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Résumé

Les surfaces gazonnées constituent des écosystémes importants de notre environnement
urbain, mais leur écologie a été trés peu étudiée au Québec. Le type d’entretien des
pelouses peut influencer grandement la stabilité du milieu en affectant les interactions entre
les communautés d’arthropodes. Ce projet de doctorat visait d’abord a caractériser les
communautés d’arthropodes, et plus particulierement les collemboles et les carabes. Par la
suite, I’effet de différents programmes phytosanitaires sur les arthropodes a été évalué. Sur
une période de trois ans, les arthropodes de deux surfaces gazonnées, une pelouse
nouvellement ¢établie et une pelouse établie depuis une dizaine d’années ont été
¢échantillonnés. Quatre types d’entretien de pelouse ont été testés soit : i-entretien sans
controle des organismes nuisibles (témoin), ii-entretien avec pesticides de synthese, iii-
entretien avec I’approche de lutte intégrée et iv-entretien écologique. Dans un autre volet,
le potentiel des graminées endophytiques pour lutter contre un insecte nuisible, la punaise
velue, a été évalué. A partir d’expériences au champ, la survie de ces graminées et de leur
endophyte aux hivers québécois a d’abord été déterminée. Par la suite, des expériences en
serres ont permis de déterminer le potentiel de différentes combinaisons de ray-grass

endophytiques et de paturin du Kentucky sur la survie de la punaise velue.

Les résultats ont révélé que la diversité des arthropodes en général, et celle des collemboles
et des carabes en particulier, était similaire dans les deux types de pelouses malgré une
composition végétale différente. Aucune différence entre les quatre types d’entretien de
pelouse n’a ¢été détectée a moyen terme concernant [’abondance des arthropodes.
Cependant, a court terme, I’application d’insecticides (diazinon et carbaryl) a entrainé une
réduction des populations de collemboles et de carabes. Le ray-grass vivace et la fétuque
¢levée ont la capacité de survivre aux hivers québécois. Toutefois, alors que I’endophyte
Neotyphodium lolii vivant en association avec le ray-grass vivace est demeuré a un niveau
stable suite a deux hivers, ’association N. coenophialum -fétuque élevée n’a pas persistée.
Les expériences en serres ont révélé que le ray-grass vivace endophytique ‘SR 4220’ n’a

pas d’effet négatif sur la punaise velue.
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Abstract

Turfgrass lawns are important ecosystems in urban areas, but the ecology of cool-season
lawns has not been extensively studied in Quebec. Turfgrass management may influence
ecosystem stability and arthropod communities. The first objective of this thesis was to
characterize arthropod communities associated with turfgrass in Québec, and more
specifically Collembola and ground beetle assemblages. Second, the effect of different
turfgrass management practices on arthropods was evaluated. In a three-year field study,
arthropods were sampled in two turfgrass lawns: a newly established lawn and a 10-year
old lawn. Four turfgrass management were tested: i-management without pest control
(control), ii-management with chemical pesticides, iii-integrated pest management, and iv-
ecological management. Another aspect of this thesis was the evaluation of the potential of
endophytic turfgrasses for the control of the hairy chinch bug, an important insect pest in
Québec. Overwinter survival of endophytes and their host plants was first tested in two
ecologically different areas under natural conditions. Furthermore, the influence of
different combinations of endophytic perennial ryegrass and Kentucky bluegrass on hairy

chinch bug survival and development was determined under greenhouse conditions.

The study indicates that the diversity of arthropods in general, and of Collembola and
ground beetle in particular was similar for both lawns even if plant composition differed.
After three years, no difference between the four turfgrass management practices was
detected. However, short term effects following insecticide (diazinon and carbaryl)
applications appeared for Collembola and ground beetles communities. Perennial ryegrass
and tall fescue have the capacity to overwinter under Québec winter conditions. The
endophyte Neotyphodium coenophialum found in tall fescue didn’t persist over time while
the association N. /olii—perennial ryegrass remained stable after two winters. Greenhouse
experiments revealed that endophytic perennial ryegrass ‘SR 4220’ did not negatively

affect hairy chinch bug survival and development.
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Avant-Propos

Cette thése renferme le manuscrit d’un article publié dans le journal scientifique
Pedobiologia (2006, 50:61-68 ; Chapitre II de la these). L’article intitulé ‘Species diversity
and seasonal abundance of Collembola in turfgrass ecosystems of North America’ fut
rédigé par Sophie Rochefort. Les co-auteurs de cet article sont Fernand Thérrien, David
Shetlar et Jacques Brodeur. Le Chapitre III est un manuscrit qui a ét¢ soumis au journal
scientifique Environmental Entomology (Avril 2006). L’article intitulé ‘Ground beetle
assemblages (Coleoptera: Carabidae) and their seasonal abundance in turfgrass ecosystems
in North America’ fut également rédigé par Sophie Rochefort et les co-auteurs sont David
Shetlar et Jacques Brodeur. Le quatrieme chapitre a été soumis au journal scientifique
Crop Science (Mai 2006). L’article intitulé ‘Overwinter survival and establishment of
endophyte-infected and uninfected tall fescue and perennial ryegrass in turfgrass lawns of
north eastern North America’ a été rédigé par Sophie Rochefort. Les co-auteurs de ce
manuscrit sont Yves Desjardins, David Shetlar et Jacques Brodeur. Les autres chapitres de
cette theése sont des manuscrits qui seront éventuellement soumis a des journaux
scientifiques et 1’étudiante Sophie Rochefort est 1’auteure principale de tous ces manuscrits.

Au début de chaque chapitre, le nom des co-auteurs est mentionné.
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CHAPITRE 1

INTRODUCTION GENERALE



1.1 Introduction

Les surfaces gazonnées occupent une place importante de notre environnement urbain en
Amérique du Nord (Tashiro 1987). Au Québec, on estime a environ 200 000 hectares la
superficie totale engazonnée, ce qui géneére des retombées économiques de pres de 275
millions de dollars (Bédard et Desjardins 1991). Cette popularité des graminées a gazon
en milieu urbain s’explique par différents facteurs. Dans un premier temps, ces plantes se
cultivent facilement, tolérent des tontes courtes et le pié¢tinement (Beard 1973). Il existe
maintenant un large éventail d’espéces de graminées a gazon adaptées a différents climats
(Tashiro 1987). Dans un deuxiéme temps, les surfaces gazonnées apportent des bienfaits
au niveau de I’environnement et de la santé des citadins. Entre autres, les gazons
favorisent un rafraichissement de 1’air ambiant, une réduction de 1’érosion des sols, une
diminution du bruit, une augmentation du niveau de mati¢re organique des sols, une
réduction des allergies, etc (Beard et Green 1994). Outre ces bienfaits environnementaux,
les graminées a gazon constituent des surfaces de jeux idéales et sécuritaires
comparativement aux plantes dicotylédones (Powell 1987). Finalement, il a été démontré
que les surfaces gazonnées contribuent a améliorer la santé physique et mentale des

citadins (Lewis 1995, Matsuo 1995).

Afin de préserver la qualité des surfaces gazonnées, les gestionnaires d’espaces verts
(surintendants de terrains de golf, responsables municipaux, compagnies d’entretien de
pelouses et citoyens) ont recours aux pesticides de syntheése pour lutter contre divers
organismes indésirables. Depuis une quinzaine d’années, I’utilisation de ces produits en
milieu urbain est fortement critiquée au Québec et dans le reste du Canada. En 1991, la
Ville de Hudson, a I’ouest de Montréal, fut la premiére municipalité au Québec a adopter
un reglement interdisant I’application de pesticides sur les terrains résidentiels. Cette
réglementation fut contestée en Cour Supréme du Canada par deux compagnies
d’entretien de pelouses ainsi que par la Fédération Interdisciplinaire de I’Horticulture

Ornementale du Québec (FIHOQ). La Cour Supréme du Canada rendit son verdict en



juin 2001 et donna raison a la Ville de Hudson. Le jugement' mentionne que la ville est
en droit d’interdire 1’'usage des pesticides lorsqu’elle estime que la santé de ses citoyens
est en danger, cela en se basant sur le principe de précaution. Aprés ce jugement,
plusieurs municipalités du Québec et du Canada ont emboité le pas avec des réglements

limitant ou interdisant 1’utilisation des pesticides.

Par la suite, en avril 2003, le Ministére du développement durable, de I’environnement et
des parcs adopta un Code de gestion des pesticides’. Ce Code spécifie que plusieurs
pesticides utilisés pour I’entretien des gazons seront interdits, et ce progressivement. Par
exemple, pour les terrains publics, parapublics et municipaux, 1’utilisation de certains
pesticides fut interdite dés 2003. En 2005, cette interdiction toucha la vente libre et
finalement, depuis avril 2006, ce sont les terrains résidentiels et commerciaux qui sont
affectés par cette loi (Ministére du développement durable, de 1’environnement et des

parcs du Québec 2003).

Le Code de gestion et les réglements municipaux apportent des changements majeurs
dans la gestion des pelouses québécoises. Les différents gestionnaires d’espaces verts
ainsi que les propriétaires de résidence devront avoir recours a des méthodes alternatives
de lutte pour régler un probléme phytosanitaire. Cependant, la disponibilité de ces
méthodes de lutte est trés limitée au Canada et leur efficacité n’est souvent pas

rigoureusement démontrée.

Le Québec s’avére un leader dans 1’adoption de lois restrictives concernant 1’utilisation de
pesticides en milieu urbain. Ce leadership entraine cependant un besoin urgent de
développement de méthodes alternatives. Ce projet de doctorat s’inscrit dans cette
problématique de développement d’alternatives aux pesticides chimiques, mais également
dans un contexte ou nos connaissances de base de 1’écosystéme ‘gazon’ demeurent tres

fragmentaires. La caractérisation de cet écosystéme urbain permettra de décrire la
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structure des communautés de plantes et d’arthropodes et aussi de mieux comprendre les
relations plantes-insectes. L’écologie des surfaces gazonnées a été tres peu étudiée
comparativement a d’autres cultures agricoles ou écosystémes naturels;  plus
particulierement pour les pelouses des régions froides tel qu’au Québec. De plus, nos
connaissances sur les interactions directes et indirectes entre les différents arthropodes du
gazon sont limitées. L’écosystéme ‘gazon’ est relativement simple et donc, en théorie,
peu stable. L’impact des pratiques culturales et des traitements phytosanitaires devrait

ainsi influencer grandement le maintien de I’équilibre au sein du systéme.

Ce projet de recherche porte essentiellement sur trois aspects soit : i-la caractérisation des
communautés d’arthropodes dans les pelouses québécoises, ii-I’effet de différentes
stratégies phytosanitaires sur les populations d’arthropodes, et iii-le potentiel des
graminées endophytiques sur les densités de populations d’un insecte ravageur des

pelouses.

1.2 Volet I — Caractérisation des communautés d’arthropodes

et effet des traitements phytosanitaires

1.2.1 Caractéristiques d’une pelouse

En Amérique, la pelouse est généralement constituée de plantes faisant partie d’une seule
et méme famille : les Graminées. Au Québec, les nouvelles pelouses établies avec du
gazon en plaque présentent un milieu encore plus simplifié, avec une seule espece
végétale présente soit le paturin du Kentucky, Poa pratensis L. La pelouse est également
constituée d’un seul niveau de végétation, la strate herbacée, comparativement a d’autres
habitats (ex. milieu forestier) ou il existe différentes strates végétatives qui assurent ainsi
une plus grande diversité et un meilleur équilibre entre les communautés d’organismes
vivants. Finalement, comme la majorité¢ des plantes en milieu urbain, les pelouses sont
soumises a des stress biotiques et abiotiques importants. La simplicité de ce milieu ainsi

que les stress qu’il subit le rend davantage instable. Ceci a pour effet d’entrainer a



I’occasion d’importants problémes phytosanitaires suite a une perturbation importante (ex.

tonte, sécheresse, pesticide) du milieu.

La pelouse est constituée principalement de racines, de tiges et de feuilles de graminées a
gazon (Beard 1973). Elle se divise en trois strates soit les parties aériennes, la zone de
feutre et le sol. Le feutre est une couche dense constituée de tiges, de feuilles et de
racines mortes et vivantes (Beard 1973). L’humidité et la température élevée du feutre en
font un micro habitat de prédilection pour le développement de certains groupes de
microorganismes et d’arthropodes (Tashiro 1987). Dans chacune de ces trois strates, se
retrouve une diversité d’arthropodes représentés par différents groupes tel que les
prédateurs, les phytophages, les décomposeurs, les parasites, etc. (Cockfield et Potter
1984a, Vavrek et Niemczyk 1990, Braman et Pendley 1993). Chacun de ces groupes
contribue directement ou indirectement au fonctionnement et a la stabilité de

I’écosysteme.

Selon des études réalisées principalement aux Etats-Unis dans des pelouses de paturin du
Kentucky, les principaux groupes d’arthropodes bénéfiques retrouvés dans 1’écosystéme
gazon étaient : les fourmis, les carabes, les araignées, les staphylins, les cicadelles et les
chrysoméles (Cockfield et Potter 1984a, Arnold et Potter 1987). L’étude de Wang et al.
(2001) a permis de caractériser les populations d’arthropodes présentes a différents
niveaux de I’écosystéme gazon. Ony a recensé jusqu’a 424 368 arthropodes répartis dans
49 sous-ordres et familles. Les acariens oribates, les collemboles (famille des Isotomidae
et Sminthurididae) et les staphylins représentaient 97% du total des captures. A la surface
du sol, les arthropodes étaient constitués des principales familles suivantes: Lycosidae
(araignées), Chrysomelidae, Coccinellidae, Nabidae, Lygaeidae, Curculionidae et
Miridae. Au niveau du feutre, on retrouvait des Oribatida, des Scydmaenidae
(Coleoptera) et des Phoridae (Diptera). Finalement dans le sol, les Collembolla,
Staphylinidae, Formicidae, Carabidae et Elateridae représentaient les groupes les plus
abondants. Un tel type de caractérisation des arthropodes aux différents niveaux de

I’écosystéme gazon n’a pas été réalisé au Canada.



Dans le premier volet de ce projet de doctorat, les groupes des collemboles et des carabes
ont été échantillonnés et les individus identifiés a 1’espece. Les collemboles, un des
groupes les plus abondants de la pédofaune, sont des insectes ubiquistes jouant des roles
¢cologiques importants (décomposeurs, fongivores, ‘ingénieurs’ du sol) dans les
¢cosystemes (Christiansen 1964, Hopkin 1997). Les carabes regroupent des insectes
prédateurs et omnivores sensibles aux changements de qualité de leur habitat, donc de
bons bio-indicateurs de perturbations du milieu (Descender et al. 1994). Pour ces deux
groupes d’insectes, il n’existe aucune étude portant sur leur abondance saisonniere et leur

diversité dans les pelouses.

1.2.2 Effets des traitements phytosanitaires sur les populations

d’arthropodes

Les graminées a gazon en milieu urbain nécessitent un niveau d’entretien intensif afin de
répondre a un standard ¢€levé d’esthétisme (Hull et al. 1994). Cela signifie 1’utilisation
importante de fertilisants, d’insecticides et d’herbicides. L’entretien des surfaces
gazonnées est principalement réalis€¢ par les professionnels des terrains de golf, les
responsables d’espaces verts municipaux, les entreprises d’entretien de pelouses et
finalement, les propriétaires de résidence. Au Québec, il existe actuellement prés de 300
compagnies d’entretien de pelouses qui offrent différents services tel que la fertilisation
annuelle et le controle des organismes nuisibles (insectes, mauvaises herbes et maladies
fongiques). Au début des années ’80, I’application des traitements phytosanitaires se
faisait généralement de maniére routiniére, sans €gard a la présence ou non de fortes
populations d’organismes nuisibles. Suite aux réglementations municipales et a la
conscientisation environnementale des citoyens, plusieurs entreprises offrent maintenant
des programmes adaptés aux besoins réels de la pelouse. Jusqu’au moment de
I’application du Code de gestion des pesticides, les insecticides et les herbicides de
synthése étaient les méthodes de contrdle les plus utilisées par ces entreprises, mais
¢galement par les particuliers. Selon le Ministére du développement durable, de
I’environnement et des parcs (Lefebvre 2002), la quantité totale d’insecticides utilisés

pour I’entretien des espaces verts par les entreprises professionnelles, les terrains de golf



et les terrains municipaux ¢était de 5 698 kg de matiere active en 1998 et de 8 816 kg en
1999. Pour le secteur domestique, la vente totale d’insecticides (pesticides de classe 4 et
5) pour les pelouses était respectivement en 1998 et 1999 de 4 334 kg et 8 595 kg de
maticre active. De 1998 a 1999, la quantité totale est passée de 27 686 kg de maticre
active en 1998 a 24 157 kg en 1999. Pour le secteur de ’entretien des espaces verts, il y
a eu une légére augmentation de 1998 a 1999 (101 970 kg en 1998 et 102 174 kg en
1999). De facon générale, a cette époque, le nombre de traitements phytosanitaires

effectués sur une pelouse résidentielle était de deux a cing traitements par année.

La croissance de 1’industrie du gazon au cours des 35 derni¢res années a entrainé une
augmentation de I’utilisation d’insecticides organophosphorés et carbamates dans
I’environnement urbain. L’impact écologique de ces pesticides est toutefois peu
documenté. Dans d’autres systemes agricoles, il a été démontré que les pesticides alterent
les interactions entre les espéces d’arthropodes et conséquemment, modifient la stabilité

des communautés (Pimentel et Edwards 1982).

Les insecticides généralement utilisés pour 1’entretien des pelouses ont pour la plupart une
activité¢ a large spectre d’action sur les arthropodes, affectant du méme coup les
populations d’arthropodes bénéfiques et nuisibles (Streu 1969 et 1973, Potter et al. 1985,
Cockfield et Potter 1983). Les arthropodes bénéfiques, tels les ennemis naturels,
contribuent généralement a réduire les populations d’insectes ravageurs (Potter 1998).
Par exemple, I’application de chlordane entraine une résurgence des populations de
punaise velue, Blissus leucopterus Montandon (Hemiptera : Lygaidae) tandis que des
applications répétées de carbaryl provoque une augmentation du nombre de tétranyque
des grains, Penthaleus major (Duges) (Acarinae : Penthaleidae) suite a la destruction des
prédateurs naturels de ces deux ravageurs (Streu 1969, Streu et Gingrich 1972). Une autre
¢tude menée par Reinert (1978) démontre que les populations de Blissus insularis Barber
(Hemiptera : Lygaeidae) ont ét¢ maintenues sous le seuil de nuisibilité par les prédateurs
présents naturellement dans une pelouse non traitée. Ces études n’ont toutefois pas
mesuré 1’effet direct de la disparition d’un ou de plusieurs prédateurs sur les populations

d’insectes ravageurs. Toutefois, Cockfield et Potter (1984b) ont démontré qu’une pelouse



traitée avec 1’insecticide chlorpyrifos entrainait une réduction significative de 1’abondance
des prédateurs des pelouses ainsi qu’une réduction du niveau de prédation des ceufs de

pyrale des prés (Lepidoptera : Pyralidae) comparativement a une pelouse non traitée.

Les traitements pesticides entrainent différentes réponses chez divers groupes
d’arthropodes. Ces effets sont visibles a court terme (quelques jours ou semaines suivant
I’application du traitement) ou a moyen terme (effets cumulatifs d’applications répétées
d’un insecticide ou effet déclencheur d’évenements suite a une seule application). Terry
et al. (1993), ont démontré que I’insecticide isazofos pouvait entrainer d’importantes
baisses de populations de prédateurs a court terme comparativement aux autres
insecticides a 1’étude soit le cyphlutrin et le carbaryl. Ces baisses ont ét¢ observées chez
les araignées, les fourmis, les staphylins et les carabes. Ces mémes auteurs ont aussi
mesuré le temps de re-colonisation de ces arthropodes suite aux traitements. Six a dix
semaines apres les traitements, les arthropodes les plus mobiles (araignées, staphylins,
etc.) avaient re-colonisé les parcelles traitées. Ce phénomene a également été observé par
Cockfield et Potter (1983). Une telle re-colonisation est caractéristique des terrains
résidentiels ou les surfaces gazonnées sont souvent fragmentées et bordées de zones non
traitées telle que les plates-bandes. Ces zones offrent des refuges a plusieurs arthropodes

(Shrewsbury et Raupp 2000, Tooker et Hanks 2000).

En plus des traitements pesticides, certaines études se sont penchées sur I’effet de la régie
(intensive et modérée) sur les populations d’arthropodes bénéfiques (Arnold et Potter
1987, Braman et al. 2000, Braman et Pendley 1993, Potter et al. 1985). Ces études
démontrent que certains groupes d’arthropodes présentent une plus grande sensibilité a
une régie intensive (plusieurs insecticides et herbicides appliqués durant la saison ainsi
que des fertilisants) comparativement a un témoin dans lequel uniquement la tonte était
pratiquée. Les araignées et les staphylins furent les groupes d’arthropodes les plus
affectés dans les parcelles traitées. L’ensemble de ces études démontre qu’il existe une
trés grande variabilité de D’effet des traitements ou de la régie sur les populations

d’arthropodes et ce, durant une méme saison. Le type de pesticide, le type d’arthropodes



ainsi que la composition végétale des parcelles expérimentales sont autant de facteurs de

variabilité.

A ce jour, une seule étude a évalué 1’effet de traitements naturels ou biologiques sur les
populations d’arthropodes des pelouses. Wang et al. (2001) ont étudié I’effet a long terme
de I'utilisation de nématodes (genre Sternernema et Heterorhabditis) et d’un champignon
entomopathogene, Beauveria bassiana (Balsamo) Vuillemin sur les insectes non ciblés et
les nématodes phytophages se trouvant dans le sol. Certains groupes d’arthropodes
¢taient plus abondants dans les parcelles traitées avec les produits biologiques que dans
les parcelles traitées au chlorpyrifos, alors que d’autres groupes d’arthropodes, tels les
Sminthurididae (Collembola), étaient plus abondants dans les parcelles traitées avec le
chlorpyrifos. Les auteurs expliquent ce phénomene par la réduction de I’abondance d’un

ou de plusieurs prédateurs des Sminthurididae.

Finalement, une seule étude a comparé un programme de lutte intégrée a un programme
conventionnel (application de pesticides selon un calendrier de traitements) pour
I’entretien d’aménagements paysagers commerciaux (Stewart et al. 2002). Cette étude
souligne les bénéfices apportés par I’une ou I’autre des régies du point de vue économique
(quantité totale de pesticides appliqués et niveau de contrdle des ravageurs), mais ne
mentionne pas les différences observées entre ces régies quant a 1’abondance ou la

diversité des arthropodes bénéfiques.

Mon projet de doctorat constitue donc la premiére étude comparant I’effet de régies
conventionnelles, écologique et de lutte intégrée sur les populations d’arthropodes

bénéfiques et nuisibles des surfaces gazonnées des régions froides.
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1.2.4 Hypothese de recherche

Les interventions avec des pesticides de synthése perturbent grandement 1’écosystéme
‘gazon’ entralnant une perte de diversité des espeéces d’arthropodes, une plus grande

instabilité et donc des problémes récurrents de ravageurs.

1.2.5 Objectifs

Objectif principal : Déterminer les effets, a court et moyen termes, de différents

programmes d’entretien de pelouses sur les populations d’arthropodes.

Objectifs spécifiques :

1. Caractériser les populations d’arthropodes des surfaces gazonnées qui colonisent
deux des principaux habitats: surface du sol et sol;

2. Comparer I’abondance et de la diversit¢ des arthropodes d’une pelouse
nouvellement établie et d’une pelouse établie depuis une dizaine d’années;

3. Suivre I’évolution des communautés d’arthropodes suite a I’implantation d’une
pelouse;

4. Déterminer I’impact et I’efficacit¢ des traitements chimiques et écologiques sur
I’abondance et la diversité des arthropodes a court (1 semaine et 3 semaines apres

les interventions phytosanitaires) et moyen (apres trois années) termes.

Afin de répondre a ces objectifs, j’ai opté pour I’expérimentation sur le terrain en
reproduisant le plus possible la situation réelle d’un terrain résidentiel ou municipal. Les
traitements phytosanitaires, le type de terrains sélectionnés, la régie de tonte et de
fertilisation ont tous été choisis en fonction des pratiques actuelles de 1’entretien des
surfaces gazonnées. Cette étude, qui s’est déroulée sur trois ans (2003-2005), a permis
d’observer graduellement les modifications engendrées par les différentes régies sur les

principaux groupes d’arthropodes.
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1.3 Volet II - Graminées endophytiques

Le deuxiéme volet de mon projet de doctorat portait sur 1’utilisation des graminées
endophytiques afin de réduire les populations d’un insecte ravageur des pelouses. Avec
I’adoption du Code de gestion des pesticides, le développement et [’'utilisation de
méthodes alternatives deviennent une priorit¢ pour les gestionnaires d’espaces verts.
L’introduction de graminées endophytiques dans les pelouses déja établies offre une voie
intéressante de lutte naturelle aux insectes ravageurs au Québec. En effet, 1’ajout de
graminées endophytiques aux pelouses constituées de paturin du Kentucky (principale
espece cultivée au Québec) en plus d’augmenter la diversité végétale confére une
protection accrue contre les insectes phytophages. La polyculture (introduction d’une ou
de plusieurs especes végétales dans une culture) est une approche déja utilisée dans
plusieurs systémes agricoles. Une combinaison de plantes hotes et non-hotes dans une
culture, permet entre autres : i-une réduction des densités de populations d’insectes
ravageurs et, conséquemment, des dommages, ii-une modification des déplacements et
des comportements de recherche des ravageurs et iii-une plus grande susceptibilité de ces
derniers aux ennemis naturels (Coll et Bottrell 1994). Un des principes associés a la
diversification des cultures dans la réduction des populations d’insectes ravageurs est que
ces derniers passeront plus de temps a rechercher un hote convenable pour leur nutrition
et leur développement, et s’exposeront davantage aux prédateurs, parasitoides et

pathogenes.

L’effet de la polyculture sur les populations d’insectes ravageurs des pelouses a été peu
¢tudié. Richmond et Shetlar (2000) ont été les premiers a démontré lors d’expériences sur
le terrain, qu'un mélange de graminées endophytiques et non endophytiques pouvait
réduire significativement les populations de punaises velues, au stade larvaire, et les
dommages associés a ce ravageur. Les auteurs expliquent cette réduction par des
modifications dans la distribution et le comportement de I’insecte, mais également par une
augmentation de la prédation. Ainsi, la punaise prédatrice Geocoris sp., un prédateur

important de la punaise velue (Tashiro 1987), capture plus de proies puisque les punaises
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velues doivent se déplacer davantage pour se nourrir dans une pelouse constituée de

plusieurs espéces de graminées endophytiques et non endophytiques.

Les endophytes sont des organismes d’origine fongique ou bactérienne passant en partie
ou en totalit¢ leur cycle de vie a I’'intérieur des tissus d’une plante sans causer de
symptomes apparents (Wilson 1995). La découverte des endophytes dans les graminées
et dans divers groupes de plantes telles que le souchet (Cyperaceae) et certains coniféres
(Pinaceae) remonte a plus d’un siecle (Breen 1994). Cependant, le potentiel des
champignons endophytiques en agriculture et comme moyen de lutte biologique n’a été
que récemment démontré soit depuis une trentaine d’années. L’endophyte du genre
Neotyphodium a été tres étudié car il est a la fois associé a la résistance aux insectes et aux
toxicoses chez le bétail (Breen 1994). Pour les gazons, la présence d’endophytes est
bénéfique, car elle permet une certaine résistance aux insectes ravageurs des pelouses. En
contre partie, dans les paturages, la présence de graminées avec endophytes, telles les
fétuques ¢élevées, Festuca arundinacea Shreb. et les ray-grass, Lolium perenne L., est
problématique car elle provoque des intoxications chez le bétail, ainsi qu'une baisse de
lactation et une perte de poids chez les vaches laiticres (Bacon et al. 1977, Fletcher et

Harvey 1981).

Au cours de leur évolution, les graminées ont développé des associations de nature
symbiotique avec les endophytes du genre Neotyphodium. Cet endophyte, de la famille
des Clavicipitaceae appartenant a la tribu des Balansieae, ne produit pas de conidies et ne
réduit aucunement la vigueur et la qualité de la plante infectée. C’est d’ailleurs pour ces
raisons que ce type d’endophyte a fait ’objet de nombreuses études. Cette relation entre
le champignon endophytique et la plante est une association de mutualisme car
I’endophyte assure une protection a la plante contre les herbivores et parallélement, la
plante apporte les nutriments nécessaires a la croissance de I’endophyte (Clay 1988 et
1991). Cette association bénéfique entre les graminées et les endophytes fut rapportée
pour la premiére fois au début des années *80. Des études réalisées par Prestidge et al.
(1982) ont démontré que des parcelles avec ray-grass endophytiques entrainaient des

baisses significatives de populations du charancon argentin de la tige, Listronotus
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bonariensis (Kuschel), ainsi que des dommages qui lui étaient associés. La fétuque
¢levée et le ray-grass vivace sont les deux principales especes de graminées a gazon
infectées avec des endophytes du genre Neotyphodium (Seigel et al. 1987), mais on
retrouve également des endophytes dans les fétuques fines telles que les fétuques rouge
tragante, Festuca rubra L. et de Chewing, F. rubra var. commutata Gaud. (Saha et al.

1987, Siegel et al. 1990).

La résistance aux herbivores engendrée par les endophytes du genre Neotyphodium résulte
de la production de composés alcaloides par 1’endophyte. Les principaux composés
alcaloides produits par les endophytes sont : la peramine, I’ergovaline, le lolitrem (indoles
diterpenes) et la loline (Dahlman 1991). Ces alcaloides engendrent chez les insectes
herbivores des réactions d’antibiose et/ou d’antixénose. L’antibiose est 1’effet négatif
qu’engendrent les caractéristiques d’une plante sur la biologie de D’insecte (ex.:
augmentation de la mortalité, réduction de la fécondité, etc.). L’antixénose pour sa part,
se définit comme ¢€tant les caractéristiques d’une plante ayant un effet répulsif chez les
insectes (Pedigo 2002). La nature des composés alcaloides produits par un endophyte,
dépend de son association avec son hdte. Par exemple, dans le ray-grass infecté avec N.
lolii, les lolitrems, 1’ergovaline et la peramine sont les trois principaux composés produits
(Seigel et al 1990, Christensen et al. 1993, Schardl et al 1994). Chez les fétuques élevées
infectées par N. coenophialum, on retrouvera principalement la peramine, la loline et
I’ergovaline (Cheplick et Clay 1988, Clay 1990, Seigel et al. 1990, Christensen et al.
1993). La distribution des composés alcaloides dans la plante est étroitement liée a la
localisation du mycélium dans les tissus. Ces composés se retrouvent donc en
concentration €levée au niveau des feuilles (plus particuliérement au niveau de la gaine),
des tiges et des semences. La production des composés alcaloides in planta sera
¢galement affectée par des facteurs biotiques tel que le génotype de la plante, et
abiotiques tel que la sécheresse, la fertilisation, etc. (Malinowski et Belesky 2000). Lyons
et al (1986) ont observé, en serre, une concentration en alcaloides de type ‘ergot’
significativement plus élevée chez des plants de fétuques élevées fertilisés avec un engrais
azoté que chez des plants non fertilisés. Cette concentration était également plus élevée

dans la gaine de la feuille de ces plants que dans la feuille. De plus, Belesky et al. (1988)
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ont démontré, lors d’expériences en champ, que la concentration de ces composés
alcaloides variait selon la saison, étant plus élevée au printemps qu’a I’automne, avec une

baisse substantielle au milieu de 1’été.

Jusqu’a ce jour, plusieurs études ont démontré la relation qui existe entre le niveau
d’infection d’une plante avec un endophyte, la mortalité¢ des ravageurs et les dommages
engendrés par ces derniers (Breen 1993, Johnson-Cicalese et White 1990, Murphy et al.
1993). Parmi les insectes ravageurs des graminées a gazon, la punaise velue, Blissus
leucopterus hirtus Montandon (Hemiptera: Lygaeidae) et la calandre du paturin,
Sphenophorus parvulus Gyllenhal (Coleoptera : Curculionidae) seraient parmi les espéces
les plus affectées par la présence d’endophyte. Ces deux ravageurs se nourrissent des
parties aériennes de la plante la ou la concentration en composés alcaloides est la plus
¢levée. En effet, les punaises velues se nourrissent a la base des tiges de graminées tandis
que les larves et les adultes de la calandre du paturin s’alimentent respectivement au
niveau de la couronne du gazon et du feuillage (Tashiro 1987). Des ¢études menées en
laboratoire par Carriere et al. (1998) ont démontré une diminution du taux de survie de la
punaise velue en présence de I’endophyte. La punaise velue était en mesure de détecter la
présence de I’endophyte dans les plants de graminées et par le fait méme, d’éviter ces
plants. Une autre étude réalisée sur le terrain par Murphy et al. (1993) a démontré que les
populations de calandres, Sphenophorus sp, étaient également affectées négativement
(diminution du taux de survie et de I’alimentation) par la présence de graminées
endophytiques. Ahmad et al. (1986) et Johnson-Cicalese et White (1990) avaient obtenu
des résultats similaires. Murphy et al. (1993) ont également observé une baisse des
populations de pyrales des prés dans les parcelles avec endophyte comparativement aux
parcelles sans endophyte. Cette réponse des pyrales des prés a la présence d’endophyte
avait aussi été observée par Funk et al. (1983). Jusqu’a présent, parmi les insectes se
nourrissant des racines des graminées endophytiques, seules les larves de scarabée
japonais, Popilla japonica Newman, ont démontré une sensibilité aux alcaloides de type
ergot dans une étude menée sur dicte artificielle par Patterson et al. (1991). Potter et al.
(1992) ont pour leur part obtenu des résultats variables lors d’expériences menées sur le

terrain avec deux Scarabeidae, Popillus japonica et Cyclocephala lurida. Aucune
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différence significative au niveau de la survie de ces deux espéces n’a été observée entre
les parcelles avec endophyte, sans endophyte et avec paturin du Kentucky. Jusqu’a ce
jour, une quarantaine d’insectes ont démontré une sensibilité a la présence d’endophyte

dans les ray-grass et les fétuques élevées (Breen 1994).

Outre la résistance aux insectes phytophages, les graminées endophytiques apportent
d’autres avantages a la plante. Les plantes infectées ont une plus grande tolérance a la
sécheresse (Arachevaleta et al. 1989, Belesky et al 1987, West et al. 1988, White et al.
1992), une croissance et une vigueur accrues (Latch et al. 1985), ainsi qu’une meilleure
résistance a certaines maladies fongiques (Gwinn et Gavin 1992, Ford et Kirkpatrick

1989, Seigel et al. 1987).

Enfin, il est important de déterminer sous les conditions hivernales du Québec, le
potentiel d’établissement et de survie du ray-grass vivace et de la fétuque élevée. Selon
Gusta (1980), chez les especes de graminées a gazon de climat froid, le ray-grass vivace
possede la plus faible rusticité alors que la fétuque élevée présente une rusticité modérée.
Cependant, la survie a I’hiver des graminées a gazon augmente lorsque le couvert de
neige est important (Dionne 2001). Toutefois, aucune étude n’a examiné le niveau de
tolérance au froid des endophytes associés aux graminées a gazon sous les conditions
hivernales du Québec. Ces données sont essentielles afin d’évaluer le potentiel

d’utilisation des graminées endophytiques pour le contrdle des insectes ravageurs.

Ce second volet de mon projet de doctorat vise dans un premier temps a évaluer i-la
survie hivernale de deux graminées endophytiques lorsqu’elles sont sur-semées dans une
pelouse déja existante et ii-leur potentiel d’établissement a court et moyen termes. Dans
un deuxiéme temps, j’ai mesuré ’effet de différentes combinaisons de graminées
endophytiques et de paturin du Kentucky sur la survie et le développement de la punaise
velue, un ravageur important des pelouses québécoises (Rochefort et al. 1998, Rochefort

et al. 2003).
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1.3.1 Hypotheses de recherche

1) Le ray-grass vivace ‘Palmer III’ et la fétuque élevée ‘Bonsai 2000’ ont la capacité de
survivre aux conditions hivernales du Québec. La survie sera plus grande sous un

couvert de neige important.

2) Les pelouses mixtes composées de graminées endophytiques réduisent les populations

de punaises velues.

1.3.2 Objectifs

Objectif principal : Evaluer le potentiel des graminées endophytiques comme méthode
alternative aux insecticides de synthése pour le contrdle de la punaise velue lorsqu’en

mélange avec le paturin du Kentucky.

Objectifs spécifiques :

1. Déterminer la survie hivernale de deux graminées et de leurs endophytes
lorsqu’elles sont sur-ensemencées dans une pelouse de paturin du Kentucky;

2. Evaluer le pourcentage d’établissement de ces graminées et de leurs endophytes au
cours des trois années de 1’étude (évolution dans le temps) en fonction : du taux
d’ensemencement et de la zone géographique;

3. Evaluer le potentiel de différentes combinaisons de ray-grass endophytiques et de

paturin du Kentucky pour la gestion d’un ravageur des pelouses.

L’approche privilégiée pour mesurer la survie hivernale des deux graminées et de leurs
endophytes fut la réalisation d’expériences sur le terrain. Des essais en serre ont été
réalisés afin de déterminer ’effet de différents mélanges de ray-grass endophytiques et de

paturin du Kentucky sur la survie de la punaise velue.
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1.4 Description des chapitres

Les chapitres II et I1I présentent les résultats d’une étude descriptive des communautés de
collemboles et de carabes retrouvés aux deux sites a I’étude ainsi que leur abondance
saisonni¢re.  L’effet des différentes stratégies phytosanitaires sur les populations
d’arthropodes bénéfiques et nuisibles est présenté au chapitre IV. Dans ce chapitre, I’effet
a moyen terme (apres trois années) des différents traitements phytosanitaires est présenté
pour les principaux groupes d’arthropodes tandis que I’effet a court terme (une et trois
semaines apres I’intervention) de deux insecticides a ét¢ mesuré sur les collemboles et les
carabes. Le cinquiéme chapitre présente les résultats de I’expérience sur la survie a
I’hiver du ray-grass vivace et de la fétuque €levée ainsi que de leur endophyte respectif.
Finalement, le chapitre VI présente les résultats des essais réalisés en serre sur I’effet de
différentes combinaisons de ray-grass endophytiques et de paturin du Kentucky sur la

survie et le développement de la punaise velue.
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CHAPITRE 11

SPECIES DIVERSITY AND SEASONAL ABUNDANCE OF
COLLEMBOLA IN TURFGRASS ECOSYSTEMS OF NORTH

AMERICA*

*This chapter has been published in Pedobiologia 50:61-68 (2006). The authors are
Sophie Rochefort (Centre de Recherche en Horticulture, Universit¢ Laval), Fernand
Therrien (Laval, Québec), David J. Shetlar (Ohio State University), and Jacques Brodeur

(Institut de recherche en biologie végétale, Université de Montréal).

2.1 Résumé

En Amérique du Nord, les graminées a gazon sont les plantes les plus communes en
milieu urbain. Malgré ’ubiquité et les rdles écologiques des arthropodes de 1’écosystéme
gazon, plusieurs aspects de leur diversité¢ et de leur abondance demeurent méconnus.
Dans la Ville de Québec, Canada, nous avons étudié 1’assemblage des especes de
collemboles ainsi que les fluctuations saisonniéres de leurs populations au sein d’une
pelouse nouvellement établie et d’une pelouse établie depuis une dizaine d’années. En
2003 et 2004, des échantillons de sol ont été prélevés a chacun des deux sites et les
collemboles extraits a 1’aide d’appareils de Berlese. Un total de 21 espéces représentant
17 genres et 9 familles a été identifi¢. Quatre especes sont des nouvelles mentions pour le
Québec : Brachystomella parvula, Mesaphorura simplex, Isotomodes productus, and
Sphaeridia pumilis. Trois espéces de collemboles de la famille des Isotomidae étaient
plus abondantes, représentant 73,5% de tous les collemboles échantillonnés durant
I’étude : Parisotoma notabilis, Isotoma viridis, et Cryptopygus thermophilus.  Les

collemboles étaient deux fois plus abondants dans la nouvelle pelouse que dans la pelouse
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¢tablie, mais la diversité des espéces était similaire entre les deux sites a chacune des
années. Aucun patron spécifique d’abondance saisonniere ne fut observé pour 1I’ensemble
des especes de collemboles ainsi que pour les trois espéces dominantes. L’écosystéme
gazon procure un habitat adéquat pour les collemboles épi-édaphiques et hémi-
¢daphiques, tel que les Isotomidae, principalement par ’apport constant en maticre
organique provenant de la tonte ainsi que par la succession naturelle des feuilles, des tiges

et des racines.

2.2 Abstract

In North America, lawns are the most widely used plantings in urban areas. However,
despite the ubiquity and ecological roles of turfgrass soil arthropods, many aspects of their
composition and diversity have been neglected. We investigated assemblages of
Collembola and their seasonal fluctuations in a newly established lawn and a ten-year-old
lawn located in Québec City, Canada. Collembola were sampled every month from May
to October in 2003 and 2004 by extracting individuals from soil cores using a modified
Berlese funnel. A total of 21 species representing 17 genera and nine families were
identified. Four species are new records for the province of Quebec: Brachystomella
parvula, Mesaphorura simplex, Isotomodes productus, and Sphaeridia pumilis. Turfgrass
supports mainly three cosmopolitan species from the Isotomidae family, which represent
73.5% of all Collembola collected during the survey: Parisotoma notabilis, Isotoma
viridis, and Cryptopygus thermophilus. Collembola were twice more abundant at the
newly established site, but there were minor differences in species diversity between sites
and years. No clear patterns of seasonal relative abundance were observed for the whole
Collembola populations, as well as for the three dominant species. Turfgrass ecosystem
provides a suitable habitat for epedaphic and hemiedaphic Collembola, such as the
Isotomidae, most likely because turfgrass mowing and natural leaf, stem and root

replacement produces large amounts of decaying organic matter.



28

2.3 Introduction

Urbanized landscapes are the most rapidly expanding type of habitat throughout the world
(McKinney 2002). Urbanization causes the fragmentation of large rural and natural areas
and the development of semi-artificial ecosystems that are strongly shaped by
anthropogenic factors. The urban environment is therefore characterized by high spatial
heterogeneity with residential and commercial properties, parks, gardens, cemeteries,
highway borders, and other types of land-use. The vegetation is much diversified, with a
large proportion of non-indigenous species (Pickett et al. 2001). In North America, grassy
lawns have become the most widely used plantings in the urban landscape (Potter and
Braman 1991). They cover more then 20 million hectares in United States, with an
estimate value of $40 billion annually (Anonymous 2003). Lawns are made up of
perennial, intensively managed turfgrass species and are typically structured of roots,
stems, and leaves, together with a layer of organic debris, the thatch. Turfgrass support a
diverse fauna of microorganisms and invertebrates including herbivores, natural enemies,
and decomposers (Potter et al. 1985). Most of the research in turfgrass entomology has
been devoted to insect pest management. Despite their ubiquity and ecological
importance, aspects of the biology of beneficial microarthropods, such as Collembola,

have comparatively been ignored.

Studies by Potter et al. (1985), Vavrek and Niemczyk (1990), Braman and Pendley
(1993), Byrne and Bruns (2005), have evaluated the impact of different turfgrass
management on the abundance and diversity of families or ecological assemblages of
Collembola. However, high level taxonomic resolution is essential for carefully
describing communities, assessing the effect of natural and anthropogenic perturbations
on biodiversity, and identifying bioindicator species. The objectives of the present study
are to characterize, to species level, the composition of the collembolan community in
turfgrass and to examine patterns of seasonal abundance of the most common species. The
present study is part of a larger research program, designed to assess the impact of

different turfgrass management practices on arthropod diversity and abundance.
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2.4 Materials and Methods

2.4.1 Study sites

Sampling was conducted during 2003 and 2004 at two different sites in Québec City,
Québec, Canada (46° 49' N; 71° 13' W). The study area lies within the Southern
Laurentians ecoregion (Ecoregions Working Group 1989), which is characterized by a
mid-boreal ecoclimate with warm summers and cold, snowy winters. Mean summer and
winter temperatures are 14°C and -11°C, respectively. Mean annual precipitation is 1000
mm near Québec City. Snow generally covers ground from November to April. Surficial
deposits are composed mainly of varying thickness of till and fluvioglacial sediments.
Humo-Ferric Podzols are the dominant soils, and significant inclusions are Ferro-Humic
Podzols, Dystric Brunisols on drier, coarse-textured outwash, and Mesisols on feng-bog
sequences. A layer of filling up soil is usually spread at the soil surface when a lawn is

established.

One site was located at Laval University, and consisted of a new Kentucky bluegrass (Poa
pratensis L.) lawn established in June 2003 from turfgrass sod. The soil was a well-
drained shale loam, with a pH of 6.5, and 3.2% of organic matter. Broadleaf weed cover
was less than 2% in 2003 and 2004, and made up of Taraxacum officinale Weber,
Trifolium repens L., and Oxalis stricta L. The other experimental site was a ten-year-old
municipal lawn located in Beauport, a suburb of Québec City. The lawn consisted of a
mixture of Kentucky bluegrass (30%), bentgrass (Agrostis stolonifera L.; 4%), fine and
tall fescues (Festuca rubra and F. arundinacea Shreb.; 20%). The soil was characterized
as poorly-drained clay, with a pH of 6.9, and 3.2% of organic matter. No pesticide or
fertilizer had been applied on this lawn five years prior to the experiment. Broadleaf
weed cover was very high (>40%), with mainly 7. officinale Weber (19.5%), Cerastium
vulgatum L. (7.5%), T. repens L. (7%), Medicago lupulina L. (6.5%), Fragaria vesca L.
(3.5%), and Plantago major L. (2%).
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Both sites (3,000 m?) were exposed to full sun, and received three organic fertilizer
(9%N-2%P-5%K) applications per year (0.34 kg N / 100m” in spring and summer; 0.57
kg N/ 100m” in fall) for an annual rate of 1.25 kg N / 100m”. The lawns were mowed
weekly at 5-8 cm height, and clippings were left on lawns. Experimental plots were not

irrigated, and did not receive pesticide treatments.

2.4.2 Sampling

Collembola were sampled every month from May to October (six sampling dates), except
at the university site in 2003 where sampling was initiated after turfgrass establishment
(four sampling dates). Each site was subdivided in five plots (8 x 12 m), and three cores
(5.1 cm in diameter by 9 cm in depth; 184 cm’ each core) were randomly taken from each
plot. The cores (consisting of grass, thatch and soil) were pooled, broken apart, and
placed, grass side down, in a modified Berlese funnel at room temperature. Each Berlese
funnel contained a 5 mm wire mesh on the bottom of a plastic funnel (21.5 cm diameter
and 27 cm long). A 500 ml jar containing 100 ml of 70% ethyl alcohol was attached to
the bottom of the funnel to collect Collembola. A 25-W incandescent light bulb used as a
heat source was placed 5 cm above each funnel. The funnels were covered with a very
fine nylon net curtain to prevent collembolan escape. The extraction lasted 72 h.

Collembola were stored in glass vials until their identification and counting.

Adult and juvenile Collembola were observed at 400x and 1000x magnifications and
identified to species level using the Christiansen and Bellinger (1998) key. Forms that
could not be identified confidently were given temporary specific appellations and are
characterized in the Appendix. Voucher specimens are deposited at the Collection
d’insectes du Québec, Sainte-Foy (Québec), Canada. The classification used in Tables 1

and 2 follows the system adopted by Bellinger (http://www.collembola.org). The

abundance of each species is presented as the mean number of individuals (+ standard

error) per square meter.
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2.5 Results

2.5.1 Collembola fauna

Collembola were twice more abundant at the university site (72,672) than at the municipal
site (28,639) over the two years. A total of 21 species representing 17 genera and nine
families were identified. There were relatively small differences in species richness
between sites and years. At the university site totals of 11 and 15 species were collected
in 2003 and 2004, respectively. In contrast, 13 and 19 species were collected at the
municipal site in 2003 and 2004, respectively. Complete lists of species from each site
and their mean abundance per year are presented in Tables 2.1 and 2.2. Two species
(Isotomodes productus and Mesaphorura macrocheata) were only found at the university
site, whereas six other species (Folsomia near bisetosa, Folsomia candida, Folsomides
parvulus, Anurida sp., Mesaphorura simplex and M. silvicola) were only collected at the

municipal site.

Three species were commonly observed at both sites: Isotoma viridis, Parisotoma
notabilis and Cryptopygus thermophilus, all from the Isotomidae (Tables 2.1, 2.2). They
together represent 74-80% (2003-2004) of the total number of Collembola collected at the
university site, and 62-68% (2003-2004) at the municipal site.

The second most abundant families were the Katiannidae and the Sminthurididae (7-20%
of all Collembola in 2003 and 2004), mainly represented by Sminthurinus elegans and
Sphaeridia pumilis, respectively. The next most abundant family was the Entomobryidae
(2-17% in 2003 and 2004) with Lepidocyrtus violaceus and Lepidocyrtus fernandi as the

more common species.
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2.5.2 Seasonal abundance

There were strong seasonal fluctuations of total Collembola abundance in turfgrass at both
sites in 2003 and 2004. However, consistent patterns do not emerge over the seasons at
both sites (Fig.2.1). For instance, at the municipal site in 2003, population densities
increased rapidly early in the season, peaking in June, before declining from July to
September, and increasing again in October. However, in 2004, populations remained low
throughout the first four months before increasing towards the end of the season. At the
species level, inconsistent seasonal patterns of abundance were also observed for I
viridis. This is most obvious at the university site where patterns were reversed in 2003
and 2004, with the highest densities being recorded late in the season in 2003 and much
earlier in 2004. In contrast, the abundance of P. notabilis and C. thermophilus remains

fairly constant throughout the season at both sites (Fig. 2.1).

2.6 Discussion

Cosmopolitan, ubiquistous, and frequently abundant, P. notabilis, C. thermophilus and L.
viridis are found in the majority of studies describing Collembola assemblages.
Parisotoma notabilis is a holartic species that can reach high densities in natural and
managed ecosystems (Detsis 2000, Potapov 2001). It was the most abundant species
observed at the municipal site. Cryptopygus thermophilus, a palaeartic species, is
distributed throughout Europe, Africa, Australia, and America (Poinsot 1971). It was
found to be the most frequent and abundant species in several very diverse habitats,
including disturbed open and forest sites, meadows and others (Potapov 2001, Sousa et al.
2004). This species predominated the Collembola community at the university site in
2004. Isotoma viridis, a holarctic species, is abundant in meadows and agricultural fields
(Potapov 2001). As with other Isotomidae, 1. viridis feeds on fungal hyphae and decaying
leaf matter, but when such food are in short supply, it may prey on other microarthropods

(Poole 1959).



33

The most abundant families of Collembola collected in turfgrass (Isotomidae,
Katiannidae, Sminthuridae and Entomobryidae) are mostly epedaphic or hemiedaphic
Collembola (Winkler and Kampichler 2000, Lindberg and Bengtsson 2005). Epedaphic
organisms live at the surface and on vegetation, whereas hemiedaphic organisms colonize
superficial soil layers and leaf litter (Hopkin 1997). The turfgrass ecosystem appears to
provide a suitable habitat for these Collembola that feed on fungal hyphae, bacteria, dead
or decaying plants, and insect frass. Frequent mowing produces large amounts of grass
clippings that turn into decaying organic matter and resources for soil fauna. The most
common and abundant Collembola species are likely to live in upper layers of the soil and
within the thatch layer where habitat productivity is maximum due to high level of
organic matter and thereby a high level of decomposition. Moreover, turfgrass species
grown in Québec are perennial and thus provide a permanent ground cover, which may
reduce variations in humidity and temperature in thatch and soil, thereby providing a more

stable environment for Collembola populations.

In terms of species diversity, the Collembola in turfgrass lawn (21 species; this study)
compares to the fauna reported from grassland soils (16-32 species; reviewed by Butcher
et al. 1971). More recent studies confirm this pattern as Brand and Dunn (1997) identified
27 Collembola species in Michigan and Illinois tall grass prairies, while Winkler and
Kampichler (2000) found 23 species in a dry grassland in Austria. Collembola diversity in
turfgrass lawns is however much lower than in forest ecosystems. In Canada, Addison et
al. (2003) identified 75 species from temperate forests on Vancouver Island, British
Columbia, while Therrien et al. (1999) and Chagnon et al. (2000) found more than 90

species in maple forests of Québec.

Anthropogenic disturbances, abiotic factors (temperature, humidity), structures of the soil
(pore volume, abrasive property, organic content, compaction), soil microbial
communities and, to a lesser extent, vegetation above ground have been recognized as
important determinants of the species diversity and abundance of Collembola
(Christiansen 1964, Hopkin 1997). The two study sites differed in a number of these

determinants: a newly established lawn (mono-species sod with few other plants) at the
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university site placed on a well-drained loam soil, whereas the municipal site had more
diversified vegetation (both grass and weed species). Although our study was not
primarily designed to test for differences between sites and to identify factors of
population regulation, two major patterns can be observed. First, the variety of
Collembola was similar at the university (15 species) and municipal (19 species) sites,
with the three same dominant species. This suggests that the new lawn, established with
turfgrass sod grown for 1.5 to 2.5 years in a nursery, had already acquired its own
community of Collembola, which was similar to the one found in the older turfgrass lawn.
It also indicates, as observed in other studies, that communities of Collembola in different
soils at a same locality are fairly uniform (Butcher et al. 1971). Finally, the data suggest
that a more complex plant community in turfgrass, such as the one observed at the
municipal site, does not necessarily translate into a much more diversified assemblage of
Collembola over a short period. These results may contribute to the open debate on the
relationship between the above ground vegetation and species richness of Collembola (see
Wardle 2002 and Salamon et al. 2004 for a review). The second major observation arising
from a comparison between sites is that Collembola were twice more abundant at the
university site than at the municipal site. Factors responsible for this difference remain
unknown. Critical studies using multivariate analyses have yet to be conducted in
turfgrass to assess the long-term effects of environmental determinants on assemblages of

collembolan species, their succession and abundance.

Populations of Collembola largely fluctuated throughout the season but no clear patterns
in relative abundance were observed. In his seminal paper, Christiansen (1964) concluded
that ‘... comprehensive studies (of seasonal population trends) give a very confusing
picture, and ... present indications of anything like clear seasonal fluctuations.” Recent
large scale studies, either conducted at the community or species level, also revealed
marked, unpredictable seasonal changes in Collembola populations (e.g., Wolters 1998,
Chagnon et al. 2000, Renaud et al. 2004). Although soil might be considered as a
relatively stable environment, the surface layers are subject to large fluctuations in
moisture and temperature. A sound understanding of the seasonal ecology of Collembola

is also hampered by partial knowledge of their bionomics. For instance, the absence of
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field data on longevity, phenology, and seasonal patterns of reproduction prevent a

meaningful discussion on the ecological significance of these variations.
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2.9 Taxonomic remarks

Folsomia near bisetosa

This form keys to F. bisetosa in the works of Christiansen and Bellinger (1998) and
Potapov (2001). The posterior position of the body sensillae, the microsensillar formula
and the dens chaetotaxy also match the description given for Palaearctic specimens.
However, the 2+2 manubrial anterior setae are clearly not arranged one behind the other
but at an angle of about 20 degrees and the dens to manubrium ratio is 1 : 0.8. (16

specimens).

Anurida sp.

Though this form keys to A. martynovae in Christiansen and Bellinger (1998), it does not
match the description of any of the species of Anurida presented in this work. The
abdominal fourth segment has p1l to p5 setae all present with strongly developed p3. All
the longest posterior abdominal setae are weakly clavate. Most peculiar is that the
mandible is identical to the figure 247 F given for A. granaria in the work previously

mentioned. (four specimens).

Faunistic note
Based on Skidmore (1995) and Therrien et al. (1999), four species previously known to
occur in Canada are newly recorded from the province of Québec: Brachystomella

parvula, Mesaphorura simplex, Isotomodes productus and Sphaeridia pumilis.



40

Table 2.1. Mean abundance (£se) per square meter of Collembola species collected in
soil samples of turfgrass at the university site in 2003 and 2004 in Québec city,
Canada.

Family and species Sampling year

2003 2004
Brachystomellidae
Brachystomella parvula (Schiffer, 1896) 1,092 + 194 639+ 178
Onychiuridae
Protaphorura armata (Tullberg, 1869) 0 100 = 66
Tullbergiidae
Mesaphorura macrocheata Rusek, 1976 0 22+13
Isotomidae
Isotoma viridis Bourlet, 1839 10,542 + 3,961 1,778 £ 3,278
Parisotoma notabilis (Schiffer, 1896) 7,192 £ 1,877 17,644 + 2,272
Cryptopygus thermophilus (Axelson, 1900) 3,658 + 1,264 4,672 + 1,207
Isotomodes productus (Axelson, 1906) 0 61 £61
Isotomiella minor (Schéffer, 1896) 25+18 22+13
Entomobryidae
Pseudosinella violenta (Folsom, 1924) 758 +£221 956 £253
Pseudosinella alba (Packard, 1873) 0 667 + 199
Lepidocyrtus violaceus (Fourcroy, 1785) 758 £221 3,906 + 996
Lepidocyrtus fernandi Christiansen & Bellinger, 1998 292 + 94 2,356 + 600
Bourletiellidae
Bourletiella arvalis (Fitch, 1862) 208 £ 111 1111
Katiannidae
Sminthurinus elegans Fitch, 1862 1,017 £ 137 2,217 £ 460
Sminthurididae
Sphaeridia pumilis Krausbauer, 1898 1,458 +£430 872 + 169




Table 2.2. Mean abundance (+ SE) per square meter of Collembola species
collected in soil samples of turfgrass at the municipal site in 2003 and 2004 in

Québec city, Canada.

Family and species

Sampling year

2003 2004
Brachystomellidae
Brachystomella parvula (Schéffer, 1896) 1,489 +417 211 +41
Neanuridae
Anurida sp. Laboulbéne, 1865 0 6+6
Onychiuridae
Protaphorura armata (Tullberg, 1869) 200+ 173 1,244 + 552
Tullbergiidae
Mesaphorura simplex (Gisin, 1958) 0 66
Mesaphorura silvicola (Folsom, 1932) 6+6 11+8
Isotomidae
Cryptopygus thermophilus (Axelson, 1900) 7,744 + 3,232 2,239 + 499
Isotoma viridis Bourlet, 1836 3,656 £ 659 2,656 = 688
Parisotoma notabilis (Schdffer, 1896) 1,950 £ 741 750 £313
Folsomia near bisetosa Gisin, 1953 372 £350 244 £ 233
Folsomia candida Willem, 1902 0 78 £ 78
Folsomides parvulus Stach, 1922 0 11£8
Isotomiella minor (Schéffer, 1896) 0 22+ 13
Entomobryidae
Pseudosinella violenta (Folsom, 1924) 44+ 18 6+6
Pseudosinella alba (Packard, 1873) 0 211 +£71
Lepidocyrtus violaceus (Fourcroy, 1785) 200+ 112 44+ 19
Lepidocyrtus fernandi Christiansen & Bellinger, 1998 67 +20 117 £39
Bourletiellidae
Bourletiella arvalis (Fitch, 1862) 439+ 173 172+ 95
Katiannidae
Sminthurinus elegans Fitch, 1862 1,850 + 825 500 + 127
Sminthurididae
Sphaeridia pumilis Krausbauer, 1898 1,617 £ 627 478 £ 163
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Figure 2.1.  Seasonal abundance (mean number / m” + se) of total Collembola, and of
the three most abundant species in turfgrass lawns extracted from soil cores in 2003 and
2004 at the university (O) and municipal (@) sites. At the university site in 2003,
sampling was undertaken from July to October, after turfgrass establishment.



43

CHAPITRE III

GROUND BEETLE ASSEMBLAGES (COLEOPTERA: CARABIDAE)
AND THEIR SEASONAL ABUNDANCE IN TURFGRASS
ECOSYSTEMS IN NORTH AMERICA*

*This article has been submitted to Environmental Entomology (April 2006). The
authors are Sophie Rochefort (Centre de Recherche en Horticulture, Université Laval),
David J. Shetlar (Ohio State University), and Jacques Brodeur (Institut de recherche en

biologie végétale, Université de Montréal).

3.1 Résumé

Dans les pays industrialisés, les aménagements urbains forment une mosaique
d’écosystemes fragmentés. Les pelouses urbaines abritent une faune diversifiée
d’arthropodes incluant les carabes, un groupe important d’insectes prédateurs et
granivores. Malgré leur ubiquité et leurs roles écologiques, seules quelques études ont
porté sur la diversité des carabes retrouvés dans les pelouses. Cette étude visait a décrire
I’assemblage des communautés de carabes ainsi que de leur abondance saisonnicre dans
une pelouse nouvellement établie et une pelouse établie depuis une dizaine d’années de la
région de Québec, Canada. A 1’aide de piéges-fosses, les carabes ont été échantillonnés
de mai a novembre 2003, 2004 et 2005. Un total de 17 espéces représentant 10 genres et
sept tribus a ¢été identifi¢. Dans la pelouse nouvellement établie, trois especes
représentaient 72% du total des captures de carabes : Harpalus rufipes (30%), Clivina
fossor (30%) et Amara aenea (12%). Dans la pelouse d’une dizaine d’années, les especes
dominantes étaient Amara aenea (31%), Bembidion mimus (21%) et Dyschirius
brevispinus (19%), représentant 71% de tous les carabes échantillonnés sur ce site.

L’abondance des carabes était six fois plus importante dans la pelouse dgée que dans la
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nouvelle pelouse, mais la diversité entre les sites et les années était similaire. Pour les
especes dominantes, les patrons d’abondance saisonnicre étaient similaires pour 4. aenea
et B. mimus avec un pic d’abondance en juillet-aolt. Les effectifs de H. rufipes étaient
plus importants en 2003 et 2005, indiquant un cycle bi-annuel chez cette espece au
Québec. Un pourcentage ¢levé de plantes a feuilles larges, plus particulierement le
pissenlit, ainsi que des caractéristiques du sol semblent étre des facteurs importants

régulant les assemblages et ’abondance des carabes dans 1’écosystéme ‘gazon’.

3.2 Abstract

In industrialized countries land transformation into urban landscapes results in fragmented
mosaics of managed ecosystems. Turgrass lawns support a diverse fauna of arthropods
including ground beetles, a major predator and seed feeding group. Despite their ubiquity
and ecological roles, few studies have looked at ground beetle diversity and composition
within lawns. We investigated assemblages of Carabidae and their seasonal abundance in
a newly established and a 10-year old lawn located in Québec City, Canada. Carabids
were sampled from May to November in 2003, 2004, and 2005 using pitfall traps. A total
of 17 species in ten genera and seven tribes were identified. In the new lawn, three
ground beetle species represented 72% of total Carabidae: Harpalus rufipes (30%),
Clivina fossor (30%), and Amara aenea (12%). In the older lawn, the most abundant
species were Amara aenea (31%), Bembidion mimus (21%), and Dyschirius brevispinus
(19%), representing 71% of total Carabidae. Ground beetles were six times more
abundant at the older site, but there were minor differences in species diversity between
sites and years. For the most abundant Carabidae collected, seasonal abundance patterns
were similar for 4. aenea and B. mimus with a higher abundance in July and/or August.
For Harpalus rufipes, seasonal abundance was higher in 2003 and 2005, indicating a
biennial life cycle. Presence of a high percent of broadleaf weeds, especially dandelion,
and soil characteristics appear to be important factors for ground beetle assemblages and

abundance in turfgrass ecosystems.
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3.3 Introduction

Urbanization is an important component of human land usage. In industrialized countries
such as in North America, 80% of the human population lives in cities (Vandruff et al.
1995). It is projected that in the next 30 years, the world’s population living in cities will
rose near to 60% (Douglas 1992). Moreover, the size of cities increases dramatically with
300 cities having more than 10° inhabitants (Pickett et al. 2001). Urbanization and
resulting urban landscapes differ dramatically from native and agricultural landscapes.
Urban landscapes are fragmented into a mosaic of small, managed ecosystems that are
strongly shaped by anthropogenic factors. The vegetation found in urban environments is
diversified with a large proportion of non-indigenous species reflecting the affection of
urban residents for introduced ornamental plants (Tonteri and Haila 1990, Pickett et al.
2001). Residential and commercial properties, parks, gardens, cemeteries, highway
borders, and other types of land-use further characterize the heterogeneous urban
environment. In North America, grassy lawns are the most used plantings in urban
landscapes (Potter and Braman 1991). More than 20 million hectares are covered with
turfgrass lawns in the United States (Anonymous 2003). Turfgrass lawn ecosystems are
made up of perennial grass species and even when intensively managed, support a diverse
fauna of arthropods including herbivores, natural enemies, and decomposers (Braman and
Pendley 1983, Cockfield and Potter 1984, Heng-Moss et al. 1998, Rochefort et al. 2006).
The presence of natural enemies is particularly important in habitats where a high level of
disturbance has occurred as predators may help prevent insect pest outbreaks, thereby
resulting in more sustainable systems. Ground beetles are one of these beneficial insects

found in turfgrass ecosystems.

Ground beetles represent a large and diversify group of arthropods. More than 40,000
species of Carabidae have been described (Lovei and Sunderland 1996). They are the
largest family of adephagan beetles (Kromp 1999) and of the epigaeic insects. Most
carabids are typically polyphagous, with insect prey predominating but plant matter also
being ingested (Kromp 1999). Carabid populations are sensitive to anthropogenic

changes in habitat quality and are considered to have bioindicative value for assessments
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of environmental pollution, habitat classification for nature protection or land use

(Descender et al. 1994).

Despite their ubiquity and ecological importance, aspects of ground beetle biology in
turfgrass entomology have been largely ignored. To date, studies on ground beetles of
turfgrass ecosystems have been devoted to the impact of turfgrass pesticides and general
management on their densities (Arnold and Potter 1987, Braman and Pendley 1993).
Data are scarce concerning the seasonal abundance of ground beetles at species level. To
assess the effect of natural and anthropogenic perturbations on biodiversity, and
identifying bioindicator species, a better understanding of ground beetle biology and
diversity is crucial. The objectives of the present study were to characterized, to species
level, the composition of the carabid community in turfgrass and to examine patterns of
seasonal abundance of the most common species. The present study is part of a larger
research program, designed to assess the impact of different turfgrass management

practices on arthropod diversity and abundance.

3.4 Materials and Methods

3.4.1 Study sites

Sampling was conducted during 2003, 2004, and 2005 at two different sites in Québec
City, Québec, Canada (46° 49' N; 71° 13' W). The study area is characterized by a mid-
boreal ecoclimate with warm summers and cold, snowy winters. Mean summer and
winter temperatures are 14°C and -11°C, respectively. Mean annual precipitation is 1000
mm near Québec City. Snow generally covers ground from November to April

(Ecoregions Working Group 1989).

One site was located at Laval University, and consisted of a new Kentucky bluegrass (Poa
pratensis L.) lawn established in June 2003 from turfgrass sod. The soil was a well-

drained shale loam, with a pH of 6.5, and 3.2% of organic matter. Broadleaf weed cover
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was 2% or less for the three year study and consisted of Taraxacum officinale Weber
(dandelion), Trifolium repens L. (white clover), and Oxalis stricta L (European wood-
sorrel). The other experimental site was a ten-year-old municipal lawn located in
Beauport, a suburb of Québec City. The lawn consisted of a mixture of Kentucky
bluegrass (30%), bentgrass (Agrostis stolonifera L.; 4%), fine and tall fescues (Festuca
rubra and F. arundinacea Shreb.; 20%). The soil was characterized as poorly-drained
clay, with a pH of 6.9, and 3.2% of organic matter. No pesticide or fertilizer had been
applied on this lawn five years prior to the experiment. Broadleaf weed cover was very
high (>40%), with mainly 7. officinale (19.5%), Cerastium vulgatum (7.5%; mouse-eared
chickweed), T. repens (7%), Medicago lupulina L. (black medic; 6.5%), Fragaria vesca
L. (wild strawberry; 3.5%), and Plantago major L. (broad-leaved plantain; 2%).

Both sites (3,000 m?) were exposed to full sun, and received three organic fertilizer
(9%N-2%P-5%K) applications per year (0.34 kg N / 100m? in spring and summer; 0.57
kg N / 100m? in fall) for an annual rate of 1.25 kg N / 100m”. The lawns were mowed
weekly at 5-8 cm height, and clippings were left on lawns. Experimental plots were not

irrigated, and did not receive pesticide treatments.

3.4.2 Sampling

Carabidae were sampled using pitfall traps as described by Morill (1975). Briefly, the
trap consists of a 500 ml plastic cup with a top diameter of 92 mm and a depth of 122 mm
in which a 125 ml plastic cup is placed inside the 500 ml cup. The top funnel is a coffee
cup liner with the bottom cut off to form a funnel. Traps were installed at the beginning
of May in 2003 by digging a hole with a golf cup cutter (11 cm in diameter by 20 cm in
depth). The top of the 500 ml cup was installed at ground level and soil was used to fill
all spaces around the trap. The inner container of each trap was filled with 100 ml of a
solution made of 400 ml ethylene glycol and 600 ml water. Sampling was performed
every year from mid-May to mid-November (27 sampling dates), except at the university
site in 2003 where sampling was initiated after turfgrass establishment (21 sampling

dates). Each site was subdivided into five plots (8 x 12 m) in which two pitfall traps, one
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meter apart, were placed in the middle of the plot. Every week, the content of the inner
container was removed and replaced by a new one with ethylene glycol solution. Samples
were returned to the lab and Carabidae adults were identified to species level using
Larochelle (1976) and Lindroth (1961-1969) keys. Specimens are deposited at the
Collection d’insectes du Québec, Sainte-Foy (Québec), Canada. The abundance of each
species is presented as the mean number of individuals per trap (+ standard error) for the
three sampling years while the seasonal abundance is presented as the mean number of

individuals per trap (+ standard error) for a period of three weeks (a total of nine periods).

3.5 Results

3.5.1 Carabidae fauna

Ground beetles were six times more abundant at the municipal site (1,763) than at the
university site (297) over the three years. A total of 17 species representing ten genera
and seven tribes were identified. The species richness between sites and years was quite
similar. At the university site, nine, ten and eleven species were collected in 2003, 2004,
and 2005, respectively. At the municipal site, twelve, thirteen, and fifteen species were
identified in 2003, 2004, and 2005, respectively. Complete lists of species from each site
and their mean abundance per year are presented in Tables 3.1 and 3.2. Agonum
cupripenne was only found at the municipal site, while Bradycellus lecontei was only
collected at the university site. Amara aenea was commonly found at both sites but was
more abundant at the municipal site, especially in 2005 (Table 3.1). This species
represents 12% of total number of Carabidae collected at the university site, and 31% at
the municipal site. At the university site, two other species were more abundant than 4.
aenea: Harpalus rufipes and Clivina fossor each represented 30% of the total Carabidae
fauna (Table 3.2). Together, they represent 72% of total Carabidae collected. At the
municipal site, the second abundant species, after 4. aenea, were: Dyschirius brevispinus
and Bembidion mimus representing 19 and 21% of total Carabidae collected in the traps.

These three species together represented 71% of Carabidae fauna at the municipal site.
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3.5.2 Seasonal abundance

Seasonal abundance of total Carabidae in turfgrass was variable between sites and
between years (Fig. 3.1). At the university site, the abundance remained low (<10
beetles/trap) throughout the experiment with a slight decrease from 2003 to 2005 (Fig.
3.1A). The abundance was higher in June, July, and August. At the municipal site,
variations were observed between years for total Carabidae. In 2003, the highest capture
recorded in June was 32 beetles per trap. A first peak of abundance appeared in May
2004 (25 ind./trap) and a second one in August 2004 (33 ind./trap) with a decrease in July
(10 ind./trap) for total. Mean abundance of total Carabidae in July 2005 was higher than
the two previous years with up to 65 beetles per trap. For the three study years, densities
of Carabidae decreased in August and September (Fig. 3.1A). Variations between sites
and years were also observed for A. aenea. In 2003 and 2004, densities of 4. aenea
remained generally low (<10 / trap) at both sites with a small peak of abundance at
municipal site at the end of June 2003. In 2005, an obvious increase of A. aenea density
(46 beetles / trap) appeared in July followed by a decrease in August, while its abundance

remained low at the university site (Fig. 3.1B).

The density of Bembidion mimus, the second most abundant species at the municipal site,
varied between years (Fig. 3.1C). In 2003, the density was less than five individuals per
trap throughout the season, while it reached 13 individuals per trap in 2004 and in 2005.
Moreover, no peak was observed in July 2003 as observed in 2004 and 2005. The density
of B. mimus in May 2005 was higher than the two previous years, but an important
decrease occurred in June before the other peak in July. This pattern was not observed in

2004, with a single peak appearing in July.

Harpalus rufipes had a higher density in July and August 2003 with more than 2 beetles
per trap (Fig. 3.1D). The abundance decreases rapidly after this period with no beetle
trapped till the end of the season. In 2004, density of H. rufipes remained low throughout
the season with less than one beetle per trap. In 2005, the abundance of H. rufipes
increased with a higher density in July till the end of August (>2.5 beetles per trap), and a
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decrease of abundance in September. Clivina fossor, the second most abundant species at
the university site, had a higher density in July in 2003 and 2004 with more than 3 beetles
per trap. As for H. rufipes, the abundance decreases after this period. Abundance of C.
fossor was higher in 2003 and 2004 than in 2005 where less than 1 beetle trapped

throughout the season.

3.6 Discussion

Our study found that more Carabidae were collected at the municipal site than at the
university site. At the municipal site, mean abundance of total Carabidae was six times
higher, and this higher abundance was mainly caused by 4. aenea in 2005. This European
species is Holartic and restricted to the north eastern part of North America. In Canada,
this species is found in four east provinces (Nova Scotia, Newfoundland, Quebec, and
Ontario), while in the United Sates, A. aenea as been recorded in more than 30 states
(Bousquet and Larochelle 1993). Amara aenea colonizes different habitats, including
grasslands, hedges near field crops, golf courses, urban areas, and others (Kegel 1990,
Fournier et Loreau 1999, Jo and Smitley 2003, O’Neal et al. 2005). This carabid prefers
dry, open grassland, and sandy soils. It is often collected on lawns, parks, and gardens.
The adults are generally considered herbivorous (Lindroth 1961-1969) with a high
preference for weed seeds, but can also feed on other insects (Hagley et al. 1982,
Larochelle 1990). Honek et al. (2005) demonstrated that 4. aenae has a preference for
dandelion seeds while Hirka and JoroSik (2003) demonstrated that the larval stage is

omnivorous, feeding on insects as well as on seeds.

The second most abundant species collected at the municipal site during this study was
the carnivourous beetle B. mimus. Bembidion mimus is mostly found in the eastern part of
North America (Lindroth 1961-1969), but specimens have also been collected in
Saskatchewan, Canada (Bousquet and Larochelle 1993). Bembidion mimus inhabits
different ecosystems but in the contrary to 4. aenea, is not an abundant and frequent

species (Boivin and Hance 2003, Bellocq and Smith 2003, French et al. 2004, Goulet et
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al. 2004). The abundance of B. mimus at the municipal site was higher than at the
university site where only two specimens were collected over the three-year study. At
municipal site, the type of soil (clay) has probably provided a better environment for B.

mimus which is known to prefer organic and clay soils (Lindroth 1961-1969).

Harpalus rufipes, the most abundant carabid beetle species at the university site, is an
European Paleartic species, frequently found in many agricultural crops, waste places,
court yards, etc. (Lindroth 1961-1969, Luff 1980). Harpalus rufipes is mostly distributed
in the east part of North America (Bousquet and Larochelle 1993). Larvae of H. rufipes
are seed-feeders with a preference for small seeds such as for dandelion, ryegrass, and
lamb’s-quarters seeds (Hartke et al. 1998), while the adults are omnivorous, feeding on
other invertebrates (Larochelle 1990). Our data suggest that H. rufipes have a biennial
life cycle in the province of Quebec with a peak of abundance in July and August.
Biennial life cycle of H. rufipes was also observed in other studies conducted in Europe

and England (Jones 1979, Luff 1980, Kadar and Szentkiralyi 1998).

In terms of species diversity, we found 17 different species in our study. Previous studies
(Braman and Pendley 1993, Heng-Moss et al. 1998, Braman et al. 2002) primarily
sampling warm-season turfgrasses such as centipedgrass [Eremochloa ophiuroides
(Munro) Hack], bermudagrass (Cynodon dactylon), and buffalograss [Buchloe dactyloides
(Nutall)], found up to 21 species of ground beetles with 4. aenea as a frequent species. A
recent study by Niemeli et al. (2002) in different urban-rural gradients in three countries,
listed 18 species in Finland, 25 in Canada, and 44 in Bulgaria in the urban gradient. In
another study, Kegel (1990) recorded 77 species in the urban area of West Berlin,
Germany. Ground beetle diversity in turfgrass lawns appears to be consistently lower
than in meadows and tallgrass prairies. In Switzerland, Grandchamp et al. (2005)
identified 62 species from mowed meadows, while Larsen et al. (2003) found 91 species
in northeastern Iowa prairies. In field crops, ground beetle diversity is more variable (26
to 85 species) than in other ecosystems, depending on the type of crops and on field

management evaluated (Rivard 1966, Thiele 1977, Larsen et al. 2003).
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Temperature or humidity extremes, food availability, presence and distribution of
competitors, life history, season, and weed cover are some factors that influenced ground
beetles habitat distribution and abundance (Speight and Lawton 1976, House 1989, Burel
and Baudry 1994, Lovei and Sunderland 1996, Kromp 1999, Irmler and Hoernes 2003,
Purtauf et al. 2005). Our two study sites differed in a number of these determinants: a
newly established lawn (mono-species sod with less than 2% of weed cover) at the
university site was placed on a well-drained loam soil, whereas the municipal site had
more diversified vegetation (more than 40% weeds and different grass species) and a
poor-drained soil. Although our study was not primarily designed to test for differences
between sites and to identify factors of population regulation, some patterns can be
observed. First, the diversity of ground beetle was similar at the university (11 species)
and municipal (15 species) sites, but not with the same dominant species. The data
suggest that a more complex plant community in a lawn (defined here as a regularly
mowed sward of plants), such as observed at the municipal site, does not translate into a
much more diversified assemblage of ground beetle but the plant diversity probably
influenced abundance of herbivourous species such as A. aenea. Dandelion was the most
abundant weed species at the municipal site with 19.5% of total covering. Previous
studies that looked on the impact of vegetation diversity on ground beetles assemblages
and dynamics (e.g., Speight and Lawton 1976, House 1989) showed that a high percent of
weeds surrounding field crops as well as the presence of highly diversified hedges,
enhance ground beetle survival by providing different food sources (especially for
phytophagous ground beetles), refuges, and in protecting them from extremes of climate.
Moreover, abundance of Carabidae increased throughout the study at the municipal site.
Prior to our study, the municipal site had not received any fertilizer application for the
past five years. Fertilizers improve plant growth, including broadleaf weeds (Brede
2000), and this positive effect on weeds at municipal site, through our application of
fertilizer, resulted in a weed cover of more than 60% by the end of the study, in 2005. On
the other hand, at the university site, Carabidae abundance decreased over time with two
times less Carabidae in 2005 than in 2003. This suggests that the newly established lawn

is a less suitable habitat, on a short term period, for Carabidaec. The second major
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observation arising from a comparison between sites is that ground beetles were six times

more abundant at the municipal site than at the university site.

Populations of some ground beetles fluctuated between years, and for some species,
within the season, but for the most abundant species, seasonal abundance was quite
similar with a peak of adults in June-July and a decrease in August-September till the end
of the season. This pattern was also observed in other ecosystems where spring-breeding
ground beetles were abundant (Luff 1980, Heng-Moss et al. 1998, O’Neal et al. 2005).
Fluctuations during a season can be caused by abiotic and biotic factors such as predation,
weather, and food availability, but further investigations are needed to assess the
importance of these factors on ground beetles that colonize turfgrass ecosystems and

determine their ecological importance in this major urban ecosystem in North America.
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Table 3.1. Mean abundance (£se) per pitfall trap of carabid beetle species of turfgrass at
the municipal site from mid-May to mid-November in 2003, 2004, and 2005 in Québec
City, Canada.

Tribe and species Sampling year

2003 2004 2005
Tribe Zabrini
Amara aenea (DeGeer, 1774) 2.93+0.98 2.10+0.76 10.20+2.96
Amara sp. 0 0 0.03+0.03
Tribe Platynini
Agonum muelleri (Herbst, 1784) 1.00+0.54 0.38+0.13 0.58+0.29
Agonum affine Kirby, 1837 1.15+0.43 0.23+0.12 0.23+0.08
Agonum cupripenne (Say, 1823) 0 0 0.03+0.03
Tribe Morionini
Pterostichus melanarius (1lliger, 1798) 0.53+0.16 0 0.40+0.11
Tribe Clivinini
Dyschirius brevispinus LeConte, 1878 2.35+0.55 3.60+0.86 1.78+0.45
Clivina fossor (Linng¢, 1758) 0.1+£0.05 0. 1+0.05 0.45+0.22
Tribe Bembidiini

Bembidion quadrimaculatum oppositum Say, 1823  0.45+0.20 0.38+0.21 0.45+0.14

Bembidion mimus Hayward, 1897 1.78+0.55 3.53+1.27 3.85£1.66
Bembidion properans (Stephens, 1827) 0.30+0.11 0.63+£0.23 0.33+0.11
Elaphropus incurvus (Say, 1830) 1.10+0.36 0.63+0.17 0.30+0.11
Tribe Harpalini

Harpalus affinis (Schrank, 1781) 0.68+0.27 0.23£0.12 0.78+0.21
Harpalus rufipes (DeGeer, 1774) 0.08+0.04 0.10+0.05 0.25+0.10
Bradycellus rupestris (Say, 1823) 0 0.05+0.05 0
Stenolophus conjunctus (Say, 1823) 0 0.03+0.03 0.03+0.03

Total 12.45£2.10  11.99+2.06 19.70+3.96
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Table 3.2. Mean abundance (£se) per pitfall trap of carabid beetle species of turfgrass at
the university site from mid-May to mid-November in 2003, 2004, and 2005 in Québec
City, Canada.

Tribe and species Sampling year

2003 2004 2005
Tribe Zabrini
Amara aenea (DeGeer, 1774) 0.13+0.06 0.35+0.15 0.38+0.15
Tribe Platynini
Agonum muelleri (Herbst, 1784) 0 0.08+0.04 0.03+0.03
Agonum affine Kirby, 1837 0.03+0.03 0.03+0.03 0.13+0.06
Tribe Morionini
Pterostichus melanarius (1lliger, 1798) 0 0 0.03+0.03
Tribe Clivinini
Dyschirius brevispinus LeConte, 1878 0 0 0.10+0.05
Clivina fossor (Linng¢, 1758) 1.43+0.37 1.13£0.25 0.15+0.07
Tribe Bembidiini
Bembidion quadrimaculatum oppositum Say, 1823 0.07+0.05 0.03+0.03 0.23+0.10
Bembidion mimus Hayward, 1897 0 0 0.05+0.03
Bembidion properans (Stephens, 1827) 0.10+0.06 0.03+0.03 0
Elaphropus incurvus (Say, 1830) 0.57+0.22 0.05+0.03 0.03+0.03
Tribe Harpalini
Harpalus affinis (Schrank, 1781) 0.30+0.10 0.23+0.08 0.15+0.08
Harpalus rufipes (DeGeer, 1774) 1.00+0.27 0.60+0.16 0.83+0.23
Bradycellus lecontei Csiki, 1932 0.10+0.06 0.05+0.03 0

Total 3.73+0.76 2.58+0.45 2.11+£0.40
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2003 2004 2005
A Total Carabidae

920

80

701

601

501

40+

304

201

60

B Amara aenea

501

40+

301

204

35

c Bembidion mimus
301

251

Number of carabids per trap (xtse)

201

D Harpalus rufipes

Fig. 3.1. Seasonal abundance (mean number / pitfall trap * se) of total Carabidae, and of
the three most abundant species in turfgrass lawns collected in 2003, 2004, and 2005 at
the university (O) and municipal (M) sites. At the university site in 2003, sampling was
undertaken from July to October, after turfgrass establishment.
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CHAPITRE 1V

IMPACT OF TURFGRASS MANAGEMENT ON ARTHROPOD
ABUNDANCE AND DIVERSITY

The authors of this chapter are Sophie Rochefort (Centre de Recherche en Horticulture,
Université Laval), David J. Shetlar (Ohio State University), and Jacques Brodeur (Institut

de recherche en biologie végétale, Université de Montréal).

4.1 Résumé

Les pelouses abritent une faune diversifiée de microorganismes et d’invertébrés lesquels
jouent des roles €cologiques importants dans cet écosysteme. Les pelouses de graminées
sont entretenues sous une régie intensive et pendant plusieurs années, la gestion des
problémes phytosanitaires reposait sur I’application d’herbicides et d’insecticides.
Souvent intensives, les pratiques d’entretien de pelouses, plus spécifiquement 1 utilisation
des pesticides, peuvent engendrer des effets négatifs sur les populations d’arthropodes
bénéfiques tel que les prédateurs et les décomposeurs, ce qui crée une instabilité au sein
des communautés et parfois la résurgence d’insectes ravageurs. Nous avons étudié
I’impact a court et moyen termes de quatre types d’entretien de pelouses sur les
communauté d’arthropodes: faible entretien (fertilisation), entretien intensif (fertilisation
et applications d’herbicides et d’insecticides), entretien avec une approche de lutte
intégrée (fertilisation et pesticides lorsque nécessaire) et entretien écologique (fertilisation
et utilisation de méthodes biologiques et culturales). Les traitements ont été¢ évalués en
2003, 2004 et 2005 sur deux sites: une nouvelle pelouse (gazon en plaques constitué de
100% de paturin du Kentucky avec moins de 2% de mauvaises herbes a feuilles larges) et
une pelouse établie depuis 10 ans (composée d’un mélange de graminées a gazon et plus
de 40% de mauvaises herbes a feuilles larges). Les arthropodes a la surface du sol et dans

le sol ont été respectivement échantillonnés a 1’aide de piéges-fosses et d’appareils de
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Berlese. Plus de 34 000 arthropodes ont été échantillonnés annuellement a chacun des
sites a 1’aide des picges-fosses. Neuf taxons d’arthropodes (ordres et familles)
représentaient 95% de tous les arthropodes échantillonnés. Les Formicidae et les Araneae
¢taient les taxons les plus abondants aux deux sites, représentant 74 a 80% du total des
captures dans les pieges-fosses. Sauf exception, le type d’entretien de pelouses n’a pas
affecté ’abondance des arthropodes durant les trois années de 1’étude. L’insecticide
diazinon a réduit significativement I’abondance des carabes et des collemboles une et/ou
trois semaines apres le traitement en 2003 et 2004, alors que le carbaryl a réduit les

populations de collemboles en 2003.

4.2 Abstract

Turfgrass lawns support a diverse fauna of microorganisms and invertebrates which play
major ecological roles in this ecosystem. Turfgrass management practices, especially the
use of chemical pesticides, may be detrimental to beneficial arthropods such as predators
and decomposers, thereby causing instability of arthropod communities and pest
outbreaks. We investigated the short- and mid-term impact of four different turfgrass
management regimes on the arthropod community. The four management regimes tested
were: low maintenance turf (fertilizers), high maintenance turf (fertilizers, herbicides,
insecticides), integrated pest management (fertilizers and pesticides used after sampling),
and ecological management (biological and cultural practices). These management
regimes were evaluated in 2003, 2004, and 2005 on two different lawns: a newly
established lawn (100% Kentucky bluegrass sod with less than 2% broad-leaf weed cover)
and a 10-year old lawn (mix of different turfgrasses and with >40% of weed cover). To
determine turfgrass management impacts on ground-dwelling and soil arthropods, pitfall
traps and Berlese funnels were used respectively. More than 34,000 arthropods were
sampled in pitfall traps in both lawns. Nine major arthropod taxa (orders and families)
made up 95% or more of all arthropods sampled. Formicidae and Araneae were the most
abundant taxa at both sites, representing 74 to 80% of total captures in pitfall traps. With

a few exceptions, turfgrass management did not affect arthropod abundance during the
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study. Diazinon insecticide significantly reduced Carabidae and Collembola abundance
one and/or three weeks after the treatment in 2003 and 2005, while carbaryl negatively

affected Collembola abundance only in 2003.

4.3 Introduction

Turfgrass is a complex ecosystem made up of perennial turfgrass species and consisting
typically of the roots, stems, and leaves, together with a layer of organic debris, the thatch.
Cool-season turfgrass lawns are known to support a diverse fauna of microorganisms and
invertebrates including herbivores, natural enemies, and decomposers (Potter et al. 1985).
Many of these arthropods play major roles in regulating pest populations (Reinert 1978),
improving soil properties (Turgeon et al. 1975), or helping in the decomposition of thatch
(Potter et al. 1985). In North America, turfgrass lawns have become the most widely and
intensely used plantings in the urban landscape (Potter and Braman 1991). Lawns cover
more than 20 million hectares in the United States (Anonymous 2003). Public demands
for a dense uniform turf have stimulated the growth of a robust turfgrass industry over the
last 30 years (Cockfield and Potter 1983). For years, turfgrass pest management has
relied mostly on regular application of pesticides on residential, commercial, and
institutional lawns in urban and suburban areas (Cockfield and Potter 1983, Potter and
Braman 1991). However, government and public concerns about the negative
environmental effects of the excessive use of these chemicals in urban areas have resulted
in a tendency towards turfgrass management strategies of low environmental impact such

as integrated pest management and organic (ecological) or biological management.

Application of broad-spectrum insecticides can result in significant reductions of
beneficial arthropod abundance and cause instability of arthropod communities (Pimentel
and Edwards 1982). Previous studies in turfgrass lawns (Cockfield and Potter 1983 and
1984, Arnold and Potter 1987, Vavrek and Niemczyk 1990) have shown detrimental
effects of chemical management practices on beneficial invertebrates of cool-season turfs,

but none have looked at the impact of other turfgrass management (ecological and



66

integrated) on these arthropods. Understanding the influence of different management
regimes on the abundance of beneficial and nuisance arthropods of turfgrass ecosystem is
of major concern for the development of ecological and economical turf practices; but,
also in the interest of conservation, to maintain and/or increase biodiversity in urban

landscapes.

The objectives of the present study were to: characterize arthropod communities in two
different turfgrass lawn types: a newly established sodded lawn and a 10-year-old lawn;
to assess the effects of four different turfgrass management regimes on the abundance of
representative groups of arthropods over a three-year period; and, to determine short-term

effect of two commonly used insecticides on two representative groups of arthropods.

4.4 Materials and Methods

4.4.1 Study sites

Sampling was conducted during 2003, 2004, and 2005 at two different sites in Québec
City, Québec, Canada (46° 49' N; 71° 13' W). The study area is characterized by a mid-
boreal ecoclimate with warm summers and cold, snowy winters. Mean summer and
winter temperatures are 14°C and -11°C, respectively. Snow generally covers the ground

from November to April (Ecoregions Working Group 1989).

One site was located at Laval University, and consisted of a new Kentucky bluegrass (Poa
pratensis L.) lawn established in June 2003 using turfgrass sod. The soil was a well-
drained shale loam, with a pH of 6.5, and 3.2% of organic matter. Broadleaf weed cover
was 2% or less for the three-year study and consisted of Taraxacum officinale Weber
(dandelion), Trifolium repens L. (white clover), and Oxalis stricta L (European wood-
sorrel). The other experimental site was a ten-year-old municipal lawn located in
Beauport, a suburb of Québec City. The lawn consisted of a mixture of Kentucky

bluegrass (30%), bentgrass (Agrostis stolonifera L.; 4%), fine and tall fescues (Festuca
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rubra and F. arundinacea Shreb.; 20%). The soil was characterized as poorly-drained
clay, with a pH of 6.9, and 3.2% of organic matter. No pesticide or fertilizer had been
applied on this lawn five years prior to the experiment. Broadleaf weed cover was very
high (>40%), with mainly 7. officinale (19.5%), Cerastium vulgatum (7.5%; mouse-eared
chickweed), T. repens (7%), Medicago lupulina L. (black medic; 6.5%), Fragaria vesca
L. (wild strawberry; 3.5%), and Plantago major L. (broad-leaved plantain; 2%). Both
sites (3,000 mz), exposed to full sun, were not irrigated, and were mowed weekly at 5-8

cm height with clippings left on the surface.

4.4.2 Treatment description

During 2003, 20 plots, each 96 m? (8x12 m), were delimited at both sites. Plots received
one of the four treatments and were arranged in a completely randomized block designed
with five replications per site. Plots were each separated with a 2-m untreated turfgrass
border. The four different turfgrass management regimes used in this study were: 1-
untreated control; 2-chemical management; 3-integrated pest management (IPM); and 4-
ecological management (see Table 4.1 for details about treatment description). Plots in
regimes 1, 2, and 3 received three organic fertilizer (9%N-2%P-5%K) applications per
year (0.34 kg N / 100m’ in spring and summer; 0.57 kg N / 100m? in fall) for an annual
rate of 1.25 kg N / 100m®. Plots under the ecological management received one
application of corn gluten meal (0.45 kg N/100m?/application), a granular pre-emergent
herbicide (Christians 1993), in May and in September, and a summer application (0.34 kg
N / 100m?) of the same organic fertilizer used in the other plots. Chemical management
plots also received 2 to 3 herbicides (2,4-D, mecoprop, MCPA, TRILLION™) and two
insecticide applications (diazinon and carbaryl) as cover sprays per year. Pesticides were
applied using a backpack sprayer (SOLO®) with a 1-m width boom with two flat nozzles
at the extremities. The sprayer was calibrated to deliver 10 liters/100 m* of spray volume
at a 242.32 kPa pressure (35 psi). The ramp was held at 0.5 m over the turf to apply the
pesticides. For the IPM plots, alternative methods were first used to control weeds (e.g.,

corn gluten meal and broadleaf biological control) and insect pests (pyrethrin), and when
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these methods were not effective, spot treatments with chemical pesticides were applied.
Finally, for the ecological management plots, only alternative methods were used. For
weed control, combined to corn gluten meal applications, a mycoherbicide, Sclerotinia
minor Jagger was used as a post-emergent broad leaf control. Sclerotinia minor is an
ascomycete plant pathogen which has shown biocontrol potential for dandelion in
turfgrass (Stewart-Wade et al. 2002, Abu-Dieyeh et al. 2005). The fungus, which is
inoculated on millet seeds, was provided by Dr. A. K. Watson, from McGill University,

Sainte-Anne-de-Bellevue, Québec, Canada.



Table 4.1. Experimental treatments tested at municipal and university sites in 2003, 2004 and 2005.

Treatment Municipal site

University site

description 2003 2004 2005

2003 2004 2005

Untreated control - - -

Chemical 3 cover herbicides' 2 cover 2 cover herbicides
management (May, July, Sept.) herbicides (May, Sept.)
(May, Sept.)
2 insecticides 2 insecticides
(July, August) 2 insecticides (July, August)
(July, August)
IPM 2 aerations 2 aerations 2 aerations
(May, Sept.) (May, Sept.) (May, Sept.)
2 spot herbicides' 2 spot herbicides 2 spot herbicides
(May and Sept.) (May and Sept.)  (May and Sept.)
1 insecticide
(pyrethrin)®
Ecological 2 aerations 2 aerations 2 aerations
management (May, Sept.) (May, Sept.) (May, Sept.)

Corn gluten meal Corn gluten meal
(May, Sept.) (May, Sept.)

Corn gluten® meal
(May, Sept.)

1 application of
S. minor (Sept.)

2 applications of
S. minor
(June, Sept.)

1 application of
S. minor* (Sept.)

1 cover herbicide 2 cover herbicides 2 cover
(September) (May, Sept.) herbicides
(May, Sept.)

2 insecticides 2 insecticides

(July, August) (July, August) 2 insecticides
(July, August)
1 aeration 2 aerations 2 aerations
(September) (May, Sept.) (May and Sept.)
1 aeration 2 aerations 2 aerations
(Sept.) (May, Sept.) (May, Sept.)

Corn gluten meal
(May, Sept.)

Corn gluten meal
(May, Sept.)

Corn gluten meal
(Sept.)

! Cover = entire plot sprayed, Spot = only weeds sprayed; 2,4-D, mecoprop, MCPA, TRILLION™ at label rate with a spray volume per plot of 1.6 litres

2 Pyrethrin: at a rate of 500 ml of a.i. per plot (TROUNCE™)
? Corn gluten meal: 5 kg per plot

* Sclerotinia minor: application of 6 kg per plot of sterilized millet seeds inoculated with S.minor-.

69
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4.4.3 Sampling

4.4.3.1 Ground-dwelling arthropods

Arthropods were sampled using uncovered pitfall traps as described by Morill (1975).
Briefly, each trap consists of a 500 ml plastic cup with a top diameter of 92 mm and a depth
of 122 mm with a 125 ml plastic cup placed inside. The top funnel is a coffee cup liner
with the bottom cut off to form a funnel. Traps were installed at the beginning of May in
2003 by digging a hole with a golf cup cutter (11 cm in diameter by 20 cm in depth). The
top of the 500 ml cup was installed at ground level and soil was used to fill all spaces
around the trap. The inner cup of each trap was filled with 100 ml of a solution made of
400 ml ethylene glycol and 600 ml water. Two pitfall traps, one meter apart, were placed
in the middle of each plot, and all 40 traps per site were operated every year from mid-May
to mid-November (27 sampling dates), except at the university site in 2003 where sampling
was initiated after turfgrass establishment (21 sampling dates). Every week, the content of
the inner container was removed and replaced by a new one with ethylene glycol solution.
Samples were returned to the lab and arthropod adults were identified to order, family or
species level. The proportion of each group (family or order) is presented as the mean
percent of each group for total arthropods captured during the season of the three-year
study. Because Araneae and Formicidae represented two third of total captures at both
sites, their seasonal abundance is presented separately from total arthropods. Carabidae,
Staphylinidae, Araneae and Formicidae were grouped together as soil surface predators,
while the herbivore group included hairy chinch bug, Blissus leucopterus hirtus
Montandon, grass billbugs, Sphenophorus parvulus and ineaqualis, and Tipula sp.
Seasonal abundance of total Carabidae and of Amara aenea (DeGeer), the most abundant
species at the municipal site (Rochefort et al., submitted), are presented separately from
total arthropod results. Seasonal abundance is presented as the mean number of arthropods
per trap (+ standard error) at each sampling period (a total of nine periods) for each study

year.
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4.4.3.2 Soil arthropod sampling

Because of their ecological importance and their abundance in turfgrass ecosystem,
Collembola were chosen as a representative group of turfgrass soil arthropods in this study
(Rochefort et al. 2006). At the municipal site, Collembola were sampled once a month,
from May to October (six sampling dates). At the university site, in 2003 sampling was
performed from July to October (four sampling dates) after turfgrass establishment. Three
cores (5.1 cm in diameter by 9 cm in depth; 184 cm® each core) were randomly taken from
each plot. The cores (consisting of grass, thatch and soil) were pooled, broken apart, and
placed, grass side down, in a modified Berlese funnel at room temperature. Each Berlese
funnel contained a 5 mm wire mesh on the bottom of a plastic funnel (21.5 cm diameter
and 27 cm long). A 500 ml jar containing 100 ml of 70% ethyl alcohol was attached to the
bottom of the funnel to collect Collembola. A 25-W incandescent light bulb used as a heat
source was placed 5 cm above each funnel. The funnels were covered with a very fine
nylon net curtain to prevent collembolan escape and the extraction lasted 72 h. Collembola
were stored in glass vials until their identification and counting. Seasonal abundance of
total Collembola is presented as the mean number of individuals (+ se) per m” for each

sampling date.

4.4.4 Data analysis

Weekly counts were pooled within each sampling period (three weeks by period), and
means (arthropod abundance) of the four treatments were compared within each sampling
period in separate years with Fisher LSD multiple comparison tests (P<0.05) using the
PROC GLM procedure (SAS Institute 2002-2003). Mid-term effects (after three years) of
treatments on total arthropods were analyzed with analysis of variance through repeated-
measures (ANOVA) using the PROC MIXED procedure. Short-term effects (one and three
weeks after treatments) of diazinon and carbaryl on total ground beetle and on Collembola,
were also analyzed with analysis of variance through repeated-measures using the PROC

MIXED procedure.
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4.5 Results

4.5.1 Proportion of arthropods

At the municipal site, an annual mean of 34,071 ground-dwelling arthropods were captured
for the three-year study. Nine major taxa, representing different classes, families and
orders, constituted 95% of the captures (Fig. 4.1). Formicidae (51%) and Araneae (23%)
were the most abundant taxa representing a combined 74% of total arthropods in pitfall
traps. Carabidae, Staphylinidae, Diplopoda, and Chilopoda constitute 6, 5, 4, and 2% of
total captures, respectively. Herbivore abundance (hairy chinch bug, bluegrass billbug and
Tipula sp.) was low at this experimental site throughout the study, representing less than
5% of total arthropods. Tipulid larval captures were higher in 2005 with up to 1,246 larvae.
Other arthropods such as Elateridae, Chrysomelidae, Lepidoptera, and Curculionidae
together represent 5% of the captures. For Collembola, an annual mean of 1,849X10°

Collembola / m* were sampled at the municipal site.

The same major arthropod taxa were collected at the university site with an annual mean
number of 34,778 arthropods per year (Fig. 4.1). Formicidae and Araneae were also the
most abundant arthropods at this site representing a combined 80% of total captures.
Araneae abundance at the university site was similar (42%) to Formicidae (38%).
Diplopoda was the third most abundant group with 9% of total arthropods. Similar
numbers of Staphylinidae (5%) were found at both sites, while Carabidae and Chilopoda
represented 2% and 1% of arthropods captured, respectively. Finally, the herbivores (hairy
chinch bugs and bluegrass billbugs) represented less than 1% of the captures. Collembola
abundance was higher at the university site than at the municipal site with an annual mean

of 5, 953X10° individuals / m*.
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4.5.2. Seasonal abundance and treatment effect

4.5.2.1 Total arthropods

The abundance of total arthropods at the municipal site was higher in 2003 and 2005 than
in 2004 (Fig. 4.2). The highest captures appeared during the first six sampling periods of
each year which correspond to the period of May to the beginning of October. When years
were analyzed separately and treatments compared at each sampling period, some
significant differences occurred between treatments, but these were very transient with
usually no difference the following sampling period (Fig. 4.2). In 2005, the abundance of
total arthropods in the untreated control was generally higher than in the other treatments,
but a significant difference was only observed at the sixth sampling period between the

chemical treatment and the untreated control (F=10.29, df=3, P=0.046).

At the university site, abundance of total arthropods was higher in 2005 than in the two
previous years (Fig. 4.2; even when using the later sampling periods of 2003). Arthropod
numbers were greatest between the second (end of June) and the sixth (mid-September)
period of each year. As observed at the municipal site no treatment was consistently
different from the others. Differences were observed during some specific periods
appeared like in 2005, after the carbaryl application at the seventh and eighth periods,
where the abundance of arthropods was significantly lower in the chemical treatment than
in the other ones (F=4.85, df=3, P<0.05). However, this difference between treatments
disappeared at the ninth period (F=1.42, df=3, P=0.29).

Analysis of variance with repeated-measures (ANOVA) did not detect a long term effect of
treatment over the three-year study (F=1.27, df=3, P=0.31), but time (F=98.67, df=14,
P<0.0001) and site effect (F=26.17, df=2, P=0.0009) were significant. An interaction
between site and time was also significant (F=13.54, df=13, P<0.001), indicating that

differences between sites are related to time of year.
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4.5.2.2 Formicidae

Ants at the municipal site were found throughout the year but were most abundant from the
first (mid-May) to the sixth (September) period (Fig. 4.3). Abundance of ants was higher
in 2003 and in 2005 (with up to 250 ants per trap in 2005) than in 2004 (<200 ants/trap).
Significantly more ants were collected in the ecological treatment in 2003 at the sixth
period (F'=5.19, df=3, P<0.04). At the first sampling period in 2004 and 2005, abundance
of ants was still higher in the ecological treatment than in the other ones (2004: F=2.78,
df=3, P<0.04; 2005: F=3.31, df=3, P<0.03), but these differences disappeared after this
period. In 2005, abundance of ants was significantly lower in the chemical treatment than

in the control after the carbaryl application at the sixth period (F'=4.08, df=3, P=0.03).

Abundance of ants at the university site was similar to what was observed at the municipal
site with around 200 ants or less per trap each year (Fig. 4.3). Ants were generally more
abundant from the third to the fifth period, except at the fourth period in 2003 where
captures were higher (>300 ants/trap) than the two other years (<200 ants/trap). No
difference between treatments was detected in 2003 and 2004, while abundance of ants in
2005 was lower in the chemical treatment compared to the control and to the ecological
treatment at the fourth period (F=3.91, df=3, P<0.02). No other difference between the

four treatments appeared after this period in 2005.

4.5.2.3 Araneae

As observed for Formicidae, spiders were captured throughout the season with greatest
numbers for the first five periods (Fig. 4.4). At the municipal site, abundance of spiders
increased over the three-year study with the highest density in 2005 at the fifth period
(August) with up to 175 individuals/trap while in 2003 and 2004, their abundance remained
lower than 100 individuals/trap throughout the season (Fig. 4.4). In 2003, a difference
between the chemical treatment and the untreated control was detected at the fifth (F=2.68,

df=3, P=0.01) and sixth periods (F=2.37, df=3, P=0.03), but disappeared at the seventh
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period. In 2004, differences between the chemical treatment and the control were also
observed at the fourth (F'=3.52, df=3, P=0.01) and fifth periods (F=2.12, df=3, P=0.03)
with lower numbers of spiders in the chemical plots. As observed in 2003, this difference
between the chemical and untreated plots disappeared at the seventh period in 2004, but a
higher numbers of spiders was recorded in the chemical than in the IPM and ecological
plots (F=4.97, df=3, P<0.05) at this same period. In 2005, no difference between the four

treatments was detected.

Abundance of spiders at the university site was also higher in 2005 than in the two previous
years with more than 200 individuals/trap from the third to the fifth period, compared to
less than 150 spiders/trap in 2003 and 2004 (Fig. 4.4). In 2003, the only difference
detected between treatments appeared at the sixth period with higher numbers of spiders in
the IPM plots than in the chemical and ecological plots (F=3.44, df=3, P<0.05). In 2004,
at the first period, spiders were in higher numbers in the ecological treatment (F=172.33,
df=3, P<0.001). Finally, in 2005, in the chemical treatment, spider abundance was lower

at the seventh period (F=2.99, df=3, P<0.04).

4.5.2.4 Carabidae

Ground beetle abundance at the municipal site was highest during the first five periods of
the season of each study year, and thereafter, decreased through the end of the season (Fig.
4.5). The abundance of ground beetles was particularly high in 2005 at the third period in
the untreated control with 62 beetles/trap, while for the other periods and years, it remained
lower than 45 beetles/trap. In 2003, Carabidae abundance was lower in the chemical than
in the ecological plots at the sixth period (F=1.91, df=3, P=0.04) and than in the untreated
plots at the seventh period (F=2.82, df=3, P=0.035). Difference between chemical and
untreated plots was only detected at the fourth period in 2004 (F=1.87, df=3, P=0.04) with
lower numbers in the chemical plots. In 2005, from the third to the fifth period, ground
beetle numbers were higher in the untreated plots than in the other treatments (3" period:

F=5.77, df=3, P=0.01; 4™ period: F=18.28, df=3, P<0.0001; 5™ period: F=7.56, df=3,
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P=0.004). Amara aenea, a Carabidae species that was very abundant at the municipal site
(see Chapter III, Fig. 3.1B), also had higher abundance in the untreated control than in the
other treatments during the same five periods (F>2.78, df=3, P<0.05).

At the university site, ground beetles were less abundant than at the municipal site with less
than 12 beetles/trap (Fig. 4.5). As observed at the municipal site, abundance of ground
beetles was higher in the first five periods, but decreased after that through the end of the
season. No difference between treatments was detected in 2003 and 2004; while in 2005,
in contrast to what had been observed at the municipal site, numbers of ground beetles in
the untreated controls were significantly lower than in the chemical treatment at the second

(F=1.81, df=3, P=0.04) and sixth period (F=2.55, df=3, P=0.02).

4.5.2.5 Collembola

Abundance of Collembola at the municipal site varied between years and treatments. In
2003, a peak of abundance was present from June to July (>40,000 Collembola/m?), while
in 2004, it appeared in October (Fig. 4.6). In 2005, Collembola abundance was lower than
the two previous years with less than 25,000 individuals/m*. In October 2003, Collembola
abundance was lower in the chemical treatment than in the three others (F'=5.06, df=3,
P=0.01). In 2004, abundance of Collembola in the ecological treatment was higher than in
the other treatments in May (F=6.62, df=3, P=0.007) and again in October (F=3.02, df=3,
P<0.05). The only difference detected in 2005 was in June between the untreated control
and the chemical treatment, in which Collembola were more abundant (F=2.21, df=3,

P=0.04).

Variations of Collembola seasonal abundance between years and treatments were also
observed at the university site (Fig. 4.6). In 2003, their abundance was lower than 80,000
individuals per mz, while in 2004 and 2005, it reached 170,000 and 120,000 individuals per

m” respectively. As for the municipal site, peaks of abundance did not appear at the same



77

periods in 2004 (June and July) and in 2005 (May and August). In the chemical treatment,
after carbaryl application, Collembola abundance was significantly lower in August
(F=11.47, df=3, P=0.0008), in September (F=3.79, df=3, P=0.04), and in October 2003
(F=4.26, df=3, P=0.02). This difference re-appeared the next year in May 2004 (F=7.89,
df=3, P=0.004), but in June, Collembola abundance was higher in the chemical treatment
than in the untreated control and in the ecological management plots (F=4.18, df=3,
P=0.03). After diazinon application in July 2004, abundance of Collembola in the
chemical treatment decreased as for the untreated control and for the IPM treatment. In
2005, at the first sampling period in May, significant lower numbers of Collembola were
observed in the chemical treatment (F=4.08, df=3, P<0.05) than in the other treatments.
This difference re-appeared another time in August 2005 after carbaryl application

(F=12.85, df=3, P=0.0005).

4.5.2.6 Soil surface predators

For this group, which includes ants, spiders, ground and rove beetles, abundance at the
municipal site was higher for the first five periods for all years, and generally lower in 2004
compared to 2003 and 2005 (Fig. 4.7). In 2003, at the municipal site, predators were more
abundant in the ecological than in the chemical treatment at the fifth period (F=2.05, df=3,
P=0.04) and then in the IPM and chemical plots at the sixth period (F=4.32, df=3,
P<0.05). In 2004, at the sixth period, abundance of predators was again higher in the
ecological plots than in the other treatments (F=3.16, df=3, P<0.05). No differences

between treatments appeared in 2005 at the municipal site.

At the university site, abundance of predators was generally higher between the second and
sixth period (Fig. 4.7). In 2003, predators were less abundant in the chemical treatment at
the fifth period than in the untreated control and the IPM treatment (F=3.63, df=3,
P<0.05). In 2004, the only difference between treatments was at the first period with more

predators in the ecological treatments than in the others (F=7.67, df=3, P<0.05). Finally,
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in 2005 abundance of predators in the chemical treatment was lower than in the other

treatments at the seventh period (F=2.83, df=3, P<0.05).

4.5.2.7 Herbivores

At the municipal site, hairy chinch bugs, billbugs and crane fly larvae were included in the
herbivore group, while only hairy chinch bugs and billbugs composed this group at the
university site. At both experimental sites, herbivore abundance was generally lower than
predator abundance, except for the municipal site in 2005, where herbivore abundance
reached 80 individuals/trap at the end of the season (Fig. 4.8). This high number of
herbivores at this period was caused by captures of Tipula larvae. Hairy chinch bugs were
the second most abundant herbivore at the municipal site, especially in 2003 where a
pyrethrin treatment (TROUNCE™) was applied in the IPM and ecological plots to reduce
their numbers. In 2004 and 2005, their population remained low throughout the season. At
the university site, herbivore abundance was less than 10 individuals/trap during the three-
year study (Fig. 4.8). Hairy chinch bugs were the most abundant herbivore at the university
site but their density didn’t reach a critical level (more than 10 chinch bugs/m?; Rochefort
et al. 1998) to treat in the IPM and ecological plots. In 2003 and 2004, no difference
between treatments appeared at the university site for the herbivore group, while in 2005,
significantly more herbivores were captured in the chemical than in the untreated plots at

the seventh period (F=2.44, df=3, P=0.03).
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4.5.3 Short term effects of diazinon and carbaryl applications

4.5.3.1 Carabidae

At the municipal site, a short term effect of pesticides on carabid abundance was only
detected with diazinon in 2003 with a significant decrease of their abundance one week
after the application (F=12.90, df=16, P=0.009; Fig. 4.9). In 2004, reduction of the
abundance of Carabidae in the treated plots from the first (before the treatment) and the
second period (one week after) was not significant, but a significant difference between the
treated and untreated plots was detected one week after diazinon treatment (F'=35.14, df=16,

P=0.007).

At the university site, the abundance of Carabidae increased after diazinon application in
2003 (one and three weeks after) and in 2004 (three weeks after), while in 2005, diazinon
did not affect ground beetle abundance over time (Fig. 4.9). As observed at the municipal
site, carbaryl application had no short term effect on ground beetle abundance for the three

years.

4.5.3.2 Collembola

Diazinon had variable effects over years on Collembola abundance at the municipal site. In
2003, a significant reduction of their abundance appeared between the first (before
treatment) and the third period (three weeks after) in treated plots (F=2.90, df=16, P=0.01;
Fig. 4.10). In 2004, this pesticide did not affect Collembola abundance while in 2005, one
week after diazinon application, Collembola abundance was higher in the treated but also in
the untreated plots (F=10.63, df=16, P<0.01) than before the application. As for

Carabidae, carbaryl had no effect on Collembola abundance at the municipal site.
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At the university site in 2003, diazinon application reduced numbers of Collembola one and
three weeks after the treatment (F=13.90, df=15, P=0.004; Fig. 10). In 2004, a reduction
of Collembola abundance was observed after diazinon application in the treated plots but
also in the untreated plots. In 2005, abundance of Collembola in treated plots remained
stable over the three periods, but was significantly lower than in the untreated plots in
which, abundance reached more than 100,000 individuals per m? one and three weeks after
diazinon application (F=29.47, df=4, P<0.003). Carbaryl effect on Collembola appeared
only in 2003 with less individuals per m”> one and three weeks after its application
compared to the period before the application (F=20.01, df=16, P<0.03). In 2004 and
2005, carbaryl had no effect on Collembola.

4.6 Discussion

A variety of arthropods, including predators, decomposers, and herbivores was found in
this study. Our data showed similar abundance of arthropods at both sites despite their
differences in plant composition (more diversified at the municipal site than at the
university site). Moreover, the same taxa, ants and spiders, were predominant at both sites.
This result indicates that a specific arthropod community is associated with turfgrass
ecosystems regardless of the complexity of the plant community of the lawns. Other
studies conducted in different parts of the United States and with different turfgrass species
found the same representative taxa in similar abundance (Cockfield and Potter 1985a & b,
Arnold and Potter 1987, Braman and Pendley 1993, Heng-Moss et al. 1998) as were found
in the present study. Regular mowing and large amounts of decaying plant material in

turfgrass lawns appear to provide suitable habitat and food for these invertebrates.

Surprisingly, our data showed little difference between the four different turfgrass
management regimes after a three-year period. Repetitive usage of herbicides and
insecticides such as 2,4-D, diazinon and carbaryl did not significantly reduce numbers of

arthropods in experimental plots. Moreover, integrated pest management and ecological
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management were not significantly different from the untreated control and from the
chemical management. Differences observed between treatments at some specific
sampling periods were detected, but for a short period of time, with recovery usually found
in the following sampling period. Different results were obtained in other studies using
turfgrass lawns. In an experiment performed by Arnold and Potter (1987), significantly
lower density of predatory arthropods were found in lawns under high maintenance (with
herbicide, insecticide and fertilizer applications) compared to low maintenance (only
mowing). In their study, spiders, rove and ground beetles were reduced by insecticide
applications, especially after a granular application of diazinon followed by irrigation.
Terry et al. (1993) also demonstrated a reduction of spider and staphylinid abundance
following a carbaryl application. A single application of the insecticide chlorpyrifos has
also suppressed populations of spiders, staphylinid beetles, and predatory mites for at least
5 to 6 weeks in a study conducted in Kentucky bluegrass lawns (Cockfield and Potter
1983). Depending of the type of pesticide and the frequency of its application, variable
responses by turfgrass arthropods can be observed. More persistent insecticides seem to be
more harmful to beneficial arthropods than short residual insecticides. Vavrek and
Niemczyck (1990) found that isofenphos, a relatively persistent insecticide, reduced
populations of Acari, Collembola, Diplopoda, and Staphylinidae for several weeks to ten
months. In the present study, for all groups of ground-dwelling arthropods, the chemical
management regimes (e.g. applications of liquid diazinon and carbaryl) did not reduce
arthropod density for more than a month. Many insecticides have been shown to have
detrimental effects on Carabidae in turfgrass ecosystem (Cockfield and Potter 1985, Kunkel
et al. 2001) and in agricultural fields (Frampton and Cilgi, 1994), but pesticides used in
these experiments (bendiocarb, chlorpyrifos and deltamethrin) were different than in the
present study. As for Carabidae, adverse effects of insecticides on Collembola abundance
have been demonstrated. Frampton (2002) showed a significant reduction of Collembola
abundance in a rotation with grass and wheat after the application of five organophosphorus
insecticides. A study by Endlweber et al. (2006) demonstrated that sensitivity of different
collembolan species to chlorpyrifos application varies considerably. Species, especially

Isotoma spp., recovered quickly while Sminthurididae took more than four months to
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recover after the last insecticide application. In the present study, only diazinon at few
periods (in 2003 and 2005) and for a short time reduced Collembola abundance. Quick
recovery of Collembola populations may be explained by the presence of Parisotoma
notabilis, the most abundant species found in our turfgrass lawns (Rochefort et al. 2006),
which reproduces by parthenogenesis and therefore has a high reproduction rate and

recovery potential (Petersen 1971).

Absence of differences between turfgrass management regimes evaluated in this study may
also be explained by other factors. First, small plots used in this experiment probably
favored rapid recolonization by arthropods. These small plots are however representative
of many home lawns that are fragmented and often bordered by untreated areas which
provide good refuges for arthropods after disruptions. Second, many factors (drift,
volatilization, photodecomposition, degradation) determine the fate of a pesticide in the
environment (Petrovic and Borromeo 1994). Diazinon and carbaryl are known to be short
residual insecticides, with diazinon having a half-life of one week (Khur and Tashiro 1978)
and complete degradation within 14 days (Sears and Chapman 1979). Foliar insecticide
applications used in our experiment were not followed by irrigation, and probably were
more rapidly degraded than if a granular formulation had been used, thereby explaining the
short term effects observed for diazinon on Collembola and Carabidae. Third, turfgrass
management practices used in the untreated control, the IPM and ecological plots,
especially at the university site, were not sufficiently different to produce measurable
differences during the three seasons of this study. Finally, high variance in the seasonality
of arthropods, abiotic factors (temperature and humidity), and avoidance behaviour may
also explain the absence of detectable differences between turfgrass management regimes

on arthropods.

Soil surface predator group was not significantly affected by turfgrass management regime
as was observed for ants and spiders, the two major groups representing more than 70% of
the predators. Herbivore densities remained low at both sites and during the three-year

study. Only one application of pyrethrin insecticide was required at the municipal site the
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first year to reduce hairy chinch bug populations in the integrated pest management and
ecological plots. Tipula larvae were in high numbers at the municipal site in 2005, but did
not cause any damage to turf and then no control was needed. Predators have probably
regulated pest densities in experimental plots regardless of the type of turfgrass
management used because no pest outbreaks have been observed following insecticide
applications in our plots. Reinert (1978) and Cockfield et Potter (1984) have shown pest

outbreaks after insecticide applications, which is caused by the disappearance of predators.

Even though our study didn’t detect adverse affects of diazinon and carbaryl on arthropods,
these products can cause detrimental affects on other organisms not considered in this
study. Diazinon and carbaryl can cause important earthworm population reductions (40 to
80%) when applied on Kentucky bluegrass lawns (Potter et al. 1990), and Harmonia
axyridis (a lady beetle) populations can be significantly reduced following carbaryl
applications under laboratory tests (Galvan et al. 2005). Finally, when applied to turfs
mixed with white clover, carbaryl negatively affects bumble bee development and activity

(Gels et al. 2005).

Our study was the first to look at the impact of chemical, ecological and integrated pest
management regimes on turfgrass arthropods at the same time. Some studies have looked
at the impact of biological controls (entomopathogenic nematodes and fungae) on
beneficial arthropods (Shetlar et al. 1993, Wang et al. 2001) or the effect of chemical
herbicides, insecticides, fertilizers, and combined inputs on them (Braman et al. 1993) but
none have looked at the use of multiple practices (cultural, chemical, biological and
natural) on these arthropods. This study was also the first one in Québec to characterize the
arthropod community associated with Kentucky bluegrass lawns. Knowledge of this
community is essential to understand their roles in this ecosystem and the interactions
between them. The identification of factors (biotic or abiotic) that contribute to their
conservation or their dispersion will help in the future to determine appropriate practices to

be used in turfgrass lawn maintenance.
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Fig. 4.1. Proportion (%) of different groups of arthropods sampled in pitfall traps at the
municipal and university sites. Percents represent the total seasonal mean of arthropods for
the three-year study.
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Fig. 4.2. Seasonal abundance (mean number/pitfall trap + se) of total arthropods sampled in
2003, 2004, and 2005 at the municipal and university sites. At the university site in 2003,
sampling was undertaken from the fourth period, after turfgrass establishment.
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Fig. 4.3. Seasonal abundance (mean number/pitfall trap + se) of ants sampled in 2003,
2004, and 2005 at the municipal and university sites. At the university site in 2003,
sampling was undertaken from the fourth period, after turfgrass establishment.
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Fig. 4.4. Seasonal abundance (mean number/pitfall trap + se) of spiders sampled in 2003,
2004, and 2005 at the municipal and university sites. At the university site in 2003,
sampling was undertaken from the fourth period, after turfgrass establishment.
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Fig. 4.5. Seasonal abundance (mean number/pitfall trap + se) of Carabidae sampled in
2003, 2004, and 2005 at the municipal and university sites. At the university site in 2003,
sampling was undertaken from the fourth period, after turfgrass establishment.
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Fig. 4.6. Seasonal abundance (mean number / m” + se) of Collembola sampled in 2003,
2004, and 2005 at the municipal and university sites. At the university site in 2003,
sampling was undertaken from the fourth period, after turfgrass establishment.
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Fig. 4.7. Seasonal abundance (mean number/pitfall trap + se) of soil surface predators
sampled in 2003, 2004, and 2005 at the municipal and university sites. At the university
site in 2003, sampling was undertaken from the fourth period, after turfgrass establishment.
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Fig. 4.8. Seasonal abundance (mean number/pitfall trap + se) of herbivores sampled in
2003, 2004, and 2005 at the municipal and university sites. At the university site in 2003,
sampling was undertaken from the fourth period, after turfgrass establishment.



105

YIUO\ pue pousd
S

YIUOW\ pue polsd

S

YIUOW pue poLdd

d1IS AJISIaAIUN

O Z
©
~
» ©
o)
<
)
o~
—

4

1 3ys jedpiunpy

Sl

I 0C

I Oy

I 09

I 08

00

S00C

Juswsbeuew [e3160|07] —@p—

Wdl —O—

¥00¢

JUBWSBRURW [BIIWAY) —il—

€00¢

|OJ3UO0D PO1RRIUM + = = = = = =

0c

3

3

(os¥x) sdeuy |jejd 1ad sa10A1Q48Y JO JqUINN



106

Fig. 4.9. Short term effect of diazinon and carbaryl applications on Carabidae abundance
(mean number/pitfall trap + se) sampled in 2003, 2004, and 2005 at the municipal and
university sites, compared to the untreated control.
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Fig. 4.10. Short term effect of diazinon and carbaryl applications on Collembola abundance
(mean number/m” + se) sampled in 2003, 2004, and 2005 at the municipal and university
sites, compared to the untreated control.
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CHAPITRE V

OVERWINTER SURVIVAL AND ESTABLISHMENT OF
ENDOPHYTE-INFECTED AND UNINFECTED TALL FESCUE AND
PERENNIAL RYEGRASS IN TURFGRASS LAWNS OF NORTH
EASTERN NORTH AMERICA*

*This article has been submitted to Crop Science (May 2006). The authors are Sophie
Rochefort (Centre de Recherche en Horticulture, Universit¢ Laval), Yves Desjardins
(Centre de Recherche en Horticulture, Université Laval), David J. Shetlar (Ohio State
University), and Jacques Brodeur (Institut de recherche en biologie végétale, Université de

Montréal).

5.1 Résumé

Le sur-ensemencement de fétuque élevée et de ray-grass vivace dans une pelouse établie de
paturin du Kentucky représente une stratégie permettant d’améliorer la qualité et la
durabilité des pelouses de graminées. La présente étude, réalisée sur une période de trois
ans, avait comme objectif d’évaluer la survie hivernale et le taux d’établissement de la
fétuque ¢élevée (Bonsai 2000) infectée ou non avec 1’endophyte Neotyphodium
coenophialum, et du ray-grass vivace (Palmer III), infecté ou non avec I’endophyte N. lolii,
dans la province de Québec (latitude ~54°N), région caractérisée par des conditions
hivernales rigoureuses. Les espéces de graminées a gazon ont été sur semées en juin 2003
a deux taux d’ensemencement [77,4 kg/ha (0,9 kg / 100 m?) and 155 kg/ha (1,8 kg /100
m?)] dans des pelouses expérimentales situées dans deux zones bioclimatiques différentes :
Ville de Québec et Ville de Boucherville. La survie hivernale et 1’établissement des

graminées et des endophytes ont été évalués au printemps et a ’automne 2003 et 2004. La
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fétuque élevée et le ray-grass vivace ont la capacité de survivre aux hivers québécois, mais
sont plus performants lorsque le couvert de neige est important et présent durant tout
I’hiver. La proportion de plants de fétuque élevée et de ray-grass vivace retrouvés dans les
parcelles suite au sur-semis a rarement atteint 30% durant les trois années d’étude.
Toutefois, la mortalité¢ hivernale n’a pas compromis la compétitivité de la plante avec le
paturin du Kentucky durant les saisons de croissance subséquentes puisqu’un
rétablissement complet des populations de fétuque élevée et de ray-grass vivace a été
observé dans les pelouses mixtes. La survie des endophytes a varié selon les especes, N.
lolii étant en mesure de survivre aux conditions hivernales froides, ce qui ne fut pas le cas
pour N. coenophialum. Pour 1’association ray-grass et N. lolii, la compétition avec le
paturin du Kentucky s’avere probablement le facteur principal limitant I’augmentation dans
le temps de la proportion de ray-grass endophytique dans les pelouses mixtes. Le taux

d’ensemencement n’a pas influencé les niveaux d’établissement des deux graminées.

5.2 Abstract

Overseeding of tall fescue and perennial ryegrass into preexisting stands of Kentucky
bluegrass is viewed as a strategy to enhance the quality and durability of turfgrass lawns. In
a three year study, we investigated the winter survival and establishment of tall fescue
(Bonsai 2000), infected or not with Neotyphodium coenophialum, and perennial ryegrass
(Palmer III), infected or not with N. lolii, in the province of Québec, Canada (~latitude,
54°N), a region characterized by rigorous winter conditions. Grass species were overseeded
in June 2003 at two different rates [77.4 kg/ha (0.9 kg /100 m?) and 155 kg/ha (1.8 kg /100
m?®)], in experimental plots from two bioclimatological conditions: Québec City and
Boucherville. Turfgrass establishment and endophyte infection were evaluated during the
following two spring and fall periods. Both tall fescue and perennial ryegrass had the
capacity to survive winter but performed best when snow cover was thick and present
throughout the winter. The proportion of overseeded plants in turfgrass stand rarely reached
30% over the years. Overwinter mortality did not impair plant capacity to compete with

Kentucky bluegrass during the following growing season as complete recovery of tall
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fescue and perennial ryegrass populations was observed in mixed stands. Overwinter
endophyte survival was species specific with N. lolii being able to survive cold winter but
not N. coenophialum. For the perennial ryegrass-N. lolii association, competition with
Kentucky bluegrass is a primary factor limiting the increase over time in the proportion of
endophyte-infected plants in a turfgrass mixture. Seeding rates did not influence the

establishment of either grass species.

5.3 Introduction

Mixed stands of grass species is increasingly used to enhance the quality and durability of
turfgrass lawns. Mixtures of complementary grass species may improve turf quality due to
greater tolerance to abiotic (cold, heat, drought) and biotic (arthropod pests, plant diseases,
weed invasion) stresses compared with a single species (Beard 1973, Brede and Duich
1984, Coll and Bottrell 1994). Tall fescue (Festuca arundinacea Shreb.) and perennial
ryegrass (Lolium perenne L.) are the most promising species to be used with Kentucky
bluegrass (Poa pratensis L.), the most extensively planted grass as monostand in north

eastern North America (Turgeon 1991).

The aggressive rhizomatous growth pattern of Kentucky bluegrass provides very dense and
uniform lawns over the growing season (Beard 1973). However, Kentucky bluegrass is
susceptible to many insect pests and diseases (Tashiro 1987). The introduction of “turf-
type” perennial ryegrass and tall fescue in an established Kentucky bluegrass lawn could
increase plant diversity and likely enhance resistance to environmental stresses. Tall fescue
has an excellent wear tolerance and is usually integrated on playgrounds and sport fields.
Perennial ryegrass, because of its high rate of establishment and tillering ability, is included
in seed mixtures to provide rapid ground cover prior to germination of Kentucky bluegrass

seeds (Turgeon 1991).
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Turf management may also be improved through the addition of endophytic grasses in
grass mixtures (Funk et al. 1993 ,Hull et al. 1994). Neotyphodium spp. endophytes develop
non-pathogenic, systemic, and usually intercellular symbiotic associations with several
cool-season grasses such as perennial ryegrass and tall fescues (Marshall et al. 1999,
Malinowski et al. 2005), but not with Kentucky bluegrass. Neotyphodium is an asexual
form of grass endophyte which is transmitted vertically and maternally by hyphae growing
into seeds (Breen 1994). Neotyphodium infected plants may benefit from enhanced growth
and vigour (Latch et al. 1985) and from an increased tolerance to climatic factors, such as
drought and high temperatures (Bacon 1993, Belesky 1987), and a reduced susceptibility to
diseases or insect infestations (Coll and Bottrell 1994, Carriére et al. 1998, Richmond and

Shetlar 2000).

Although turfgrass ‘mixtures have potential for better overall quality than any one
component species’ (Dunn et al. 2002), the establishment and survival of each grass species
in the sward, together with the association with endophytes, are likely to differ over time.
Indeed, the composition of a lawn is determined by the intrinsic competitiveness of the
different grass species, as well as their response to several other factors: climatic
conditions, cultural practices (fertilization, mowing, and irrigation), diseases, pests,
intensity of wear conditions, etc. Of significance, overwinter mortality of cool-season turf
grasses could be very important in north eastern North America, and may significantly
reduce the aesthetic value, function, and durability of turfgrass mixtures (DiPaola and
Beard 1992). The presence of endophyte in turf type grasses may also influence the

competitiveness between turfgrass species and modify the dynamic of plant composition.

The capacity of cool-season turf grasses to overwinter varies greatly among species and
cultivars (Beard 1973). Creeping bentgrass (Agrostis palustris Huds.), a species commonly
used for golf green establishment, tolerates the lowest temperature (Gusta et al. 1980). For
residential lawns, Kentucky bluegrass (Poa pratensis L.) tolerates very low temperatures,
perennial ryegrass is the least hardy species, while tall fescue (Festuca arundinacea Shreb.)

has intermediate susceptibility to freezing stress (Beard 1973, Gusta et al. 1980). This
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relatively poor cold temperature tolerance of perennial ryegrass and tall fescue may prevent
their use in pure stands in areas where winter temperatures are very low (Christian and
Engelke 1994). To our knowledge, no study has examined the effect of cold winter
temperatures on Neotyphodium endophyte survival and on how grass-endophyte
associations might affect their winter survival and competitivity in a Kentucky bluegrass

sward.

We have recently initiated a research program investigating the potential of over seeding
endophytic turf grasses in established lawns to reduce insect pest problems. The objective
of the present field study was to determine the capacity of endophyte-infected and
uninfected tall fescue and perennial ryegrass to survive winter conditions prevailing in the
province of Québec, Canada when plants are overseeded into pre-existing stands of
Kentucky bluegrass. In experimental plots from two ecologically different sites, we
measured long-term changes (over three years) in the proportion of endophyte-infected and
uninfected ‘Bonsai 2000’ tall fescue infected or not with N. coenophialum and ‘Palmer III’
perennial ryegrass infected or not with N. lolii. The overwinter survival of these two

endophyte-plant associations was tested for two overseeding rates.

5.4 Materials and Methods

5.4.1 Study sites

The study was conducted during 2003, 2004 and 2005 in Boucherville (45° 30 N; 73° 30’
W), a suburb of Montréal, and in Québec City (46° 49’ N; 71° 13> W). Study areas lie
within the Southern Laurentians ecoregion (Ecoregions Working Group 1989), which is
characterized by a mid-boreal ecoclimate with warm summers and cold, snowy winters.

Mean summer and winter air temperatures are 14°C and -11°C, respectively. Mean annual
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precipitation is 800 mm and 1000 mm near the cities of Montréal and Québec, respectively.

Snow generally covers the ground from November to April.

The site located at Boucherville consisted of a new Kentucky bluegrass (Poa pratensis L.)
lawn established in 2002 from turfgrass sod. The soil was a loam with a pH of 6.3.
Broadleaf weed cover was less than 1%. The experimental lawn in Québec City was
located at Laval University experimental farm, and consisted of a mixture of Kentucky
bluegrass (47%), annual bluegrass (Poa annua L.; 14%), creeping red fescue (Festuca
rubra Shreb; 14%) and bentgrass (Agrostis stolonifera L.; 7%). The soil was a well-
drained shale loam, with a pH of 6.5. In May 2003, weeds were controlled with one
application of Dicamba, MCCP and 2,4-D (TRILLION™, Plant Products Co. Ltd., Quebec,

Canada), at the labelled rate to reduce broadleaf cover under 5%.

In June 2003, a total of sixteen plots (2.1 by 2.1 m) per site were randomly assigned to one
of four different treatments, two grass species and two over seeding rates. Using a
commercial over seeder (MATAWAY®), treatments #1 and #2 were over seeded with
Bonsai 2000™ tall fescue at 77.4 kg/ha (0.9 kg / 100 m?) and 155 kg/ha (1.8 kg / 100 m?),
respectively. Bonsai 2000 is a turf-type tall fescue cultivar which provides a more
homogeneous lawn when mixed with Kentucky bluegrass than common-type fescues
(Gilbert and DiPaola, 1985). Treatments #3 and #4 were over seeded with Palmer III™
ryegrass, a dark-green color turf-type cultivar, at the same seeding rates of tall fescue. High
levels of endophyte infection can be obtained with Bonsai 2000 and Palmer III cultivars.
Rates of seeding were determined following the work of Richmond et al. (2000), who
showed that 38.75 and 77.4 kg of seeds per ha provide 35% of endophyte-infected
perennial ryegrass, which is sufficient to reduce pest problems. Because winters in Québec
are more rigorous, higher seeding rates were used in the present study to favor the
establishment of a significant proportion of endophytic ryegrass and tall fescue. Each
treatment was repeated four times at each site into a randomized complete block design.
No test was performed on tall fescue and perennial ryegrass seeds prior to the experiment to

assess levels of germination and endophyte infection, but according to seed suppliers
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(Hortisem Inc. and Gloco Inc., Montréal, Qc, Canada), initial endophyte infection level was

around 50%.

Both sites were exposed to full sun, and received three organic fertilizer (9-2-5, N-P-K)
applications per year (0.34 kg N / 100m” in spring and summer; 0.57 kg N/ 100m” in fall)
for an annual rate of 1.25 kg N / 100m”. The lawns were mowed weekly at 5-8 cm height,

and clippings were left on the plots. Experimental plots were not irrigated.

5.4.2 Sampling

5.4.2.1 Turfgrass establishment

In 2003, the first evaluation to determine the establishment of introduced turfgrass species
was done in early October, four months and a half after turfgrass overseeding. In 2004 and
2005, turfgrass establishment was assessed twice, in May and September, for a total of five

evaluations during the experiment.

The ryegrass and tall fescue composition of turf in each plot was determined using a linear
pin quadrant modified from Winkworth and Goodall (1962). The quadrant is an 85 cm
width wood frame set on two metal supports, 37.5 cm height, and has 10 fixed points
spaced 85 mm apart. Leaves touched by the pin at each point are recorded by species. Two
quadrants per plot were randomly placed for a total of 20 points per plot. Data are analysed
and presented as the mean percent of grass species per plot for each seeding rate and

sampling period.

5.4.2.2 Endophyte infection

As for turfgrass establishment, the percent of endophyte-infected ryegrass and tall fescue in

each plot was determined in October in 2003, and in May and September 2004 and 2005.
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Twenty tillers per plot were randomly selected and cut at soil surface, brought back to the
lab, and tested for endophyte presence. In this instance, a 2-mm cross section of a tiller was
analyzed using a commercial tissue print immunoblot test kit (Agrinostics Ltd. Co.,
Watkinsville, GA). Tissue print immunoblot technique for detection of N. coenophialum
mycelial proteins was first proposed by Gwinn et al. (1991). The technique was validated
by Hiatt et al. (1999) who demonstrated the accuracy of a commercially available,
monoclonal antibody-based immunoblot assay (Agrinostic’s kit) for the detection of

Neotyphodium sp.

5.4.3 Data analysis

Differences over time in turfgrass establishment and endophyte infection were analyzed
through repeated-measures analysis of variance (ANOVA) using the PROC MIXED
procedure (SAS Institute, 2002-2003). The following three effects were tested: site,
treatment, and site by treatment interaction. A priori contrasts were performed to detect
differences between grass species and over seeding rates using the PROC GLM procedure.

Means were separated using Fisher’s protected least significant difference (P<0.05).

5.5 Results

5.5.1 Turfgrass establishment

In Québec City, the proportion of tall fescue (range: 11-38%) and perennial ryegrass (21-
48%) plants per plot remained relatively stable throughout the study (Fig. 5.1A and 5.1B).
For tall fescue the number of over-seeded plants was maximum in October 2003 and then
decreased the following spring to remain stable through the end of the experiment in
September 2005. For perennial ryegrass the percent of plants per plot for the 0.9 kg rate

was stable throughout the study with no difference between all the sampling periods. At
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1.8 kg rate, ryegrass plants were more abundant in October 2003 than in May 2004, May
2005, and September 2005. No difference was observed between the four other sampling
periods, from May 2004 to September 2005.

More complex patterns were observed over time at Boucherville, with large variations in
the proportion of tall fescue (range: 1-19%) and perennial ryegrass (3-39%) in experimental
plots (Fig. 5.1C and 5.1D). Variation of tall fescue establishment at 0.9 kg rate was greater
between May 2004 (1.25%) and September 2005 (16.9%). For the 1.8 kg rate, no
difference was detected over the five sampling periods. For perennial ryegrass, the
establishment at Boucherville significantly decreased from September 2004 to May 2005
for the two tested rates. However, for the 0.9 kg rate, the final establishment (in September
2005) was not different from the initial one (in October 2003). At the 1.8 kg rate, the final

establishment was significantly lower than the initial one.

In general, no difference between tall fescue and perennial ryegrass establishment was
observed in Québec City, except in September when perennial ryegrass was more abundant
than tall fescue 2004 (F=8.70, df=1, P=0.016). At Boucherville, perennial ryegrass was
more abundant than tall fescue for the first three sampling periods (Oct. 2003: F=29.72,
df=1, P=0.0004; May 2004: F=7.66, df=1, P=0.02; Sept. 2004: F=25.35, df=lI,
P=0.0007).

Tall fescue and perennial ryegrass had a better winter survival in Québec City than at
Boucherville (site effect: F=34.99; df=1; P=0.001). Tested seeding rates did not influence
the establishment of both grass species at both site (Québec: F=0.61; df=1; P=0.44;
Boucherville: F=3.17; df=1; P=0.08).



119

5.5.2 Endophyte infection

Overall, endophyte infection in tall fescue was lower (<10% at both sites) than expected
(ca. 50%) based on information provided by the supplier. The proportion of plants infected
with Neotyphodium in Québec City was significantly higher (>27%) for perennial ryegrass
than for tall fescue (<7%) for all evaluation periods (P<0.003; Fig. 5.2A and 5.2B). A
similar trend was observed at Boucherville, with significantly (P<0.001) higher endophyte
infection in ryegrass (>24%) than in tall fescue (<11%; Fig. 5.2C and 5.2D).

Endophyte infection in tall fescue decreased rapidly in Québec City and was no longer
detected in September 2004 and May 2005 for the 0.9 and 1.8 kg seeding rate treatments,
respectively (Fig. 5.2A). Similar results were observed at Boucherville, as endophytes
were not detected in September 2004 for either seeding rate (Fig. 5.2C). Percent of infected
perennial ryegrass plants in both sites remained relatively stable at about 40 % infection
throughout the study for the two seeding rate treatments (Fig. 5.2B and 5.2D) with, at the
end of the study, a similar level of infection as observed in October 2003 (site effect:
F=0.91; df=1; P=0.38). No difference between the two seeding rates was detected for

endophyte infection at either site.

5.6 Discussion

5.6.1 Turfgrass establishment

Our results revealed two important ecological attributes of perennial ryegrass var. ‘Palmer
I’ and ‘Bonsai 2000’ tall fescue in north eastern North America. First, both species are
well adapted to the climatic conditions prevailing in the province of Québec, as shown by
their persistence over time once established in a lawn. Second, irrespective of the
endophyte infection status, tall fescue and perennial ryegrass have the capacity to colonize

a mixture of Kentucky bluegrass and remain competitive two years after over-seeding.
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In Québec City, the proportion of tall fescue and perennial ryegrass plants in experimental
plots remained fairly constant throughout the study, with no significant variations in
abundance between spring and fall sampling periods. This suggests that drastic changes and
extreme climatic conditions prevailing in the winter and the summer do not significantly
modify turfgrass survival. It also means that factors other than recurrent overwinter
mortality prevent the long-term increase in the proportion of tall fescue and perennial

ryegrass in turfgrass polyculture (see below).

A different pattern was observed in Boucherville, where tall fescue and perennial ryegrass
populations typically declined following winter, although Boucherville (Montréal area) is
located at more southern latitude than Québec City. Overwintering mortality of grass
species can be caused by different factors such as low soil and air temperatures, extreme
temperature variations, lack of a natural cover protection, formation of ice, degree of
acclimation in fall and deacclimatation in spring, etc. (Beard 1973, Rajashekar et al. 1983,
Humphreys 1989, Ross 2000). Differences in turfgrass overwintering survival between the
two study sites are likely due to variations in snow cover. Snow provides excellent
insulating properties and would protect turfs against winter desiccation and low
temperatures by reducing the frequency of freezing and thawing episodes (Beard 1973,
Dionne 2001). Snow cover in Québec City was thick and present from mid-November to
end of March in the winters of 2003-2004 and 2004-2005 (Fig. 5.3A and 5.3B). In
contrast, snow cover in Boucherville was much reduced and lasted for a shorter period of
time than in Québec City (Fig. 5.3C and 5.3D). This was more evident in mid-January 2005
when snow cover had been considerably reduced by rainfalls, thereby exposing turfgrass

plants to low temperatures for several days.

Remarkably, although the proportion of tall fescue and perennial ryegrass plants in the
spring was much reduced by overwintering plant mortality, it did not impair their capacity
to compete with Kentucky bluegrass during the following growing season. Sampling
conducted in September 2004 and 2005, showed more or less complete recovery of tall

fescue and perennial ryegrass populations in mixed stands. The changes in the composition
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of grass species during the growing season might be due to enhanced competitiveness of
tall fescue and perennial ryegrass over Kentucky bluegrass under adverse biotic and abiotic
summer conditions, for instance through better ability to compete for moisture in conditions

of drought (Hill et al. 1991, Hunt and Dunn 1993).

There is no indication that the proportion of tall fescue and perennial ryegrass in turfgrass
mixed Kentucky bluegrass stands would increase notably above 30% over the years under
environmental conditions prevailing in north eastern North America. Doubling the initial
seeding rate did not modify substantially the abundance of either tall fescue or perennial
ryegrass in experimental plots. A similar pattern was reported in Ohio, USA, by Richmond
et al. (2000) who observed no difference between different seeding rates of perennial
ryegrass over seeded in an established Kentucky bluegrass lawn at the end of their
experiment. On the other hand, they demonstrated that at lower rates (0.454 kg and 0.9 kg)
than those tested in our study, proportion of perennial ryegrass tillers increased (28-68%)
over two seasons. Three factors could explain the inability of tall fescue and perennial
ryegrass plants to expand when over seeded in an established lawn. First, perennial
ryegrass and tall fescue are bunch type grasses (Beard 1973) that mainly propagate by seed,
a mode of colonization that is greatly reduced in a mowed lawn. Second, competition with
other plants, mainly Kentucky bluegrass, may prevent tall fescue and perennial ryegrass
from expanding when over seeded in an established lawn. At Boucherville, competition for
seed germination and newly germinated plants was particularly important because turfgrass
density on the 2-year old Kentucky bluegrass lawn was initially higher at this site than at
Québec City. Third, as described above, winter mortality as observed in Boucherville also

contributed to reduce the establishment of tall fescue and perennial ryegrass.

5.6.2 Endophyte infection and proportion of RG+

To our knowledge, our study represents the first attempt to examine winter survival of
endophytes N. coenophialum and N. lolii under rigorous winter conditions such as those

prevailing in the province of Québec. Neotyphodium coenophialum associated with ‘Bonsai
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2000’ tall fescue, rapidly disappeared at both sites. However, further evidence is needed to
better assess the overwintering potential of N. coenophialum as the initial level of infection
in tall fescue was very low (<10%) in our treatment. The resurgence of endophyte-infected
tall fescue in the 1.8 kg rate treatment in September 2005 at Boucherville may suggest that
dormant hyphae of the endophyte have the capacity to survive harsh conditions for
prolonged period of time. Alternatively the ‘disappearance’ of the endophyte in September
2004 and May 2005 may result from a sampling error; detection of Neotyphodium infected
plants is problematic when infection levels are very low (<5%). Neotyphodium lolii
associated with perennial ryegrass has the capacity to survive winter in Québec; the initial
level of endophyte infection remained relatively stable throughout the experiment at both

experimental sites.

The proportion of tall fescue or perennial ryegrass plants per plot was multiplied by the
corresponding proportion of plants determined to be infected with Neotyphodium to
estimate the total proportion of endophytic plants per plot (Fig. 5.4). Seasonal fluctuations
in the proportion of endophytic plants in turfgrass mixtures observed at Boucherville (Fig.
5.4B) arose primarily from variations in the survival of the host plant over the season. This
pattern is different from what was observed in studies conducted in more temperate zones
(Thompson et al. 1989, Shelby and Dalrymple 1993, Saikkonen et al. 1998, Richmond et

al. 2000), where the proportion of endophyte-infected grass increased over time.

The present study indicates that perennial ryegrass and tall fescue can be used as
complementary grass species to Kentucky bluegrass in lawns located in regions
characterized by rigorous winter conditions. Mixed stands maintain their integrity when
snow cover is thick and present for a long period. Overwinter endophyte survival appears to
be species specific with N. /lolii being able to survive cold winter but not N. coenophialum.
Moreover, for the perennial ryegrass - N. lolii association, competition with Kentucky
bluegrass is a primary factor limiting the increase over time in the proportion of endophyte-
infected plants in a turfgrass mixture. This study is intended as a first step to our

understanding of the overwinter ecology of cool-season turfgrass in areas corresponding to
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the northern limits of their distribution. More information is needed on other grass cultivars

and grass-endophyte associations commonly used in North America.
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Fig. 5.1. Percent of tall fescue and perennial ryegrass plants (mean + se) per plot at 0.9 (O) and 1.8 (@) kg
seeding rates in Québec City and Boucherville from October 2003 to September 2005. Plots were overseeded
in June 2003. Capital letters and lower case above dots indicate differences for 0.9 kg and 1.8 kg seeding
rates, respectively. Means followed by different letters are significantly different [ANOVA with repeated-
measures (F=16.85, df=4 P<0.05)] followed by Fisher procedures, P<0.05.
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Fig. 5.2. Percent of endophyte infection of tall fescue and perennial ryegrass plants (mean =+ se) at 0.9 (O)
and 1.8 (@) kg seeding rates in Québec City and Boucherville from October 2003 to September 2005. Plots
were overseeded in June 2003. For perennial ryegrass, capital letters and lower case above dots indicate
differences for 0.9 kg and 1.8 kg seeding rates, respectively. Means followed by different letters are
significantly different [ANOVA with repeated-measures (F=1.51, df=4, P<0.05] followed by Fisher
procedures, P<0.05. No significant difference was observed for tall fescue (F=1.51, df=4, P>0.05).
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CHAPITRE VI

EFFECT OF ENDOPHYTIC PERENNIAL RYEGRASS AND
KENTUCKY BLUEGRASS MIXTURES ON HAIRY CHINCH BUG,
BLISSUS LEUCOPTERUS HIRTUS (HEMIPTERA: LYGAEIDAE)
SURVIVAL AND DEVELOPMENT

The authors of this chapter are Sophie Rochefort (Centre de Recherche en Horticulture,
Universit¢ Laval), David J. Shetlar (Ohio State University), and Jacques Brodeur

(Université de Montréal).

6.1 Résumé

Des expériences en serres ont été réalisées afin de déterminer D’effet de différentes
combinaisons de ray-grass endophytique (RG+), Lolium perenne L. et de paturin du
Kentucky (PDK), Poa pratensis L. sur la survie et le développement de la punaise velue,
Blissus leucopterus hirtus Montandon. Cinq combinaisons différentes de ray-grass
endophytique et de paturin du Kentucky ont été testées (100% PDK et 0% RG+, 75% PDK
et 25% RG+, 50% PDK et 50% RG+, 25% PDK et 75% RG+, 0% PDK et 100% RG+) et
comparées a un traitement avec 100% ray-grass non-endophytique (RG-). Pour chacun des
traitements, la survie et le développement de punaises velues de 2° et 3° stades larvaires ont
été mesurés. La survie des punaises a augmenté en parallele avec le pourcentage de ray-
grass endophytique ‘SR 4220’ dans les mélanges, tandis que la mortalit¢é maximale a été
observée dans le traitement 100% paturin du Kentucky ‘Dragon’. La survie des insectes
était la plus ¢élevée avec les traitements 100% RG- et 100% RG+. Le développement de la
punaise velue n’a également pas été affecté par la présence d’endophyte car un nombre
similaire de larves de 5° stade a été retrouvé dans les différents traitements. Nos résultats

démontrent que la présence de Neotyphodium dans la plante n’entraine pas nécessairement



133

d’effets adverses sur la punaise velue. Le taux de mortalité élevé observé avec le paturin
du Kentucky ‘Dragon’ suggere que chez cette espéce la sélection de cultivars moins

sensibles aux insectes ravageurs devrait étre prioritaire.

6.2 Abstract

We conducted studies under greenhouse conditions to assess the effect of different
proportions of endophyte-infected perennial ryegrass (RG+), Lolium perenne L., and
Kentucky bluegrass, Poa pratensis L. on survival and development of the hairy chinch bug,
Blissus leucopterus hirtus Montandon. The first five treatments contained 0, 25, 50, 75 and
100% RG+ and a sixth treatment contained 100% non-infected perennial ryegrass. Second
and third instar hairy chinch bugs were introduced in the experimental arenas for 18 days.
Endophytic perennial ryegrass ‘SR 4220’ did not affect hairy chinch bug survival and
development. Survival increased with the proportion of RG+ and was the highest for
treatments containing 100% RG, infected or not with the endophyte. The least suitable
treatment was Kentucky bluegrass ‘Dragon.” Our results indicate that the association
perennial ryegrass ‘SR 4220°-L. perenne does not have adverse affects on the hairy chinch
bug survival. In contrast, Kentucky bluegrass ‘Dragon’ is not a suitable host for hairy

chinch bug survival and development.

6.3 Introduction

Fungal endophytes from the genus Neotyphodium form associations with several turfgrass
species (Breen 1994). The fungus develops systemic, and usually intercellular symbiotic
associations with several cool-season grasses such as perennial ryegrass (Lolium perenne L;
Marshall et al. 1999, Malinowski et al. 2005), but not with Kentucky bluegrass (Poa
pratensis L.), another commonly used species in cool-season lawns. The fungus benefits
mainly through access to nutriments provided by plant photosynthesis, while alkaloid

compounds produced by the endophyte may reduce insect herbivory (Clay 1988, Breen
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1994). Prestidge et al. (1982) first reported a positive association between Neotyphodium
fungal endophyte in perennial ryegrass and resistance to Argentine stem weevil,
Listronotus bonariensis Kuschel (Coleoptera: Curculionidae) in a New Zealand pasture.
Now, more than 40 species of insects from several different orders are known to be
adversely affected by endophytes (Breen 1994), including many major pests of turf grasses.
On the other hand, variable responses of insect herbivores to endophytes have been
reported, depending on genotypes of endophyte-infected grasses (Funk et al. 1984, Ahmed
et al. 1986, Breen 1993). Variation of endophyte-infected plant resistance to insect
herbivory has also been explained by the ability of the insect to avoid infected plants.
Carriere et al. (1998) not only showed that some endophytic grasses are resistant to the
hairy chinch bug, Blissus leucopterus hirtus Montandon, an important pest of cool-season
turf grasses in northeastern America (Vittum et al. 1999), but also that some cultivars were
avoided by the insects. Furthermore, Richmond and Shetlar (2000) have demonstrated that
avoidance by hairy chinch bug nymphs of endophytic plants has the potential to reduce
insect damages and population densities by altering movement and foraging behavior of
nymphs when turf grass mixtures contained moderate levels (~35%) of infected plants. The
use of endophytic grasses for turfgrass management is considered as an alternative method

to chemical insecticides (Funk et al. 1993).

Mixtures of complementary grass species are increasingly used to enhance the quality and
durability of turfgrass lawns because they provide greater tolerance to abiotic (cold, heat,
drought) and biotic (arthropod pests, plant diseases, weed invasion) stresses compared with
a single species (Beard 1973, Brede and Duich 1984, Coll and Bottrell 1994). Perennial
ryegrass is a promising species to be used with Kentucky bluegrass, the most extensively
planted grass as monostand in northeastern North America (Turgeon 1991). The aggressive
rhizomatous growth pattern of Kentucky bluegrass produces very dense and uniform lawns
over the growing season (Beard 1973), but the species is susceptible to insect pests and
diseases (Tashiro 1987). Although perennial ryegrass has a high rate of establishment and
tillering ability, it has a lower tolerance to cold temperatures than Kentucky bluegrass

(Gusta et al. 1980) which prevents its use in pure stands in areas where temperatures are
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very low in winter (Christian and Engelke 1994, Waldron et al. 1998). The introduction of
endophyte-infected “turf-type” perennial ryegrass in an established Kentucky bluegrass

lawn would increase plant diversity and likely enhance resistance to herbivorous insects.

Determination of the right combinations of endophyte-infected plants mixed with Kentucky
bluegrass is essential to assess their potential for reduction of insect pest density in
turfgrass mixtures. The objectives of this study were to examine, under greenhouse
conditions, the effect of different proportions of Kentucky bluegrass and endophytic

perennial ryegrass on hairy chinch bug survival and development.

6.4 Materials and Methods

6.4.1 Plant material

The plants used in the experiment were perennial ryegrass ‘SR 4220’ and Kentucky
bluegrass ‘Dragon.” Perennial ryegrass ‘SR 4220’ is a turf-type cultivar, resistant to gray
leaf spot (Pyricularia grisea) disease characterized by a green dark color and a high level
(95%) of Neotyphodium Iolii infection (Seed Research of Oregon, Oregon, USA).
Kentucky bluegrass ‘Dragon’ is a common cultivar used in the province of Québec for sod
production. Seeds of perennial ryegrass and Kentucky bluegrass were provided by Seed
Research of Oregon, OR, USA, and Gloco Seed cie, Québec, Canada, respectively. Prior to
the experiment, perennial ryegrass seeds were tested for endophyte infection using a tissue
print immunoblot test kit (Agrinostics Ltd. Co., GA). Level of infection was ca. 85%.
Infected and non-infected seeds of perennial ryegrass and Kentucky bluegrass seeds were
planted individually in 72 cell flats (Landmark Plastic Co., OH, USA) and placed for eight
weeks in a greenhouse under a photoperiod of 16:8 (L:D) h, and with day/night
temperatures around 20/15°C. Plants were irrigated daily, fertilized (20:20:20, N:P:K) and
clipped weekly to a height of 6 cm.
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6.4.2 Insect survival test

Eight weeks after germination, cell flats bearing two tillers were selected to test for
endophyte presence, using commercial immunoblot test kits (Agrinostics Ltd. Co., GA).
Endophytic and endophyte-free plants were removed from cell flats and transferred to a pot
containing a commercial potting soil (PROMIX™). Six treatments consisting of different
proportions of Kentucky bluegrass and endophytic ryegrass are described in Table 1. For
each experimental unit, 12 plants were planted in a 6-inch pot. Treatments were repeated
six times into a completely randomized design. Throughout the experiment, pots were
enclosed in tubular, Plexiglass cages (12.5 cm in diameter by 26 cm in height) to confine
the chinch bugs to the plants. Tubular cages were perforated to create three air flow
openings (each 4 by 4 cm) on the side of the cages and one on the top. Each opening was
covered with nylon mesh. Bioassays were conducted under the same rearing conditions as
described above. Second and third instar chinch bugs were collected from an infested lawn
located at Laval University (Québec, Canada) with a leaf vacuum (model VacAttack™
Homelite). Chinch bugs were kept intermingled with soil and plant material for less than
24 h and starved 2-3 h before transfer to the cages. One hundred chinch bug nymphs were
introduced in each cage. Eighteen days after introduction, the content of each pots (soil and

plants) were visually inspected and the number of live chinch bugs was determined.

Data were analyzed using the PROC GLM procedure (SAS Institute 2002-2003), and
means were compared with protected Fisher LSD multiple comparison tests (P<0.05).
Linear effects of KBG and RG+ proportions on hairy chinch bug survival and development
were analyzed using polynomial contrasts. A priori contrasts were used to detect
differences between the different combinations of RG+ and KBG, between KBG and all the
treatments with KBG and RG+, and between RG- and all the treatments with RG+.
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6.5 Results

We did not detect an endophyte effect on chinch bug survival and development, as similar
numbers of chinch bug were recovered from 100% RG+ (52.7£ 8.0 ) and 100% RG- (65.3%
8.7 ) treatments (Table 6.1). Similar numbers of third, fourth and fifth instars and adult

were collected from each treatment (Table 6.1).

A significant effect was detected between the two grass species. Chinch bugs were more
abundant on ‘SR 4220’ ryegrass with and without endophyte than on ‘Dragon’ Kentucky
bluegrass (Table 6.1). When all instars (total) are considered, only 26.5% 4.6 chinch bugs
were recovered from KBG after 18 days. Chinch bug abundance (26.2+ 6.5) was also very
low with the combination level of 50% KBG and 50% RG+, which was not significantly
different from the 100% KBG.

Chinch bug abundance increased linearly with the percentage of RG+ (Table 6.2). For all
instars, contrast analyses revealed lower survival of hairy chinch bug reared on 100% KBG
than on other treatments combining KBG and RG+ (Table 6.2). Chinch bug abundance in

RG- treatment was significantly higher from the other treatments with perennial ryegrass.

Finally, development of hairy chinch bugs was not affected by the endophyte used in this
study, as fifth instars were more abundant than third instars, the stage at which chinch bugs

were introduced at the beginning of the experiment.



138

6.6 Discussion

Several studies have demonstrated the potential of infected perennial ryegrass and tall
fescue to reduce populations of turfgrass insect pests such as sod webworms (Pyralidae
spp.), bluegrass billbugs (Sphenophorus parvulus), and southern armyworm (Spodoptera
eridania) (Funk et al. 1984, Ahmed et al. 1986 and 1987). A few studies have also shown
the detrimental effect of turfgrass infected by endophytes on hairy chinch bug survival
and/or development (Saha et al. 1987, Mathias et al. 1990, Richmond and Shetlar 2000).
Our results showed an opposite pattern as endophyte-infected ‘SR 4220’ perennial ryegrass
did not alter hairy chinch bug survival and development. Hairy chinch bug survival was
positively correlated with an increase in the proportion of RG+ when in combination with
Kentucky bluegrass, indicating that cultivar ‘SR 4220’ did not cause antibiosis or
antixenosis to hairy chinch bugs under greenhouse conditions. Similarly, Lopez et al.
(1995) showed that food assimilation rates of the redlegged grasshopper, Melanoplus
fermur-rubrum, increased with increased levels of N. starii endophyte. Frit fly (Oscinella
frit) and leatherjackets (Tipula spp.) are other examples of grass pests that are not affected
by endophytes (Lewis and Clements 1986, Lewis and Vaughan 1997).

Detrimental effects of endophyte-infected plants on herbivorous insects depend on
alkaloids production (Seigel et al. 1990). In perennial ryegrass, peramine is the major
alkaloid causing insect antibiosis (Rowan and Gaynor 1986). Although the presence of N.
lolii was detected using tissue immunoblot tests, we did not identify nor quantify alkaloid
compounds, so we can not state whether insect-active components were present or absent.
Survival of hairy chinch bugs on endophytic ryegrass can also be possibly explained by
their feeding habits. Mathias et al. (1990) observed that hairy chinch bugs avoid feeding on
the leaf sheath, where N. lolii mycelium is concentrated, and prefer the leaf blades of
infected perennial ryegrass. In a choice test, Carricre et al. (1998) showed that hairy chinch

bug nymphs avoid endophytic perennial ryegrass and feed on non-infected plants.
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‘Dragon’ Kentucky bluegrass is a dark green color grass showing an excellent resistance to
some of the major turfgrass diseases (NTEP 1997). This cultivar has a strong wear
tolerance and is used on sport fields and other high traffic areas. In our experiment,
Kentucky bluegrass was less susceptible to chinch bugs than ‘SR 4220’ perennial ryegrass.
This is consistent with the study of Majeau et al. (2000), who observed that hairy chinch
bug population densities were positively associated with perennial ryegrass abundance on
residential lawn. The treatment 100% RG- provided the highest hairy chinch bug suvival
among all treatments, confirming the positive association between perennial ryegrass and
hairy chinch bug. ‘SR 4220’ perennial ryegrass is a cultivar used on home lawns,
institutional grounds, school play areas, parks, sport fields, and golf courses, usually in
combination with Kentucky bluegrass (Robinson et al. 2001). Tolerance mechanisms of
Kentucky bluegrass to hairy chinch bug remain unknown. Other cultivars (‘Baron’ and
‘Newport’) of Kentucky bluegrass are known to be less suceptible to this insect pest
(Tashiro, 1987). Leaf-surface chemicals, tissue toughness and constitutive chemical
defenses (repellents and deterrents) are potential plant defense mechanisms of Kentucky

bluegrass resistance (Panda and Kush, 1995).

As mentioned by Popaye and Bonos (2005), the presence of endophyte in a plant does not
guarantee resistance to herbivory.  Although our data demonstrated that ‘SR 4220’
perennial ryegrass infected with N. lolii has no significant effect on hairy chinch bug
survival and development, under greenhouse conditions, fungal endophytes still have roles
to play in plant-herbivore interactions. Recent studies by Parwinder Grewal (personal
communication, Ohio State University) have shown significant changes in alkaloid
production due to mowing, fertilization and irrigation regimes. Further laboratory studies
are needed to determine the spectrum of insect-active compounds produced by new
endophyte-infected perennial ryegrass cultivars and determine which may have potential

for the control of hairy chinch bugs.
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Mean number of chinch bug instars per pot (£se) 18 days after their

introduction in different combination levels of ‘Dragon’ Kentucky bluegrass and ‘SR 4220’

ryegrass under greenhouse conditions.

Treatement Chinch bug instar
3rd 4th Sth Adult Total

100% KBG 55%2.7b 6.8t1.6a 11.7£28b 25+13a 265+46¢
75% KBG + 25%RG" 13.3+52ab 90+33a 200x6.8ab 13+x09a 44.0x65b
50% KBG + 50%RG" 62x16b 62+19a 125+42b 1.3£09a 262x65c¢
25% KBG +75% RG* 140+3.1ab 165+45a 253+6.1ab 1.0x04a 568*48ab
100% RG" 17.3+50ab  10.0x54a 242%+31ab 12x03a 527x8.0ab
100% RG” 195+52a 127+t4.8 a 327+58a 05+02a 653%8.7a
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Table 6.2. F and P values after contrast analyses for the effects of endophytic and non-
endophytic perennial ryegrass, Kentucky bluegrass, and different combinations of
endophytic ryegrass and Kentucky bluegrass on hairy chinch bug survival.

Hairy chinch bug instars

3rd 4th 5th Adult All instars
Contrast F P F P F P F P F P
Linear effect KBG 0.59 0.45 1.81 0.19 1.54 0.22 1.7 0.2 4.11  0.05%*
Linear effect RG* 1.52 0.23 1.01 0.32 1.76 0.19 0.08 0.77 5.16 0.03*
T2 vs T3T4 0.43 0.52 0.24 0.63 0.03 0.86 0.04 0.85 0.09 0.76
T1 vs T2T3T4T5 2.52 0.12 0.68 0.41 2.45 0.13 2.54 0.12 6.08 0.02*
T6 VS T2T3T4T5 2.23 0.14 0.27 0.61 4.64 0.04% 0.76 0.39 747 0.01*

* P<0.05
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CHAPITRE VII

CONCLUSION GENERALE
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7.1 Conclusion

Ce projet de doctorat a, dans un premier temps, permis de caractériser les populations
d’arthropodes retrouvés dans les surfaces gazonnées et ainsi, d’accroitre nos connaissances
sur la faune de cet écosystéme jusqu’alors déficiente au Québec et méme au Canada. Une
fois cette caractérisation établie, le deuxiéme aspect portait sur I’'impact de différentes
régies de pelouses sur ces populations d’arthropodes. L’effet a court terme (1 et 3 semaines
apres les applications) de deux insecticides sur les populations d’arthropodes a été évalué
ainsi que I’effet & moyen terme (aprés trois années) des différents types d’entretien de
pelouses. Le volet sur les graminées endophytiques s’inscrivait également dans cet aspect
de Deffet du type de régie sur les arthropodes. En effet, I'utilisation de graminées
endophytiques dans une pelouse affecte plusieurs insectes ravageurs (Richmond et Shetlar
2000) dont la punaise velue, Blissus leucopterus hirtus Montandon, un insecte ravageur
important au Québec. Avec I’adoption de réglements municipaux et provinciaux de plus en
plus restrictifs quant a I'utilisation des pesticides de synthése, 1’utilisation des graminées
endophytiques comme méthode alternative a ces produits, devenait donc une avenue

intéressante a explorer dans le cadre de ce projet.

Le premier volet du projet a tout d’abord permis de caractériser a 1’espéce les populations
de deux groupes d’arthropodes importants de cet écosystéme soit les collemboles et les
carabes. Vingt et une espeéces de collemboles ont été identifiées aux deux sites
expérimentaux avec les mémes espéces dominantes de la famille des Isotomidae soit :
Parisotoma notabilis, Isotoma viridis et Cryptopygus thermophilus. 1’écosysteme ‘gazon’
offre un habitat adéquat pour ces especes épi et hémi édaphiques en apportant un apport
constant en matic¢re organique par les résidus de la tonte et par la présence du feutre. La
diversité des especes de collemboles des pelouses est similaire a celle rencontrée dans les
prairies et en milieu agricole, mais moins diversifiée que celle rencontrée en milieu
forestier. Tel qu’observé dans d’autres écosystémes, [’abondance saisonni¢re des
collemboles n’a démontré aucune tendance générale au cours des trois années d’étude avec

une trés grande variabilité entre les années d’échantillonnage ainsi qu’entre les sites
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expérimentaux. Au site municipal, soit la pelouse plus agée, 1’abondance des collemboles
était moindre que dans la nouvelle pelouse, au site de I’Université Laval. Pour les carabes,
la diversité des espéces était également similaire entre les deux sites avec un total de 17
especes identifiées. Toutefois, les espéces dominantes étaient différentes entre les sites.
L’abondance saisonnicre des carabes échantillonnés aux deux sites €tait similaire avec une
densité plus importante au mois de juin et juillet, et une baisse des populations de carabes a
partir d’aofit, indiquant que les especes de carabes qui colonisent les pelouses sont des
especes a reproduction printaniere. L’abondance totale des carabes était six fois plus élevée
dans la pelouse agée que dans la nouvelle pelouse. L’abondance de plants de pissenlits au
site municipal a favorisé la présence d’espéces granivores tel que 4. aenea, une espece de
carabe particulierement abondante dans la pelouse agée. Les résultats obtenus suite aux
expériences avec les collemboles et les carabes suggerent qu'une composition végétale plus
complexe d’une pelouse (tel qu’observé au site municipal), ne se traduit pas nécessairement
en un assemblage plus diversifi¢ d’arthropodes, mais semble influencer 1’abondance de

certaines especes.

Dans un deuxiéme volet, ’effet de quatre types d’entretien de pelouses sur les
communautés d’arthropodes a ét¢ mesuré durant trois saisons (Chapitre IV). Les pelouses,
souvent qualifiées de milieu simple et peu diversifié, abritent une entomofaune abondante
et diversifié. Tout d’abord, I’échantillonnage a I’aide des piéges-fosses a révélé un nombre
moyen par année de captures totales de plus de 34 000 arthropodes aux deux sites
expérimentaux avec deux groupes dominants soit les Formicidae et les Araneae.
Contrairement a I’hypotheése de départ, les résultats ont clairement démontré que le type
d’entretien de pelouse n’a pas d’effet sur les populations d’arthropodes bénéfiques et que
les pesticides de synthése n’ont pas entrainé la résurgence des insectes ravageurs a moyen
terme. L’abondance de certains groupes d’arthropodes fut parfois moindre suite a
I’application de I’insecticide diazinon et/ou carbaryl, mais cet effet fut de courte durée. En
effet, le diazinon et le carbaryl ont entrainé des baisses significatives des populations de
carabes et de collemboles, mais ces baisses ont été observées qu’une et/ou trois semaines

aprés ’application du pesticide. De plus, ces baisses ne se sont pas manifestées a chaque



150

année de I’¢tude. Les résultats suggeérent que la faune de la pelouse a une capacité de
récupération suite aux interventions avec des insecticides. Cette capacité de récupération
peut s’expliquer par le fait que les arthropodes sont en mesure de re-coloniser les parcelles
expérimentales suite a une intervention. Ces résultats suggerent également que 1’usage de
pesticides de maniere localisé€ sur une surface gazonnée n’a pas d’impact sur la biodiversité
de la pelouse a moyen terme. Les résultats ont également démontré que des facteurs
abiotiques tel que la température et ’humidité ont autant d’effet sinon plus, que le type
d’entretien de pelouse car dans les parcelles témoin, une importante variabilité¢ saisonniere
a parfois été observée. Les pelouses sont en effet des milieux dans lesquels les
températures estivales peuvent étre parfois trés élevées et le taux d’humidité trés faible,
soumettant les arthropodes a des stress importants. Il serait alors intéressant de mesurer
I’impact de ces deux facteurs sur les populations d’arthropodes de cet écosystéme, et plus
particuliérement sur les populations de collemboles, lesquels sont extrémement sensibles
aux variations de température et d’humidité. De plus, il serait pertinent de vérifier a plus
long terme (une dizaine d’années) 1’effet de ces interventions sur 1’écosystéme ‘gazon’.
Egalement, les deux sites expérimentaux représentaient des surfaces gazonnées de grandes
dimensions comparativement a ce qui est observé en milieu résidentiel ou les pelouses sont
davantage fragmentées, entrecoupées de zones non engazonnées (plates-bandes, routes
asphaltées, etc.). Une étude réalisée sur des terrains résidentiels serait nécessaire afin de
déterminer si I’abondance des arthropodes est similaire a celle obtenue dans notre étude, et

si la capacité de re-colonisation est également possible dans ces milieux.

Le troisieme volet de mon projet de doctorat s’inscrivait également dans 1’évaluation de
I’effet du type d’entretien de pelouse sur les arthropodes, mais cette fois avec 1’utilisation
des graminées endophytiques pour la réduction des populations d’insectes ravageurs des
pelouses. Dans un premier temps, puisque les données sur la survie a I’hiver des
endophytes au Québec et au Canada étaient inexistantes, j’ai voulu suivre dans le temps le
niveau d’infection de Neotyphodium coenophialum et Neotyphodium lolii (Chapitre V).
Les résultats ont démontré que 1’association N. coenophialum - fétuque €levée ne persiste

pas sous nos conditions hivernales alors que I’endophyte N. lolii demeurent a un méme
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niveau d’infection dans le ray-grass vivace. De plus, nous avons démontré que la fétuque
¢levée et le ray-grass vivace survivent aux hivers québécois, mais que la survie est
meilleure dans la région de Québec due au couvert de neige plus important que dans la
région de Montréal. La proportion de ray-grass endophytique présent dans les parcelles
aprés deux hivers était inférieure a 15%, ce qui n’est pas suffisant pour réduire de fagon
significative les populations de punaises velues. Afin d’augmenter cette proportion a 30-
35% (proportion qui a démontré une réduction des populations de punaises velues;
Richmond et Shetlar 2000), un sur-ensemencement annuel devra étre envisagé comme
pratique culturale par les gestionnaires d’espaces verts désireux d’utiliser les graminées

endophytiques dans leur programme d’entretien de pelouses.

Suite a ces résultats, j’ai entrepris des essais en serre afin de déterminer le potentiel de
différentes combinaisons de ray-grass endophytique (RG+) et de paturin du Kentucky pour
le controle de la punaise velue (Chapitre VI). Les résultats ont démontré que 1’association
N. lolii - RG+ cultivar ‘SR 4220’ n’affecte pas négativement la survie de la punaise velue,
mais plutdt positivement. En effet, les résultats ont démontré un effet linéaire positif du
pourcentage de RG+ dans les mélanges sur la survie de la punaise velue. Ces résultats sont
assez surprenants étant donné que des études antérieures ont démontré 1’effet négatif de
I’endophyte N. lolii sur la survie de cet insecte (Saha et al. 1987, Mathias et al. 1990).
Deux hypothéses peuvent expliquer les résultats obtenus lors de mon étude: i-la production
d’alcaloides, substances responsables de I’effet d’antibiose et d’antixenose chez les insectes
herbivores, produits par I’endophyte était trop faible pour engendrer un effet négatif ou ii-la
punaise velue était en mesure de s’alimenter au niveau de certaines parties de la plante ou la
concentration en hyphes et en alcaloides est moindre. Dans mon étude, j’ai évalué la
présence de I’endophyte dans la plante, mais je n’ai pas évalué¢ la concentration d’hyphes
dans les tissus végétaux et ni quantifier la production d’alcaloides. Il aurait également été
intéressant d’observer le comportement alimentaire des punaises velues dans les différents
mélanges afin de vérifier si effectivement elles s’alimentent davantage dans une zone
particulicre de la plante, et par la suite quantifier la concentration d’hyphes et d’alcaloides

dans ces parties végétatives. Enfin, d’autres essais seront nécessaires sur les graminées
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endophytiques afin de cibler les cultivars les plus performants tant au niveau de la survie a
I’hiver qu’au niveau de la phytoprotection, et ainsi &tre en mesure de faire des

recommandations aux gestionnaires d’espaces verts quant a leur utilisation.

Ce projet de doctorat fut un projet innovateur tant par son aspect descriptif des populations
d’arthropodes que par son aspect sur I’effet des types d’entretien de pelouses sur ces
derniers. Il a démontré une toute autre image de nos pelouses québécoises soit celle d’un
environnement diversifié, abritant une abondance étonnante d’arthropodes. Malgré
I’absence d’effets du type d’entretien de pelouse évalués dans ce projet, 1’utilisation de
pratiques de gestion permettant de conserver cette biodiversité sera essentielle afin de
maintenir la qualité et la vitalit¢ de nos espaces verts urbains. L’absence d’effet des
traitements insecticides sur les arthropodes observée dans cette étude suggeérent qu’en
présence de problémes d’insectes ravageurs, 1’application localisés de pesticides soit
acceptable sur le plan de la diversité et de la quantité¢ d’arhropodes que 1’on dénombre dans

une pelouse.

Dans un avenir rapproché, la composition végétale de nos pelouses québécoises sera
appelée a changer pour se diriger davantage vers des pelouses mixtes, composées de
plusieurs graminées a gazon. L’incorporation de graminées endophytiques sera une avenue
intéressante pour augmenter la diversité végétale de nos pelouses car en plus d’apporter une
protection a la plante contre les insectes ravageurs, elles permettront une meilleure
tolérance aux températures élevées, a la sécheresse et a certaines maladies fongiques

(Bacon 1993, Belesky 1987, Malinowski et al. 2005).
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