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Abstract

PLANT -PARASITIC NEMATODES IN MANAGED GOLF COURSE GREENS
THROUGHOUT CANADA

Taylor A. Wallace Advisor:

University of Guelph, 2016 Professor K S. Jordan

Plantparasitic nematodes (PPN) feed on the roots of plants, reducing the uptake of nutrients and
water. Accurate identification and quantification of PPN populations andsiadding the

population dynamics are key to managing these destructive pests in golf greens. This research
was conducted to compare two nematode extraction techniques, identify the genera of PPN
present on golf greens throughout Canada, determine comditianinfluence PPN populations,

and identify effective lowisk nematicides. Five predominant nematode genera were present in
Canadian golf greendeloidogyre, Heterodera Tylenchorhynchydelicotylenchusand
Criconemoidegall of which were moreffectively extracted using the sugar centrifugation
technique. Golf courses in coastal cities had higher populations than those that were inland and
greensestablished ove20 yeas agohad more PPN thamewer greens. Some of the variation in
PPN populatns could be explained by soil properties and management techniques. None of the

nematicides tested effectively reduced nematode populations.
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Chapter 1 Introduction

1.1 Plant-Parasitic Nematodes

Nematodes are wonrtike, aquatic organisms that are ubiquitous throughout the world.
They have a variety of feeding strategigsch allow them to fill almost evergcologicalniche.
They live in salt water, freshwater, in the films of water in soiplant tissuend even in the
bodies of higher organisniShurtleff and Averre 20Q0These unsegmented round worms
belong to one of the largest payNematoda, in the kingdom Animalia and arertiast
abundant multicellular organisms on the plgigghumann and D'Arcy 2018hurtleff and
Averre 2000. Their abundance in the landscape makes them an integral part of every ecosystem
as they are important in many nutrient cycling procegSelsumann and D'Arcy 20L0rhe
majority d nematodes are microscopic but some, which infect vertebrate animals and humans,
can be more tha® min length(Gubanov 19511 There are over 25,000 species identified

worldwide, approximately 4,000 of which parasitize plghisgot et al. 20011

Plant parasitic nematodes (PPN) are of particular interest because they injure
economically impdant plants, costing approximately $90 billio®D of damage per year in the
United States alon@®ong and Zhang 2008Koenning et al. 1999 These pathogersavea wide
host range, makinthema problem for almost every plant grown for commercial production
(Shurtleff and Averre 2000The damage from an individual nematode is minor but as the

number of nematodes increases, the extent of the damage does(Bsapéih 1980.

Plantparasitic nematodese obligatebiotrophic parasitethatfeed onplanttissues
using a mouthpiece called a sty{Bropkin 1980. The stylet functions as a hypodermic needle
thatis used to suck out the contents of £€lhurtleff and Averre 20Q0Plantparasitic
nematodesare predominantly found near the raone of plants in the top 415 cm of soill,
feeding on the tissues of host p(Nliller 1978). The lbdy structure of nematodesssnple a
set of tubes is enclosedarong, slender bodyhatcontairs a nervous system, digestive system,
muscularsystem secretoryexcretory systemgndreproductive organ@ropkin 1980).
Nematodesire so small that respiratory or circulatory syst@ne not needeldecause gases,

nutrients, and excremeocan movearound thébodies through simple diffusigqibropkin 1980



Shurtleff and Averre 20Q0Thebodies are usually transparent with the exception of the

digestive tract which is opaque when full.

There are two feeding strategies which PPNawopt: ectoparasitism and
endoparasitisniShurtleff and Averre 20Q0Ectoparasites feed from the outside of the plant,
thrusting the long stylet intaplant cell without entering the plant tissue. Epa@sites feed
from inside the planandther entirebody is within the planfor part of their lifecycle Because
of this, they oftenhavea shorter stylethan ectoparasiteSemiendoparasites entereiplant
tissue with just the head. PPN can also be categorasetimmotility (Schumann and D'Arcy
2010. Migratory PPN move around in the soil and htestding on multiple plants or multiple
sites of the same plant. Sedentary PPN feed in the same losatinetimescreating specialized

feeding sites.

Common sedentary ectoparasitic nematodes are:Cimgpfremoidespp.) and pin
(Paratylenchuspp.)(Shurtleff and Averre 2000Common migratory ectoparasstare: sting
(Belonolaimusspp.), dagger{iphinemaspp.), needleL{ongidorusspp.),andstubby root
nematods (ParatrichodorusandTrichodorusspp.)(Shurtleff and Averre 2000The common
sedentay semiendoparasites are: reniforiRdtylenchuluspp.) and citrusematodes
(Tylenchulusspp.)(Shurtleff and Averre 2000The common migratory serandoparasites are:
spiral Helicotylenchuspp.) lance Hoplolaimusspp.), and stumematodeg$Tylenchorhynchus
spp.)(Shurtleff and Averre 20Q0The sedentary endoparasitic nematodes often get more
attention as they frequently causdensivedamage due to their high reproductive rates and large
host rangeThe common sedentary endoparasitesgrto cystGloboderaspp.), cyst
(Heteroderaspp.), and roeknot nematodegMeloidogynespp.)(Shurtleff and Averre 2000
Finally, the common migratory endoparasitematodes are: foliaAphelenchoidespp.), pine
wilt (Bursaphelenchuspp.),lesion Pratylenchuspp.)and bulband stemDitylenchusspp.)
(Shurtleff and Averre 2000

Plantparasitic nematodesause disease through three mechanisms: a) mechanical injury
to the cells and tissubrough use of thetylet to puncture the tissydy interference with the
pl ant 0Olegy thrbughsecretionghatcontain enzymes and other toxic substances, and c)
disruption oftheh 0 st 6 s v a shmouwghttee formatiors of apexialized feeding structures
2



known as giant cells and syncy{@ropkin 1969 Jones 1981Schumann and D'Arcy 2010
These forms of damage leave behmahfunctioning cellghatdo not have the ability to
transport nutrients and water to the upper parts of the plant, resulting in reduced fithess and
sometimes death.

The symptoms of PPN feeding observed in plants are difficult to diagnose as they can
oftenbe attributed to the influence ofherpathogens orlaotic issues. The aboveground
symptoms include stunting, unthrifty growth, chlorosis, early decline, wilting, and symptoms
associated with nutrient and water deficie(@kurtleff and Averre 20Q0The belowground
symptoms associated with the feeding of the PPN are excessive root branching, suppression of

root growth, root pruning, and lesions, gadlad rotson the roas (Shurtleff and Averre 200).

PPNdamage roots but also affébe metabolic functions of the whole plaRbot
damage results inhibition in nutrient and water uptakénich makes the plant more susceptible
to abiotic stressssuch agirought and nutrient deficien€ipropkin 1980. There is a clear
correlation between nematode damage and the invasion of other plant pa{frogatsy and
McElroy 1977 Yu et al. 1998 The openings made by PPN allow for other pathogens to enter,
causing secondary ilinesses in the p{@rbpkin 1980.

Nematodes can only move approximately 1 m in the soil perietarty 200). Due
to limited ability to travel long distaes in the soil, anatodedamagen a fieldis patchy and
lacks the sharp boundaries that symptoms from other pathogens may exhibit. They rely on
surface water runoff, irrigation water, and soil clinging to equipment or to transpjdatesto

move long dstancegMcCarty 200).

Plant parasitic nematodes a@mmon in many types of cultivated crops but can be a
major issue in managed turfgraBeth estheticsand functionality are important in turfgrass
standsand althouglthe feeding oPPNmay notkill the afflicted plant it carreduce the quality

and resiliencyf the plant



1.2 Turfgrass in Canada

Turfgrass is grown throughout Canada for both esthetic and functional purposes.
Turfgrass is an essenti al part of Ontariods
gross revenuéTsiplova et al. 2008 The turfgrass industry employs over 30,000 people in the
sectors of lawn care, sod piection, golf course management, athletic field maintenance, and
other areas of turfgrass managen(@isiplova et al. 2008 This revenue stimulates the Canadian
economy and provides jobs for professionals as well as people looking for transseasainal

jobs. Theindustry alsgrovides importantrevironmental benefits.

Ground cover plantsuch as turfgrass, plantedresne lawns, at the side of roads, or in
parks help to reduce soil erosion by anchoring the soil with their r@@gssels et al. 2005
Water from precipitation percolates though the soil profile rather than runniragaffdoes on
hard surfaces like cemerithis process helps to purify water before it reaches streams and rivers
(Beard and Green 1994Jsing grass as a ground covehea than rocks or cement can help to
control the local climate by absorbing heat, rather than reflecting it. It can also trap dust particles
in the air and sequester carbon dioxide, improving air qu@iard and Green 1994These

gualities illustrate why grasses are the primary ground cover in urbanized areas.

Not only is turfgrass important for the environment, it is inteffnaéxercise. Turfgrass is
an essential part of recreation in Canada, providing playing surfaces for many different sports
(Crow 2005 Any field sports like soccer, football, lacrosse, and even gajtiire healthy turf
that isfree of inconsistencie$o prevent injuries and to improve conditions for playing.
Maintaining a healthy stand of turfgrass can be difficult when there are pressuresfistant

use,diseases, weeds, insects, andease emironmental conditions.
1.3 Plant-Parasitic Nematodes in Managed Turfgrass Systems

The losses of golf greens to nematddenagecannot be measured the same way that
yield losses are measured &oragriculturalcrop, which makes quantifying the amount of
damag difficult. Koenning et al{1999) determined that ithe United States ih994 aloneover
100,000hectaresvere lost to PPN damage. Golf course greens are an ideal habitat for PPN as
many of them are constructed on a shaded rootzone. The sandy ssilvell aerated, the grass

is watered frequently, and it is a perennial syste@aning there is laostconstantlypresent.

4



When a green is established it is sometimes done with sod, and PPN can be transferred from the
sod site, infesting the newly plantsitie. In Ontario there are 806 golf courses (as of 2007),
many of which deal witihematode¢Simard et al. 20Q8T'siplova et al. 2008Yu et al. 1998

Current management methods for PiRMhost cropgocus on crop rotation, hegtant
resistance, anthe use ohematicidegDropkin 198Q. Crop rotation is not an option in turfgrass
systems and hogllant resistance isot available in the common cultivars of turfgrass grown on
golf coursesThe application of ematicidess the onlyviable solutionto reduce populations of
PPNbut the only registered products are labeled forptaat use and most of these are
phytotoxic. In Canada there are currently no yadaht nematicidal products registered for use on

turfgrass, makinghesepess patticularly difficult to manage onciey havebecome established.
1.4 Study Objectives

The objectives of this project weagto identify the best method for extractiR§N from
golf course sojlb) tounderstand the population dynamics of FBdhd in golf course soils
throughoutCanad, c) todetermine which soil properties agdlf coursemanagement
techniques impact nematode populati@mid) to determine the efficacy of five lowsk

nematicides.



Chapter 2 Literature Review

2.1 General Life Cycle ofPlant-Parasitic Nematodes

The five predominant genera of PBN turfgrasses Canada are: ring, spiral, stunt,
rootknot, and cyst nematodéSimard et al. 2008v'u et al. 1998 Each genus has a unique
morphology and lifestrategy but their life cycles are relatively similar. There are, of course,
important differences in the life cycles of endoparasitic nematodes when compared to
ectoparasés These differences dictate where the nematodes willsaeason, the place omet
plantwherethey feed, the timing of reproduction, and the longevity of the eggs. Differences

aside, all nematodes start their life the same.

A nematode begins its life as an egg which develops through four larval stages before
reaching adulthoofShurtleff and Averre 20Q0Typically the juvenile resembles the adult form
of the nematodealthoughthe rootknot and cyst nematodes are excetorthis generalization
(Dropkin 1980. Most nematodes hatch from their eggs after the first molt as second stage
juveniles thoughsome exit the egg duringdffirst juvenile stagéShurtleff and Averre 2000
Juveniles are not sexually differentiated when they emerge from the egonidds are present

in the form of undifferentiated cel{®ropkin 1980.

As the juveniles grow in size they shed their cuticle and form a new one. The molting
process occurs in three steps: 1)lggie, the separation of the cuticle from the hypodermis or
epidermis; 2) the formation of a new cuticle from the outermost surface of the epidermis; and 3)
ecdysis, the shedding of the old cuti(&nutleff and Averre 200D As nematodes go through
progressive molts their body increases in length and girth and the tissues and organs differentiate
(Dropkin 1980 Shurtleff and Averre 20Q0The final molt marks the transition from juvenile to
sexuallydifferentiated adul¢Shurtleff and Averre 2000Most nematodes feed atezy stage
after hatching but there are exceptidmssome species the males and juveniles never feed
(Shurtleff and Averre 20Q0This is seen in the Criconematidae famvlyerethe males are rare

and do not feedThey have only a rudimentary digestive tr@Chen et al. 2004

Once female nematodes reach adulthood they are ready to &jNegtatodes areither
amphimictic, requing a mate, or parthenogenetic/hermaphroditid do not requira mate

(Chen et al. 2004 Males are a rarity in many spesiof nematodes and some lack them entirely

6



(Agrios 1997. Rootknot nematodes are facultatiygarthenogenetic and males are rarelyisee
(Siddiqui and Taylor 1970Conversely, the proportion of males and females in stunt nematode
popuktions are often equal as males are required for reprodyktiosberg 1959 The life

cycle of most nematodeakesthree to six weeks under favourable conditioftse life cycle

takes longerto completevhen soil temperatures are below @¢Shurtleff and Averre 2000

Nematodes will oveseason as eggs, juveniles, or addite specificform in which they
overseason dictagghe population size entering the new growing season and at what piiat in
year the population will peak. Nematode eggs can enter into an obligatory or facultative diapause
to avoidunfavourable condition@ntoniou and Evans 19870ther nematodes lie dormant as
juveniles or adultprotectedn plant tissues or produce afrieeze compounds to reduce the
damage caused by freezif@augler and Bilgrami 2004In Canada the dormant season for
nematodes is winter but for other areas of the world it may be the warmest months of tlie year.
temperatures fluctuate winter nematodes may come out of their stasis prematurely. This
premature exit from dormancy chead to significant reduction in nematode population when the
conditions go from favourable to unfavourable quidyallace 1963 The over seasoning form
of the nematode will dictatieir survivalbecause the nematodéatlack a protective barrid¢o
shieldthemfrom the elementandwill quickly perishin thawrefreeze event§Gaugler and
Bilgrami 2009.

Golf course greens are subjected to intense predation by PPN in many areas of the world.
Understanding the biology and lifecycle of PPN can be a valuable tool for managing the
populations Determining the composition and fluctuations of the nematode population in soils
can assist witlletermining the most effectiveanagemeniDavis et al. 1994 Conductinga
national study on PPN in golf courses allows for an accurate comparison of nematode
populations as factomich asample handling andematodextractionmethodcan be

standardized.
2.2 Soil Properties and PlantParasitic Nematodes

Soil is a complex medium where many chemical reactiaost The physical properties
of a soil are dictated by the parent material from witichderived The combination of the

chemical and physical properties of the soil determines the types of orgdmagoes survivean
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the soil The optimunsoil physical &ad chemicatonditions for PPNan be different for every

genus.

2.2.1 Soil PhysicalProperties

The physical properties of a soil are determined by the parent material and how the
surroundingenvironment has shapéiem The bedrock is worn away over time irstmaller
particles of various sizes; this determines
percentage of sand, silt, and clayhe soil(Figure2-1). Each particle has a different shape
which dictatesthe way it reacts with other components of the @r&dy and Weil 2008 Sand
particles are the largest (2.@.05 mm), and are shaped like a boulder; silt particles are
intermedate in size (0.002 0.05 mm) and are flat like flakes; clpgrticlesare the smallest
(<0.002 mm) and are close to being spherical in sfB@aly and Weil 2008 Soil particles
larger than 2.0 mm are called gravel, stones, and boulders.

100% Clay & 0

0 &‘ 100% Silt

100% Sand 90 80 40 30 20 10 0

Figure2-1: Textural classification of soils triangle. Adapted fr@osby et al. 1984

Soil particles are negatively charged on the outer surfdmesmaller the particl¢éhe
more negative charge it will habecause othe largesurface area to volume ra{iBrady and
Weil 2008. The negatie charge on the outer surface of the soil particle interacts with cations in

the soilandthe strength of the negative charge will dictate how strongly the cations are held to
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the particlgBrady and Weil 2008 Sandy sils tend to hold fewenutrients fnostlycations)

because the particles are larger, allowing for less surface area to bind nutrients. Sandy soils do
not stack in a uniform way like silt or clay particles do, instead they leave large gaps between
colloids. These gaps create pepacs and allow for oxygen infiltration. The large pores are

ideal for nematodes to livie because there is an abundance of oxyyghmore room to move
around(Gyssels et al. 200Koenning et al. 1999Unfortunately sandy soils lose their water
quickly and by associatigmutrients because the negative charge on the soil particle is not
enough to hold the polar water molecules in pld&e nability of sandy soils to holdutrients
causes plant® show symptoms of nematode feeding more frequently than plants grown in clay
and loam soil¢Griffin 1996). Golf course managers countertie high sand content of the soil

by supplementing water and fertility to the greens.

On the other end of the spectrum, gteyticles have high surface area tolume ratio.
High surface area createfighly negativecharged exterior which can attract and hold cations
effectively. The negatively charged surface of clay attracts and ater more effectively than
sand but due to the tight packing the pore space within the soil column is low. These conditions
do not favour nematodes because they find it difficult to move through the clégrsdge and
Starr 2007.

Bulk density is a measure of the amountiofsoil which is present in a determined
volume(Donahue et al. 19F7The unit of measure for bulk density is gfcifhe bulk density of
a soil is in part determined by the parent material and soil texture but is predominantly
influenced by the activities occurring on thal surface which can compact Bulk density
provides a measure of the amount of compactionrnfiaences root growth, water infiltration,
and the ability for the nematodes to move within the siijh bulk density (above 1.6 g/éis
often correlated with lower populations of PRMalker et al. 200R Bulk density and particle
sizearenegatively correlated witRPN populations while highitrate-nitrogen(NOs-N),

potassiumand organic mattdhave a positive correlation with PP{Walker et al. 2002

The temperature of the soil will influence the activity of the organisms within it.
Although this physical characteristic is not determined by the parent materigkaatt/
affected bythe surroundingenvironmentTemperature plays an important ratetihe activity of

PPN because when soil temperatures fall beloWCl8ematodes are relatively inactive aghs
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do not hatch Converselywhen soil temperatures rise above’@he nematodes are killed
(Wallace 1965 A test was conducted on a nematode commonly found in turfiyfaksidogyne
spp, and it was determined that the ideal temperaturaédmatode hatching was 3D and for
larval movement it was 2% (Wallace 1965 When temperaturese toolow nematodes
become dormant and do not feed onhhbst plant. It is because of this dormancy at low
temperatures that nematodes are not normally considered a pestséasah crops or turf
(Dropkin 1980. In much ofCanadahowever, the soil temperature is abov@€Qor several
months allowing for feeding and reproduction of PPN.

Organicmatteris anothemphysical property of soil. It is composed of dead plant and
animal tissuethatare broken down bgoil residentsOrganic matter provideslotof the cation
exchange capacigndwaterholdingcapaciy of the soil and is a slowelease nutrient
storehoge(Donahue et al. 19%70rganic matter is an important factor for PPN as it will

influence many soil propertigsatare essential for nematodes to live.

2.2.2 Soil Chemical Properties

Chemical reactions ithe soil are heavily influenced by the various partities the soll
is composed adis thee particlesare the surface on whidhemicalreactions take place. The
particle size distribution will determine how strongly ions in the soil are held to theastcles,

also known asolloids, thus influencing leaching potenti@rady and Weil 2008

The pH of a soil is a measure of ttencentration oH* ionspresenin the soil solution
Theform in whichcationsarepresent in soil is strongly influenced by the soil (@fady and
Weil 2008. In high number$1* ionscan displace other cations in sleihding tonutrient
leaching andhutrient deficiencies that camhibit normal functioning of many organisr@rady
and Weil 2008 Meloidogyne sppatching was optiad at a pH of 6.4 7 andsignificantly
inhibitedbelow 5.4(Wallace 1965 However, altering the pH of a soil to combat the effects of
PPN is not gracticalmanagement technique becaiiseay injure the plants growing in the

soil.

Nitrogen, phosphorus, and potassium play important nolése chemical composition of
a soilsupporting plant growthalong with other minor plant nutrients. Thedements are found

in the form ofcationsthatparticipate in reactions with plants and microbial communities and are
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taken up taid inmetabolic tinctions.Simard et al(2008 concluded that soil chemical

properties had more of an impact on the populations of nematodes than did the physical
propertiesOther nutrients and soil chemicals have also been correlated with PPN populations;
heavy metalsior example, have been shown to be toxic to nematodes as well as many other
organismgBardgett etal. 1994 Ekschmitt and Korthals 20Q8Villiams and Dusenbery 1988

It is difficult to determine if and how sqilropertiesnfluencenematode populatioreas
the systenthatis being analyzed is very compleeveralkurveys have been conducted to
determine the impact of soil chemical properties on PPNleewmtwill be discussedbelowin
section2.6. Plant nutrients are managed on golf courses to optimize the growing conditions for
the turfgrass. The results from surveys of nemataategolf courses and the soil chemical
propertieghatinfluence them can potentially be skewmdhe form or methodnd frequency
with which thenutrientswere applied.

2.3 Turfgrass Management

The most important aspect of a golf course is the managert turfgrass on which
the game is played.urfgrass managemergquires special techniquesaattingthe grass,
irrigation, nutrient managemerand pest management. The greens are the most intensely
managed poidn of the courseventhoughtheyonly account for approximately 1% of the golf
course The greens are heavily managweanarily becaus@5% of the game is played on them
(Beard 2002 Turfgrass quality on putting greerssudged based on a numberfattors
consistency, smoothness, speed, firmmesdsljience and absence of turf grajBeard 2002 All
of these factors are important in tfgeed andonsstencywith which a golf ball will rollon the

green The high traffic on greens can cause problems with soil compaction and drainage.

2.3.1 GreensConstruction

Drainage and compaction from traffic are the most important considerations when
constructing a greefMcCarty 200). Older greens were created using the native soil as a base.
Although the nutrient content of these soils is higher than the moderibaaed greens, they
can become saturated when irrigated or following rainfajpart due to théner particle
composition of the soils combined with the excemspactiorfrom the traffic on the green
(Christians 1998 Praper drainage iand onthe greersiteis important for the game because
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saturated soils make the speed of play considerably slower as well as reduce the health of the
turfgrass stand. Standing water on the green can kill the turfgrass and allow for disease

developmen{Beard 1973 It is because of these factors that sand is typically the base of.choice

Turfgrass

12" Rootzone Mix

24" Choke Layer

4" Pea Gravel Layer

4" Diameter Round Drain in
Gravel Trench

Subsoil

Figure2-2: USGA Standard Greerosssection of a golf green constructed under United States Golf Association
standards showing dr aidnda ghec hto kl eed, (4coo air@s@e gsfaanvde)lo tl asymwedr | 2wm
Adapted from McCarty 2001.

Turfgrass

12" Sand Rootzone

4" Diameter Round Drain in
Gravel Trench

Subsoil

Figure2-3 : California GreenCrosssection of a golf green constructed under United States Golf Association
standards showing an alternate, more cdstt¥e method, which eliminates the pea gravel and coarse sand choker
layers seen ifrigure2-2 and replaces it witsand. Adapted from McCarty 2001.

There are twanethods of golf green construction specifiedhwy United States Golf
Association (USGA)The USGA standard@onstruction methot the idal (Figure2-2). This

methodhas 12 inches of root zone soil above a sa
inches pea gravel over top of the drainage pipe. This type of construction has edcaitege
because of the coarse sand fichokeo | ayer and

nutrient rich soil mediunfMcCarty 200). The gravel helps to move water rapidly to the

drainage lines, away from the green and the sand layer prevevesnent of the soil downward
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into the drainage line. This is, however, the most expensive type of green to construct because

the gravel and sand may be costly to obtain.

In Figure2-3 a modified greens constructionsisown here the root zone mix and pea
gravelarereplaced with sand. This green consists of 12 inches of sand overlaid on the native
subsaoil. It is still necessary to include some gravaliad the drainage pipe to prevent the
migration of the sand into the drainage line. Greens that lack the rootzone mix are referred to as
California greens and are primarily sand ba®&dCarty 200). California greens are more
difficult to grow turf on than the USGA standard green because they dry out faster and do not
retain nutrients as welMcCarty 200). These types of greens are relatively simple to make and

because of this are the least expessiv

There is a third type of green which falls between the two previously described in terms
of construction. This one has the layer of pea gravel and root zoneittmaxt the choke sand
layer. Thephysicaldifference in the particle size of the pea gravel and the root zone mix creates
a capillary break preventing water movement downward unless the soilialsaterated
completely(Christians 1998 This is only advised for golf courses with limited financial
resources as problems can arise if the gravel and sand in the rootzone mix are not the perfect size
(McCarty 200).

Grasses are separated into two categories based on the optimal temperature for growth
warm season and cool season. The optiemaperature ranger cool season grasses is®8to
24°C where as warm seasspecieggrow best at 27C to 35°C (Beard 1973 In Canada cool
season grasses artlized as the temperatures for most of the graypseasofiall below the
optimal 27 °C to 35°C temperature range for warm season grasdeere are four primary types
of turfgrasses grown in cool season climates like Canada, they are: bluedrassssg,
fescueskestuca spp, bentgrassef@rostisspp), and ryegrassesglium spp) (Christians
1998. In Ontario the primary type of grass used on golf greetieepng bentgrasgAgrostis
spp) because it is well adapted to the climate, does not require overseeding, and maintains green
leaves throughout the seaq@hristians 1998McCarty 200).
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2.3.2 Management of Greens for Optimal Putting Speed

The purpose of the intense management that golf greens undergo is to increase the speed
of the rolling balland consistencgf the playing surfaceThe turf is maintained with regular
mowing, irrigaton, andapplication offertilizers. The mowing height for a typical green is 0.25
cm to 0.48 cnwhich requires to 7cuttingsper weekBeard 1973McCarty 200). The grass
can be cut this short because the growing point, or crown, is at the soil surface or just below it
(Beard 1973 Maintaining short grass is importaihcethe shorter it is, the faster a golf ball can
roll. However, mowing at very low heights decreases the root growth because energy stores are
used to grow new shoots, promoting lateral slgooivth or tillering, leaving the roots in a
weakened stat@eard 2002. Lower mowing heights are not beneficial to nematodes as there are
fewerroots for them to feed oithis contradicts an earlier statement that golf course greens are
an idealenvironment Turfgrass managers use other techniques, such as désmng, to
increase root depttBeard 2002 Brushing anccombing of the turf will help to maintain upright,

vertical growth of the plants as well as creating a cleaner mowing p@teard 1973

In addition to mowing, the grass must alsabeated to increase oxygawvailability to
the roots A machine called a core aerator is used to pull out cotbée sbil, and this helps to
counteract the compactidrom the heavy machinery and traffic as well as promote water
infiltration (Beard 197R Theaeraion processs usuallyfollowed by topdressing with a sandy
soil to fill the holes that were made by the coring proedssh prevents the loss ipall rolling
speed that would be seen if the holes were not fiNgCarty 200). Rollingthe greenss ako
an essential part of golf course maintenance because it makes a smooth playing surface that
increases the speed of play but should never be done when the soil is saturated as compaction
will be intensified(Beard 1973 Frequent rolling also allows for a longer height of sintethe
blades of grass are frequently flattemduch improves the condgency of the green amfevens
a reduction in ball roll speedllowing the grass to grow a little longer improvhs health of

the grass.

To maintain healthyurf on thegreen nitrogen fertilizens applied on a regular basis.
This is important espedig in sandy soils where nutrient leachiisgikely to occur. Nitrogen
should be applied at aroudds kg/100 nt per season fazreepingoentgras§¢McCarty 200). If

a fast response is required ammonium nitrate or urea should be used but if a more prolonged
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effect is desired products like ur@maldehyde or methylene urea may be apgMdCarty

2001]). The application of nitrogen should be monitored closely because excess nitrogen can

cause the speed of play to be reduced by the increased shoot growidemdaf bladéBeard

1973. Over application of nitrogen can lead to more succulent growthots wehich is

beneficial to PPN feedin@Crow 200). Although nitrogen is the most important nutrient

applieda fertilizer containing al |l usedoebshrethap!l ant 6s

there is as little séiss on the plants from nutrient deficiency as possible.

There are frequent opportunities for pathogens of turf exthecause the plant is
constantly being wounded when mow&te move toward more satidised constructed greens
is seen as favourable ftire increase of PPN and the pathogens thay be associated with
(Dropkin 198Q Simard et al. 2008 This is because the sand allows for the optimal aeration and
the frequent irrigation provides enough soil moisture for the PPNrve. This combined with

the perennial host mak&PNan ever pressing problem faceddmff coursesuperintendents.
2.4 Extraction Methods for Plant-Parasitic Nematodesfrom Soil

There have been many techniques used to extract nematodes fr@Basoihann 1917
Barker et al. 1969Caveness and Jensen 195&gg 1967 Jenkins 1964McSorley and Walter
1991 Oostenbrink 1960Seinhorst 1956Townshend 1963 There aréwo primarymethods of
extraction that can be utilizepassive and active. The passive methods require live nematodes to
swim from the soil through a screen of some type into water. The active methods involve
sieving, centrifuging, and decantinictive methods caextractmobile and sedentary
nematodes from soil whether they are alive@ad.There areghree commonly useahethodsor

extracting nematoddsom soil.

2.4.1 Baermann Pan andFunnel

The Baermann funnaxtraction technique was first descridedBaermann in 1917
(Baermann 191)7This paperwas written in Germarhencethe method explained Byownshend
in 1963will be outlined(Townshend 1968 The Baermanrfunnelmethodrequiressoil to be
placed on top dfilter paperandpositioned in a funnebndthe soil is mistedA tube is attached
to the stem ofthe funnelandis clamped at the bottom so that the nematodes accumulate in the
tube(Viglierchio and Schmitt 1983aAfter the soil has been misted fbwetpredetermined
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amount of time, typicallyour to severdays, the clamp is removed and the water in the tube is

released into a counting dish or concentrated.

There are two methodkatcan be used to concentrate the samples to a manageable size
if neededThe firstrequires theise a sieve to collect the nematodes from the water in the pan.
Once the wates passd through the sieve the nematodes are washed into a counting dish with
tap water. The use of a sieve may result in a loss of very small nesstiotieadesion
nematodes they can get caught in the mesh or gassighwith the solution. The alternate
method of concentrating the sample involves the use of a round bottothatihe water from
the pan is poured into. The tube is left to sitZ¢#48 hours to allow the nematodes to settle to
the bottom. The top portion of the liquid is decanted and the bottom 5 mL is poured into a

counting dish.

Thefunneltechniquewvas improved by Whitehead and Hemming in 1965 when they
introduced the idea ofsing a pan rather than a funnel. The pan technguery similar to the
funnel technique butquires the soil to be wrapped in a tissue and then placed on a mesh screen
that is touching watemther tharthe soil sitting on a filtein a funnel(Townshend 1963 The
nematodes move through the soil to the water and are collected in the basirnTheleamples
are left for four to seven days in contact with the water. Oreedt samples have been in
contact with the water for the set amount of time the nematodes are collected and the solution
concentrated prior to countinghis improvement reduces nematode death due to lack of oxygen
and getting stuck to the sides of tipparatugWhitehead and Hemming 1965

Thesemethod relyon thenematodes beingiobile. Passive methodsave difficulty
adequately measurirtgetotal number of nematodé®m golf course soil samplégcause
some nematodesuch asing, root-knotfemales andcystfemalesaresedentaryand cannot
move into the collection basimeavitably some nematodes dot survive the sample collection

and storage proceasid cannot be quantified with this technique

2.4.2 Jenkins Sugar Centrifugal Flotation

The Jenkins method actively removes nematodes from the soil with the aid of a
centrifuge(Jenkins 196y This method was firstritten downby Jenkins in 1964 but it has been
altered and optimized by researchers since Ganeness and Jensen 1p5Hhe 100 500cc
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soil sample is sieved on a-Pfesh screen and washed into egl@rt bucket to remove large

debris, using enough wex to half fill the pail. The water is then mixed thoroughly and allowed

to settle for 30 seconds. The water is decanted through a 270 or 325 mesh sieve and collected in
a beaker. The bucket containing the soil is half filled with water again and hasdi¢ated

above The remaining soil is discarded. The water from the beaker is then poured into 50 mL
centrifuge tubes, balanced, and spun at 1750 rpm for 4 to 5 minutes. After centrifugation the
supernatant is poured off and a sugar solution (454 g sugatér) is added to reach a balanced
weight. The sediment and sugar solution are thoroughly mixed in the tube and centrifuged for 30
seconds to eninute. The supernatatitatcontains the nematodes is poured onto a 325 mesh

sieve and rinsed to remove thiggar solutionNematodes are transferred to a counting dish by

rinsing the sieve into the dish.

The nematodes must not remain in the sugar solution for longet 3maimutes and the
samples need to be examined as soon as possible due to the poskihiltipsion from the
osmotic pressure created by the heavy sugar sol{Bimurtleff and Averre 2000Nematodes
are heavier than water but lighter than the heavy sugar solution. This method tieliZact to
separatethe nematodes out of the soil in the last centrifuge step of the prédess.collecting
largenematodes, such asedleanddaggera heavier sugar solution than standaiay be used
as theirdensitymay not be less than the standard sugar solution(8éeuitleff and Averre
2000.

2.5 Plant-Parasitic NematodeM anagementon Golf Courses

PPN injure economically important plants costing $90 billiDuUn damage every year
worldwide (Dong and Zhang 200&oenring et al. 1999 These pests have a wide host range,
making them a problem for almost every plant grown for commercial prodBlimige and
Starr 2007 Costa et al. 20)1There are many management techniques which can be used to
mitigate the damage froPPNand reduce #ir populations. Unfortunately most of the
traditional methods, such as crop rotation, are not feasible for golf courses. Management
strategies for any pathogen can be divided into four categories: physical, cultural, biological, and
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chemical.There are nphysical management techniques for PPN on a golf camdso these

will not be discussed

2.5.1 Cultural Management of Plant-Parasitic Nematodes

Cultural managemerstrategies focus on improving the health of the plant so that it can
better defend itseligainst a pestnd/or creating growing conditions that are not conducive to
PPN survivallt is always preferable to avoid PPN infestations rather than try to manage one that
is already preserfCrow 20050. Preventatie measures that can be taken to reduce the risk of an
infestation are: usef nematode fresoil when establishing greens, ensgthatsodis certified
PPN free, and clearg equipment.

If a nematode problem already exists at g sitétural practiceshatcan promote plant
health and reduce the symptoms of nematode infestation can mitigate the damage. These
practicesnclude altering mowing height, optimizingitrogenfertilizer application, changing
the watering schedule, improving aeration, andetsing shade on the t§@row 200).
Superintendents are under substantial pressure to cut greens as low as possible. Turf can
be stressed by mowing heights which are too low as the plant does not have much photosynthetic
capacity and must divert a large portion of resources to shoot g(@watv 200). Increasing
the height of cut will put plants under less stress and make them better equipped to deal with the
reduced capacity of their root system. When this is coupled with increased frequency af rolling

the speed of the greeanbe maintained.

Optimizing fertilizer application, particularly nitrogen, is important as too little will cause
a deficiency in the plant while too much will cause over gra@ttow 200). It is especially
important when dealing with a nematodéestationsincetoo much nitrogen can cause succulent

growth of root tissues which more susceptibleo PPN feeding.

The schedule on which greens are watered can influence nematode popsiatiethey
are aquatic organisms. The greens should bereddeely and infrequently but more
importantly they should be kept as dry as possible between watering to reduce the water
available for nematodd€row 200). By applying water in this manner the roots are encouraged

to grow deeperwhich isbeneficialfor the plant but can also potentially reduce nematode

18



parasitismas therootsmay grow pasthe portion of the soil profilerthere the majority of

nematodesre found

Aeration is essentidbr maintaining an optimal bul@ensity but it is also importafar
increagng oxygen infiltration to the roatone. Aeration encouraghsalthy roots which can

bettertoleratethe damage caused by nematode fee@@mngw 200).

Finally, shade on greens should be reduced by trimming or remogarfytrees. Shade
reduces the amount of ligfdr photosynthesi Nematodedamaged turf is more prone to decline
from lack of sunlight than healthy turf is because of its reduced capacityre energyCrow
2001]). Additionally, shaded areas will retain soil moisture for an extended period ofiia

can encourage growth of PRNpulations

A combination of these practices will help to mitigate the algedcaused byPN in
turf. Use of these practices in conjunction with biological and chemical management tactics can

promote plant health whilaitigatingdamage caused IBPN infestation.

2.5.2 Biological Management of PlantParasitic Nematodes

Predators, angonists, and competing organisms pagt of every ecosysterfihere are
checks and balances in place to prevent unbalanced increases of any population within the
system(Stirling 201)). Biological management is defined as the use, conservation, or
enhancement of an organism or a direct pebdiiit to manage plant pegRal and Gardener
2006. Antagoniss of the pestre releasethto the environmertb keepthe population of the
pestundercontrol. This tactiégnvolvestargetedsuppression of PPNBiological control can also
take a more general approach where the diversity of the ecosystem is enhanced with amendments
encouraging the developmaesftall antagonistsvithin the ecosystemwithout specifically

choosing which ones.

Adding manures and cqguusts to soils to improve the quality and quantity of crops has
beenpracticedsince the dawn of agricultu(RodrigiezKabana et al. 19§7Amendments are
introduced into the soil mediuto increag antagonist populations Buppresgathogens of
plants. This can be accomplished with the addition of animal manures, green manures, chitin, or
compostDiseaseressures ultimately reducetdy increasing populations afany

microorganisms but there are few reports on organic amendments that ine@asede
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antagonist populations specifica(ika 2010. The type of soil to which the @andmens are
added has a strong influence on its nematicidal activity; this is due, in part, to the mobility of the

nitrogenous compounds in the g@ilka et al. 200)f

The most popular form of classical biological management ofiRRINfgrassare
products which contain formulations BasteuriasppandBacillus firmusBredemann and
Werner(Siddiqui and Mahmood 19%9Pasteuriaspp. are bacteria which live on the cuticle of
thehost nematodéSayre and Starr 1985Thesebacteria have been formulated into products,
such as Econeln, to control PPN populatior(€row et al. 2006 P. penetranghorne (Sayre &
Stari) has a wide host range, making it an ideal candidateéeioelopment into a biocontrol
product(Siddiqui and Mahmood 19%9There has been success with prodaotgaining
Pasteuriaspp.in other cropping systems hile results in turfgrass have not been as promising
(Crow et al. 2011

B. firmushas also been formulated into producted to control nematodes in turfgrass
undertradenames such adlortica® (Wilson and Jackson 201L38B. firmuscolonizes the root
systems of the turfgrass and produces compotnadprotect the roots from PPN colonization
(Crow 200). B. firmusis a nonparasitic rhizobactewm which belongs to a genus that contains
many speciethat have a similar mode of acti(@iddiqui and Mahmood 19). This product
acts as a preventative measure rather than a curative one and is best usedimat leagasa low
level of infestation(Crow 200). There are other bactetizatare nonparasiticandact in a
similar piotective manner as thgacillusgroup doesStreptomycespp.,Clostridiumspp.,
Serratiaspp., andAgrobacteriunspp. (Siddiqui and Mahmood 1999There have also been a
few products developeatiatcontain chemicalderived from bacteria An example of this is the
insecticide AvidE , whichcontainsabamectirandis derived fromStreptomyceavermitilis (ex
Burget al) Kim and Goodfellowandhas showipromise as a nematicigBlackburn et al.

1996 Dayan et al. 2009Av i d E, however 6 eflecdivelinsovetthnoaghthd i | i ty t
thatch layer of golf course tudiue to its low soil mobilitfGruber et al. 1990Soil mobility is

an important quality for chemical and biological nematicides to possess as the organic thatch

layer of turfgrass is difficult to penetratdorst et al. 1996

There are numerous species of fungi Hratnematodantagonsts(Jatala 1986Siddiqui

and Mahmood 1996There are five groupato whichthese antagonistic fungre classified
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predacious fungi, endoparasitimgi, opportunistic fungi, and mychorrhizal fungi. The
importantgeneraof fungi thatantagonise PPN ar¥erticillium, Hirsuklla, Nematophthora,

Arthrobotrys, Drechmeria, FusariurapndMonoarcosporiun{Siddiqui and Mahmood 19%6

The predacious fungire grouped based on their feeding strat€mne groupises
adhesive hyphal networks aadothemuses adhesive hyphal knobs, branches, or constricting
rings to capture their prgyatala 1986 The group using theyphal networks grow considerably
faster than thsewhich use the knobs and constricting rir{@ooke 1963 The saprophytic
ability of these fungi appears to have been reduced when they developed their pretidiious a
(Cooke 1963 In addition to the adhesives used by these fungi, some also produce toxins that
paralyze or Kill the trapped nematodes before the cusiglenetratedOlthof and Estey 1963
This characteristigs seen in fungi belonging to the genklgphomycetsandZoopagales
(Cooke 1963Duddington 19585 The impact of these fungi is strongly correlateth the
environmentatonditions in which they reside. Soil factors such as pH, nutriadttion of
organic matterand moisturavill affect the effectivenessgainstPPN(Jaffee et al. 1998
Johnson 1962Siddiqui and Mahmood 1999

Endoparasitic fungi colonize nematodes in search of nutrients. These are found in most
fungalclassesuch asAscomycetes, Basidiomycetes, Zygomycetes, Chytridiomsnodtes
Oomyceteg$Moosavi and Zare@L2). These fungproduce conidia whichre either ingested or
adhereo the cuticle of the nemato@&ansson and Nordbriddertz 1983. Most endoparasitic
fungi are obligate parasites with poor saprophatiity. They produce very little mycelium in
the soil and spend almost all of their life in the body of thematoddost(Siddiqui and
Mahmood 199% Their inability to lie in wait for PPN by switching food sources makes them a

poor choice for use as biocontrol agent

The main two generaf opportunistic fungthatcolonizePPN areVerticillium and
PaecilomycesVerticillium parasitizehe eggs and juveniles of nematot@®ughhyphal
penetratior(Bourne et al. 1996ViorganJones et al. 1983Paecilomycesare primarily
saprophytes, allowing them to subsist on a wide range of substrdte soi(Jatala 198p Like
Verticillium, Paecilomycesfects the eggs of PPN and destroys the embryos within 5 days
(Dube and Smart Jr 198 Due to their generally saprophytic nature, these fungi are effective

biocontrol agents because they do not rely on PPN for survival. Theyoasrkowvever,when
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applied in conjunction witlabacterial antagonistuch ag?aseuria spp.(Dube and Smart Jr

1987. With any biocontrol regime it is important to recognize that diversification of the
antagonists applied will increase the efficacy of the treatment because there are multiple routes
of attack on the pathogddatala 198p6

Thesymbiotic relationshifpetweermycorrhizal fungi and plant roots allows for the
sharing of nutrients, water, and metabolic products between the two orgéBeygaraj et al.
1979. The hyphae extend from the roots of plants into the rhizospdredencrease the surface
area available to obtain nutrients ttia¢ plant would havbeen unable taccessvithoutthe
mycorrhizal fungi The fungi help to mitigate the stress plants suffeterdroughtconditionsor
nutrient deficient soil¢Baltruschat et al. 1973This extended network can also reduce the stress
from PPN feedingEndogone mosse&écol. and Gerd.has been shen to have an antagonistic
effect on rooknot nematodes on tobacco and ton{8agyaraj et al. 197 Baltruschat et al.
1973. Reduction in PPN populations is probably due to the physiological chiantdpesplant
inducedby the fungi réher than actual antagonism by the fuogithe PPNBagyaraj et al.
1979.

Entomopathogenic nematodes have been studied as a means gihg&®rN in
turfgrassNematodes belonging to the ger@teinernemapp. were evaluated for their ability to
controlroot-knot, sting andring nematodesn golf coursen Georgia and South Carolina
(Grewal et al. 1997 Theadded benefit of using entomopathogenic nematodestiththaare
effective at controlling larval stages of many inséleég may injure turfgrass plants as well
(Grewal et al. 1997 The entomopathamic nematodes provided inconsistent control of the
PPN probablydue to the differences in the site characteristics where they weredasdted

evaluated

There are many antagorsstf PPNthatcan help reduce populations but the formulation
and use of these organisms can be challenging. Pratlattgork well under labratory
conditions may not be effective in field experiments. Prodihetsnake it to the market for
commercial use must be applied under strict conditions in ordédatamn effectivaesults.
Extensive research has been performed in this area for many years and to date there are very few
products on the mark#tatare aceptable for use in managed turfgrass syst@tison and

Jackson 2013
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Targetedsuppression of PPN with the use of soil amendments aims to introduce a
compound into the soil environmehiatenhances the microbial community such that an
antagoni st or several ant agonitmthavebeepopul ati on
investigated for this function include chitin, collagen, and kef&amenck et al. 198@piegel
et al 1987 Spiegel et al. 1986Nesterdahl et al. 1992

Chitinous material added to so@an be used as a means of specifically supressing PPN
because othe presencef chitinin nematode egg shells and the cell walls of ptathogenic
fungi (Gaugler and Bilgrami 200©ka 2010. Chitin has also been found in the gelatiso
matrix of rootknot nematode egg sa(Spiegel et al. 1996When chitin is added to the soil,
organismghatfeed on it increase in number, thereby consuming both pathogenic fungi and
nematode egg#&dding dhitin amendments to soil Baesulted insignificant rediction in galling
by rootknot nematodes in tomato, potato, walnut, Bnassels sproutSpiegel et al. 1987
Westerdahl et al. 1992

Themechanism o€ontrol of PPN from the addition of chitin is thoudb be twofold: 1)
the addition of nitrogenous compounds utthg ammonia and nitrous aadickly kills off live
nematodes; and #e activity of the chitinolytic antagonist organisms is stimulétead after
the nitrogenous compounds have dissipatedithese attack the eggs and other stages of the
nematodg¢RodriguezKabana et al. 198 Bpiegel et al. 1987 The application of lgitin to the
soil may bean alternativeéo conventionamanagement technigsi®or PPNwith long lasting
effects

Both collagen and keratin are found inthe cutolp ut er | ayer of the ne
(Schenck et al. 1980The influence othe application o€ollagen and keratin on nematode
popuhktionshas beelnvestigated by several research gro{(palper et al. 1990Galper et al.

1991, Khan and Saxena 1993chenck et al. 1980Galper et al(1990) found that root galling
on tomato plants by ro&not nematodewassignificantly reduced bgmendmenivith collagen.
In a follow-up study investigating the influence of collagbic fungi, adding the fungus
Cunninghamella elegarieendnerreducel galling in tomatoes by 90%&an increase of 20% when
compared tahe addition of collagealone(Galper et al. 1991 C. eleganslso showedlytic
activity of keratin, which is potentially present as a structural protein in PBi¢r researchers

concluded thakeratinolytic antagonists were not the reason the PPN populations had been
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reduced, but rather it was the ammonia from the feathehn@mdmeals that was the reason for

the population declin@Khan and Saxena 19p7

Utilizing soil amendments that specifically enhapopulations of microganisms that
feed on chitincollagen or keratinmay be an effective way to control PPN in soil. However, the
addition of organic materials to the soil may have negative effactsdingnutrient and/or
pathogereaching, odour paition, salinity and dispersal of animal pathogens. It is evident that
the applications of biocontrol agents have limited efficacy in turfgrass systemsttae to
perennial nature of turfgrass stands. Additions of matter high in nitrogen, however, have bee
shown to have strong nematicidal activity in turfgrasses, even more sih¢heme of some
pesticidegCheng et al. 2008

General suppression of PPN and plant pathogens as a whole can be accomplished with
additions of animal manures, green manures, and cortifaiste either rich in microbial

activity or contain importat compoundshatkill or injure nematodes.

Animal manures are frequently applied to soils to increase fertility. Along with the
nutrientsthere are plethora of microorganisms that were present in the gut of the animal, as
long as the manure has not besterilized. Nematode suppression is dependent on the dose and
type of manure applied but there has never been a clear correlation established between animal
manures and antagonists of P@ka 2010. There are, howevenstances where addition of
chicken, horse, ruminant, or pig excrement have shown suppression of neniéteigetie to
the microbial antagonists that survived their gut or the nitrogen cdanpamticularly in the form

of ammonia of their fecal matte(Okaand Yermiyahu 2002

In several studiethatfocused primarily on roetnot nematodeghicken litter(Everts et
al. 2006 Kaplan and Noe 199Xaplan et al. 1992wasshown to reduce nematode populations.
Kaplan and No¢Kaplan and Noe 1993ound that after only 10 days the total number of
nematodes within the roots ofmi@ato seedlings had decreased as the amount of chicken litter was
increasedand after 46 days egg numbers had also decreasetatérstudy,combinations of

sterile and nossterile chicken litter andoil were used to determine thiaivas the microbial
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communities from the chicken litténatwere attacig the PPN juveniles and eg(saplan et
al. 1993.

Investigation intahe utilization of nematophagous fungi to control animal parasitic
nematodes has led to the discovery of some spacasdingArthrobotrys oligospma (Fresen)
andArthrobotrys flagrangDudd.) Sidorova, Gorlenko & Nalepinghatcan survive the
digestive tract of ruminants, horses, and pBigh A. olgiosporaandflagrans,added tanimal
feed wereshown to reduce infection rate of horses, pigd,@@ws in pastures whe@stertagia
sp, Oesophagostomusp, Hyostrongylusp, or Cooperiasp.infections were rampainNansen
et al. 1996Wolstrup et al. 1996 This is a parasite of animals, not plants, but the presence of
these nematophagous fungal spores in their fmoggestshat it is possible to use manures to

create a suppressive soil timadycontrol PPN.

Green manuresiliving, or very recently harvestgadant material that isxcorporated into
the soilto increase the disease suppressiveness and nutrient content. These plant materials
typically have lowcarbon to nitrogenG/N) ratios and high protein or amine conteitite
optimal range being 120 (Figure2-4) (Rivera and Aballay 200&RodriguezKabana eal.
1987. Chemicals such as polythienyls, acetylenes, alkaloids, carboxylic acids, fatty acids,
phenolics, and glucosinolates are present in the plant tissues and are released when incorporated
into the sail, killing the surrounding nematod€hitwood 20020ka 2010. Unfortunately
sometimegreen manurean be phytotoxic if the nitrogen content is too Higbdriguez
Kabana et al. 1997

<’ Phytotoxic s Non-Phytotoxic P
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Figure2-4: Thediagram shows theptimal carbon to nitrogeratio (C/N ratio)for organic amendment&reen lines
show the desired qualities, red show undesirable. The optimal rang@@THe shaded boxes indicate areas in
which the effectmaydepend on other factorddapted from RodrigueKabana et al. 1987
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Green manures can be unprocessedardd in, as with the use of rapeseBdassica
napusL.), or grown alongside the crop as with mustdthésicajunced L. ) Vassi | i
Matveievitch CzernajeAkhtar and Alam 1991Mojtahedi et al. 1991 Oil cakes of castor
bean Ricinus communik.) and neemAzadirachta indicaA. Jus$ have been shown to have
similar nematicidal effects as the chemical nematicide, carbofaidriar 2000 Akhtar and
Alam 19921 Khan and Saxena 199Grape pomackasa C/N ratio of 20.8, at which
nematicidal activity takes place without causing toxicity to pléRigera and Aballay 2008
There are many plant materials that can be incorporatedaiisothathavenematicidal activity
but this needs to be carefully balanced with phytotoxicity as sdegumne2-4. Green manures
are difficult to applyto turfgrass because theannot bencorporaedinto the soil. These may,

however, be used prior to planting tief as an alternative to fumigation.

Composts are usually made from waste plant matter and animal wastesimdagtdal
operationgOka 2010. There are four essential components for commoganic matter,
oxygen, water, and microorganisms. Composts must also have the ideal C/N peativide
nematicidal activity to the soil in whidhey areincorporated. Composts provide general
suppression of plant pathogens sucR@hiumspp, Phytghthoraspp, Fusariumspp, and
Rhizoctoniaspp.in addition to the suppression of Pbitink et al. 1998%. Increasing the
dosage of compostith aC/N ratioof 14-20 hasreduced the populations noématode genera
BitylenchusHelicotylenchusHeterodera ParatylenchusGeocenamysandTylenchulugR e n | o
et al. 2009. It is hypothesizedhatnitrogenous compounds, rather than microbial communities,

in the composthatare the likely control mechanism of nematofleka and Yermiyahu 2002

2.5.3 Chemical Management of PlantParasitic Nematodes

Chemical managemenf PPN is accomplished by means of soil fumigation prior to
plarting or applications of treatments to established stands. The options for both aredinuéed
products developed to control nematodes are toxic to mantanget organism@vicCarty
2001)). There are currently npostplantnematicides registered in Canddauseon turfgrass.
Applications ofmostherbicidesfungicides, andnsecticides have shown no significant effect on

nematode communitig€heng et al. 2008

Fumigants are applied as gasses or liquids that readily vaporize, killing PPN, weeds,

pathogensand other soil microorganisms. Fumigant nematicides such -asch)8ropropene
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(CurfewE ), metam sodium (Vapan), metam potassium @RanE ), chloropicrin (ChlofO-

PicE ) and methyl bromide have been shown to be effe@tivenanaging nematode populations
when applied as ptplant product¢Crow et al. 2008 However few of these are registered for
postplantuse on turfgrass due to thewtential for phytotoxidy (Crow et al. 2008 These
products affect biochemical pathways in protein synthesis and respitdtgdock et al. 2006
They should beppliedwhenthe soilis moist to trap in the fumigamindbr a tarp should be
placed over the sofMcCarty 2007). The practicality of a fumigant nematicide is low for golf
courses because they can only be applied when the green is being consteocctese of
phytotoxicity (McCarty 200).

Non-fumigant nematicides are used after the plant has beconbdiststd and are &hlly
non-phytotoxic. Two importantgroups of noffumigant nematicides are the carbamates and the
organophosphateéldicarb, carbofuran, and oxamyl belong to the carbamate family and
fenamiphos, ethoprop, and chlorpyrifos belong to tigamophosphate familHaydock et al.

2006. The mode of action of carbamate and organophosphate nematicides is presumed to be
inhibition of acetylcholinesterag®pperman and Chang 19%ree et al. 199(teele 197\

This prevents acetylcholine from being broken down and therefore the nerves cannot repolarize
(Opperman and Chang 1990lematoés incontact with these chemicals are paralyaed

starve to deathf the product is not applied at a lethal dabe nematodes can recover after a

period of timeg(Haydock etal. 2006T hes e products are considered
they do not killthe nematode they instead influence their ability to move, how they find their

hosts, and their ability to penetrate plant tisgisGarvey et al. 19840pperman and Chang

1990 Wright et al. 198D

The organophosphates and carbamates tested by Hara and Kaya in 1982 adversely
affected developmermind reproductiorof Neoaplectana carpocaps&éeiserat all tested
concentrationgHara and Kaya 1983Fenamiphos and carbofuran are extremely toxic
nematicidesinhibiting nematodeeproduction at 0.01 mg/mL, but when nematodes
removed from the chemical their activity retadto normal(Hara and Kaya 198®ree et al.
1990. When aldicarb and carbofuraneapplied in low concentrations hormesis has been
observed, stimulating the hatching ratéHeterodera schachtischmidtat low doses but killing

them at high dosd$Steele 197;7Steele 1988 Oxamyl was evaluated in 1988 and showed some
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systemic advity in turfgrass and provided moderate controstfig nematod€Giblin-Davis et
al. 1989§. There are numerous articles published oretfieacyof this family of chemicals, but
they areconsiderednuch too persistent and breagectrum to b&videly used(Giblin-Davis et
al. 1988 Hara and Kaya 1983ordmeyer and Dickson 198@pperman and Chang 1990
Steele 1977Steele 1988

Thereare several nematicides that do not belong t@thanophosphate or carbamate
groupswhich show potentidior effective management of PPWhere are quite a few which are
being researched but most must be incorporated intother applied prior to plantingnaking
them impractical for use on turfgragsvo chemicals with potentiarefluensulfoneand
furfural. Fluensulfone is the first of its family of chemicals to be released onto the market, under
the trade n¢@metalRO0KPhIlioA & al. 1998 Fluensulfone has been shown to
be an effective nematicide because of its irreversibility and its systemic distribution via foliar
application(Oka et al. 201R Although there has been success managingkrumttnematodes
there have been some issues with rgargamigratory nematodes with this chemicBie causes

of thisareunknown since the mode of action has not yet been idenf@ika 2013.

The other promising nematicide emergjion to the market is furfural. This chemical is a
naturally occurring aromatic aldehyde which can be extracted from agricultuypab8ycts such
as cereal strafCrow and Luc2004The f ur fur al pr od uhastbeeMtedted i guar
on turfgrass infested with sting nematode in the Southern United States with some (fuccess
and Crow 201B Furfural, however, is very readily broken down by aerobic soil microorganisms
which reduces its effacy, especially in the top 5 cm of the soil where oxygen is ple(@hoiw
and Luc 2011 Some researchers suggest covering treated areas with tarps to improve the

efficacy of furfuraj this practice is not practical for turpplications(lsmail et al. 200y,

The options for chemical control of nematodes are severely limited. Most nematicides
developed to date are broad spectrumbaghly toxic to mammals and most other rlanget
organsms New, targeted nematicides must be developed to control nematodes without
phytotoxicityor harming other soil micro florand faunaOne of the goals of the proposed
research is to find an appropriate control measure that poses low risk to the@pgtidao the

environment.
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2.6 Golf Course PlantParasitic Nematode Surveysin North America

Understanding the population dynamics of PPN on golf courses has been an area of
research for many years. There have beenerousurveys of PPN populations in galburses
and managed lawns in Canada and the United States of AnTdraa. have been three studies
performed on Canadian sitaushtey and McElroy 197 Bimard et al. 2008Yu et al. 1993
while there have been many more on American §iekal and Becker 20QChastagner and
McElroy 1984 Davis et al. 1994Jordan and Mitkowski 20Q@&.ucas et al. 1978cClure et al.
2012 Murdoch et al. 1978Sumner 1967Taylor et al. 1963Todd and Tisserat 199Troll and
Tarjan 1954Walker et al. 2002 Nematodes are not often considered a-seakon pest of turf
and this may be whthere are many more articles published in the United States of America than
in CanadaThese surveys have helped to elucidatartipact of nematodes on turf health as well

as identif the predominate genera present in the areas studied.

The predominangenera of PPN found on golf courggewing coolseason turfgrasses
are rootknot nematode@Vieloidogynespp), cyst nematode@eteroderaspp), lesion
nematodeg¢Pratylenchusspp), pin nematodegParatylenchuspp), stunt nematodes
(Tylenchorhynchuspp), spiral nematode@elicotylenchuspp), ring nematodes
(Criconemoidespp), andlance nematodg$ioplolaimusspp) (Fushtey and McElroy 1977
Simard efal. 2008 Yu et al. 1998 Soil properties, age dhegreen, type of turfgrass, and turf
guality have been investigated for their correlation with nematode populations jdesdan
and Mitkowski 2006Simard et al. 2008Nalker et al. 200R The time of year when samples are
takenhas also been shown to influence pnedominant genera of PRNat are foundJordan
and Mitkowski 2006 Todd andTisserat 1990 Site characteristics and their relationsith
nematode populations have been monitoreddmsdribedn manyreportsbutthere is
inconsistencyamongstudies It is alsodifficult to determine conclusively what influence a site
charateristic will have on the population of PPN becassenany of theharacteristicare
related. An example of this from Walker et al. (2002) was the observation that PPN were found
in higher quantities in greens planted with creeping bentgrass cv. Penitiwao those planted
with SR1020 bentgrashoweverthe greens planted with Penncross were on average 12.6 years
older than those planted with SR1020though there was a correlation between the type of

turfgrass and PPN populations this was alsdaamdedby the effect of the age of the green.
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There is a continuingebateaboutthe influence of soil characteristics such as nutrients,
organic matter, pH, bulk density, texture, etc., on the populations of PPN. Some studies have
concluded that there is no correlatiogtweersoil texture, moisturegr PPN population
distribution(Chastagner and McElroy 198Rodd and Tisserat 1990while otherdhave
concluded thicertain properties of the soil will lead to higher populations of F¥tidard et al.
2008 Walker et al. 200

The age of a green on a golf course has been shown to have a strong correlation with the
diversity and number of PPN in the safld has not been disputed in the litera{dogdan and
Mitkowski 2006 Simard et b 2008 Walker et al. 2002 Walker et al. (2002) noted that total
combined population densities of PPN increased with agepeaifically,populations ofing,
stunt, and spiral nematodesreased with th age of the green. Thalsonoted the increase in
nitratei nitrogen NOs-N), plant availablgphosphorusndpotassiumand organic matter as the
age of the green increased, in part due to the addition of fertilizers to the soil over the years
(Walker et al. 200R The trend in the literature points toward populations of PPN increasing as

the age of thgreen increases.

Walker et al. (2002hoted that there was a negative relationship between bulk density
and populations of several nematodes. Bulk density of soil increases due to compadtoBr
time the bulkdensityof agreenwill increase if meases are not taken to decrease compaction.
This is especially important for greens made from the native soil because they are far more
susceptible to compaction than those made with 9dast golf greens are made primarily of
sand which results in a lowbulk density than soils containing high amounts of silt or clay.
Management practices specifically intended to reduce bulk density are employed on most golf
courses to keep bulk density within a desired range. The relationship identified by Walker et al.
(2002) may be correct but the range of bulk density values which can be collected from golf
greens is relatively small due to the management practsszts In the study performed by
Bouwman and Arts (2000), they noted that the total nematode populatiaimeehstable over
the 5year study investigating the influence of heavy farm equipment on grassland productivity.
They found that as soil compaction and bulk density increased the nematode population shifted
from bacterivores and omnivores/predatemato@s towards more PP{Bouwman and Arts
2000. Walker et al. (2002) and Bouwman and Arts (2000) found conflicting results wiaigh
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indicate that there are other aspects of golf course greens which encourage the growth of PPN

populations over time.

The cultivars of turfgrass and visible condition of the stand have both been investigated
as possible indicators of the number angetgf PPN in the soil. Several studies concluded that
the health of the grass was not an indication of the presence of nenatddbs is especially
true in the cooler climates of Cang@aishtey and McElroy 1977Todd and Tisserat 199%u et
al. 199§. Todd and Tisserat (1990) suggest that relatively high populations of PPN are necessary
to cause damage to turfgrass but the threshold at which the damage is evident may change year
to year or even season to season. Walker €2@02) concluded that populationsstfint
nematodevere not affected by turfgrass cultivar but Yu e{H098)stated thakesion nematode
was negatively influenced by the presence of Kentucky bluegrass. It seems as though some
genera are influencdal the type of turfgrass wheoghers are not.

Timing of sampling can significantly influence the genera of nematodes found because the
temperature of the soil can change considerably throughout the sElasdifie strategies of the
various nematode genendll also impact when they are in the highest abundaHe.
predominant genera present in the 1sishmer can be drastically different than the genera found
when the soil is cooler in the spring and fall. Numerous studies have shown tha skeasonal
variability in PPN populations, noting the decline in populations in July and A(@bastagner
and McElroy 1984Jordan and Mitkowski 20Q@.ucas et al. 1978umner 196;/Todd and
Tisserat 1990Walker et al. 2002 Two research groups noted that although most populations of
PPN declined as soil temperatures increased, the populastumbhematodiancreased mid
summer(Jordan and Mitkowski 20Q0&.ucas et al. 1978 The variation in populations
throughout the year can caudiscrepancies theresults if samples aknly takenonce The
seasonal variability is also important when determining what type of nematicide to use as a

control measure.

Extensive work has been performed to understand PPN as pests and develop action
thresholds for turfgiss managers. As these pests are considerably more detrimental in warm
climates, most of the work to develop thresholds has been conducted in the United States. The
University of Massachusetts has developed thresholds for the northeastern United &béges (

2-1) (Wick 2012. These thresholds have been used in Canada since there are currently no
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thresholds set for Canadian turf. Although these values are used aslmguadtion thresholds
fluctuate based on many environmental factors from season to season and even month to month
(Todd and Tsserat 199

Table2-1: Threshold levels for turfgrass nematodedlew England. Adapted froiwvick 2012

Nematode Genus Threshold (nematodes per 100 cc soil)
Ring Criconemoides 1500
Spiral Helicotylenchus 1500
Stunt Tylenchorhynchus 800
Cyst Heterodera 500
Root-knot Meloidogyne 500
Lance Hoplolaimus 400
Needle Longidorus 100
Lesion Pratylenchus 100
Stubby Root Trichodorus Paratrichodorus 100
Dagger Xiphinema 200
Pin Paratylenchus --

The surveys performed in the past focused on small areas within Canada and the United
States. Performing a survey of golf coursesr thewhole country can help to determine what
the predominant genera aredifferent regionsallowing for a more focuseapproach to
managementn addition, standardizing the method with which the nematodes are extracted from
the soil will allow for more comparable resultsBeermann pan and sugar centrifugal flotation
yield different results.
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Chapter 3 Methods Comparison forNematode Extractionfrom Soil

3.1 Abstract

Plantparasitic nematodes (PPN) are aquatic organisms that inhabit the soil and feed on
pl ant tissues. These organisms can cause cons
ability to take up water and nutnts. Identification and quantification of the nematode genera
present allows growers to determinghié productivity of the crop has been influenced by PPN.
Knowing the population size and composition can help determine if management actions should
be talen and which should be used. There are many different techniques es&ado
nematode$rom the soilfor identificationandquantification The objective of thistudywas to
compare two extractiotrechniqus, Baermann pan and sugar centrifuigatiation, for separating
nematodes from soil. Soils were collected friovo golf course sites in Toront@®ntarioandtwo
in Guelph, Ontario. Two sites were sampled in the late spring and two in the fall. The sugar
centrifugal flotation method extreemd more PPNrom the soil than the Baermann pan method.

Both methods were adequate for the extractidinegfliving nematodes. In soils where both
sedentary and mobile nematodes may be present, sugar centrifugal flotation is the preferable

method of extraction.
3.2 Intr oduction

Nematodes which parasitize plants are detrimental to plant health, affecting almost every
crop worldwide. Quantifying their presence in the soil and plant tissues can deletmine
action thresholds. Extraction methods are judged on the nwohbematodes which can be
extracted from the sofViglierchio and Schmitt 1983bThe method used should be fast,
reprodwible, and free from operator err@dfiglierchio and Schmitt 1983bThere are three
primary methods of extraction usedremove nematodes from soil: Baermann,@aermann
funnel(Townshend 1963Vhitehead and Hemming 196%&ndsugar centrifugal flotation
(Jenkins 196% These methods have been modified by many researchers over the years to
optimize the number of nematodes removed from thgBadrmann 191 Caveness and Jensen
1955 Cobb 1918Flegg and Hooper 1970enkins 1964McSorley and Walter 1991
Oostenbrink 1960Seinhorst 1956Townshend 1963
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Nematodesre aquatic organisms and move best when the soil is.Mbistis the
principle behind the Baermann pan and funnel metfiddspkin 1980. Soil containing
nematodes is placed in contact with water and the nematodes are given time to swim through the
soil and filter into the water. The method originally proposed by Baerifiaermann 191)7
used a funnel to collect the nematodes but this was improved by Whi{gkkaehead and
Hemming 1965whentheypropo®d the use of a trayr paninstead of the funnel. Increasing the
amount of surface area in contact with the soil increases the efficacy of these r{idittooidey
and Walter 1991 In the experiments performed by Whitehead and Hemming (1965) they found
that nematodes often got stuck to the sides of the funnels or died from lack of oxygen in the

vessel. The use of thempaather than the funnel alleviates these issues.

The Baermann pan and funnel methods are effectivextoactingnematode species
from soilthatare active and can move though the soil with relative ease. These methods are also
often used for extractingematodes from larger volumes of soil than is possible with the sugar
centrifugal flotation metho{Whitehead and Hemming 1963igratory nematodes, such as
spiral and stunt nematodes, can be quantified using this method but it is best used on nematodes
which arefree-living as they are more actiyBerry and Wright 1998When using the
Baermann pan or funnel method to extract nematodes fronsaniples need to Ipeocessed
quickly asextendedstorage of soils can lead to death of nematodes due to lack of oxygen and/or

food source¢Barkeret al. 1969.

Thethird widely used extraction technique is the sugar centrifugal flotation method. This
method was firstvritten downby Jenkins (1964) but has been heavily modified since then. This
nematode extraction technique uses the densityeafiematode to separate it from soil. The soil
containing nematodes is sieved to remove large délitessoil and water aoured into a
centrifuge tube. This tube is spun in a centrifuge to pull all of the soil and nematodes into a pellet
at the bottom bthe tube. Once the soil has been separated from the wdteavy sugar solution
is used to pull the nematodes from the soil. The nematodes are less dense than the sugar solution
so they are pulled from the soil into the supernatant sugar sol@noceseparatedhey can be
guantified. This method does not rely on the mobility of the nematadhésh isthe reasoiti is
effectivefor extracting sedentary nematodssgch asing, rootknotfemalesand cysfemales

from soil Problems can arise whenngsthis method to extract nematodes from large volumes
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of soil, as it can be time consuming to prepare multiple centrifuge {\letehead and
Hemming 196%

In soils where both sedentary and mobile nematodes exist it is essential to choose an
extraction technique that can adequately quantify both populations. Surveys tdaesma golf
course soils across North Ameritavenot usedconsistenhematodeextraction techniguse This
poses two problems: the results are not compaeattgthe surveys and some studies may
have been conducted using extraction techniques thaitdmequately measure all nematodes
presen{Chastagner and McElroy 1988ushtey and McElroy 1973ordan and Mitkowski
2006 Simard et al. 2008Nalker et al. 2002Yu et al. 1998 The objective of this experiment
was tocompare th Baermann pan and the sugar centrifugal flotation methdetéomine which

extraction technique extrathe most sedentary and mobile nematodes from golf course soil

3.3 Materials and Methods

Nematodes were extracted from the soil using two metligakymann pan and sugar
centrifugal flotation. The methods outlined earlier were used as a guidetsumodified to
optimize the number of nematodes extracted. The Baermann pan method used in this study was
modified from the method written by J.L. Towndgil963) and the sugar centrifugal flotation
method was modified from the method outlined by W.R. Jer({&i964).
3.3.1 Soil Sample Collection

Soil samples were collected from four golf courses around Toronto and Guelph, Ontario.
Two courses were sampled J@#, 2014 and the other two were sampled on September 23
2014. This represented two different points in the season to ensure that the seasonal variation in
the nematode populations was accounted for. The courses were also chosen based on their
previousy estimated nematode populations so that the effect of population size on nematodes

extracted from soil could be determined.

Three greens at each site were sampled using a soil probe with an internal diaftter of
mm andsoil coregaken to a depth ofdlcm. The soil probe was used to collect approximately
30 soil cores from each green in a grid pattern that represented the entire surface. When the plug
was removed the hole was filled with sand provided by the golf course and the turf (specifically,
thetop 2 cm that contained the turf and thatch layer) was carefully replaced to minimize the

damage to the greens. All soil cores were placed into a plastic freezer bag and mixed together to
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create a composite sampte each greenOnce collectedhe sampls were placed in a cooler
with ice and transported back to the University of Guelph.&@dictedfor the sugar centrifugal
flotation nematode extractipthatwas not extracted on the day it was collecteaks placed in a
refrigerator at 4C for no morghanthreeweeks to reduce nematode death and reprodudtien.
Baermann pan nematode extractions were set up on the day the soil was cdlleded.
methods are common practice for diagnosing nematode presence 8htutfeff and Averre
2000.

3.3.2 Soil Sample Preparation
Composite samplegpresenting each grearmre placed on a siewdth a 6 mm pore size
that hadorown kraft paper underneath ath@ soil was pressatirough to minimize clumps.
Once soil was homogenized the paper was used to mix the samples by picking up the edges and
rolling the soil on it. The soil was mixed in this fashion for approximately 30 seconds. The
mixed, composite sample was then separatedsm®0 cc subsamples iorder to obtain a
representative but small portion of sdihree greens a&achof thefour golf courses were
sampled and the soil from each green was subsampled three timeést&io&d36 sampleper

extraction technique

3.3.3 Baermann Pan Extraction Methad

Six 1-ply Kleenex® tissues were stacked and staggered to make the receptacle for the
soil. Plastic screening was cut to fit a petri dish (150 mm diameter) and placed in the bottom to
increase the structural integrity of the tissues and allow for spagedrethe dish and the soil
for the nematodes to move into the water. The tissues were placed on top of the screen in the dish
and thes0 cc aliquot ofoil was placed in the center. The soil was spread out to increase the
surface area in contact with thater as seen irigure3-1. The tissues were folded in to cover
the soil. Enough tap water was added to the dish to saturate the tissues ancefilidineng
space between the soil and dish. The water was added carefully so as not to disturb the tissues or

damage them. Lids were placed on the dishes and labeled.
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Figure3-1: Nematode extraction set uging the Baermann pan methdgdi50 cc ofsoil was placed in the tissu®),
the soil wasspread out and flattene8)) the tissue corner was foldedadmer the soil4) the rest of the corners of the
tissues weréolded in, 5)tapwater was added) the ids were places on the dishes, and theye labelled and
stacked.

Baermann panematodeextractions were left for seven days and tap water was added to
the dishes as needed to ensure they stayed wet. Once the samples had jhiceb&tad: and
screenwere picked up and very lightly squeezed into the dish. The bottom of the screen was

carefully rinsed into the dish and the soil and tissues discarded.

The samples were concentrated by pouring them into a dispoSeihier 50 mL
centrifuge tubeusing afunnel which was rinsed into the tube after the collection water was
poured in Two tubes were necessary as there was often more than 50 mL of water in the dishes.
The nematodes were given 24 hours to settle to the bottom and then the top portiomuoidthe li
was decanted. The remaining 5 mL were poured into a 60 mm diameter counting dish which had
a grid scored on the bottom. Nematodes were identifigenias andounted using an Olympus

SZX12 microscope. All data were reportechasnber onematodes perfO0cc soil.

3.3.4 Sugar Centrifugal Flotation Extraction Method

The soil was prepared describecabove and a 50 cc subsample was placed on a #40
sieve (0.42 mm pore size) and washed thoroughly with tap water at meissure over a 9 L
bucket until thevater reached thel3line in the bucket. The water and soil in the bucket were

given 30 seconds to settle then poured through a #400 sieve (0.037 mm pore size), taking care
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not to include sediment. The sieve was agitated as the water was poured thengylrédhere

was no overflow. The sieve was rinsed again with water at low pressure or with a wash bottle
and then poured into a round bottom 50 mL centrifuge tube. Two tubes were sometimes required
depending on the amount of soil and water that wereptes

Tubes were balanced to within 0.2 g of each other and spun at 3400 rpm for 6 minutes in
a centrifuggThermo Sciat i f i ¢ E S o r vRITIPluECentréugecOmak fhe cycle was
complete the supernatant was decanted and the heavy sugar solutigrs(4/a4/L wateryvas
added The following steps were done as quickly as pos$ialkhin approximately 15 minutes)
as the osmotic pressure of the sugar solution can cause the nematodes to implode. Once the sugar
solutionwasadded a scoopulavasused to beak up the soil pellet to ensure the nematodee
in solution. The tubewereagain balanced to within 0.2 g of each other and the samvples
spun for 1 minute at 3400 rpm.

When the cycle was complete the samples were removed from the centrifuge and
supernatant was poured into a #50#ve(0.025 mm pore size) without disturbing the soil pellet
at the bottom. The sieve was rinsed thoroughly (approximately 1 min) at low water pressure to
remove the sugar solution from the nematodés. nematodes eve rinsed into a counting dish
(60 mm diameter) that had a scored grid on it with as little water as possible. Nematodes were
identified to genus and counted using the microscdaseribechbove and reported as nematodes

per 100cc soil.

3.3.5 Statistical Analysis

Data from all sites and dates were combined and an ANOVA was performed on the data
using theproc glmfunction in SAS® software 9.65AS Institute 201 The data did not meet
the assumption of normality for the ANOVA. A number of transformations (Log, In, @nd x
were attempted but they did not result in a nordmstribution. Options relating to nen
parametric analysis were explored but the result of the KiWhdlis test was the same as the
ANOVA. Because of this the result of the ANOVA were presented for ease of interpretation.
The data were also analyzed &termine if interactions existed between site and extraction
method. Means and standard errors were obtained usistdgreoption of thelsmeans

statement. Using a macro in SAS3 developed at the University of Guelph (Bowley, personal
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communication) &ukey-Kramer adjustment was applied (p > 0.05) to the data for means

separation.
3.4 Results

More total PPN were extracted from the soil using the sugar centrifugal flotation method
than with the Baermann pan method (p< 0.Q0Uhere was no significant ddfence between
the extraction methods féree-living nematodes (p< 0.000Table3-1). All genera of PPN were
extracted in significantly higher numbers by the sugar centrifugal flotation metaodhe
Baermann pan method, and this was also the case when the PPN wereimlioitieal groups:
endoparasitic nematodes and a second group ofesggoparasitic nematodes plus ectoparasitic

nematodesKigure3-2). Noring nematods were extracted using the Baermann pan method.

Table3-1: Means of nematodes extracted freail samples by Baermann panRBand sugar centrifugal flotation
(SCH methods.

Nematode Genus Extraction Method Meart (nematodes/100 cc soil)

BP 20+ 5
Cyst
SCF 46 a5
BP 18 bt 4
Rootknot
SCF 59at+4
, BP 0bx10
Ring
SCF 135 a+ 10
, BP 23 b+ 16
Spiral
SCF 106 a+ 16
BP 57 b+ 106
Stunt
SCF 1031 a+ 106
. BP 383a+2
Free Living
SCF 409a+ 2

IMeans were calculated as least squared means

2 Extraction method pairs for each nematode genus followed by the same letter agaificarsly different P<
0,05, TukeyK r a me r 6 s . 8amplesdranmab sites and dates were used irattab/sis (n72).

3Value after the + is the standard error of the mean
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Figure3-2: Comparisorof nematode extraction methods from soil using Baermann pan (BP) and sugar centrifugal
flotation (SCF) method€xtraction methods were compared émdoparasitic nematodes (Endo PPN),-fréag
nematodes (Freefptal plantparasitic nematodes (Total PPN), aminiendoparasitic and ectoparasitic nematodes
(SEE PPN) Letters denote significant differences betwewans for each nematode genus, error bars indicate
standard error of the mean (n=72).

Although there was an extraction method by site interaction (Appendix A), the interaction
was a result of varying population levels at each site. Two sites were dddastzl on their
previously estimated populations so that the extraction techniques could be analyzed on two
different starting population sizes. The interaction between site and nematode extraction
technique was expected as more nematodes were prefensamples from courses with higher
estimated populations than those with lower estimated populations. Therefore the main effects
are presented and discussed and the data were pooled across all sites.

3.5 Discussion

The Baermann pan method of extracting atdes from soil was significantly less
effective than the sugar centrifugal flotation methbdeparating PPN populations from golf
course soils. These results are similar to those of researchers studying fi§lBeskis et al.

1969. The Baermann pan extraction method relies on the nematodes to actively swim into the
water in the dish below the soil while the sugar ctugal flotation method separates the
nematodes from the soil regardless of their mob{iithitehead and Hemming 1965 edatary
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nematodes, such as ring, and the adult female forms of cyst addaobatematodes, do not

move through the soil into the water and are often underestimated by the Baermann pan
extraction technique. Shurtleff and Averre (2000) as well as Mai anihM1996) discourage

the use of Baermann pan and funnel extraction for ring nematodes, as only a small percentage
move through the apparatus to the collection waters. This under estimation is evident, especially
for ring nematodes, as none were extraa®dg the Baermann pan method. Only free living

nematodes were extracted in similar numbers by both methods, as expected.

The mobile nematodes in the soil samples, specifically spiral and stunt, were also
underestimated by the Baermann pan extractiomigoh. Both spiral and stunt nematodes are
semiendoparasitic, meaning they feed primarily on the outside the plant but may put some of
their body inside, which is why they are found mostly in the(&tiurtleff and Averre 2000
These migratory sengndoparasites move easily through soil from feeding site to feeding site
along roots. The nematodes in this category would seem to be the best suited to travel through
the Baermann pan apparatus intodcbkection waters. However, they were significantly
underestimated by this technique. This may have been caused by the laclertidadesvhich
stimulate the nematodes to move toward the plant.

The total number of PPN extracted with the suggantrifugal flotation technique was
significantly higher for all genera. This difference was not observed, however, for thigifrge
nematodes observed in the study since they were extracted in equal numbers by both techniques.
Freeliving nematodes areery mobile in the soil which is why they were able to swim through

the Baermann pan apparatus with relative ease compared to the PPN.

An interaction was observed between the site and the extraction method, indicating that
the extraction method producdifferent results depending on the site from which the soil was
obtained. This interaction, however, did not alter the results of the methods comparison. The
sugar centrifugal flotation method found higher populations of each PPN genus at each of the
locaions. The only differences observed between sites were the population levels of each genus.
Regardless of the initial size of the PPN population, the sugar centrifugal flotation method was
more effective for extracting PPN from golf course soils.
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In conclwsion, PPN populations in golf course soils are better estimated by the sugar
centrifugal flotation method of extraction. When investigating populations cfifieg
nematodes both techniques would be acceptable since there was no significant diffieirence i
number of nematodes extracted between the methods (p <0.0001). Ring nematodes are often
found in soils from golf course greens in Canada and the United States of America. Therefore the
sugar centrifugal flotation method should be used when invastigagmatode populations from
those regiong§Todd and Tisserat 199Walker et al. 200R The results of this study may be
beneficial for nematologists investigating the populations of nematodes not only in golf courses

but in other agricultural soils where sedentary and mobile nemaggtsogether.
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Chapter 4 Survey of Plant-Parasitic Nematode on Golf Course Greens
throughout Canada
4.1 Abstract

Plantparasitic nematodes (PPN) affect almost every cultivated plant, including turfgrass.
Understanding the population dynamafsPPNcan help to taret management practicesthe
time when populations of nematodes are most vulnerable. A survey was conducted in Canada to
determine which nematode genera were prevalent in golf greens in various regions throughout
Ontarioas well as/ancouver, British Calmbig Montreal, Quebeandin the Atlantic
provinces Seasonal variation was also assesseshmpling in the spring, summer and fall over
the 2013 and 2014 seasons. The sites within Ontario were chosen based on the age of the greens
and were separatedto youngerlndolder than 20 years. The study was conduotdy within
Ontario in 2013, and throughout Canada in 2014. Nematode populations were highest in the
coastal cities of Canada. The populations fluctuated seasonally, often highest in the sudnmer a
lower during thespring and falseasons. Agef the greerwas an important factor in nematode
populations with greens older than 20 years having higgimatode populati@nPlantparasitic
nematodesvere found ir09.25% ofsamples and the predomina@&nera werspiral
(Helicotylenchuspp), stunt(Tylenchorhynchuspp), ring (Criconemoidespp.),root-knot
(Meloidogynespp), andcyst(Heteroderaspp).

4.2 Introduction

PPN are important pests in many agricultural cenpdcau® extensive damage to host
plant (Koenning et al. 1999Under conditions where the plant is not stressed by abiotic
pressures, high populations of PPN can often go unndflaattl andTisserat 199D These pests
are known to cause significant damage to turfgrass in the Southern United8t&iasty 2001
Perry et al. 1970 However, in cool climate®PN are not often associated with direct decline of
turfgrassesbut can be if populations are high enogbshtey and McElroy 197.7The damage
causé in cooler climates is often attributed to other pathogens or abiotic stress on the plant
(Jordan and Mitkowski 20Q&imard et al. 2003 and as a result, PPN are netognized as a
significantproblem in Canadian turfgrass sites (Simard et al. 2008).
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PPN interact with other pathogens in the soil often causing a disease c¢&ipleteff
and Averre 2000 Commonpathogens which attack turfgrasses may sometimes be secondary
invaders of the plant§his can lead to putting greens that exhibit symptoms of pathogen
presence even after treatment due to an underlying issue, oftefiFri&sttey and McElroy
1977. Therefore, testing soils foine presence d?PN on a regular basis can save a significant

amount of time and resources.

PPN are found in all areas of a golf coursétend to cause the most damage to greens
becaus@reensareintenselymanaged and the plants are under significant si@ssv 2005k
Simard et al. 2008 Golf greens have the perfect conditions to allow PPN to ti@dvew
20050. The sanébased root zone allows for adequate pore space for movement through the soil
profile, the consistent application of water to maintain turf health promotes a moist root zone
which is ideal for nematodgeand the host is perenniallowing for constant reproduction and
feeding without the risk of losing the host plé@tow 2005k Jordan and Mitkowski 2006
Mowing heights on golf greens can be 2.5 mmiowerwhich puts the plants under stress as
photosynthetic capacity reducedoy the extremely short leavéSrow 2005). The sanébased
root zone may be beneficial for PPN but it can be detrimental for the grass as nutrients are easily
leachedCrow 2005.

There have been numerous survefyPPN in golf courses, sports fields, and lawn bowling
greens throughout North Ameri¢Bekal and Becker 200€Chastagner and McElroy 1984
Dauvis et al. 1994Fushtey and McElroy 197 dordan and Mitkowski 200@.ucas et al. 1978
McClure etal. 2012 Murdoch et al. 1978Simard et al. 20Q8Taylor et al. 1963Todd and
Tisserat 1990Troll and Tarjan 195AValker et al. 2002Wick 1989; Yu et al. 1998 These
studies aim to understand the population dynamics of BRNas they can be managed more
effectively. This information has been invaluable in the mamamnt ofPPN on golf courses but
the nematode extraction methods used were not consistent throughout the whidiesakes
comparisoramongstudies difficult.Although these studies conducted throughout North
America have been effective in identifying PPN issues in turfgrasses, most have focused on
specific regionsThere have beemvo such surveym the past 20 years in Canada, one focusing
on southern Ontarifru et al. 1998and the other on Oario and Quebec (Simard et al., 2008).
There have been no studies to date ¢baipared the populations of PPN throughsmueral
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provincesin Canada, nor have any investigated the relationship between age of the green and
PPN.

Yu et al.(2008)surveyed golf courssoils across Southern Ontarior PPN They
combined samples fromds, fairways, and greens and extractechatodesisingthe Baermann
pan(Whitehead and Hemming 196&ndthe sugar centrifugal flotatioldenkins 196¥method.
The cettrifugal flotation methodxtractednore ring nematodes than the Baermann pan method
butboth methods extracted a similar numbealbbther generalhe highest numbersf
nematodes found in the soiere spiral, followed by lesion, pin, stunt, and megmatodegYu
et al. 1998 The authorslid not record the age of the courses that were sampled. This is a
confounding variable in the experiment that was not accounted for in their analysishe
authors did not differentiate between the green, tee, and fairway Bnedssion nematode
not commonly founan golf greengChastagner and McElroy 1983brdan and Mitkowski
20086 Lucas et al. 1978Viurdoch et al. 1978Todd and Tisserat9b0 Walker et al. 200 so by
reporting the results on mixed samples of all areas sanpkedhvestigators did not accurately
represent tb genera of nematodes that may be present in the greens specificatlgpditte
combired the results of both extractitgchniquesvhich makes comparison of the mean number

of nematodes at each site difficult.

A study performed by Simard et al. (2008)deed on golf courses in Ontario and
Quebec. They sampled greens, fairways, and roughs and reported the number of nematodes
found for each. The Baermann pan extraction method wasTisedenus foundanost
frequently on greens and fairways wesion whereaslylenchusvasmost commorin roughs.
Needle and stubby root nematodes were only found in greens on the golf cBumdes.
nematodeyenera were found in this studythssefoundby Yu et al.(2008)as well aseven
other generalhe predominarPN found throughout this survey was lesion nematode followed
by spiral,pin, ring, and stunt nematod@hese results may not represent all of the nematodes
present because the Baermann pan method is not very effective forohde PPN such as ring

nematodes

The initial purpose othe survey performed by Simard etwaas to determine the
populatiors of entomopathogenic nematodes in turfgi@mard et al. 2007 These are

typically mobile and thereforigne Baermann pan would be an appropriate extraction method.
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Not all genera of nematodes that parasiturfgrass are mobile which is why the sugar

centrifugal flotation method has been favouoedr the Baermann pan methiogl other
researcher§lordan and Mitkowski 200&Valker et al. 200R Utilizing the Baermann pan

method for extracting nematodes from soil was not appropriate for determining the population of

PPN but it is an acceptable methoddstimating populations of frdevzing nematodes.

Comparing the studiesf Simard et al (2008and Yu et al1998 is difficult because they
useddifferentextraction techniques, length of sample storage time, and/or combined saaples.
a result the predominant genera found by each of the swdresiot the samelhe
commonality between bothugties is that they eadbunda diverse population of PPN at each of
the sites sampledypically spiral nematode/as present ithe highest population¥hegenera
andpopulationsizesof PPN present on goffreensin Ontario and Canada cannot be inferred
from the data in the preceding studies as¢heill differ withmanagement, extraction technique,

and age of the greens

The objective of thistudywas to determine the prevalent genera of RPQoblf greens
throughout Canada. The Canas@e surveywas designed to compare the population dynamics
of PPN inimportant regions in Canad&.second objective was ttetermine how PPN
fluctuated though timeThis portionof the studywas primarily focused on Ontari®he survey
siteswere sampled ithree dfferent seasons, over two years, atdites that were over 20 years
of age and unae20 years of age. Thirovided informatiorabout the seasonal variation in PPN
populations but also showed how PPN populations change/eaes

4.3 Materials and Methods

Regions were selected within Ontario which represented four different climates. The
regions samples were: London/Windsor, the greater Toronto area (GTA) and Guelph, the
Niagara region, and Ottaw@drnwall Figure4-1). The Ottawa/Cornwall area is further north
and is not as close to the Great Lakes as the other regions, which results in a cooler climate.
Toronto/Guelph and Niagara are on the edge oel@#ktario while London and Windsor are
closer to Lake Erie and Lake Huron. These large bodies of water affect the temperature and
precipitation in these are&Solf course managers within each region in Southern Ontario were

contacted in 2013 to requesethparticipation in the survey. Six golf courses were chosen in
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each region, three old and three young, for a total of 24 courses. An additional course was added

in the Toronto/ GTA region due to the turfgras
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Figure4-1: ap of sites participating in the survey

Three greens were selected by the superintendents on each course for dzasptngn

i n

one or some of the following chatadstics: known issues with nematodes, ongoing issues with

disease management, drainage problems, excess shading, and poor turf quality. These

characteristics were chosen because they are often linked to moderate to high levels of PPN

(Crow 200).

Soil samples were collected as outlined in Chapter 3 in May, July and September of

2013. Golf courses within a region were sampled on the same day to minimize variability in

sampling conditions. All courses were sampled overcaweek span during each sampling

period. Soil samples awaiting extraction were stored for no longer than three weeks in a large

walk-in refrigerator at 24C as described in Chapter 3.
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Figure4-22Mapofs t es participating in the survey across Canada

In February 2014superintendentsf golf courses from, British Columbia, Alberta,
Quebec, Nova Scotia, and New Brunswiglre contactedConfirmation was received from
three courses in British Columbia and Quebec, two courses in Nova Scotia and New Brunswick,
and one course iAlberta(Figure4-2). Unfortunately one course in New Brunswick dropped
out of the study after one sample collectaomd the course in Alberta was left out of the analysis
due to the small sample size in that redideia not included). Superintendents of pgétng
golf courses in British Columbia, Alberta, Nova Scotia, and New Brunswick were asked to send
soil samples to our laboratory in May, July and September via overnight shipping. These samples
were placed in a refrigerator af@ while awaiting extragn to ensure nematode integrity. The
research team sampled the courses in Quebec during thedaimpde courses @ttawa and

Cornwall.

The courses in Ontario were sampled in 2014 as they were in 2013 in May, July and
September. All sampldsom acrass the country were collected within a tweek span for each
sampling period. Soil samppreparationnematodextracton using the sugar centrifugal
flotation methodidentificationandquantification wereonductedasoutlined inChapter3 with
two modfications In these sampleb cc of soil was used instead of 50 cc, and the composite
samples were only subsampled once. All nematode counts were reported as nematodes per 100

cc soil.
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4.3.1 Statistical Analysis

The Ontario data from 2013 and 2014 were analgeparately from the Canadade
data from 2014The Ontariodataset(2013 & 2014)were analysed astareeway factorial
ANOVA with nematode populatioresthe dependantariableandregion, season, and age of
greenas the three factarShis wasrepeated over two yearShe Canada data set (2014sv
analyzed as a twway factorial ANOVA with nematode populations as the dependant variable
and region and season as the two faciins was not repeated. Both data sets were analyzed
separately usipthe proc gim function of SAS® 9.3 (SAS Institute 2012 Means andtandard
errors were obtained using tetelerroption of thelsmeansstatementA Tukey-Kramer
adjustment was applied to the didameans separatiposing a macro in SAS software
developed at the University of Guelph (Bowley, personairoanication) Thedata were not
normal and therefore violated the assumption of normality for the AN@¥Avasperformed.
Multiple transformations (Log, In, and)xdid not result in normal data. Options relating to-non
parametric analysis were explored but were not beeduse none of the testsrev@appropriate
for the data set. Due to the large sample size in both data sets the assumption of normality was
dismissedThe spiral nematode population was subjected to an additional test that was less
conservative, th& t u d etest. Bhe additional test was required because the population
difference was deemed significant by the ANOVA but not significant by the conservative- Tukey
Kramer adjustment. The Atlantic region included sites from Nova Scotia and New Brunswick
and theewere pooled due to the small sample size for each province. Alberta data were not
included due to the small sample size. Tdlationship between trege of the green and total
PPNcountswasanalyzed usingroc regto create a regression equatito model the datdhe
data points corresponding to the oldest green were removed and the regression recalculated to
determine if the correlation coefficient increased but the removal of those data points had no
effect on the strength of the correlation.

4.4 Results

The predominangenera of PPNound in the soil samples were ring, spiral, stunt, cyst,
and rootknot nematodes. Lance, lesion, and pin nematodes were found in only a small number

of samplegFigure4-3). Thedat werepooled across all three seastmshow the general
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distribution of the populatiaiThe sample size for Ontario was smaller in 2014 than 2013

because a site in Toronto droppeahf the study due to renovation of their greens.
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EFree-Living BRing OSpiral OStunt BRoot-Knot @Cyst @EOther

Figure4-3: Mean Canadian nematode populationpamions by city/region in 201¢h = 297).0ther category
includes lance, lesion, and pin nematodé®/a Scotia (NS), New Brunswick (NB).

Different genera of nematodes were found in the highest numbers in each Iregion.
Ontario, only 1% of the greens did not have R®#r the course of the two year studiize
population of each nematode genus was relatively consistent in Ontario from year to year during
the survey with the exception of rekinot nematode which was found in 54% more greens in
2014 than in 2018Table4-1). Stunt nematodes were the most prevalent genus of PPN followed
by ring, spiral andoot-knot (Figure4-3). In the Montreal area ofQuebec, all samples contained
spiral, ring, and stuntematodes. Ithe Vancouver area @ritish Columbiathe most prevalent
genus of PPN was spiral, followed bygg, rootknot and then stunt. In th&lantic region,spiral
nematodes were found in the greatest proportalowed byring nematodesStunt, rootknot
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and cyst nematodes were also observed in the Atlantic provinces but in lower proportions than

were £en in the other provincesreeliving nematodes were found in all samples analyzed

(Table4-1).

Table4-1: Percentage of golf course greens with generdawityparasitic nematode across Canada

Percentage of sitesvith each nematode genus across Canada

Province Ontario Quebec British Columbia Atlantic?!
Year 2013 2014 2014 2014 2014
Ring 81 74 100 70 11
Spiral 68 69 100 100 96
Stunt 87 91 100 93 74
Cyst 29 31 22 26 59
Root-Knot 18 72 85 93 56
Lance 21 11 0 4 4
Lesion 5 0 0 0 0
Pin 0 1 0 0 4
Free-living 100 100 100 100 100
Sample Size 225 216 27 27 27

1 Atlantic region includes Nova Scotia aNeéw Brunswick

Data were separated based on region of collection as the factors in the Ontario data set

were age category of the green, sampling year, region, and season while the factors in the

Canadawide data set were city/region and season. Wheregtiens were observed among

factors, the interactions (simple effects) are presented instead of the main effects.
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Table4-2: Percentage of golf course greens with genera of plargsitic nematode acro@sitario

Percentage of sites tested positive for each nematode genus within Ontario

Nematode Genus London/Windsor Toronto/Guelph Niagara Ottawa/Cornwall
Year 2013 2014 2013 2014 2013 2014 2013 2014
Ring 87 89 65 50 81 74 94 81
Spiral 96 94 52 61 91 81 37 39
Stunt 100 100 78 83 91 91 81 89
Root-Knot 28 72 27 69 9 72 6 74
Cyst 31 41 41 35 19 15 22 31
Lance 30 19 5 7 44 17 9 0
Lesion 13 0 2 0 2 0 4 0
Pin 0 2 2 2 0 0 0 0
Free-Living 100 100 100 100 100 100 100 100
Sample Size 54 54 63 54 54 54 54 54

Table4-3: Minimum (min), maximum (max), and avera@ve)nematode countsom golf course greertsy
province.Ontario data was poolemerboth years.

Nematode counts per 100 cc soil

Province Ontario Quebec British Columbia Atlantic?!
Statistic Min Max Ave Min Max Ave Min Max Ave Min Max Ave
Ring 0 2184 164 80 620 288 O 1292 219 0 1208 217
Spiral 0 2952 176 24 2200 636 100 11168 1563 O 11376 1485
Stunt 0 4752 239 4 376 87 0 640 112 0 172 37
Cyst 0 320 16 0 16 2 0 276 17 0 172 36
Root-Knot 0 616 23 0 204 57 0 400 131 0 220 33
Lance 0 120 4 0 0 0 0 8 0 0 8 0
Lesion 0 72 0 0 0 0 0 0 0 0 0 0
Pin 0 8 0 0 0 0 0 0 0 0 12 0
Free-living 12 1856 338 72 636 302 56 2664 826 72 840 331
Sample Size 441 27 27 27

1 Atlantic region includes Nova Scotia and New Brunswick

4.4.1 All Plant-Parasitic Nematodes

The factors which influenced the PPN populations as a whole in Ontario were region, age
of the green, seaspand the year in which the green was sampled. Within Ontago
Ottawa/Cornwall arehad the lowest number of PPN. All other areas of Ontario had average
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PPN counts of 600 800 nematodes per 100 cc 4diable4-4). Greenghatwere over the age of
20 years had significantly more PPN than thibs¢were undef0 (Table4-5).

Table4-4: Total plantparasiticnematodédPPN)populations byegionin Ontario(2013and2014combined.

City Means'

London/Windsor 812 + 60°
Toronto/Guelph 674a£59
Niagara 730a + 64
Ottawa/Cornwall 401b + 60

1 Mears were reported dsast squared meanf nematodes per 100 cc of spil= 441, P <0.000)
2Means followed by the same letter are not significantly different, at P < 0.05, -Ruleer adjustment
3Value after the * is the standard error of the mean

Table4-5: Total plantparasiticnematod€¢PPN)populationgnematodes per 100 cc of sdily age categorin
Ontario(2013and2014combined.

Age Category Meant!
Old (< 20 years) 9142 + 413
Young (> 20 years) 395b £ 45

1Means were reported as least squared means of nematodes per 100 ¢a ef441 P <0.000)
2Means followed by the same letter are not significantly different, ad P TukeyKramer adjustment
3Value after the * is the standard error of the mean

The number of PPN increases with age of the green until approximately 75 years of age
(Figure4-4). After 75 yearsthe PPN populatiotevelsplateau and drop off as greens reach the
age of 90 years. Theveasonly one green that was over the age of whie all others were

between the ages of 2 years and 92 years.
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Figure4-4: Influence of the age of the green on total piaaatasitic nematodes in Ontario golf courses. The data
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Both sampling year and season within each fiadrasignificanteffect onthe estimated
total PPN populatiom golf course greenis Ontario. An interaction was found between season
ard year due to theigh nematode population found in the summer of 20hésesamples had
significantly more PPN than all other time poiagsnpledFigure4-5).

Table4-6 Total plantparasiticnematod€PPN)population ingolf course greens i@anadg2014)by region.

City Mean!
London/Windsoy ON? 921c¢%+ 176
Toronto/GuelphON 839c £ 176
Niagara ON 859c £ 176
Ottawa/Cornwall ON 493c 176
Montreal QC 1123bc + 249
Vancouver BC 2215a + 249

Lunenburg, NS/New Glasgow
NS/Hampton, NBAtlantic)
1 Means were reported as least squared means of nematodes per 100 do of2®il P <0.000)
20N'i Ontario, QCi Quebec, BG British Columbia, NS Nova Scotia, NB New Brunswick
3Means followed by the same letter are not significantly different, at P < 0.05, -Ruleer adjustment
4Value after the + is the standard error of the mean

1886ab + 249

Across Canada both region and season were significant fadtaentingthe total PPN
populationin golf course green3he average population of PRIdtimated from greensas
highestin British Colunbia and lowest in Ontari@lable4-6). The population ofotal PPNwere
significantly higher in the summer than in the spring, while fall was not different from either of

the other two seasoli$able4-7).

Table4-7: Total plantparasitic nematode (PPN) populations bgsorin Canadg2014)

Season Mean!
Spring 811b%+ 138
Summer 1494a + 138
Fall 1269ab + 138

I Means were reported as least squared means of nematodes per 100 do ef2®it P = 0.002
2Means followed by the same letter are not significantly different, at P < 0.05,-RKukeyer adjustment
3 Value after the  is the standard error of the mean
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4.4.2 Ring Nematodes
In Ontariq the growingseason, age of the green, and region were significant factors
affectingring nematode population§he poputions ofring nematodes were lowastthe

springand higher but similarn the summer and fa(llable4-8).

Table4-8: Ring nematode populations bgasorin Ontario(2013 and 2014 combingd

Season Meant

Spring 101b%+ 19
Summer 178a+19
Fall 172a+19

1Means were reported as least squared means of nematodes per 100 ¢a ef441 P = 0.0062
2Means followed by the same letter are not significantly different, at P < 0.05, -Ruleer adjustment
3Value after the * is the standard error of the mean

There was a significant region by green age interactionrfigmematodePopulations of
ring nematodes did not diffdyetwesn old andyoung greens except in Niagara, where the old
greens had very highopulations [Eigure4-6). Therewere no diferences amanthe other

regionsbetweerold and younggreens.
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Figure4-6: Ring nematode populatidosy regionon old (over 20 years of age) and young (under 20 years of age)
greens in Ontario (r 441, P <0.000). Bars with the same letter are not significantly differentattP.>0 5, Tukey & s
adjustmentThe error bars represent the standard error of the mean.
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Canadawide, there were differences among the populations of ring nematddes.eal
andthe Niagararegionhad higher meapopulationghan Toronto/Guelphegion Ring
nematode populations, on averagere much lower thatine threshold of 1500 nematodes per
100 cc solil for primary damage dsterminedy the University of Massachuse{®/ick 2012.

Table4-9: Ring nematode population in Cana@®14)by region.

City/Region Mean!
London/Windsoy ON? 175ab* + 37
Toronto/GuelphON 74b + 37
Niagara ON 292a + 37
Ottawa/Cornwall ON 152ab * 37
Montreal QC 288a =53
Vancouvey BC 219ab + 53

Lunenburg, NS/New

Glasgow, NS/Hampton, NB 217ab £ 53

(Atlantic)
1Means were reported as least squared means of nematodes per 100 ¢o ef2®1t P= 0.0015
20N'i Ontario, QCi Quebec, BG British Columbia, N3 Nova Scotia, NB New Brunswick
3Means followed by the same letter are not significantly different, at P < 0.05, -Rukeer adjustment
4Value after the + is the standard error of the mean

4.4.3 Spiral Nematodes

The factors that influenced the populatia@ispiralnematodesn Ontario were the
seasomwhenthe green was sampled, the age of the green, and the region in which the golf course
was presenPopulations were higher in the summer than in the sprimg fall population was

not significantly diffeent from the spring or summer.

Table4-10: Spiral nematode populations bgasorin Ontario(2013 and 2014 combingd

Season Mean*

Spring 123b? + 25°
Summer 260a * 25
Fall 178ab £ 25

1 Means were reported as least squared means of nematodes per 100 do ef441 P = 0.000%
2Means followed by the same letter are not significantly differe,<0.05, TukeyKramer adjustment
3Value after the + is the standard error of the mea
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Figure4-7: Regional variation in spiral nematode population on old (over 20 years of age) and young (under 20
years of age) greens in Ontario (n = 4R1<0.000). Bars with the same letter are not significantly different at P >
0. 05, Tuk e yThserra bajs neprésenétinetstandard error of the mean.

There was also a signification region by green age interaction for spiral nematodes but
the trend was diéfrent from that of ringpematodesThe interaction found between age of the
green and region in ring nematodes was a difference of magnitbhdeeas the interaction seen
in spiral nematodesasone of direction. In Niagara the young greens had more sgnahtodes
than the old greens diWhereas in the London/Windsor region, the old greens had more spiral
nematode that the young greense population of spiral nematodesthe young greens
Niagara was comparable to the populations in the old gredmsdon/Windsor (~ 400 per 100
cc soi) (Figure4-7).

Table4-11: Spiral nematode populations bgasorin Canadg2014)

Season Mean!
Spring 3993+ 116
Summer 772a+ 1%
Fall 735a+1b

I Means were reported as least squared means of nematodes per 100 do ef2@it P = 0.0443
2Means followed by the same letter are not significantly differei,0.05

SData were anal y#estddjustméntng St udent 6s t

4Value after the + is the standard error of the mean

When looking at spiral nematode data across Casadapn and region were important

factors irfluencingthe spiral nematode population. Although éfiect ofseason was significant
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in the ANOVA, thespiral nematode populations from season to season were not significant
when the TukeyKramer adjustmentas appliedHencethd e ss conser wast i ve
adjustmentvas applied to determine theeans separatiammongmeans {able4-11). The
populations of spiral nematode®re lower in the spring than in summer or fall.

Table4-12: Spiral nematode population in Cana®d14)by region.

City/Region Mean!
London/Windsoy ON? 321c%+ 148
Toronto/GuelphON 107c + 148
Niagara ON 250c + 148
Ottawa/Cornwall ON 87c+148
Montreal QC 636bc + 209
Vancouver BC 1563a + 209
Lunenburg, NS/New

Glasgow, NS/Hampton, NB 1485ab + 209
(Atlantic)

1Means were reported as least squared means of nematodes per 100 ¢a ef2®il P <0.000])

20ON'i Ontario, QCi Quebec, BG British Columbia, NS Nova Scotia, NB New Brunswick

3Means followed by the same letter are not significantly differé,0.05, TukeyKramer adjustment
4Value after the + is the standard error of the mean

Regionally spiral nematode populations wérgher in the Vancouver region than they
were in all other regions except for tAdantic provinceg(Table4-12). In addition theaverage
spiral nenatode populatiom Vancouverexceeded the threshold of 1500 spiral nematodes per
100 cc soil set by the University of Massachug@itck 2012.

4.4.4 Stunt Nematodes

Thesampling yearage of the green and regional variation were significant factors
affectingthe stunt nematadpopulation in Ontéo. There were no significant interactions found
amongthe factors for thetuntnematodesGreenghatwere over the age of 20 years had more
stunt nematodes than those less than 20 years ¢Talgke4-13). The population oftant
nematodes was higher 2014 than in 200sble4-14).
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Table4-13: Stunt nematode populations bge categorin Ontario(2013 and 2014 combingd

Age Category Mean!
Old (< 20 years) 3492 + 30°
Young (> 20 years) 119b + 30

1 Means were reported as least squared means of nematodes per 100 do ef46i P <0.000)
2Means followed by the same letter are not significantly differer,0.05, TukeyKramer adjustment
3Value after the + is the standard error of the mean

Table4-14: Stunt nematode populations lggarin Ontario(2013 and 2014 combingd

Year Mean!
2013 189b% + 313
2014 279a+ 31

1Means were reported as least squared means of nematodes per 100 ¢o ef46il P = 0.0433
2Means followed by the same letter are not significantly differéf,0.05, TukeyKramer adjustment
3Value after the * is the standard error of the mean

Table4-15: Stuntnematode populations bggionin Ontario(2013 and 2014 combingd

City Mean*

London/Windsor 292al? + 44
Toronto/Guelph 395a+ 43
Niagara 133bc + 47
Ottawa/Cornwall 116c + 44

1 Means were reported as least squared means of nematodes per 100 do ef46i P <0.000)
2Means followed by the same letter are not significantly differe,<0.05, TukeyKramer adjustment
3Value after the + is the standard error of the mean

Within Ontariq the Toronto/Guelph region hachighea population of stunt nematodes
thanthe Ottawa/Cornwalbr Niagara regiondid but it was not significantly different than the
London/Windsor regiofiTable4-15). Nationally, region was also an important faatiecting
the popudtion of stunt nematod€$able4-16). Toronto/Guelphregionhad a higher average
population thathe Ottawa/Cornwall, Montreal, Vancouver, and théaftic region. None of the
regions were over the threshold of 800 stunt nematodes per 100 ccdmigrasinedy the
University of Massachuset{gVick 2012.
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Table4-16: Stuntnematode population in Cana(2014)by region.

City/Region Meant
London/Windsoy ON? 319ab’ + 69
Toronto/GuelphON 48la+ ®
Niagara ON 206ab 69
Ottawa/Cornwall ON 121b +69
Montreal QC 87b+97
Vancouvey BC 112b + 97
Lunenburg, NS/New

Glasgow, NS/Hampton, NB 37b £ 97
(Atlantic)

1 Means were reported as least squared means of nematodes per 100 do f2®i1 P =0.000%

20ON7 Ontario, QCi Quebec, BG British Columbia, NS Nova Scotia, NB New Brunswick
3Means followed by the same letter are not significagiffierent, a P < 0.05, TukeyKramer adjustment
4Value after the + is the standard error of the mean

4.4.5 Root-Knot Nematodes

There were differences in the populationsamftiknot nematodéetween the sampling
years within OntarioThere was a thre@ay interaction with region, age of the green, and year
in which the samples were collected fookknot nematod@opulations(Figure4-8). The
averageoot-knotnematode populations old and young greens were not significantly different
in either yearThere were highewoot-knot populations found in 2014 in the old greens in

Toronto/Guelph and the young greens in Niagara than the populalises/edn 2013.

Throughout Canadaegion and season were significant facedffsctingroot-knot
nematode populations but the population did not follow the same seasonal trend in all regions
(Figure4-9). The means were not significantly different from season to season in any region
except Vancouver. Vancouver had higher populations ofkioot nematodes in the fall than the
spring. No region in Canada exdee the threshold of 500 rekhot nematodes per 100 cc soil
asdeterminedy the University of Massachuse{W/ick 2012.
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of 2014(n =297, P <0.000). Bars with the same letter are not significantly differentat P > 0.abk e y 6 s
adjustment. The error bars represent the standard error of the mean.
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4.4.6 Cyst Nematodes

Region and age of the green were significant fagfiestingthe cyst nematode
population within Ontario. Both region and seasuaractedwith the age oftte greerwhen
estimating cyst nematode populatiofie interaction between region and age of the green was
due to the lowcyst nematodpopulationin old greensn the Niagara regigrwhich was not
significantly different from the population in young gne¢Figure4-10). In the Toronto/Guelph
and Ottawa/Cornwallegions,old greens had significantly higher populations of cyst nematodes
than the youngmgensSimilarly the interaction between seasamd age of the greghat
affecedrootknot nematodes also affectegst nematode populatiofBigure4-11). Populations
of cyst nematodes in young greens were too low for there to be a significant difference between
the seasons. Seasonal varia@ffiecting cyst nematode populatiomasobservedn the old

greens but this difference was not significant.
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Throughout Canadaegion was an important factaffectingcyst nematode populations

(Table4-17). The Atlantic region hatligher cyst nematode population levels than Montreal and

the Niagara region but all other regions were not significantly different from eachloth#r

regions cgt nematode populations were beliwe threshold of 500 cyst nematodes per 100 cc of

soil as set by the University of Massachus@tfeck 2012).

Table4-17: Cystnematode population in Cana(2d14)by region.

1 Means were reported as least squared means of nematodes per 100 do of2@il P = 0.0063

City/Region Mean!
London/Windsoy ON? 10ab’ + 6*
Toronto/GuelphON 19ab+6
Niagara ON 5b+6
Ottawa/Cornwall ON 27ab = 6
Montreal QC 2b+8
Vancouvey BC 17ab+8
Lunenburg, NS/New

Glasgow, NS/Hampton, NB 36a+8

(Atlantic)

20ONT Ontario, QCi Quebec, BA British Columbia, NS Nova Scotia, NB New Brunswick
3Means followed by the same letter are not significantly differe,20.05, TukeyKramer adjustment
4Value after the + is the standard error of the mean
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4.4.7 Free Living Nematodes

Table4-18: Freeliving nematodes by region, season, year sampled, and age of green in Ontario.

Region Age Category Season Year Mean*
Spring 2013 479b-h2 + 64°
2014 381c-h+ 64
ol Summer 2013 1088a+ 64
2014 628bcd+ 64
Eal 2013 577b-f + 64
London/ 2014 322c-h+64
Windsor . 2013 127h+ 64
Spring 2014 158h + 64
Young Summer 2013 260e-h + 64
2014 272d-h+ 64
Fal 2013 155h + 64
2014 150h + 64
Spring 2013 308c-h+58
2014 366c-h + 67
2013 553b-h + 58
Old Summer 2014 621b-e+ 67
Fal 2013 378c-h+58
Toronto/ 2014 190h + 67
Guelph . 2013 207h + 60
Spring 2014 301c-h + 60
2013 273e-h + 60
Young Summer 2014 777ab+ 60
Eal 2013 234f-h + 60
2014 174h+ 60
Spring 2013 188h +55
2014 196h +55
2013 442c-h+55
Old Summer 2014 539b-g + 55
Eal 2013 294d-h + 55
Niagara 2014 257f-g+ 55
Spring 2013 278c-h+78
2014 203f-h+ 78
Young Summer 2013 619b-f + 78
2014 686ac+ 78
Fal 2013 181f-h+ 78
2014 207f-h+ 78
Spring 2013 188h =+ 64
2014 354c-h + 64
2013 251e-h+64
Old Summer 2014 343c-h+64
Fal 2013 178h+ 64
Ottawa/ 2014 214gh+ 64
Cornwall . 2013 140h + 64
Spring 2014 306¢-h+ 64
Young Summer 2013 346c-h + 64
2014 335c-h +64
Eal 2013 227f-h + 64
2014 336c-h + 64

1 Means were reported as least squared means of nematodes per 100 do ef461 P = 0.0018

2Means followed by the same letter are not significantly different, a P < 0.05,-Ru&ayer adjustment

3Value after the * is the standard error of the mean
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The populatior of free living nematodes in Ontariceneinfluencedby region, age of the

green, and the season in which the green was sampled. The population of free living nematodes

had a fowway interactioramongtheregions age of the green, sampling season, and year in
which the samples were collect@hble4-18). The old greens in London/Windskgionhad

the highest populations of free living nematodagng 2013whereasll others were not
significantly diferent from one another. The population was influenced by a number of factors

and it was relatively difficult to discern any patterns in their population dynamics.

Both region and season were significant facédfsctingthe Canadavide population of
freeliving nematodes. Populations of free living nematodes were lowest in the fall in many

regions(

Figures-12). Thedifference between the seasavas different in Toronto/Guelph,
Niagara and Montreal but no differences were seen in the other regjittrmaigh the general
trends seen in PPN populations are followed by free living nematodes the factors which affect

themmay beexpected to be quiifferent.
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fall of 2014 (n = 297P <0.000) Bars with the same letteraremoi gni fi cantly di fferent
adjustment. The error bars represent the standard error of the mean

66

at



4.5 Discussion

Nematodegpopulationsn golf course greerthroughout Canada wemafluenced bythe
regionthey were collected in and often the season in which the samples were collected. In
Ontarig age of the green and year in which the samples were colstadfluenced the
populationlevels The prevalent genera of PPN found were ring, spiral, stunt, cyst, arkhadot
nematodeskin, lesion, and lance nematodes were found in a limited number of samples. PPN
were found in almost every sample analyzedfagglliving nematodes were found in all
samplesThese results were similar to previ@usveysof nematodgopulations in golf carse
greendn Canada but the proportions in which the predominant genera were found differed
(Simard et al. 2008r'u et al. 1998

The nematode populations were analyzed to determine the influence of climate aofd time
samping on populatiorsize The effects of climate on nematode populations were determined by
separating the sampled sites into regions and determining if there was a difference in the
populationsamongregions. The effects of tinscaleon nematode populatis were investigated
in three ways: seasonal variations, yearly variations, and variations based on the age of,the green
thus investigating thehort, medium, and loagrm time scaleCollecting smpkes during
multiple seasosand over two years also @led the comparison about how nematode
populations areffected bychanges inocal climateas well as time.

There were seven regioimsthis study London/Windsor, Toronto/Guelph, Niagara,
Ottawa/Cornwall, Montreal, Vancouver, and Atlarthat were asessed for PPN populations in
golf course greend he first four regions are in Ontario and the last three are cities or regions
across Canada. The scope of our study was unlike the previous surveys conducted imCanada
that samples froraix provincesvere assessetlith a standardized extraction method. Collecting
data from a wide region creates a more comprehensive assessment of the nematode populations
presenin multiple regions across Canadhich, in turn, allows for more accurate interpretation
of the datgJordan and Mitkowski 20Q6Region was a significant factor fttre populations of
all nematode genera throughout Canadaveétidn Ontariowith the exception of roetnot
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nematode. No other study has performed a national survey of nematode populations in golf

course greens

The total PPN populatidevelsvaried with region both whin Ontario andhroughout
Canadaln our studythe total PPN population irQuebec was not significantly different than the
population in Ontaripwhich is consistent with the earlier study by Simard et al. (2008),
Ottawa/Cornwall had the lowest populatienelsof PPN in Ontario with all others being
similar. When the scope was widened to all of Can#ua populatiorievelsof PPN in Ontario
weremuch lower than those obserniedvancouver. This distindifference in the populations

most likelycaused by the climatic differences between these two areas.

In the coastal regions of Canada the temperatures are moderated. In Vancouver the thirty
year average temperatuanged from4.1°C to 18.0°C (Canada 2015dThethirty year average
rangein Halifax, Nova Scotia, on the east coast of Canada and part of the Atlanticwegion
from -5.9°C to 18.8°C (Canada 2015aBoth area tighter range than experienced in Ontario. In
Toronto,thethirty year averagbas beerirom -3.7 °C to 22.3°C and the range fddttawawas
from -10.2°C to 21.2°C (Canada 2015kCanada 2015cThe average low temperature of
Vancouver does not drop below freezing and remains abo%@ tdm April to October. That
was not the case in Ontario whémeDttawa temperatures are only above’Cdrom late May
until September. These temperature ddfeesnay partiallyexplain the variation in nematode
populations from region to region throughout Canada as tempeiragaetsall physiological
processes and behaviors of nematadere than any other fact@Gaugler and Bilgrami 2004
More moderate temperature ranges, as are found in the coastal areas of iGankeddal to

longer periods of time in which PPN claed and reproduaesulting inhigher populations.

The general trends seen in the total populdgualsof PPN differ from those seen in the
specific genera. Ring nematodes varied from region to region within Ontario and throughout
Canada. The interaoth observed betweehe age of thgreen and region was evident primarily
in the Niagara region, the only region that showed a difference in ring populations between the
old and young greens. When compairing populations ofing nematodesicross Canad&vels
in Montreal were similar to those observed in the Niagara region of Ontario. Ring nematodes

may be more prevalent in these areas due to the soil conditions or regional microclimates.
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The stunt nematodes were the simplest to model as there werterationsamongany
of the variables. Within Ontario, the Toronto/Guelph region had higher populations of stunt
nematodes than those found in Ottawa/Cornasdl the other regions of Canadais is
interesting because Vancouver had more total PPN thahthe cities in Ontario but stunt
nematodes were most prevalent in Toronto/Guelph. Stunt nematodes were found in high
numbers in a few of the old golf courses in Toramtd thiscontributed to the region having the
highest populatiofevels of stunt amatodesThe regional differences may also have keen
result ofcompetition between stunt and spiral nematodes in the coastal rdgiarfew regions,
such as Atlantic, the spiral nematoaeesrethe predominant genus whiafay have out
competedall other genera including stunt nematadéss competition phenomenon has been
observed between other nematode genera in th¢Jodstson 1970Umed et al. 19941

As with the ring nematodgethere was an interaction between green age and riggibe
spiral nematode population within Ontaridis indicates that there may be other factors that
were influencing the nematode populations in thosasaln London/Windsor the population of
spiral nematodes wamsgherin the old greens. However, the opposite was true for Niagara where
the young greens had higher populations than the old greens. It is possible that some of the
greenghatwere consideiiyoung may have had other influentiestcaused the ringr spiral
nematodegopulationlevelsto flourish such asome of the greemaay have beeoonstructed
from contaminated sqiplanted with contaminated soaor improperly fumigated post
renovation Soil containing nematodes thaastransplanted to a new location may have been the
cause of the higher than expected wngpiral nematode populations in those ar€éasoughout
Canadathe spiral nematode population was higher in Vancouver than any of the regions within
Ontario.However, piral nematodes appear to have a competitive advantage in the Atlantic
regionas well.Competitionbetween genera &PNliving in a mixed populatiomvith turfgrass
as a host has been previously repo(@ahnson 1970 Johnson (1970tatecthatthere was a
reduction infeeding and reproduction ahg and stunt nematodéging in a mixed culturevith
stingnematodesThe study performed by Johnson found that sting nematodes were far more
virulent than ring and stunit.is possible that spiral nematodes are the mpiestalentgenus of

nematode found in Canada which may explain why they alone are founpulapans as large
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as 1,000 per 100 cc of soilhey are, however, not the most virulent nematode genus since their

threshold is among the highest of all nemataesmonly found in CanadaVick 2012.

In the study performeih British Columbia, & s t r inkmber gfspiral nematodes were
found in some of the sampl@sushtey and McElroy 197.7Over thirty years latetarge
numbers of spiral nematodes were foundamples from the Vancouver siiasour survey
Samples from Vancouver and the Atlantic region had over 11,000 spiral nematodes perdf00 cc
soil. Yu et al. (1998) found that the presence of spiral nematodes did not seem to be associated
with unhealthy turfhoweverthe populations were not higher than 205 neahes per 100 cc
soil in Ontario. When spiral nematodes are in excess of ten thousand per 10Qleeisoll
presence woulgrobablycause significant injury to the turfgrasisce the action threshold for
spiral nematodes is 1500 nematodesl00 cc soilCrow 2005aWick 2012. The research
team wasinable to examine the greens at these sites in Eastern Canada and Vancauver but
would be interesting to determinepidpulations in excess of 10,000 spiral nematodes caused

visualsymptomsn the turf.

A threeway interactioramongregion, age of the gregand year was found for re&hot
nematodes in Ontario. However, region was not a significant factor for the populdion.
interaction may have been caused by the variable effect of the age of the green in the regions
sampledThusit appears thahe year in which the greens were sampled had more of an impact
than region or age of the grediroughout Canada there was an interaction between season and
region as welbut in this data set region was a significant factor for-koott nematodesRoot
knot nematode populations were highetha fall sampling fromVancouver bubtherwisethere
were no significant differencdsetweerregiors. When examining the regional variation of root
knot nematodes Ontario may have been too sohalh area for significant differences to be
seen. When thpopulation was examined throughout Canaegion did play an important role
in the populationparticularly in Vancouver. This indicates that there is something different
about the population i@ntario versusll of Canada. This may have been caused by the
differences in climates among the regions of Canada or it could be that different species of root
knot nematodeare foundhroughout the countnA third option may be that rodinot
nematods are more of an issue in young greens which may be due to the characteristics such as

an almost complete monoculture of turf species or lack of competition between PPN species.
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As was the case with many of the other nematode genera, an interaction neasifou
region and age of the green in cyst nematode populations. Theeoyatodgopulations were
very low in Niagarand thislikely led to the interactionThe Niagara population of cyst
nematodes was low in all golf courses samplét average coustfewerthan 10 cyst
nematodes per 100 cc soil. Cyst nematodes were preseniiagdrasamples bupopulations
did not tend to be as high as other nemagmteera populationg he cyst populations in
Toronto/Guelph and Ottawa/Cornwalére higher irgreens over 20 years of age than those
under20 years of agélhe cyst nematode populatitmoughout Canadaas low, not reaching
more than 40 per 100 cc soil on average. The Atlantic region had higher counts than Niagara and
Montreal but there was no statistical difference betvogshnematode populationsather

regions.

It was difficult to determine if thre was any pattern in the fréieing nematode population
as they seemed to fluctuate independently of the other nematodes in tAd@aitway
interaction between region, season, age of the green, and year in which the sample was collected
was observewith freeliving nematode population&lthough region significahyt affectedthe

population numberthere seems to be other factors at work.

Region was an important factor in PPN populations in Canada since it was a significant
factor for all genera fouhby the survewith the exception of rogtnot nematodgin Ontario
Within Ontario, region in which the sample was collected often had an interaction with age of
the green. It appears as though the influence of the age of the green is dependengmmtime re
which the samples were collected. R&nbt and frediving nematodes were the only two

genera which had an interaction between the two factors examined for the -Géasedata set.

The fasonwhen the soil was sample&dhs a significant factor fadntario populations of
ring, spiral, and fredéiving nematodes and for populations of spiral, fktt, and frediving
nematodescross Canaddhe highest nematode populations were usually found in the mid
summer as wasonsistent witlthe studesperformed by Todd and Tisser@t990 andLucas et
al,, (1978. Optimal temperature fanostnematodectivity and infection idbetweer25-30 °C
which would result in higher populationsd-summerthan in other times of the ye@i#allace
1966. This trend was naibservedor all nematode genesinceseason sometimes interacted

with region and year in whiclmé samples were collected.
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Rootknot nematodes are an example of how seasonal variability depends on the age of the
green, region and year in which the samples were collés#é@donal changes in theot-knot
nematodgopulation were not significant in ymegion but Vancouver. Th&uggestshat there
may be multiple species of rekhot nematodéhatparasitizeurf in Canadaor even within
Ontario,which have different life cycleddeloidogyne naadtranklinis a nematode commonly
found in the roots ofrassy plant¢Michell et al. 1973and is likelythe species ithe present
study The peak in the population would have occurred in the fall as the juveniles made their way
into roots to oveseasorbut that was not whatas seern our study perhaps it was obscured by
the high variability in the populatiorts competition issues between rdwtot species and other
PPN(Siddiqui and Taylor 1970

Previous nematode surveys in Canada did not invessgas®onal variation in populations
(Simard et al. 2008ru et d. 1999. Chastanger and McEIrd$984)stated that temperature has
thegreatest effeabn nematode populations and the fact that they did not sample the sites in their
survey multiple times throughout the season caused them to miss the chance io&éterfull
potential of the populations of PPN in WashingtOther sudies from the United States,
however, did investigate the impacttbé samplingseason on the nematode populations present
(Davis et al. 1994Jordan and Mitkowski 20Q@&.ucas et al. 1978 Davis et al(1994)and Lucas
et al.(1978)found that levels of ring and spiral nematgapulationsvere generally highest in
the spring and fall. Jordan and Mitkow$kRD06)found trat ring and spiral nematode
populatiors were similar irbothspring and summer amdcreasedn the fall. Lucas et a(1978)
and Jordan anmllitkowski (2006)also found that stunt nematode populations spiked in the

summer and dropped off in the fall.

In the present studying nematodes were highest in the summer and fall in Oritativere
not significantly differenfrom season to season throughthé rest ofCanada. Spiral nematode
populatiors tended to béigher in the summer than the spring beither season was
significantly different from the fall in Ontario. Spiral nematguigulatiors were not
significantly different from season to season throughout Canada. Season was not a significant
factor in the stunandcyst nematode population in ba@mtario and throughout Canada; their

populations remained stable from season to season.
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The differences imematodegpopulations irthe present studyere probably due to different
species of nematodes in each of the areasstitveysby Davis et al(1994), Jordan and
Mitkowski (2006) and Lucas et a{1978) wereconductedn lllinois, Southern New England,
and North Carolina, respectively. The differences in populstiothesedifferent regionf
North America may be caused by climate as well. Joeshl Mitkowski(2006) foundthat even
though populations of nematodes were higher in the second year of their study, the seasonal
variability remained constarni this studythe populations ofootknot nematodes and total
PPNshowednteractions with sason and year. Rekhot nematodes were highest in the spring
of 2013andin the summer of 2014. Total PPN peaked in the summer in both Yoase
variations in nematode population peaks may have been caused by differences in climate or
nematode specigsesent, in either case the peaks found in this study will help golf course
managers to determine when appropriate action should be taken.

Understanding the seasonal variation in populations can be crucial when trying to time
nematicide applications or ggerming certain cultural management practices. Nematodes are
thought to be most active when the plants are actively growing and establishing new roots in the
spring(Barker et al. 1998 Application of chemical nematicides is most effective when
populations are at their lowg®avis et al. 1994 Using the data collected by this and other
studies, golf course managers can time management practices when the predgninan

found in their greens is at its lowestpically the shoulder seasons

In Ontarioall siteswere sampled in 2018nd2014to comparghe seasonal and regional
fluctuations between two yearfBhe seasonal fluctuations were consistent from yegeaofor
all genera except rodnot nematoded.otal PPN, rocknot, and stunt nematode populations
were significant in each yearhe total PPN populatioevels wereaffected byyear and season
but that wagartly due to thancreasedevelsof nematodgopulationfound in the second year
rather than a change tihhe seasorwhenthe populationspikes occurred Populations were higher

in 2014, but the trend was the same

The year in which the greens were sampled was a significant factor fdmaateméodes.
However, this may have been due to researcher erroveasile rootknot nematodeare

particularly difficult to identifywith little experience and thimay have contributed to the
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differences between the two yearbe nematodes were identifiedtliva better understanding of

their morphology in the second year of the study as compared to the first year.

Year in which the samples were collected was also a significant factor for stunt nematodes.
Stunt nematodes were found in higher populationsersecond year of the study. Stunt
nematodes are ectoparasitic, spending all of their life without the protection of being inside a
plant. The population of stunt nematodes may have been reduced by thé¢Hesereents of
winter 2012. During the winteff @013 the temperatures remained well below freezing for the
entire winter. Nematodes protect themselves fromdbie by either finding a place to hide or
producing antfreeze proteing§Gaugler and Bilgrami 2004When temperatures fluctuate as
much as they did in the winter of 2012 substantial damage can be caused when nematodes come
out of stasis only to be greetby below freezing temperatures shortly afterwa&tant
nematodes were the predominant genus in the Toronto/Guelph area of Ontario while spiral were
the predominant genus in the coastal regions. Although spiral nematodes appear to be the most
virulentPPNgenus i n Canada they may not be abl e to

interior as well as stunt nematogesgen though they are both seemdoparasites.

The nematode genetiaat did not change from year to year in Ontario vepieal, ring, cyst
and freeliving nematode$ut thisdoes not mean that their populasdravenot been increasing
over time.Changes in populations over time were more obvious when population size in relation
to the age of the greens was examiege of the greemffeciedall nematode populations
except for rocknot nematodessreenghatwere older than 20 years of age tended to have
higher populatiolevelsof nematodesThis was consistent with studies conducted by Jordan and
Mitkowski (2006) andNalker et al. (200Rwho suggestedhat thisreflectedpopulations

increasing over time

In 2013 populations of rodknot nematodes in Ontario were low with less than 30 per
100 cc of soil on average. In 2014 the populait@neasedo 80 per 100 cc of soil in some
regionsbut not all of themRootknot nematodes werbservedn higher numbers on the young
greens of Niagara than the older omad thisdoes not fall in line with the trends seeith the
other PPN generd is possible thatoot-knot nematodeare not influenced by the age of the

greenor that they prefer younger greeilfsmore samples were collected and analyzed for root
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knot nematode then perhaps the gradual increase in population over time woulddrawebe

evidentor the other factors influencing the population may have been apparent

Cyst nematodeopulatiors were significantly higher in greetisatwere over 20 years of
age. Young greens had védoyv populations of cyst nematodesaking it difficult to note any
seasonal variations. There was an interaction betggemmage and regiobut again, this was
likely due tothe very low populations found in young greensippears thatyst nematodes are
predominantly an issue on older greens. In @arthe species of cyst nematodes may be
monocyclic in their reproduction cycsénd this coulaexplaintheslow increase ipopulation

levelas opposed tif it were a polycyclic pathogen.

Ring nematodg@opulatiors alscappeared to baffected by thénteraction between
region andheageof green This wasobserved irthe Toronto/Guelph populatismvhich were
similarin size inboththe old and young greens. A similar phenomenonalssobserved with
the spiral nematode population in the Niagagion wherethe young greens had more spiral
nematodes than the old greens. These variances in the population were probably caused by

factors outside of the scope of this survey.

Stunt nematodes, unlike spiral, ring, and cy&ire not affected biyteractions beveen age
of the green and the other factassthey were consistently found in higher populations on old
greens (>20 years of ag&tunt nematodes are ectoparasitic nematodes wWhpbsiteggs
unprotected in the soiBhurtleff and Averre 2000The populationsf these nematodes may
increase slowlas they do not have the protection from the elements, predators, or pesticides
whencompared to endoparasitic or seenidoparasitinematodes thaemain inside plant

tissues.

As greens ageematodgyopulations increase duetteeir constant reproduction and
feeding(Jordan and Mitkowski 20Q6There are no registered pgsant nematicides for use on
turfgrassn Canadaandonce the greens are established there are no means of reducing the
nematode populatiorCultural practicesvill only mitigate the damage caused to the plants and

cannot redce nematode populations once they have become established

Yu et al. (1998 stated that roeknot and cyst nematodes were found in low numbers on

only a few greens. They concluded that they were probably parasitizing nearby weeds rather than
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theturfgrass. In the current stughppulations ofoot-knot and cyst nematodes wéogver than
spiral, ring, or stunt nematodes but their presence in the samples was definitely noteworthy.
Several samples from Toronto/Guelph and Niagaggonswere over the threshofdr root-knot
nematodes and a few samples from Ottawa/Cornwall were cltise tioreshold for cyst
nematodes. The populations of these two endoparasitic nematodes may have been under
estimated by Yu et a{1998) sincethey used a combination of Baermann pan and sugar
centrifugal flotation fomematodextractionfrom samplego estimate populationsvhich could
have underestimated the numbersavhéle cyst and roénot nematodes

Turfgrass health was not measusatteit is difficult to associate compromised grass health
with PPNfeedingin cooler climategTodd and Tisserat 199High nematode populations may
be masked by the amount of maintenance the greens undergbraayrameliorate the
detrimental effects of nematode feeding and reprodu€liodd and Tisserat 1990Although
the populations of PPN wegenerally below threshold in Canadlae damage that the
combination of the genera present may predispose the grass to attack from other pathogens. The
variability in the nematode populations can be partially accounted for by the age of the green,
seasontegion, and year in which the samples were collected.

Seasonal variation may not be consistent from year to year but the general trends indicate a
constant increase in total PPN populatidriss was particularly evident in the cyst nematode
population siace they had small populations in young greens but often larger populations in old
greens. However, cyst nematode do not appear to be an issue for Canadian golf courses at this
time. The same can be said for ring nematodes even though their populatiemsgiver.There
were exceptions tthetrendof increasing PPN populationsthe rootknot nematode
populations which did not appear to increase over time, nonetheless more samples from a wider
variety of siteor a third year of dataay clarify the treds seen in this nematode population.
Freeliving nematodes varied widely between regions, seasons, years, and in the various aged
greens. It was difficult to identify which factors influence the 4reiag nematode population
since they did not seem tdlfov the same trends as the PPN. The spiral nematode appears to be
the mosfprevalentPPN found in Canada since populations as large as theirs were not found for
any other genus. The spiral nematodes were predominant in the coastal cities while stunt

nemabde was the most widespread in Ontafioe soil physical and chemical properties as well
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as the management practices used to maintain the turals@elpto explainsomeof the

variability in the nematode populations throughout Canada.
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Chapter 5 Influence of Soil Properties and Management Practices on Plant

Parasitic Nematode Populations

5.1 Abstract

Plantparasitic nematodes (PPN) are sensitive to the soil environment in which they live.
The physical and chemical propertadssoil canaffect the diversity and szofthe nematode
populationthrough factors such g®re size and water holdimgpacity Management practices
performed on golf greens to maintain turf quality can change soil chemical and physical
propertiesandhawe an indirect or direct influence dPPN populations. Soil samplesm golf
course sitesvere collected across Canada and the nematode populations deteiifinensdme
soil was also analyzed for its physical and chemical propefiessoil physical parameters
measured were percent organic matter, bulk density, soil texture, soil temperature, and air
temperature. The sathemical propertieassessed welrse saturation and total soil content of
potassium, magnesium, calcium, sadjyphosphorus, hydrogen, and aluminum. Heavy metal
concentration was also measured for arsenic, cadmium, cobalt, chromium, copper, mercury,
molybdenum, nickel, lead, selenium, and zinéormation on the management practices was
collectedthrougha surveyof golf course managerQuestions pertaining to management
practices used in the analysis were: number of rounds per year, use of tarps, proportion of grass
species on the green, use of drainage, height at which the grass was cut, and rolling frequency.
Stepwise regressiomwas conductetb determine the effects of soil physical and chemical
parametersand management practicesn nematode populationslanagement practices were
the parametersnost frequently correlated with the nematode populationswetidy soil
chemical properties and then soil physical properties. Factors related to water holding potential,
pore size, and age of the green were most frequently correlated with nematode populations. Soil
concentrations of heavy metals were measuredl@cssamples butere notsignificantly

correlaedto total PPN populations
5.2 Introduction

Environmental conditions limit the survival and reproduction of nematduakeso their
sensitivty to temperature extremes, desiccation, flooding, osmotic andstiegs, toxic

chemicals, pathogens, and preda(dtharton 198% Nematodegan protect themselvéom
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adverse conditiongy enteringstates of reduced or zero metabol@htharton 198% Spiral
nematodes can survive up to eight months completely dehydrated, rintpdessan survive up
to two years, and cyst nematodes can survive more than fiveilye¢laesabsence of water
(Norton 1978. Some species, suchgylenchus dipsadkuhn, cansurvive indry conditions
for up to 23 years and will resume activity after two to three hours of immersion in water
(Fielding 195). Nematodegancontrol the amount of water they lose by altering the
permeability of the cuticl@Vharton 1985 These defense mechanisms mdilesé organisms
very difficult to manage once th@yeestablished in appreciable numbers.

Although soil moisture and temperature have the largest influence on PPN populations
theremay beother soil factors that alsdfectthe prevalence of PPN in the s@Walker et al.
2002. Previousstudies have examined the influence of soil chemical and physical properties to
try to determine factors other than climate, season, and age of the green that could affect
nematode populations. Two rather comprehensive studiescoedectedvhere soil poperties
wererelatedto thepopulations of/arious nematode gendi@imard et al. 20Q8VNalker et al.
2002. The studyconductedy Simard et al(2008)was carried out in Ontario and Quebec in
2002 and 2003 and the study\Malker et al(2002)was conducted in Oklahoma in 2000.

Simard et al. (2008) conducted factmralysis to determine the correlation between soll
characteristics and the genus of nesdas preseni he presence ofirg nematode was
positively associated withhosphorusnd potassiurandnegatively associataslith pH. Lesion
nematode was negatively related to percent organic matterkRoband spiral nematogevere
positively relatedo pH and stunt nematode was positively related to potassium and phosphorus.
Thefactor analysis showed that nematpd@ulationsare more closely related to the soil
chemical parameters thémthe physical parameters. The correlatitredtheyfound betveen
the soil parameters and the nematode cototiseverdid not account for a large portion of the

variation in the datandicating that soil parametemsay notinfluence species distribution.

Walker et al. (2002) found that soil pH was not correlatgld any of the nematodgenera
found in the soil samples, unlike Simard et(&imard et al. 2008/Valker et al. 200R Ring and
stunt nematodes increased with increasitigite-nitrogen NOs-N) content ofthe soil. Ring,
stunt and spiral nematodes increased with greater faleaitable phosphorus, potassium, and

organic matter content. The authors noticed a negative relationship between bulk density and
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populations of stubby root, spiral, and total Ppdyulations. Only N@N, plant available
potassiumand organic matter were correlated with an increase in population density of all PPN
combined. Lance nematode populations were negatively correlated with sand ga€scle
between 50@m and 1 mm. Lancand ring nematodes increased in population as the percent of
sand fraction between 106 and 250 increased. Total PPN populations decreased as sand
fractions greater than 1mm increas€de studyin Oklahomafoundstrongetinks with soil

chemical propdies than the study by Simard et al. (2008).

Heavy metals have been shown to reduce nematode diversigtanbpulation structure
(Chen et al. 2009 Contaminants from industry, accidental spills, and historical use of pesticides
containing theselementsan lead t@ buildup orincrease oheavy metal concentrations in
soilsandinfluence PPN population®ardgett et al. 19945eorgieva et al. 2002Research has
shownthat nematodes can be used as indicators of soil health and sentinels for heavy metal

contaminatior(Bardgett et al. 1994

Management practices used to groom and cultivate the golf greens caffeadso
nematode populatiorsthough the tsidiesinvolving the measurement of nematguigulations
in regard to turfgrass management practaredimited. A study performed by GibliDavis et
al. (1991) investigated theffectof height of cut and nematicide use on nhematode populations in
Floridausing a visual rating system of the turf hie@and quality Lowering the mowing height
resulted inower turfgrass qualityvhenparasitized by roeknot, ring, lance, and sting nematode.
When fenamiphos was used in conjunction with lower mowing hepyhitg health, as indicated
by avisual ratingscore increasedVisual ratingsare notalwayscorrelaedwith nematode
populationsasa plant may look healthgven if it isunder significant pressure from large
nematode populatior($Vallace 197} Visualturf healthratingsmaynot always beanindication
of nematodopulationsbut are very important in turfgrass nsgemensincevisual appeal is
an importangoal of turfgrass cultivation. Although the use of nematicides such as fenamiphos
increased the visual healthirgg of the turf even when mowed at a low heigfgnamiphos is

not available in Canada.

Walker et al. (2002) attempted to correlate management expenditures on fertilizer,
pesticides, adjuvagtand sand applications with nematode populations. They fiand

fertilizer, insecticides, adjuvas)tand sand applications had no correlation with total PPN
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populationsbut that they did have an effect on specific genosal PPN populations increased
with fungicide and herbicide expenditur@sis correlations interestingincefungicides have
the potential to reduce antagonism from futhgit may attack and redué&PNpopulations.
Herbicides may share this link as they are used to control wiestdsiay have beesompeting
with the poorly performing turRing nematodg@opulationsncreased witlthe use ofdjuvants,
fungicides, sand application, and herbicide. Stunt nematoplélatiors increased with herbicide
useand stubby root nematodes increased with all expenditures. Spiral nematodes were not
correlatedwvith any golf course expenditures. The correlations between expenditures on
pesticides and sand applicatiomsreloosely correlated with PPN populations but tpegbably
do not have a direct influence on PPAMeir link with nematode populations may kawore to

do with compensation for poorly performing plants subjected to the pressures of nematode
feeding.The links found between the expenditures and nematode populkaonsay have

been confounded by the age of the greeneldell-established gblcourses may have higher
budgets than those which are younged may therefore have higher chemical and cultural
expendituresTwo studies have reportedstrongcorrelation between age of the green and higher
PPNpopulationgJordan and Mitkowski 20Q@Valker et al. 2002

Understanding the influence of soil perties and management techniques on PPN found
in golf green soils can help turfgrass managers to predict which practices may help alleviate the
stress placed on the plants by the parasitism. Factors that are correlated with nematode
populations can be idéfied with statistical models and be altered by turfgrass managers to
optimize plant health. The objective of ttsidywas to determine the influence of soil chemical
and physical propertieas well as management practicesthe genera and populationsRPN

found in golf course green soils throughout Canada.
5.3 Materials and Methods

Soil samples collected for the survey outline€hmapterd were analyzed for physical
and chemical properties. Samples were collected from eveeyn gt three time points over the
growing seasofspring, summer, and fallpnce the nematodes in the soil had been courted, t
three compositesamples were combined to reduce the impact of sample collection time on the
parameters measurethe samplesvere mixed thoroughly as previously described prior te sub

sampling for analysidata onsoil properiesand management practgoeereonly determined
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once for each green. These data were then applitbe ttematode population data fraith

collection daéesfor each green.

5.3.1 Soil Physical Properties
Soil samples were analyzed for fhieysical propertiesicluding percent organic matter,
bulk density, soil texture, soil temperature, and air temperg&orearganic matter content was
outsourced to A&L LabratoriesLondon Ontario, Canada)sing method 13.2 of the Soil
Analysis Handbook of Reference Methddenes Jr 1999 Soiltemperature data was collected
on siteeach time a green was samplsihga digital thermometgiHanna checktemp HI 98501).
Air temperature data was downl oaded from Envi

websiteand was reported as the averagdeanperature for that dqZanada 2015e

Bulk densitywas measurednce on each greday inserting a 12.7 cm tube, with a
beveled edge on one end, 10.2 cm into the soil. The tube was removed from the ground using a
screw driver which was inserted through two holes at the top of the tube. The soil in thasube
pressed from the beveled end out of the tuBecin, depending on thatch level, and the turf and
thatch were cut off and measured. The remaining soitraasferred t@ small metal pan and
placed in a drying oven at 8C for 48 hours. Once the sbidd dried it was weigheghdthen
discarded and the pavasreweighed. The weight of the soil and the pan were recorded and bulk

density was calculatg@Equation5-1).
8OdQOG "= 1 Gii £°001 O E'Q'Q/NV0o G QE"IYd o G 3)

Equation5-1: Bulk Density CalculatiofDonahue et al. 1977

The soil texture was determined using the Retsch AS 200 sieve ¢§Haker, Germany)
Moist soil samples of 500g were placed in metal pans ardtianl. Once the soil was driéd
was placed into the top of the shaker apparatus and the lid was placed on top. Eight sieves and a
bottom pan were used to separate the soil particles by size. The sieves usadnenss, 10,
18, 35, 60, 100, 200 and 2#@h pore size®f 4 mm, 2 mm1 mm, 50Qum, 250 pm, 150 pum,
75 pum, and 53 pum, respectively. Soil particles that were smaller than 53 pum fell into the bottom
pan of the shaker apparatus. Soil samples were shaken at amplitude 40 for 30 minutes. When the

cycle was complete the sievesitaining soil were weighed to two decimal places. The sieves
82



were then cleaned by tapping them over a bin and carefully brushing them with a small hand
brush. Once cleaned the sieves were reweighed. Both weights were recorded and the percent
gravel, sandand clay/silt were calculated@he soil particle sizes were grouped isgven
differentcategoriegTable5-1).

Table5-1: Soil particle size categories

Particle Size Category Particle Size Range Sieves Used
Clay/Silt <53 um Bottom Pan
Very Fine Sand 53 umto 75 um 200 & 270
Fine Sand 75 pum to 150 ym 100
Medium Sand 150 pm to 250 pm 60
Coarse Sand 250 um to 500 pum 35

Very Coarse Sand 500 pm to 4 mm 18 & 10
Gravel >4 mm 5

5.3.2 Soil Chemical Properties

The soil chemical analysis was outsourced to A&L Laboratgtiesdon Ontario,
Canada) The soil chemical parameters measured warssium, magnesium, calcium, sodium,
phosphorus, aluminurhydrogenpH, and cation exchange capacity (CEC). The parts per
million (ppm) and base saturation were reported for potassium, magnesium, calcium, sodium,
phosphorus, and aluminum. The base sdittm was also reported for hydrog@ime chemical
parameters were reported as ppm and base saturation because ppm refers to the amount of a
compounddr elemenpresent while base saturation refers to the amount of a compound
elementwhich is bound to the soil colloid; this has some impact ofitsheevailability to plants
(Birch 195).The bicarbonate phosphorus was measured tisen@Isen Bicarbonate
Phosphorus method. Method 7.3, Mehlich 3 Extraction was used to measure phosphorus (weak
Bray), potassium, magnesium, calcium, sodium, and alumibuied soils were extracted with
the aforementioned method and analyzed uaimgductively couple plasma optical emission
spectrophotometddones Jr 1999Base saturation and CEC were calculated from the ppm
values. The pH was measured by mixing soils 1:1 with deionized water and measured with a pH

electrodg A&L Laboratories, personal communication)

Ten soil samples were analyzed for heavy metal content. Soil was analyzed for arsenic,

cadmium, cobalt, chroium, copper, mercury, molybdenum, nickel, lead, selenium, and zinc.
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The analysis was outsourced to A&L Laboratofissndon Ontario, CanadaMetal

concentration in soils was determined using the modified EPA 3050B and EPA 6010 methods
(20124 2012D. Dried soils were weighed and digested atCO®r two hours in a mixture of
hydrochloric and nitriacid. The digestate was analyzed withratuctively coupld plasma

optical emission spectrophotometer all metals except mercury. The digestate was analyzed
for mercury with cold vapoustomic absorption spectrophotometll data were reported as

microgrammetal per gram of soil and compared to the total PPN population of that sample.

5.3.3 Collection of Golf Course Management Information

Golf course manageimapticipants were asked to fill out a questionnaire on the
management practicesnducted on their golf courséhe 33question document contained
guestions pertaining to the height of cut, type of mower used, frequency and amount of
topdressing, number of rounds per year, disease issues, and other managjatedrbpics. Of
the questions asked, six of these questions were selected for analysis based on number of

participants who answered and based on relevance to the study. These questions were:
1. How many rounds per year are played on the course?
2. Are tarps used on the greens?
3. Whatgrass species are present on the green and in what proportions are they?
4. Is drainage installed in the greens?
5. What is the mieseason height of cut?
6. How frequently are the greens rolled per week?

The answerthatprovided a numerical response were entememithe spreadsheet as they were
given. The questiorthatyielded a yes or no response wenéeed into the spreadsheetlaf®r

a response of yes and O for a response of no.

5.3.4 Statistical Analysis

Soil parameters and management questionnaire answerswhggeted to regression
analysis withpopulation counts afing, spiral,stunt, rootknot, and cyst nematodes as well as
total PPN andreeliving nematodesTlo streamline resultshe nematode population couffitsm

the 2014 data set across Canerden Chapter 4 vereused.Thedataset from the Ontario sites
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ranked in a similar order in bo013 and 2014making the use of both data sets redundéms

soil properties were only measured once on each green but were repeated in the analysis with the
nematale populations for each sample collection with the exception of soil and air temperatures
that were measured for each sample. The statistical analyses of the soil physical and chemical
parameter data were performed in SASusing theproc regcommand wih the stepwise option
(SAS Institute 201R The nematodpopulation data did not fit a normal distribution because of
the extreme data points in the data set; many zeros and large values werepaseist.

relating to norparametric analysis of the nematode data sets were explored but were not used
because nte of the tests were appropriate for the datal$et.assumption of normality was
dismissed due to the large sample sideparameterghatentered and exitetie models were
significant to 0.1500. Statistical analysis of the heavy metal data wasrpedan SAS using the

proc regcommand.
5.4 Results

Thepopulation counts of thestunt, spiral, ring, roeknot and cyst nematodgdys the
total PPN andree-living nematode populations were analyzedientify relationshigg with the
soil properties anthanagement techniques. The minimum, maximum, and average values for
each parameter are presented@able5-2, Table5-4, andTable5-7. Soil chemical properties
were split into three categories: total concentration in soil (ppm), percenshiasation, and

heavy metals.

5.4.1 Soil Physical Properties

The soil physical propertighatwere positively correlated with total PPN populations
were: percent organic matter, percent clay/silt, percent coarse sand, percent gravel, and air
temperatur€Table5-3). The soil physical propertigsatwere negatively correlated with total

PPN population were: percent very fine sand, percent very coarse sand, and soil temperature.

Ring, cyst, andree-living nematodes had the strongest datrens with soil physical
properties. Ring nematode populations were influenced by percent organic matter, percent very
fine sand, percent very coarse sand, percent gravel, soil temperature, and air temperature
(adjusted R=0.20; p value <0.0001Yable5-3). Percent organic matter, percent gravel, and

soil temperature were positively correlated with ring nematode populations. Percent very fine
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sand, percent very coarse sand, and air temperature were negatively correlated with ring
nematode population€yst nematodes were positively correlated with percent very fine sand,
fine sand, and coarse sand (adjustéd B.15; p value <0.0001Freeliving nematode

populations were positively correlated with percent medium sand, percent gravel, bulk density,

andsoil temperature (adjusted R 0.21; p value <0.0001).

Table5-2: Soil physical propertiesf golf course greensy regionof Canada

Province Ontario* Quebed British Columbia® Atlantic *
Statistic Min Max Ave Min Max Ave  Min Max Ave Min Max Ave
Organic Matter (%) 0.40 5.40 2.12 1.30 320 213 170 210 1.84 1.00 2.80 1.94
Clay/Silt (%) 0.09 17.14 1.50 024 061 041 019 047 033 0.33 1.00 0.60
Very Fine Sand (%) 157 32.09 6.92 221 6.07 351 09 216 0.17 2.58 3.95 2.99
Fine Sand (%) 518 65.69 1397 840 1311 1050 5.05 8.48 7.04 6.89 9.16 7.78
Medium Sand (%) 12.31 56.59 36.75 36.11 45.61 40.52 38.64 44.07 4189 28.86 3454 32.20
Coarse Sand (%) 1.82 51.70 2894 29.79 40.01 3536 36.77 39.51 38.23 39.18 44.12 41.65
Very Coarse Sand (%) 1.16 37.29 1125 6.95 1227 9.42 6.68 16.29 10.64 1054 17.66 14.08
Gravel (%) 0.00 6.69 0.68 009 061 028 001 041 0.17 0.23 2.85 0.69

Bulk Density (g/cn?) 1.16 1.99 1.55 140 167 155 N/A N/A N/A N/A N/A N/A
Soil Temperature (°C¥ 7.60 29.70 1755 9.80 2350 17.85 9.50 23.00 16.54 9.30 23.20 16.86
Air Temperature (°C)> 7.30 24.00 1592 12.60 23.60 18.10 13.80 20.40 16.56 7.10 19.80 12.46
Sample Size 75 9 9 9

1 All sites from the province were pooled.
2 Samplesize for soil and air temperatures were 441, 27, 27, and 27 for Ontario, Quebec, British Columbia, and the
Atlantic region, respectively

Spiral, stunt, and roeknot nematodes hddw correlatiors with soil physical properties.
Spiral nematodes populations were positively correlated with percent clay/silt and percent coarse
sand (adjusted R= 0.06; p value = 0.000ZYable 53). Stunt nematode populations were
influenced by percent organic matteercent medium sand, bulk density, soil temperature, and
air temperature (adjusted R 0.08; p value = 0.0002). Percent organic matter, percent medium
sand, bulk density, and air temperature were positively correlated with stunt nematode
populations. Soitemperaturat the time of samplingzas negatively correlated with stunt
nematode populations. Rekmot nematodes were negatively correlated with percent very fine

sand and positively correlated with bulk density (adjusted ®05; p value = 0.0008).
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Table5-3: Slope oefficients of sepwise regression of soil physical properties and the predominarnppliaasitic
nematodd¢PPN) genera, total PPN, afide-living nematodegn = 243) Blank cells indicat¢he parameter was not
significant.

Soil Physical Property Ring Spiral Stunt Cyst Root-Knot Total PPN Free-living

Organic Matter (%) 115.73 125.02 259.10

Clay/Silt (%) 36.21 62.20

Very Fine Sand (%) -11.82 1.33 -1.93 -36.86

Fine Sand (%) 1.25

Medium Sand (%) 8.26 2.37
Coarse Sand (%) 8.58 2.79 15.34

Very Coarse Sand (%) -22.41 -69.12

Gravel (%) 86.26 227.11 27.10
Bulk Density (g/cn?) 660.45 52.47 315.51
Soil Temperature CC) 8.97 -26.90 -28.92 28.24
Air Temperature (°C) -13.64 40.62 43.27

Adjusted R? 0.20 0.06 0.08 0.15 0.05 0.14 0.21
Model p Value <0.0001 0.0002 0.0002 <0.0001  0.0008 <0.0001 <0.0001

5.4.2 Soil Chemical Properties

Soil chemical parameters are important in nematode reproductideedidg as the
directly influence plant healtfWalker et al. 200R The total enount of plant nutrients present in
the soildoes not indicate how much of telementis available to the plant while base saturation
does(Donahue et al. 1977The soil chemical propertieswererepoted ashe concentratiorof
the chemicain units ofparts pemillion (ppm) (Table5-5) andnutrient saturation of the soll
colloids by thesoil chemcals in terms opercentase saturatiornT@ble5-6). Heavy metalsvere
reported in units amicrograms of metal per gram of sdilhetotal soil chemical propertiethat
were negatively correlated with the total PPN populations were magnediuminium, and pH;
potassium wapositively correlated with the total PPN population (adjustédR.18; p value
<0.0002.

Spiral, stunt, anffee-living nematodes had the strongest correlations it soll
chemicalconcentratiorparametergTable5-5). Spiralnematodes were negatively correlated
with phosphorus (bicarbonates), magnesium, and pH and positively correlated with potassium
(adjuged R = 0.18; p value<0.000). Stunt nematodes were positively correlated with

phosphorus (bicarbonates) and sodium and negatively correlated with potassium and
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aluminium (adjusted R= 0.14; p value<0.000). Freeliving nematodes were positively
correlated with potassium and negatively correlated with phosphorus (Bray), sodium, and pH
(adjusted R=0.11; p value<0.000).

Table5-4: Soil chemicalpropertiesexpressed as parts per million (ppm) and percent base satimatiegions of
Canada

Province Ontario Quebec British Columbia Atlantic

Statistic Min Max Ave Min Max Ave Min Max Ave Min Max Ave

Phosphorus 200 59.00 2523 2800 49.00 36.89 16.00 29.00 22.89 2800 53.00 41.78
Bicarb (ppm)

Phosphorus 1.00 13400 5338 50.00 12000 73.89 2500 49.00 3811 51.00 13400 92.11
Bray (ppm)

Z)‘g;s)s'”m 21.00 12300 5838 27.00 69.00 4222 37.00 9100 6111 27.00 88.00 52.67
'(\ggg:‘)es'”m 60.00 300.00 148.69 70.00 160.00 88.89 6500 110.00 83.33 50.00 9500 74.89

Calcium (ppm)  600.00 7200.00 3520.75 360.00 1010.00 624.44 360.00 480.00 417.78 270.00 760.00 448.89

Sodium (ppm) 11.00 41.00 19.98 19.00 35.00 23.56 9.00 23.00 13.67 8.00 20.00 13.33

g:m')”“m 500 832.00 157.89 190.00 39500 286.33 191.00 33500 269.56 247.00 549.00 380.89
%oPhosphorus 4y 6300 1564  6.00 39.00 2311 500 29.00 1656 24.00 37.00 30.56
Saturation

% Potassium 0.20 3.40 1.20 1.60 3.40 229 240 530 373 110 430  2.88
Saturation

% Magnesium , 5, 5550 9.25 11.30  21.00 1550 1420 21.20 1656 4.00 19.00 13.61
Saturation

% Calcium 50.40 96.40 7931 4580 8550  63.88 46.00 52.60 49.80 1350 64.00 48.24
Saturation

% Sodium 0.10 2.50 0.70 1.50 2.90 216 100 220 139 070 280 129
Saturation

Z’A'“m.'”“m 0.00 0.80 0.07 0.10 0.30 016 020 060 030 030 190 054
aturation

0,

S/f’HydrF’ge” 310 2320 1152 890 30.30 20.84 2610 31.30 2851 20.00 80.80 36.08
aturation

pH 5.60 7.70 6.93 6.50 7.40 694 610 660 644 540 670 631
CEC!

(meq/100 g 510  43.30 2057  3.50 6.30 481 380 460 419 320 1040 504
soil)

Sample Size 75 9 9 9

ICation Exchange Capacity (CEC)

The population numbers ahg, cyst, and roeknot nematodes hagleakcorrelations
with the totalsoil chemicakoncentration in the saglsseen inTable5-5. Ringnematodes were
negatively correlated with phosphorus (Bray) and positigefrelated with phosphorus
(bicarbonate), magnesium, and aluminum (adjusted ®R06; p value ©.00®). Cyst

nematodes were negatively correlated with magnesium, and pH (adjdst&i@®; p value
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<0.000). Rootknot nematodes were positively correldtwith magnesium and negatively

correlated with phosphorus (Bray), calcium, and pH (adjusted@09; p value0.000).

The total PPN populatioevelswerepositively correlated with phosphorus base
saturation and potassium base saturation and nebyatiorrelated with magnesium base
saturation, calcium base saturation, aluminum base saturation, hydrogen base saturation, and pH
(adjusted R= 0.38; p value0.0001Table5-6). Spiral nematodes had the strongest correlation
with the soil chemical parameters when expressed as percent base saturation. Spiral nematodes
were positively correlated with phosphorus bsagiration and potassium base saturation and
negatively correlated with magnesium base saturation, calcium base saturation, aluminum base
saturation, hydrogen base saturation, and pH (adjustedR5; p value<0.000). Freeliving
nematodes had the secbhighest correlation with the soil chemical base saturation parameters
but this was much lower than the total RPxeeliving nematodes were positively correlated
with potassium base saturation, and CEC and were negatively correlated with phosm®rus ba
saturation, calcium base saturation, and aluminum base saturation (adfusted R p value
<0.0002.

Ring, stunt, roeknot, and cyst nematodes Hagv correlatiors with the soil chemical
parameters when expressegascent base saturatiGhable5-6). Ringnematodes were
positively correlated with potassium base saturation and negatively correlated with sodium base
saturation and hydrogen basaturation (adjusted?® 0.04; p value 9.0%43). Stunt nematodes
were positively correlated with calcium base saturation and sodium base saturation and
negatively correlated with aluminum base saturation and pH (adjuéte®.B6; p value =
0.0007). Rotknot nematodes were negatively correlated with phosphorus base saturation and
calcium base saturation (adjusteti=R0.05; p value = 0.0007). Finally, cyst nematodes were
positively correlated with hydrogen base saturation and negatively correlatedagttesium
base saturation and CEC (adjustéd=R.08; p value0.000). There were no correlations

between any of the heavy metals and total PPN populations (Appendix A).
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Table5-5: Slope oefficients of sepwise regression of soil chemical properties in units of parts per million (ppm)
and the predominant plaptarasitic nematod@®PN) genera, total PPN, afride-living nematodegn = 297) Blank
cells indicate the parameter was not significant.

Soil Chemical Property Ring Spiral Stunt Cyst  Root-Knot Total PPN Free-living
Phosphorus Bicarld (ppm) 14.71  -5.37 13.59

Phosphorus Bray (ppm) -5.18 -0.56 -1.95
Potassium (ppm) 14.20 -2.17 14.52 1.63
Magnesium (ppm) 1.02 -7.88 -0.12 0.15 -9.36

Calcium (ppm) -0.01

Sodium (ppm) 18.23 -10.67
Aluminum (ppm) 0.32 -0.47 -1.24

pH -688.49 -18.66 -32.19 -817.59 -178.07
CEC?

(meq/100 g soil)

Adjusted R? 0.06 0.18 0.14 0.06 0.09 0.18 0.11
Model p Value 0.0002 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

1 Two different tests were used to determine the phosphorus content depending on the pH of the soil. Phosphorus
bicarbonate (Bicarb) test measures readily available phosphorus for plants in soils with a pH over 7 and phosphorus
weak Bray (Bray) test measureg thimount of phosphorus available to plants.

2 Cationexchange capacifCEC)

Table5-6: Slope oefficients of sepwise regression of soil chemical properties in unifseofent base saturation
and the predoimant plantparasiic nematode (PPN) genera, total PPN, fiae-living nematodes (n = Z3. Blank
cells indicate the parameter was not significant.

Soil Chemical . . Root- Total Free-
Property Ring Spiral Stunt Cyst Knot PPN living
% Phosphorus 13.27 -0.75 15.40 -3.37
Saturation

N :

o Potassium 79.05  369.11 45328  109.27
Saturation

N :

% Magpesmm -235.88 -2.35 -264.24
Saturation

% Calcium 11115 1201 134  -12351 535
Saturation

% Sodium -75.13 170.12 -99.13
Saturation

% Aluminum -1801.85  -799.81 -2652.28
Saturation

% Hydrogen 412 -48.10 0.59 -69.37

Saturation

pH -502.96  -617.36 -1092.74

CEC!?

(meq/100 g soil) 125 >4
Adjusted R? 0.04 0.45 0.06 0.08 0.05 0.38 0.11
Model p Value 0.0043 <0.0001 0.0007 <0.0001 0.0007 <0.0001 <0.0001

ICation Exchange Capacity (CEC)
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5.4.3 Golf Green Management

Golf course management practices, as reported ksutherintendent$iad a stronger
correlation with the nematode populations than the soil chemical and physical propadies.
management practicesmmary tableTable5-7) includes only valuethathad a numerical
responseThe management techniques that were positiveletadied with the total PPN
population were percent annual bluegrd&sa(annuagnd presence of drainage (adjustééR
0.34; p value<0.000).

Table5-7: Management practices summary statistics for gulfrses in Canada=153)

Management Practicé Minimum Maximum Average
Rounds of Golf (per year) 15000 50000 28422
Annual Bluegrass(%) 0 90 42.7
Creeping Bentgrass (%) 10 100 57.3
HOC?2 (mm) 2.921 3.556 3.179
Rolling Frequency (per week) 0 7 3

1 Only the management practices with numerical responses were included in this table.
2 Height of cut (HOC)

Table5-8: Slope coefficientef gepwise regression ofianagement practicesnd the predominant plaparasiic
nematode (PPN) genera, total PPN, fiad-living nematodes (n = 193Blank cells indicate the parameter was not
significant.

Root- Total
Knot PPN

Management
Practice
Rounds of Golf
(per year)
Tarps (Y/N)?! 104.02
Creeping

Bentgrass (%)

Annual

Bluegrass(%o)

Drainage (Y/N)? -49.79 444.03 9.32 299.33
Height of Cut
(mm)

Rolling
Frequency 46.83 86.18 -91.54 -3.03 4.77 18.49
(per week)

Adjusted R? 0.31 0.14 0.28 0.37 0.03 0.34 0.05

Model p Value <0.0001 <0.0001 <0.0001 <0.0001  0.0312  <0.0001  0.0116
1yes (Y)/No (N)

Ring Spiral Stunt Cyst Free-living

6.97E5 -7.45E6

-4.66

13.58 0.57 0.32 21.56

-145.84 -207.67

Populations ofing, spiral, stunt, and cyst nematodes had the strongest correlation with

the management practicé&able5-8). Ringnematodes were positively correlated with the
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rounds of golf per year, the use of tarps, and rolling frequency and were negatively correlated
with the presence of drainage and the height of cut (adjuste®R1; p value0.000). Spiral
nematodes weneegatively correlated with percent creeping bentgragsostis stoloniferd..)

and positively correlated with rolling frequency (adjustéd-R.14; p value<0.0003). Stunt
nematodes were positively correlated with percent annual bluegrass and drathageean
negatively correlated with rolling frequency (adjustéd=R.28; p value<0.000). Cyst

nematodes were positively correlated with annual bluegrass and drainage and were negatively
correlated with rounds per year and rolling frequency (adjustedOR37; p value<0.0001).

Rootknot andfreeliving nematodes halgw correlatiors with management practices.
Rootknot nematodes were positively correlated with percent annual bluegrass and rolling
frequency (adjusted?R= 0.03; p value 9.0312).Freeliving nematodes were positively
correlated with rolling frequency and negatively correlated with height of cut (adjusted R
0.05; p value 6.0116).

5.5 Discussion

The majority of PPNare inhabitants of the soil and are in direct contact with the complex
chenical reactions within it. Mangf the effectf soil chemical properties are indirgtitey
influence the food web which then ga to influence the nematode population both qualitatively
and quantitativelyGaugler and Bilgrami 2004 The soil physical propertiesfluencethe pore
space and water holding capacity of the soil matrix as well as chemical propeitiesoil .t
These factors can be manipulated through management techniques to create an environment that
is uniqueto golf greensGolf greens are an ideal habitat for PPN because of their sandy saoill

texture, perennial host, and frequent irrigati@now 2005H.

Prevalence and virulence of many PPN vary predictably in soils of different textures
because texture is related to soil porosity and water potéBéeter et al. 1998Gaugler and
Bilgrami 2009. Crop yield suppression by nematodes is greater in irrigated, favaige
textured)soils but tends to be unaffected by irrigation in fine textured gasigler and
Bilgrami 2004. The golf greens in this study were primarily composed of sand with vaflues
82.7%% to 99.9%. The textural composition of golf greens is intentionally gezheo help with
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drainage on the heavily trafficked surface. Griffin found that soils containing 84%vsanded

the optimal conditions for nematode feeding and reprodu@Boiffin 1996).

In our study the sand fractions betweera76d 500 em were often posi
with the various nematode genghat the degree of association was quite. [ble very fine
sand and very coarse sand were negatively correlated. In a study perforviatidng (1966
the optimal soil pore sizeforrcktn ot nemat ode was determined to
equivalent to coarsely texturedils such as sandy loams. The very coarse fractions of soil likely
decreased the water holding capacity of the soil and the very fine fractions may have reduced the

pore sizewhich would have created unfavourable conditions for nematode movement.

Walkeret al. (2002) found a negative correlation between nematode populations and soll
particles greater than 1 mm and while this thescasen our study for the very coarse sand
particles, it was ndhe casdor the particles greater than 4 mihis was a sl fraction of the
soil particles present in the greens and therefore has a limited effect on the nematode populations
(Walker et al. 200R The highly managed nature of the environment within a green has very
little variation and although correlations were observed between some of the soil textural
fractions, changing these qualities of the green toaedematode predation is impractical and

therefore unlikely.

Although temperature is one of the main factors itifaiencenematode populationthere
was nota clear correlation with either soil or air temperaturthesurvey. Stunt nematodes were
postively correlated with air temperature but negatively correlated with soil temperature. The
opposite was true of ring nematodes. This may be due to the fasathples were collected
when soil temperatures were close to or ovetd and no site had ddemperatures over 3,
making inferences about the effect of very low or very high temperatnpessible with the
given data setAir temperaturesvere recorded bughould only be used for general climatic
trends as soil temperatures can vary sigaiitly from air temperaturéblorton 1978. The
conflicting result of the influence of soil and air tgenature on the various nematode genera
may be due to the different gener aéblavevarpiti | i ti e
may also have been due to the timing of sample collection as soil temperatures were recorded at

each visit and thasvisits occurred at different times of the day between the various sites
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Snow cover can drastically change the temperature of the soil ttedawrfgrass stand
soilsthatare exposedver the wintefack the insulation from extreme weather andcaider
than those protected by sn¢gMorton 197§. Fluctuationsn temperature are most extreme at the
soil 6s surface an dthereboreBPA @re sukjectddetqpthedhnvariaionme as e s
soil temperature as they inhabit the top 10 cm of(Bobpkin 198Q Norton 1978. The amount
of snow cover present in the preceding wirtauld have asignificant impact on nematode
populations. Snow cover may haagreateinfluenceon populations ofhe nematode genera
thanthe temperature of the soil and air. Unfortungtetyow covemwas not measurdad this

study

Organic matter is important in e retention, cation exchange capacity, soil aggregation,
erosion control, plant nutrition, and as a substrate for soil microorgaansiidt et al. 2011
There is also a@dence to suggest that organic matter is important in nematode e¢Nlogyn
1978. The organic mattepresent in golf greens is managed through thatch removal. Thatch is
an organic layer above the soil and below the green tissue of the living canopy and is composed
of living and dead grass and organic defiisrto and Turgeon 1978When the grass produces
new tissues faster than the microbial community can lilreakdown the thatch layer increases
in size Excessive nitrogen application can also increase the accumulation of (Bhtdtians
1998. Excessive nitrogen application has also been linked to an increase in the succulence of
roots which is favourable for nematod€sow 200). Organic matter was positively correlated
with ring, stunt, and total PPN populatioR&rhaps an excess application of nitrogen caused an
increase in organic matter which in turn benefited the nematode populations present in the soil. |
would also be interesting to measure the amount of thatch present on the golf greens and its
correltion with nematode populatiorgerhaps it would show a correlation similar to the one
seen between organic matter and nematode populatiamaging thath and organic matter
content of soils whilapplying the ideal amount oftrogen may help to reduce nematode

populations.

Walker et al. (2002) stated that bulk density had a negative effect on nematode
populationsThe current studfoundthe opposite. Blk density was positively correlated with
stunt, rootknot, andfree-living nematodes. Bulk density is directly linked to the level of

compaction of the soil profile. Turf managers perform cultivation practices such as coring,
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drilling, slicing, spiking,and vertical mowing on the greens to reduce excess thatch and soil
compactionTurgeon 2008 The bulk density of the soil is managed within a narrow range thus
making it challenging to determine the full range of the impact bulk density will have on
nematode populations.

Todd and Tisserat (1990) stated that it ikkehy that the soil physical properties were
responsible for the aggregation of nemataiesethe putting greens are artificially uniform in
soil texture. Thisppears to bthe case of our study as the correlation coefficients were low.
This result coflicts with the results found by Walker et al. (2002) but is probably due to the
wide variety of biotic, physical, and chemical factors that may be occurring in the different areas
studied(Wallace 1963

The host plant plays an integral role in structuring nematode communities both directly,
through its provision of a food source, andirectly, by changing the soil propertigéandj et
al. 200). The host plantan influencesoil chemical properties through exudates, production of
organic matter, or uptake of nutrients from the soil. The most important exchangeable cations in
soilsfor plantsare calcium, magnesium, potassiungiam, aluminium and hydrogeiiThomas
1982. These ions are important in plant nutrition and contribute to the pH of tH{&ledibn
1978. Fertiizers are often applied in an attempt to overcome the damage caused by nematode
feeding on root tissugdlorton 1978. The soil chemical parameters and their influence on
nematode populations have been extensively studied but the biological significance of such
correlations is difficult to define.

In the present study phosphorus, potassium, magnesiununeagodium, aluminium,
pH, and CEC were measured and compared to nematode populations. The models explained
anywhere from 4 to 45% of the variation in the nematode populations. The influence of soll
chemical parameters were sometimes positively correlgtecone genus and then negatively
correlated with another showing that soil chemistry affects nematode genera differently. This
finding was supported by studies on turf as well as other ¢kapglji et al. 2001 Walker et al.
2002.

Walker et al(2002)found a positive correlation between NN content of soils and

nematode populatior(§Valker et al. 200 They concluded that the application of nitrogen
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fertilizers was probably increased to compensate for thevigar greens which were subjected

to high nematode predatigWalker et al. 2002 Although in the current study nitrogen content

of soils was not determingpghosphorus and potassium were often correlated with nematode
populations and may have been applied in conjunction with nitrogen fertilizers to increase the
productivity of greens which were performing poorly. It is difficult to determine if the ferslizer

were applied because of the high nematode populations or if the nematode populations were high
because of the application of fertilizéW&alker et al. 2008 or if the fertilizer components were

high because the weakened plants could not effectively take up the nutrients

A study on fallow conditions and PPN in Kenya fowamdincrease in spiral andateknot
nematodes with increasing concentrations of potassium and magri&sindji et al. 2001 In
the current study, spiral nematodes were positively correlated with potassium but negatively
correlated with magnesium. Reknot nematodes were positively correlated with magnesium
and were not foundthave a significant correlation with potassium. $haly in Kenyaalso
found that rooknot nematodes were positively correlated with calcium while in the present
study they were negatively correlated. There is little information on the influence iohcalo
nematode populations, nor is there any on the influence of alunfdarton 1978. The soil
chenistry may be influencing the nematode populations but more likely, the plantsin the
soil are the member of this food web being influencedT he i nfl uence of the
cause changes in the host plant which tféectthe nematode£hastanger and McElroy (1984)
stated that there was no obvious correlation between PPN and the variety of turfgrass, soil type,
or soil moisture because management factors tend to standardize these factors on golf course
greens. Although the correlation chieients in the present study were weak, they may explain
some of the variability in the nematode population. Pieamésitic nematodes are a challenging
pest to study and they, like every organism, are influenced by their environment.

The pH of a soil i® measure of the amount of ldns present within it anid affects the
availability of minerals within i{Brady and Weil 2008 Acidic pH (>4) is known to cause pain
sensations in nematodes through a system similar to the mammalian signal transtuistion
leads to nematodes avoiding particularly acidic environm(@&atsibongi et al. 2000The
optimal soil pH for nematode movement is 6.4 (Wallace 1965 The range of soil pH

values in this study was 5.4 to 7¥he Nova Scotia sites tahe lowest pH and the Ottawa sites
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had the highest pH. Burns (1971) suggested that the reason nematodes were found in lower
numbers in the acidic soils (pH 4) may be due to thickening of epidermal walls of the plant for
protection from the acidity of theoil. This thickening of the walls makes feeding for the
nematodes more difficu{Burns 197} In our study we found that nematodes were negatively
correlated with pH and this indicates that tihegy bemore prevalent in slightly acidic &®
(Appendix A) The PPN counts from the Atlantic region were among the highest and they,
coincidentally, had the lowest pH soils. The range of soil pH in this study was too narrow to
draw any definitive conclusions about the influence of soil pH on reefegiopulations and it is
likely that other factors, including yeaound air and soil temperatures may have had a greater

influence in regional variability.

CEC is the total number of cations that can be adsorbed on a soil particle and are
exchangeable \th cations in the soil solution and is strongly linked to the nutrient availability of
the soil(Donahue et al. 1977The clay and organic matter content of the soils are the most
chemically active andlgy an important role in the CEC of a s@hnds and silt are relatively
inert and do not contribute to the CEQonahue et al. 1977In our study we did not see
frequent correlation between nematdgulations and CEQkely due to the low organic
matter and clay content of the soils. Only when the soil chemical parameters were expressed as
the amount of the nutrient which was bound to the soil colfmdcent base saturatiomas a
correlation fomd with CEC and the nematode populatiditss may be because percent base
saturation is related to the amount of the nutrient which is available to the plant, which may have
a more direct correlation with plant health and their ability to support nensatuale the total
amount of a nutrient present in the sG¥ist nematode populations were negatively correlated
with CEC while frediving nematodes were positively correlated but the adjustexf Rose
models were only 0.08 and 0.11, respectivstytte influence of these factors was small
Additions of clay and organic matter can increase the CEC of a soilibuotdis alter the
physical properties of the soil such as infiltration and percolatior{ivet€arty 200). Practices
such as core aerificatiom decrease CEC but are often used to combat more pressing issues
such as thatch accumulation and compaction in the soil p(dfd€arty 200). Increasing the
CEC of the soil would improve plant nutriti@md the ability of the plant to cope with the

predaton by nematodebut at the cost of reducing the water permeation through the soil.
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Nematodes can be used as biological models for determining the toxicity of substances and
as sentinels that can be monitored for effects from contami(@Zantdgett et al. 1994&kschmitt
and Korthals 2006Williams and Dusenbery 1988Heavy metalsan be found in a variety of
soils, especially on older golf courses where heavy metal fungicidesused for a long period
of time and these heavy metalepotentiallytoxic to nematodedn our study, soil from ten
sites was tested for ten different heavy metals. Sites were chosen based on the age of the green
and soils from these sites werealyzed for correlations between the metal concentration and the
total nematode populations. All metals were negatively correlated with the total PPN population
and the associated® Ralues ranged fron0.0210 to 0.1661There were no significant
correlatons, however the general trend was for the heavy metals to have a negative effect on
nematode populationk is likely that f more samples wermllected and analyzed,stronger
correlation between soil metal concentrations and nematode populatiohsivedyeen
apparentespecially since at one of the sites mercury levels were as highmg&5df soll
(Appendix A)

Golf greens are the most heavily managezhof the golf course as the majority of the
game is played on the(Beard 2002 Greens areftenintentionally constructed to help reduce
soil compactn, improve drainage, and promote a smooth playing surface. Questionnaires
regarding management practices were distributed to all of the participating superintendents and
approximately 50% answere@nly some of the questions posed in the questionnaire wer
useable as the responses were either difficult to interpret or not answeredtsrallwere six
guestionsselected fothe analysis and the responses were compared to the five predominant
nematodeyenera as well as total PPN and fligeng nematodesThese questions were selected
as theresponses to themere clear and not open to interpretation by the examimaddition
they were deemed to be relevemhematode population dynamiddany of the questions were
difficult to turn into yes/no or nuerical responses that could be analyzed with our statistical
software package and in the future multiple choice questions might be preferable-emdpén

ones.

The number of rounds of golf played on a property per year may influence the amount of
managenent required to maintain healthy greens which may in turn impact compaction. Rounds

per year were positively correlated with ring nematode and negatively correlated with cyst
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nematodeRolling is a practice performed on greens to improve the smoothnéss safrface

(Turgeon 2008 Rolling increases the level obmpaction of the soil profile but the benefits it

provides to the playing surface are counteracted by cultivation praesg=ciallycoreaeration

(removing a core of soil and replacing it with sa(Bgard 1973 Rolling frequency was
negativelycorrelated with stunt and cyst nematodes while it peasstively correlated withing,

spiral, rootknotand freeliving nematode population¥hus, some species appear to tolerate
compaction better than othehscreasing or reducing the amount of rolling to control a particular

genus of nematode is impractical as rolling is an integral practice forimpgovit he gr eends

consistency.

Tarps are used to protect greens during the winter from ice formation and crown
dehydration(Beard 2002 They help to insulate the grass and soil and reduce turf death when
thawrefreeze eventsccur(Beard 2002 Ring nematodes wetke only genugositively
correlated with the use of tarps on greens. Ring nematodes armeling ectoparatc
nematodegShurtleff and Averre 200@nd heir eggsare laid in the soilThus they may be more

susceptible to low temperatures over the winter.

Walker et al., (2002) noted that there was aetation between greens planted with
Penncross creeping bentgrass and high nematode counts. They concluded that the greens planted
with Penncross were older than those planted with other cultivars and that the age of the green
was the factor which causdtketincrease in nematode populations rather than preferential
feeding(Walker et al. 200R In ourstudy, low populationsof spiral nematode were associated
with creeping bentgrass whitegh populations oftunt, rootknot, cyst, and total PPN were
associated witlinnual bluegrass. Annual bluegrass tendsetpresenas a weed in older greens
which explains why it was positively correlated with most of the nematode genera in this study.
The negative correlation between creeping bentgrass and spiral nematode may be also due to the
fact that newly established greens, which are close to 100% creepiggalssntend to have
lower nematode population&ge of the green has been linked to an increase in nematode
populationsn other studiegJordan and Mitkerski 200§.

Although nematodes can tolerate low oxygen levels for a few theysxygen content of
the soil is a limiting factor in waterlogged saiRerry and Wright 1998Nallace 1963 The

numbers ofing nematodes were negatively correlated with drainage while stunt, cyst and total
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PPN were positively correlated. Stunt and cyst nematodes may be more sensitive to oxygen
limitations than ring nematodes because ring nematodes haw#,ahighly annulated cuticle

which may prevent oxygen diffusion out of their bodies in low oxygen environr(t&imistleff

and Averre 200D In environments where oxygen is readily available, sedentanatodes such

as the ring nematode may have trouble competing for root tissue surface area with nematodes
which move faster, such as stunt nemai@&taurtleff and Averre 2000Adequate aeratiomd

drainage is important for turf health but it is also beneficial for RiFAllace1963.

The height at which greens are cut has been decreasing over the years from pressure
placed on managers to increase green sfigemrd 2002 Mowing is stressful for plants as
cutting the shootsausesvounding and the removal of photosynthetic tissues which provide
resources to the plafthristians 1998 Mowing encourages the plant to put more resources into
shoot growth than root growth and to increase density beloméeng heighi{Christians
1998. In our study the height of cut was negatively correlated with ring andivieg
nemataes The same result was found in a previous s{@iplin-Davis et al. 1991 The
correlationseenin our studydoes not make sense as a lowering the height of cut would reduce
the amount of root tissues available for the nematodes to feed on

Avalilability of food resources, free water, and suitable temperature are the principle factors
which influencenematode populatior{§&augler and Bilgrami 2004Management practices
golf greendhad the strongest correlat®to PPN populations while the soil chemical and
physicalpropertieshad weaker correlations with nematode populati®@hs. most commonly
included variables in thghysical parameter models were: very fine sand, organic matter, coarse
sand, and gravel. lthe chemical parameter models the most commonly included variables were:
magnesium, calcium, pH, and potassium. In the management practices models the frequency of
rolling was the most commonly included variable. It is difficult to determine how important
these factors are for nematode populations; all that can be determined from the survey is that
these factors were often correlated with the nematodes present in the soil from golf dtwrses.
results of this study sometimes conflicted with previouslygeeréd studies. This may be due to
the influence of climate but it is also possible that we have different species of the predominant
nematode genera in Canada than those found in other parts of North Alkeicag factors or

management practices suaralling frequency, pH, bulk density, soil texture, and CEC is not a
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practical way to manage nematode populations as these variables are managed to attain other
goal s such as plant health and water movement
propertes in the hope of reducing nematode populations is not possible for golf course greens
because of the nature of the environment needed for the green to perform as the golfers and
superintendents require. Monitoring snow cover and temperature fluctuémiongh the winter

months can help to indicate what the PPN populations may be in the following growing season

as PPN are susceptible to theafreeze event3.he information gathered by this study can help

to understand more about what influences nemapogelations in golf course greeasd assist

golf course superintendents to make informed decisions about treafdeeir greens.
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Chapter 6 Low-Risk Nematicide Trial

6.1 Abstract

Plantparasitic nematodes are detrimental to the productivity of many cultivated plants as
they damage root and shoot tissues to derive nutrients. Nematicides areresed¢oematode
populations in many crops. The purpose of this experiment was fwéegbstplant
nematicides for use on turfgrass. These products were applied to research greens with moderate
nematode populations in a randomized complete block design. Nematode populations were
determinedprior to application and after one, two, andrfaveeks following treatménNone of
the products tested significantly reduced nematode populations over tiveekekitest period. In
the future more samples should be collected from eachrptoe replicates should be usadd

the products should b@plied multiple times.
6.2 Introduction

Nematodes can cause serious losses in many agricultural crops as well as {éigress
1997 Beard 2002 Management of PPN in many agricultural crops is often accomplished with
cultural practices such as cleaning equepmcrop rotation, fallow, heat sterilization, flooding,
and trap/cover crop@bawi and Widmer 200@Barker and Koenning 199&ratochvil et al.

2004 Sikora et al. 2006 Some of theseptions are not practical for turfgrass managers as their
Acr opo i s cpneonlebe remoxvdd atgreat cost to the facility. There are cultural
techniques frequently employed in managing turfgrass that include managing shade, nutrients,
water application, and adjusting the mowing height of the d€ssv 200). These practices

can mitigate the damage caused by the PPN infestation but they do not reduce the populations
present in the soil. Reducing nematode populations can often only be accomplished through
applications of nematicides, replacemefthe turfgrass surfadellowing soil fumigation, or a

reconstruction of the infested area with clean @ddCarty 200).

Chemical management options for PPN are costly and can be dangerous to the applicator
and the nostarget organisms in the s¢NcCarty 2@1). Broad spectrum fumigants, such as
methyl bromide, have been largely discontinued as they pose risks to not only-thegedn
inhabitants of the soil but also to the environment as a wincledingthe ozone in the
atmospherg¢Yagi et al. 199% The two primary pesticides used pasethyl bromide in the turf
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industry to manage nematodes, fenamiphos andigtoropropene, have been pedout due

to their toxicity to the environment and ntarget organism@Crow 20050. There are several

other products on the market for use in other cropping systems lagdpgonof these products

in the turf indstry has been slow, especially in Canada. Although research on products
containing organophosphates and carbamates continues, the industry is looking toward options

that are less toxic amafovide adequate management of PPN.

The nematicides and bionematies selected for this study were: Vydatéoxamyl),
AVidE (abamectin), Mustgi® (Brassica junceaeed meal), Dazithl (allyl isothiocyanate and
capsaimoi ds ), an cE (dhitosan)r Teseproduats represent a variety of compounds
thathave beeshown to reduce nematode feeding and/or kill nemataxiésrenon-phytotoxic
making thensafe to apply pogplant VydateéE was chosen as a positive control as it has been
shown to effectively reduce nematode populations while the others were evalusdésf as

alternatives to carbamate or organophosphorus pesticides.

Oxamyl is a carbamate pesticide used for a variety of crops and purposes in agriculture.
Oxamyl has been primarily marketed as an insecticide but has some nematicidal(&ustisy
1982 Krieger 2010. It has the rare ability to be translocated to the lower parts of the plant when
appliedto the foliaggCoats 198 Oxamyl, along with other carbamate pesticides, acts on
acetylcholinesterase which mediates the hydrolysis of acetylcholine throughout the central and
peripheral nervous systefrieger 2010. The result is an accumulation of acetylcholine in the
cholinergic synapse whicltaases an increase in the rhythmic frequency of muscle cell
depolarizatior(Krieger 2010 Opperman and Chang 199 short, organismthatcome into
contact with this class of pesticides are paralyzed. This effect is reversiblalif leth
concentrations are nabsorbedSteele 197;7Zasada et al. 20100xamyl has been tested for
use against PPN in established turf stands and as a seed treatment with somé@&bboess
Dauvis et al. 1988Miller 1978, Walker and Melin 198]1 It is an ideal candidate for replacement
of methyl bromide and fenamiphositass effective andt does not bioaccumulate but it must be

used with caution as it is toxic to mammg{sieger 2010).

Avermectins are derived from the fermentation brotBtoéptomyces avermitil{&rieger
2010. Avermectins act as chloride channel blockersiogunvulsions that @gress to coma

like sedation as a result of an irreversible increase in chloride ion condugaieceer 2010.
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The glutamateyated chloride channels of insect and nematode skeletal muscles mediate the
avermectininduced muscle paralysis which is seen as a result of esgiéSieger 2010. The

most biologically active of the avermectin group are the b series and have been marketed as
insecticidesmiticides and also nematicid€Butter et al. 1981 These compounds have been
successful at reducing populations of stunt and lance nematodes in tuiigmakburn et al.

1996.

Plants from the genrassicacontain compandsthathave nematicidal properties.
Glucosinolates are produced by the plant and transformed into the nematicidal compound
isothiocyanate, by the group of enzymes known as myrosinagbe presence of wat@rown
and Morra 199Y. Myrosinase and glucosinolates are separated in the plant while it is .intact
When the cell was are brokethe two compounds are mixeddproduce isothiocyanate
(Brown and Morra 1997 Isothiocyanates amdsothe degradation product of metam sodium, a
widely used nematicidéChitwood 2002Evans et al. 1997 This compound is often volatile and
does not move well within the sp@indit mustbe placed in close proximity to the nematodes in
order to be effectiv@Mitarai et al. 199Y. Isothiocyanates are general biocides which interact
nonspecifically and irreversibly with proteins and amino a¢iswakishi and Kaneko 1987
Formulated mustard products and isothiocyanate extracted from plant material have been shown
to have strong activity against nematodes as well as turf gadgwine et al. 201,0Rahman
and Somers 2005

Chitin is a compound derived from crustacean shells and fungal my€ali@ar 2000.
Chitosan is thé&l-deacetylated derivative of chitin and is produced through treatment of shrimp
and crab shells wh acids(Kumar 2000. Chitosan provides a slemlease source of nitrogen
and stimulates the plant to accumulate phytoalexins, increase production of reactive oxygen
species, and changes the compaositibfree sterols, among othactions(Kumar 2000
Vasyukova et al. 2001 This compound has more of a protective effect on the plant rather than

the direct nematidal activity seen with the other compounds mentioned.

The objective of this research was to determine the efficacy of the selected nemiaticides
reducingthe populations of PPM test greensThe products tested were chosen as lensir

options to sme of the commonly used agricultural nematicides.
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6.3 Materials and Methods

The five research greens at the Guelph Turfgrass Institute, in Guelph, Ontario were
sampled and their base nematode populations were determined. The USGA East and West greens
were chgen for this experiment as the nematode population was more diverse than the other
greens and the root zones were of singtarstruction(Table6-1). The study greens were
divided into 1 m plots witha 0.5 m buffer from the adjacent plots. The treatments were set up in
a randomized complete block design with four blocks on each of the two greens.

Table6-1: Preliminary nematodpopulations per 100 cc sdibm the test greens at the Guelph Turfgrass Institute
(n=5).

) ) Root Knot?! Cyst! o

Green Ring  Spiral  Stunt Free-living
F J M F J M

USGA West 8 0 32 16 64 56 64 120 0 444
USGA East 96 0 328 0 24 0 116 520 0 320
California 0 0 40 0 56 88 32 48 0 1000
Native Soil 24 4 648 0 8 0 44 164 0 1080
Pathology 0 0 180 0 96 32 60 144 0 616

1 Females (F), juveniles (J), and males (M) for fomdt and cyst nematodes were counted separately.

Pretreatmensamples were taken before the products were applied to establish the
baseline nematode population levels in eaclt plot. The treatments applied to the plots were:
no treatment (negative controxamyl (/ydateE , positive contrdl, chitosan(Nat ur e 6 s
CureE ), isothiocyanate and related compoufrdsn Brassica junicgMustgrcE and
DazitolE ), and abamectin BAvidE ). Each product was applied at the Canadian label rate
(Table6-2). Vydatde, Nat u [EeAvisE ,@nd DazitdE were in liquid form and applied
using acustom builticycle spraye(Teejet 8001VS flat fan nozzle$ mL/se@ndnozzle at 20
psi. The granudr product, Mustgrié , was weighed and applied by hand to the surface of the
green. The products were applied from 10 am to 12 pm on Auglis2@14; the weather at time
of application was ZZ and sunny. All treatmentscluding the controlwere waterd in with

10 cm of water fronoverhead irrigation immediately after application.
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Table6-2: Nematicide active ingredients, active ingredient content, and applied rate.

Nematicide Common . . Concentration of Active .
Name Active Ingredient Ingredient in Product Rate Applied (kg/nP)
Vydate Oxamyl 240 g/L 0.00625 L/mM
Nature's Cure Chitosan anguccaplant 11% 0.00023 L/nf
extract
Isothyocyanate ancblated
Mustgro compounds fronBrassica 100% 0.20kg/m?
junceaseedmeal
Allyl isothyocyanate 3.70%
Dazitol - 0.0058 L/nd
Capsalcm_ e_mdglated 0.42%
capsaicinoids
Avid Abamectin B 19 g/L 0.001 L/n?

The plots were sampled one, two, and four weeks following treatment appli¢atien
soil cores were taken from each plot during each of the four time pmidtthe variation from
the pretreatment counts was analyzed for each time p8it samples were collected and
storedfor no more than two weekand nematodes were extracteul identified aslescribedn
Chapter 4.

6.3.1 Statistical Analysis

The influence of the nematicides nematode populationgasdetermined using SAS.3
and theproc mixedprogram with the Dunnetiisu adjustment to compare all meanth®week
zero mean nentade countsand produce the difference between the meEms week and
treatment variables were fixed while the block was a random varidi#ésmeanstatement
was used to determine the mean difference in the treatments frgmetheatment counts for

each treatment
6.4 Results

Total PPN, ring, spiral, stunt, cyst, rdatot, andfreeliving nematode populations in each

week postreatment were compared to theek zero countsThe nematode populations in each
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of the treatment plots did not diffsignificanty from thestarting population nematode present

Only PPN and frediving nematodes are shown in the grafffigure6-1 andFigure6-2)

because oneof the nematicides tested significantly influenced the nematode populations.
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Figure6-1: Average PPN counts per 100 cc soil after one, two, and four weeks from treatarentepresents the
mean prereatment count of PPir each treatmdrn(n=197 all sample datgs
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Figure6-2: AverageFreeliving nematodecounts per 100 cc soil after one, two, and four weeks from treatment.
Zero represents thaean preareatment count of frelving nematodesor each treatment (n=19@ll sample datgs
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6.5 Discussion

The products tested wenet effective at reducing the nematode population present in the
test greens. Each of these compounds has been shown to reduce nematode populations in
independent studies but due to a number of factors theynoiee&ectivein our study.This was
probably beause of an error in the way the products were applied since the positive control also
did not reduce nematode populations. It is possible that the greens were watered too much after
the nematicides were applied which washed the active ingredients away.

The number of replicates and sizelwd plots inthis study weralsonot adequate to see a
significant reduction in the nematode population preBeoause of the high degree of variance
between plotsThe populations of nematodes found in the greensigady variable andthis
might have been dealt with by includingre replicates a¢achtreatmen{McSorley and
Parrado 198 Adding more test greensiore replicates of the treatmenitscreasing the size of
the pots usedor more soil cores per sample collectamuld have helped to determine if a
reduction in PPN population from these products was posSitepopulations at the start of the
study wee also low, nowhere near the action thresh@ldigk 2012, which may have made it
difficult to see a difference as a result of the nematicides, especially because the high degree of

variability in the populations from week to week.

The products were applied at the begng of the experiment with no repeat application.
When products containing carbamate pesticides are applied they must be applied at rates which
will kill PPN as they act on acetylcholinesterasausing paralysi@Opperman and Chang 1990
The paralysis can wear off if the product is not applied at a lethal dosage, allowing the
nematodes to return to feeding. Vydateontains oxamyla carbamate pestidein the
acetylcholinesterase inhibitor class our study, as in othe(Khalil and Badawy 2012 this was
intended to be the positive control as there has been extensive research to show the efficacy of
this compound against PRiblin-Davis et al. 1988Miller 1978, Zasada et al. 2010
However,VydateE was not effectivdollowing a singleapplication.This may have been
partially due tahe presence of a distinthatch layein the test greenas the thatch laydrinders
penetration to the root zorf®liller 1978). In the future, comparisons should be made between

single and multiple applications of these products.
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Many products that are used to control nematodes are contact poisahsrafmre must be
incorporated into the so{Brodie 197). The nematicides used in this study may have been more
effective if they were mixed into the sdih Canada,te product Mustgi is only intendedfor
use preplant when it cabe mixed into the top layer of soil during cultivation practides to its
potential for phytotoxicit{MPT, SaskatoonWh en Mu st gr o EattheaCanadiap p| i e d
label rate for raspberries,t burned the turfds folorther ti ssues
duration of the experimen¥lany nematicides are volatile and only move upward in the soil
profile making them ineffective when applied to the surf&repkin 198(). The active
components released from the mustard meal, isothiocyanates and related compounds, are volatile
and move quickly into the atmosphere with little lateral movement in the soil pi@fitesing
and Kirkegaard 20Q9Avermectins also have limited soil mbty which makes moving though
the thatcHayer difficult (Gruber et al. 1990Although incorporation into the soil may have
benefited the efficacyfdhe nematicides it is not practical for turfgrass applications. Using this
product after cultivation practices, however, may increase its effaratyeduce¢he

phytotoxicity which was observed

The test population also posed a problem as the magdrite PPN were roeginot and cyst
nematodes. These two PPN are endoparasitic, meaning they feed from within the plant.
Application of nematicides is most effective against ectoparasitic nematodes as they are in
contact with the soil for the majority dieir life cycle. Most of these compounds are contact
toxins(Castro and Thomason 197Endoparasitic nematodes can only be controlled with
systemic nematicides as they are not in contact with the soil. Oxamyl is a systemic nematicide
(Dropkin 1980 but it was not effective at reducing the cyst and-kmait nematode populations
in our studyNematode eggs consist of several layers containing chitin and lipids making them
impermeable to most chemicgWharton198) The juvenile stages of t
cycle, where the PPN are migrating through the soil, would have been the only time when the

population was vulnerable to the nematicides applied.

Finally, the products were applied in late August when nematode populations in Ontario are
typically near their peak. Field studies of this nature may benefit from applying products during

the shoulder sesons when PPN populations are at their lowest. The flaws in this experiment may
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have concealed the effects of the nematicides on the PPN population but they may help future

studies to account for these factors.
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Chapter 7 Conclusions
Nematodes are a pressinglpieam for many cultivated plan{®ropkin 1980. They are
found in association with not only cultivated plants but many ottgamisms as well.
Nematodes are present everywhere and as the father of United States nematology stated: they are

associated with every living organism.

Al n short, I foall the matter 1in the universe
world would stil be dimly recognizable, and if, as disembodied spirits, we could then
investigate it, we should find its mountains, hills, vales, rivers, lakes, and oceans

represented by & obbbild913n of nemat odes. 0

The goat of this projectwereto determine the populah dynamics of PPN in golf course
greens throughout Canada, determine which soil factors influenced their populations, determine
the best nematode extraction technique for golf course genera, and to test several nematicides for
use on golf course greemnrfigrass. We designed a survey that would focus on Ontario,
determining the influence of region, season, sampling year, and age of the green. In 2013
samples were collected from sites in London, Windsor, Toronto, Guelph, Niagara, Ottawa, and
Cornwall, Ontaio. The sites were visited in May, July, and September. In 2014 the same sites
from Ontario were sampled again, in the same way. We added sites to thefisumvBgitish
Columbia, Alberta, Quebec, Nova Scotia, and New Brunswick. The sites in OntaricabdQ
were sampled by our teawhile for the remaining sites we had thaf coursesuperintendents
mail their samples to the University of Guelph. The sites outside of Ontario were only sampled
during 2014and were not selected basedgoeenage so the only inferences that could be made

from thosedata were based on region and season.

The data from the survey yielded some interesting results-pPdaasitic nematodes are an
issue in certain areas of Canada but, as expected, they do ndbdeeas much of a problem as
they are in warmer climateRegardlessn our studytherewereapproximately 25%f sites
across Canadaad populationsf spiral, stunt, ring, and cyst nematodiestwere over the
thresholdevelscommonly used in Canad®@/ick 2012. Thesesiteshad nematodes thatere

typically over the threshold famly one genushowever close to thresholgopulationlevelsof
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multiple PPNwerenot uncommon in sitethatwere over the threshold for one genasorder to
determine how detrimental PPXeaon golf course greens in Canada, it is important to develop
thresholds for each of the regions of the country. Developing thresholds that acceptdent

the risk of damage frolPN populations in Canada will help turfgrass managers to understand

when they have a problem and at what point they should intervene.

Sites in British Columbia and the Atlantic region had the highest counts of PPN. The air and
soil temperatures remain in the hospitable range for nematode reproduction, feeding, and
movemenfor a longer portion of the year in the coastal regions of Camadsompared to the
inland areas. Spiral nematodes were more prevalent in the coastal areas than the inland areas and
stunt nematodes were more prevalent in Ontario than anywhere elseanhaC¥re saw a diverse
population in most sites but th@ost abundargenera were ring, spiral, and stunt nematodes. To
a smaller extent we also found cyst and Hkaoit nematodes and rarely found pin, lance, and
lesion nematodes. Climate appeared to bejamfiactor in the variation in the nematode
populations. The seasonal variation we saw in the nematode populations was not consistent
throughout the nematode genera studied and for certain genehaas roekknot nematode,
there were interactions betweseasonal variation and the region in which the samples were

collected.

Data pertaining to the age of the green were only collected for sites within OAtagqual
number of greenwere selectewhich were over 20 years of age desisthan 20 years adge.
For most nematode genewth the exception of roedknot nematodesge of the green was an
important factor in the nematode population. Older greens had larger and more diverse
populations of PPN presefthere are no nematicidesgisteredn Canala for use on golf
coursesThis can explain why there wdegger populations in older greens. Nematodes are
naturally presenn soil. Golf greensarean ideal habitaand thepopulationscanincrease in an
unchecked manner over the yed&sngal and beterial antagonistsnaybe killed by the
application of fungicideand bacteriocidedVithout nematicidesnematodeumbers can

increaseauntil they reach the carrying capacity of the ¢§BibdriguezKabana and Curl 1980

Some of the nematode genera, suchiessliving and rootknot nematodes, were difficult to
model. Thepopulationfluctuations appeared to be indluced by factors that were outside the

scope of this survey. THeeeliving nematodes in Ontario had a femay interactioramong
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year, age of the green, season, and region. There was no discerniblegpati@mbably other

factors caused the variatiompopulation. Rootknot nematodes were also difficult to model as

the influence of the age of the green, season, and year appeared to be strongly influenced by the
region in which the samples were collected from in both the Ontario data set and thai€anadi
data set. The factors had a different effect on the population depending on where the samples
came fromHowever, populations of root knot nematodes were gendyeloy the thresholdt

all sites

The nematode population in Ontario increased from 202814. This was probably caused
by thewinter weather thapreceding each growing season. The winter of 2012/2013 was mild
and the temperature often fluctuatdztbveandbelowfreezing. In contrast, the winter of
2013/2014 started earlidasted longerandtemperaturesrerewell below freezing for the
duration of the seasoA. winter season with high temperature fluctuations and with more thaw
and refreeze events could lead to greatartality and lower populations aematodesThis
study demonstratkethat thepopulation of PPN in golf course greens can fluctuate drastically

from year to year

Soil chemical and physical properties of each participating green were measured and
recordedand thevalues were compared to the nematode populat@reachof the golf courses
sampledacross Canadall of the soil samples from a golf course over a year were combined to
produce a composite sample that was sent for analysswas done 2013 for the sites in
Ontario and during 2014 for the sites outsiti®antario. Thesoil analysis resultalong with
information gathered about the management practices usedguigected to stepwise regression
to determine what influence they had on the nematode populttatvgere determined by the

survey.

Physical sdiproperties have a significant impact on the water holding capacity of soils and
the soil matrix structurel’he physical propertiesf the soilwere often correlated with nematode
populations irgolf greens irCanadaHowever, the correlation coefficientgere low, only
accounting for at most 21% of the variation in the nematode population. The same result was
found with the chemicglroperties of theoil. Although there were relationships between the
chemicalproperties and the nematode populatjdinscorrelations were not very strong and the

biological significance of these correlatiaesnainsunclear. Many of the factorgereinter-
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related making it difficult to attribute a nematode population to the factors that were measured.
Additionally the compsition and management of golf course greens is strictly controlled

leaving little variation between sampling locatioliss also inadvisable to change many of these
management practices and soil propetiaeduce nematode populatiassthey are maged

with important goals such as plant health dralnage in mindDesigning an experiment that
controls certain aspects of the environment will allow for clear linkages to be made between soil

properties, management practices, and nematode populations.

The questionnaire that was developed to gather information about management techniques
could have been executed better. In the future the questions should be posed with multiple choice
options to increase participation and to reduce variability in respoAkbough this would have
taken longer to develpthe answers would have beaemambiguousnd subjected to less
interpretation by the participants. The delivery of the questionnaire was also flawed as many
participants were reluctant to release thefiorimation in an unsecured word file. Using a
protected pdf or survey platform may have alleviated some of the concerns and allowed for a
higher rate of participation in the questionnaire. The management techniques had stronger
correlations with the nemategopulations than the soil physical or chemical propeifies.
guestions we posddcused on factors that may affect the water holding capacity of the soil and
the amount of compaction seen in the soil profile as these factors are strongly linkedttmaema

populations.

In previous studies of PPN in golf course greens in Canada, the nematode extraction
technique used was likely not suited to the types of nematodes most prevalent in golf course
greens soil¢Barker et al. 196Q It was importanto determine the best extraction technique for
the genera that were found in golf course greens. This wits aspect of the project as it will
help to unif the community of nematologist& which extraction technique is ideal for golf
course genera. We found that the sugar centrifugal flotation method was better at extracting PPN
from golf course soils. The Baaann pan methoextracted fewePPN but performed the same
as the sugar centrifugal flotation methodffee-living nematodes. Tik wasexpected because of
the combination of mobile and immobile nematodes found in golf course greens in Canada.

Literatureon the topic suggests that ring nematodes cannot be adequately quantified when the

114



Baermann pan extraction technique is used to remove them from tllacgdnd Mullin 1996.

This wasconsistent with our study.

A nematicide trialvas conductetb identify low-risk alternatives to some of the broad
spedrum nematicides used in the patie carbamat@mematicideVydateE wi t h t he act i v
ingredientoxamyl,was thepositive control and a selection of lewgk productsvere selected for
thetriat Nat u £ e BagitoEC, Mustgrds , AvidE . None of the produs tested, evethe
positive control, caused a reduction in the nematode pomsgalibis may be due to the inherent
variability of nematode populations within a gre®rperhaps too much water was applied after
the products were appliedo avoid thissane changes to commonly used research design should
be made for future studies. Specifically, the number of replications should increase to allow for
the variation. Additionally, as little information is known about the efficacy of many of these
products, dditional treatments that include multiple applications should be included in the trial.
The experiment was intended to be a preliminary analysis of the nematicidestify
candidategor furthertesting With more replicates and an area with highgations an effect

of the treatments may have been seen.

Microorganisms and plant materials for management of PPN have been widely studied
and utilized in many types of cropping systems. Modifying these practices for use in turfgrass is
an area ofesearch that needs attention since there are currently few management options
available. There are a plethora of options that turfgrass managers can utilize to manage PPN in
turf, but the unrealistic demands of the end users of the putting surfacesitesthe

managerso ability to explore these options.

PPN are an issue for turfgrass managers regardless of their location and climate. Raising
awareness of this pest may help to reduce the amount of unnecessary fertilizers and pesticides
applied to golf ourse greensas managers may interpret nematode damage as ndefemency
or pathogen infestatiomn CanadaPPN populations were moderate compared to those found in
the United States, especially in the southern regbtise United Statelsut spird, stunt, ring,
cyst, and roeknot nematodes were frequently found in sampeny golf courses in Canada
had populations over published threshold lev@iger the duration of the study the PPN
populations were over threshold values 63 tim#&sof 531 amples The seasonal variations

were not consistent from year to year but the total population of PPN appears to be increasing as
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time passes. Populations of rdéwtot, cyst, and ring nematodes did not pose a significant threat

to golf green health in Cada. The populations of stunt and spiral nematodes were higher than
those of the other predominant genera. Spiral and stunt nematodes may pose an issue in some
areas of Canada. Spiral nematode appears to be th@mesientgenus of PPN present in
Canadasince populations were found as high as 11,000 per 100 c8aibihhysical properties
accounted for some of the variation in the nematode populations as they are linked to the
structure and water holding capacity of the soil. Soil chemical propertresoften correlated

with nematode populations but it is difficult to discern which part of the food welaffexyed.
Chemical properties that increased plant growth may have also incoestsdnematode

populations by increasing the growth of healtbgts that the nematodes could feed on.
Management techniques linked to water retention and soil compaction were often correlated with
nematode population3 he factors identified in Chapter 5 showed some correlation with

nematode populatiorsut many of hem may be difficult or impractical to alter. The sugar
centrifugal flotation nematode extraction from soil method was found to be superior to the
Baermann pan nematode extraction method for all PPN. Both methods were deemed appropriate
for the extractiorof freeliving nematodes.

Monitoring nematode populations on a regular basis should be a test incorporated in the
regular management of golf courses in Canada rather than a final option after attempts to adjust
fertility and apply fungicides fail® retun the turf to a healthy stategnderstanding PPN
populations is important for management which is why regular testing is esdégb#ficourse
superintendents can catch a PPN issue before it gets out of hand cultural practices can mitigate
the damageral slow the rate of population increasksing the sugar centrifugal flotation
method to extract nematodes from soil will provide an accurate assessment of the PPN
population present in golf course soils and allow superintendents to determine whichofenera
PPN are most prevalent in their soils, including sedentary nemaioties. s oi | 6 s proper
the management practices conducted do influence the nematode populations but more focus
should be placed on cultural practices like deep and infrequenivgaterducing shade on the
green, and allowing the grass to grow a little longer while managing speed of the green with
rolling. The information gathered by this study will assist turfgrass growers as it provides them

with the invaluable tool of knowledgd an unfamiliar pest.
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Chapter 3

Total Plant-Parasitic Nematodes

Appendix A ANOVA Tables and Regression Equations

Source DF Sum of Mean FValue | Pr>F
Squares Square
Model 7 | 60320615.06 8617230.72 33.59| <.0001
Error 64 | 16420108.44 256564.19
Corrected 71| 76740723.5
Total
R-Square| Coeff Root MSE | PPNMean
Var
0.786031| 68.70419 506.5217 737.25
Source DF Typelll SS Mean FValue | Pr>F
Square
Extract 1| 29330140.5 29330140.5 114.32| <.0001
Site 2 | 14532723.22 7266361.61 28.32| <.0001
Season 0 0. . .
Extract*Site 3| 14147217.94 4715739.31] 18.38| <.0001
Ectoparasitic (Ecto) Nematodes
Source DF Sum of Mean F Value Pr>F
Squares Square
Model 7 | 54390840.89 7770120.13 29.94| <.0001
Error 64 | 16609099.56 259517.18
Corrected 71| 70999940.44
Total
R-Square| Coeff Root MSE | EctoMean
Var
0.766069| 75.44602 509.4283 675.2222
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