONTO DE MAXIMO (4,46; 41,96)

251 cases used, 1 cases contain missing values

Predictor Coef SECoef T P
Constant 29,612 2,836 10,44 0,000
Dose 5,543 1,447 3,83 0,000
Doses2 -0,6208 0,1391 -4,46 0,600

S=259957 R-Sq=8,4% R-Sq(adj)=7,6%

Analysis of Variance

Source DF SS MS F P
Regression 2 15271,2 7635,6 11,30 0,000
Residual Error 248 167592,5 675,8

Total 250 182863,7

Scatterplot of N° L3 vs Dose
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Regression Analysis: N° L3 versus Dias; Dias2

The regression equation is
N° L3 =9,24 + 0,573 Dias - 0,00254 Dias2
PONTO DE M,AXIMO (112,80 ; 41,56)

251 cases used, 1 cases contain missing values

Predictor Coef SECoef T P
Constant 9,239 3,635 2,54 0,012
Dias 0,5729 0,1011 5,67 0,600
Dias2  -0,0025416 0,0005782 -4,40 0,060

S=24,9263 R-Sq=157% R-Sq(adj) = 15,1%

Analysis of Variance

Source DF SS MS F P
Regression 2 28776 14388 23,16 0,000
Residual Error 248 154088 621

Total 250 182864
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Scatterplot of N° L3 vs Dias
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Tabela 09 — Numero médio de larvas infectantes destriangilideos (k) por quilograma de matéria seca
de pastagem @kgMS), recuperadas pelo método de Baermann, apdmiatracéo de diferentes doses dos
fungosD. flagrans(isolado AC001) oM. thaumasiungisolado NF34A).

ODPFA | 28 DPFA | 56 DPFA| 84 DPFA| 112 DPFA 140 DPFA | 168 DPFA
1169,20 128,27 0,00 666,65 247,22 56,94 62,89
83,5( 88,9( 0,0C 0,0C 382,0¢ 75,9( 75,41
271,90 11623,60 0,00 0,00 269,64 18,98 75,47
CONTROLE 104,4( 2371,4: 0,0C 355,52 44,94 208,7+ 62,8¢
41,80 19,68 0,00 0,00 292,15 132,88 75,4y
20,90 108,58 22,62 0,00 44,94 113,86 88,04
281,95 2390,08 3,77 170,36 213,49 101,21 73,37
1169,20 21,88 0,00 218,81 185,51 68,79 210,37
83,5( 1312,9( 0,0C 3304,1: 148,4: 84,5¢ 154,2¢
271,90 153,16 0,00 21,88 166,96 110,05 140,24
CONTROLE 104,4( 87,52 41,6¢ 65,64 148,4: 151,3¢ 98,1¢
41,8( 4879,6: 41,61 525,1¢ 333,9- 96,32 56,1C
20,90 18074,39 0,00 437,62 352,48 137,59 0,00
281,95 4088,25 13,89 762,21 222,62 108,11 109,86
1169,20 88,08 0,00 21,41 157,18 48,6( 46,9
83,50 264,24 23,75 0,00 176,83 85,09 50,61
271,90 66,07 0,00 0,00 333,70 243,00 37,9p
ACO001/5GR 104,40 264,25 0,00 0,00 255,44 24,3( 88,58
41,8( 22,02 0,0C 64,2< 334,1¢ 121,5( 126,5¢
20,90 1365,25 0,00 42,82 235,79 72,9( 75,90
281,9¢ 344,9¢ 3,9¢ 21,41 248,8¢ 99,2¢ 71,0¢
1169,20 88,18 41,75 63,83 399,99 64,7% 12,45
83,50 1869,49 0,00 21,28 104,34 25,9( 74,72
271,90 17,64 125,26 0,00 226,07 90,66 49,80
ACO001/10GR| 104,40 52,91 62,63 0,00 226,07 106,56 12,46
41,8( 2388,4( 229,6¢ 0,0C 226,0; 77,7C¢ 0,0C
20,90 1234,79 0,00 21,28 191,29 103,611 0,0(¢
281,9¢ 941,9( 76,5¢ 17,7t 228,9. 78,2( 24,9C
1169,20 180,99 0,00 11153,85 116,72 104,16 136,85
83,50 226,23 55,97 432,69 194,53 156,25 45,45
271,90 3506,77 0,00 144,22 330,67 156,25 75,15
NF34A/5GR 104,40 3687,77 0,00 48,06 175,07 243,70 0,00
41,8( 588,2¢ 0,0C 264,4: 116,7: 86,8( 0,0C
20,90 339,34 0,00 24,03 252,87 138,89 0,0q
281,9¢ 1421,5¢ 9,3¢ 2011,2: 197,7¢ 147,6¢ 42,9¢
1169,2( 7745,5( 20,7¢ 524,8¢ 382,7¢ 110,2¢ 50,5¢
83,50 44,64 20,79 43895,08 263,15 128,67 50,99
271,90 0,00 41,58 27,62 1363,64 165,44 84,3P
NF34A/10GR| 104,40 558,03 0,00 359,11 511,39 349,26 0,00
41,80 3284,25 62,37 745,85 1291,86 441,18 0,00
20,90 111,60 415,80 31767,96 1554,98 128,67 0,00
281,95 1957,34 93,56 12886,74 894,683 220,58 30,92
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NUMERO DE LARVAS POR KG/MS
Teste de normalidade

Probability Plot of N° L3 B
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A transformacé&o néo resolveu o problema de anormalidas

Kruskal-Wallis Test: N° L3 B versus Trat

Kruskal-Wallis Test on N° L3 B

Trat N Median Ave Rank Z
ACO001 84 69,49 111,5 -2,30
Cc2 42 123,82 138,2 1,14
CONTROLE 1 42 75,47 114,4 -1,18
NF34A 84 128,67 141,7 2,34
Overall 252 126,5

H=941 DF=3 P=0,024
H=9,46 DF =3 P =0,024 (adjusted for ties)
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I nterval Plot of N° L3 Bvs Trat
95% Cl for the Mean
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Contrariando o resultado de Kruskal-Wallis, os intervales de confianca para as
médias ndo apresentaram diferencas significativas

Scatterplot of N° L3 B vs Dose
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N&o ha tendéncia significativa em funcéo de doses
Scatterplot of N° L3 B vs Dias
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N&do ha tendéncia significativa em funcéo de dias
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