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Introduction: Introduction: KikuyugrassKikuyugrass
•• PennisetumPennisetum

clandestinumclandestinum
•• CC--4/warm season 4/warm season 

grassgrass
•• Optimal growth is Optimal growth is 

1616--32C (6032C (60--90F)90F)
•• Invasive weed in Invasive weed in 

urban landscapes urban landscapes 
•• Classified as a Classified as a 

federal noxious federal noxious 
weedweed

www.calflora.net



Introduction: Introduction: KikuyugrassKikuyugrass
•• Native to Central Native to Central 

/East Africa /East Africa 
•• Introduced as an Introduced as an 

erosion control erosion control 
grass in California in grass in California in 
1918 1918 

•• Established Established 
throughout :throughout :

central coastcentral coast
southern coast & southern coast & 
inland valleysinland valleys
Hawaii/MexicoHawaii/Mexicowww.calflora.net



•• Very invasive Very invasive 
in urban in urban 
settingssettings

•• StoloniferousStoloniferous
growth growth 

•• Good shade, Good shade, 
cold and heat cold and heat 
tolerancetolerance

•• Common in Common in 
landscapes, landscapes, 
parks, sports parks, sports 
turf plantingsturf plantings





Grey Leaf Spot (Grey Leaf Spot (PyriculariaPyricularia griseagrisea))
on Perennial Ryegrass (on Perennial Ryegrass (LoliumLolium perenneperenne))



Vincelli, Uddin and Viji, Plant Disease





Rice Blast (Rice Blast (PyriculariaPyricularia griseagrisea))



Gray Leaf Spot Gray Leaf Spot –– Lexington KY 1999Lexington KY 1999



Gray Leaf Spot on St. Gray Leaf Spot on St. AugustinegrassAugustinegrass



Gray Leaf Spot on Perennial RyegrassGray Leaf Spot on Perennial Ryegrass
Newport Coast, CA 2003Newport Coast, CA 2003



GLS on GLS on KikuyugrassKikuyugrass ((PennisetumPennisetum clandestinumclandestinum))



GLS on GLS on kikuyugrasskikuyugrass , Huntington Beach 2006, Huntington Beach 2006



Perennial Ryegrass Kikuyugrass

Grasses inoculated with isolate OSGC-1 (KK)



Current Management Issues for Current Management Issues for 
Gray Leaf Spot Gray Leaf Spot 
•• Due to the damage potential on sports turf Due to the damage potential on sports turf –– the the 

disease is heavily managed from July to disease is heavily managed from July to 
October October 

It has not yet been a major issue on nonIt has not yet been a major issue on non--sports turf sports turf 
plantings plantings 

•• Reduced nitrogen in summer monthsReduced nitrogen in summer months
•• Water use managementWater use management
•• Regular fungicide applicationsRegular fungicide applications

$150 to 600 per acre$150 to 600 per acre
30 30 –– 80 acres 80 acres 
4 to 6 applications ($18,000 4 to 6 applications ($18,000 -- $288,000)$288,000)

•• QoIQoI--fungicide resistance has already developed fungicide resistance has already developed 
at several  locations within 2 years of useat several  locations within 2 years of use



Geographic Distribution of Gray Geographic Distribution of Gray 
Leaf Spot in the West Leaf Spot in the West 
•• Gray Leaf Spot has Gray Leaf Spot has 

been diagnosed from been diagnosed from 
> 75 locations in > 75 locations in 
California and California and 
Nevada since 2003Nevada since 2003

•• Perennial ryegrassPerennial ryegrass
•• KikuyugrassKikuyugrass
•• St. AugustineSt. Augustine



Questions & ObjectivesQuestions & Objectives

••Where did the Where did the kikuyugrasskikuyugrass populations of populations of 
PyriculariaPyricularia griseagrisea originate?originate?
••How closely are How closely are kikuyugrasskikuyugrass populations populations 
related to populations from other hosts?related to populations from other hosts?

••Determine the genetic structure of Determine the genetic structure of 
P. P. griseagrisea populations from the western U.S.populations from the western U.S.
••Compare Compare P. P. griseagrisea isolates from populations in isolates from populations in 
the western and eastern U.S.the western and eastern U.S.



Genetic Genetic CharacterizarionCharacterizarion of of 
PyriculariaPyricularia griseagrisea Populations from Populations from 
TurfgrassTurfgrass
•• Restriction Fragment Length Restriction Fragment Length 

Polymorphism (RFLP) analysisPolymorphism (RFLP) analysis
((VijiViji et al 2001, et al 2001, FarmanFarman 2001)2001)

•• Amplified Fragment Length Amplified Fragment Length 
Polymorphism (AFLP) analysis Polymorphism (AFLP) analysis 

((TredwayTredway 2005)2005)
•• Mating type Mating type idiomorphidiomorph distributiondistribution

((TredwayTredway 2003)2003)



P. P. griseagrisea
PopulationsPopulations

•• Populations Populations 
from 17 from 17 
locations locations 
collected in collected in 
20062006

8 perennial 8 perennial 
ryegrassryegrass
6 6 kikuyugrasskikuyugrass
3 St. Augustine3 St. Augustine

••



P. P. griseagrisea Populations Populations 
Single Spore Isolate OriginsSingle Spore Isolate Origins

Collection Date Population City Host Isolates

7/7/2006 TIPIOS Oceanside perennial ryegrass 36

8/17/2006 MPCCMP Moorpark perennial ryegrass 10

9/6/2006 NVCCNV Napa perennial ryegrass 36

9/22/2006 ALCCSJ San Jose perennial ryegrass 21

10/6/2006 TOSTNA Napa perennial ryegrass 8

10/11/2006 SSGCLV Las Vegas perennial ryegrass 5

10/11/2006 VCOMSB Santa Barbara perennial ryegrass 5

10/13/2006 SHCCMP Menlo Park perennial ryegrass 10

10/14/2006 HAGCLH La Habra Heights perennial ryegrass 20

7/6/2006 NBCCNB Newport Beach kikuyugrass 2

8/17/2006 SCCCHB Huntington Beach kikuyugrass 71

8/31/2006 HCCCLA Los Angeles kikuyugrass 87

9/19/2006 BPGCSD San Diego kikuyugrass 89

9/21/2006 CCCCRI Riverside kikuyugrass 22

10/14/2006 HAGCLH La Habra Heights kikuyugrass 2

8/28/2006 SDSALS San Diego St. Augustinegrass 3

9/5/2006 UCI Irvine St. Augustinegrass 6

9/29/2006 HDMVND Moreno Valley St. Augustinegrass 20



Mating Type Mating Type IdiomorphIdiomorph DistributionDistribution

•• Mat 1Mat 1--1 and Mat 11 and Mat 1--2 specific primers were used 2 specific primers were used 
to amplify mating type to amplify mating type idiomorphsidiomorphs from from 
extracted genomic DNA (extracted genomic DNA (TredwayTredway 2003)2003)

Mat 1Mat 1--1(552 1(552 bpbp))
•• L1 5L1 5--ATGAGAGCCTCATCAACGGCAACGATGAGAGCCTCATCAACGGCAACG--33
•• L2 5L2 5--ACAGGATGTAGGCATTCGCAGGACACAGGATGTAGGCATTCGCAGGAC--33

Mat 1Mat 1--2 (390 2 (390 bpbp))
•• T1 5T1 5--ACAAGGCAACCATCTTGGACCCTGACAAGGCAACCATCTTGGACCCTG--33
•• T2 5T2 5--CCAAAACACCGAGTGCCATCAAGCCCAAAACACCGAGTGCCATCAAGC--33

•• Products visualized by Products visualized by agaroseagarose gel gel 
electrophoresis and electrophoresis and ethidiumethidium bromide stainingbromide staining



GLS Mating TypesGLS Mating Types

Kikuyugrass Perennial Rye

Mat 1-1
Mat 1-2



Mating Type DistributionMating Type Distribution

Host Mat 1-1 Mat 1-2 Total

Ryegrass 
(Lolium perenne) 0 149 149

St. Augustinegrass
(Stenotaphrum secundatum) 24 0 24

Kikuyugrass
(Pennisetum clandestinum) 239 22 261

Rice
(Oryzae sativa) 180 0 180



Mating Type Distribution: Mating Type Distribution: 
KikyuygrassKikyuygrass PopulationsPopulations
Host Mat 1-1 Mat 1-2 Total

NBCCNB 2 0 2

SCCCHB 55 16
(23%)

71

HCCCLA 87 0 87

BPGCSD 83 6
(7%)

89

CCCCRI 22 0 22

HAGCLH 2 0 2



Mating type Mating type 
assaysassays

•• PeritheciaPerithecia have have 
been produced in been produced in 
vitro between Mat vitro between Mat 
11--1 and Mat 11 and Mat 1--2 2 
kikuyugrasskikuyugrass
isolatesisolates

•• Viability of Viability of 
ascosporesascospores is is 
being examined being examined 

•• Unique for U.S. Unique for U.S. 
populations of populations of 
PyriculariaPyricularia griseagrisea



AFLP AnalysisAFLP Analysis

•• 100100--200 200 ngng of genomic DNA digested of genomic DNA digested 
with with EcoREcoRII and and MseMseII

•• DoubleDouble--stranded stranded EcoREcoRII and and MseMseII
adaptors adaptors ligatedligated to digested DNAto digested DNA

•• One sets of selective primers used One sets of selective primers used 
EcoREcoRII--AAAA
MseMseII--CA (CA (TredwayTredway 2005)2005)

•• 37 polymorphic locations scored for each 37 polymorphic locations scored for each 
isolateisolate



AFLP AnalysisAFLP Analysis
Eastern U.S. Populations Eastern U.S. Populations 
•• Penn State (W. Penn State (W. UddinUddin))

Perennial ryegrass Perennial ryegrass –– 19 isolates19 isolates
Kansas, Maryland, New Jersey, Virginia, Kansas, Maryland, New Jersey, Virginia, 
West Virginia, New York, PennsylvaniaWest Virginia, New York, Pennsylvania

•• North Carolina State Univ. (L. North Carolina State Univ. (L. TredwayTredway))
Tall fescue (Tall fescue (FestucaFestuca arundinaceaarundinacea) ) –– 10 10 
Weeping Weeping lovegrasslovegrass ((EragrostisEragrostis curvulacurvula) ) –– 2 2 
St. St. AugustinegrassAugustinegrass -- 33





Perennial Ryegrass Perennial Ryegrass vsvs KikuyugrassKikuyugrass



I1 HDMVND S
I2 HDMVND S
I3 HDMVND S
I4 HDMVND S
I5 HDMVND S
I6 HDMVND S
I7 HDMVND S
I8 HDMVND S
I9 HDMVND S
I10 HDMVND S
I11 HDMVND S
I12 HDMVND S
I13 HDMVND S
I14 HDMVND S
I15 HDMVND S
I16 HDMVND S
I17 HDMVND S
I18 HDMVND S
I19 HDMVND S
I20 HDMVND S
I370 SDSALS S
I371 SDSALS S
I50 LANE S
I1345 LANE S

I1173 LANE S
I100 BPGCSD K
I91 BPGCSD K
I96 BPGCSD K
I97 BPGCSD K
I138 BPGCSD K
I145 CCCCRI K
I146 CCCCRI K
I147 CCCCRI K
I155 CCCCRI K
I156 CCCCRI K
I159 CCCCRI K
I160 CCCCRI K
I161 CCCCRI K

I113 BPGCSD K
I137 BPGCSD K
I152 CCCCRI K
I153 CCCCRI K
I163 CCCCRI K
I164 CCCCRI K
I165 CCCCRI K
I166 CCCCRI K
I102 BPGCSD K
I104 BPGCSD K
I107 BPGCSD K
I108 BPGCSD K

I154 CCCCRI K
I204 SCCCHB K

I206 SCCCHB K
I208 SCCCHB K

I202 SCCCHB K
I203 SCCCHB K
I205 SCCCHB K
I148 CCCCRI K
I149 CCCCRI K
I150 CCCCRI K
I151 CCCCRI K
I157 CCCCRI K
I158 CCCCRI K
I162 CCCCRI K

I207 SCCCHB K
I119 BPGCSD K

I136 BPGCSD K
I199 SCCCHB K
I210 SCCCHB K

I167 CCCCRI K
I85 BPGCSD K

I101 BPGCSD K
I103 BPGCSD KI106 BPGCSD K
I109 BPGCSD K
I110 BPGCSD K
I111 BPGCSD KI112 BPGCSD K
I114 BPGCSD K
I115 BPGCSD K
I116 BPGCSD K
I117 BPGCSD KI118 BPGCSD K
I120 BPGCSD K
I121 BPGCSD K
I122 BPGCSD K
I123 BPGCSD KI124 BPGCSD K
I125 BPGCSD K
I125 BPGCSD K
I127 BPGCSD KI105 BPGCSD K

I128 BPGCSD K
I81 BPGCSD K
I82 BPGCSD K
I83 BPGCSD KI84 BPGCSD K
I86 BPGCSD K
I87 BPGCSD K
I89 BPGCSD K
I90 BPGCSD K
I92 BPGCSD K
I93 BPGCSD K
I94 BPGCSD K
I98 BPGCSD K
I99 BPGCSD K
I129 BPGCSD K
I130 BPGCSD K
I131 BPGCSD K
I132 BPGCSD K
I133 BPGCSD K
I134 BPGCSD K
I139 BPGCSD K
I140 BPGCSD K
I141 BPGCSD K
I142 BPGCSD K
I143 BPGCSD K
I144 BPGCSD K

I135 BPGCSD K
I198 SCCCHB K
I200 SCCCHB K
I201 SCCCHB K
I209 SCCCHB K
I88 BPGCSD K

I80 BPGCSD K
I95 BPGCSD K

I11 MD PSR
I11 PA PSR
I175 WV PSR
I411 PA LB PSR
I211 PA UL PSR
I184 PA PSR
I111 MA QV PSR
I153 NJ PSR
I51 PA PSR
I21 MD PSR
I31 KS PSR
I136 VA PSR
I511 PA CA PSR
I253 NY PSR
I111 NY WT PSR
I111 NY WA PSR
I111 MA IN PSR
I21 KS PSR

I169 TIPIOS R
I173 TIPIOS R
I175 TIPIOS R
I179 TIPIOS R
I181 TIPIOS R
I183 TIPIOS R
I185 TIPIOS R
I187 TIPIOS R
I188 MPCCMP R
I190 MPCCMP R
I191 MPCCMP R
I192 MPCCMP R
I194 MPCCMP R
I195 MPCCMP R
I196 MPCCMP R
I197 MPCCMP R
I381 TIPIOS R
I385 TIPIOS R
I387 TIPIOS R
I389 TIPIOS R
I391 TIPIOS R
I393 TIPIOS R
I395 TIPIOS R
I397 TIPIOS R
I399 TIPIOS R
I401 TOSTNA R
I403 TOSTNA RI406 TOSTNA R
I408 TOSTNA R
I410 VCOMSB R
I412 VCOMSB RI413 VCOMSB R
I417 SSGCLV R
I419 SSGCLV R
I42 SHCCMP R
I423 SHCCMP RI425 SHCCMP R
I427 SHCCMP R
I429 SHCCMP R
I433 HAGCLH R
I435 HAGCLH RI436 HAGCLH R
I437 HAGCLH R
I438 HAGCLH R
I439 HAGCLH RI440 HAGCLH R
I441 HAGCLH R
I443 HAGCLH R
I445 HAGCLH R
I447 HAGCLH RI420 SHCCMP R
I77 ALCCSJ R
I75 ALCCSJ R
I73 ALCCSJ R
I71 ALCCSJ R
I69 ALCCSJ R
I68 ALCCSJ R
I67 ALCCSJ R
I65 ALCCSJ R
I63 NVCCNV R
I61 NVCCNV R
I59 NVCCNV R
I57 NVCCNV R
I55 NVCCNV R
I53 NVCCNV R
I51 NVCCNV R
I49 NVCCNV R
I47 NVCCNV R
I45 NVCCNV R
I44 NVCCNV R
I43 NVCCNV R
I42 NVCCNV R
I41 NVCCNV R
I40 NVCCNV R
I39 NVCCNV R
I38 NVCCNV R
I36 NVCCNV R
I34 NVCCNV R
I33 NVCCNV R
I31 NVCCNV R
I30 NVCCNV R
I28 NVCCNV R
I26 NVCCNV R
I25 NVCCNV R
I22 NVCCNV R
I21 NVCCNV R

I415 SSGCLV R
I171 TIPIOS R
I189 MPCCMP R
I383 TIPIOS R

I177 TIPIOS R
I193 MPCCMP R

I22 LANE TF
I50 LANE TF
I59 LANE TF
I783 LANE TF
I58 LANE TF
I71 LANE TF
I74 LANE TF

I71 LANE TF
I8 LANE TF
I77 LANE TF

I2 LANE WL
I4 LANE WL

0.1 changes

St. Augustine

Perennial Ryegrass

Kikuyugrass

Weeping LovegrassTall Fescue

Cluster analysis of 
genetic distances 
using unweighted
pair-group method 
(UPGMA); 
bootstrap values 
based on 1000 
reps.

100

68

96

78

52

69

80



Mat 1-2

Mat 1-2

Mat 1-2

Mat 1-2

Mat 1-2



Summary of ResultsSummary of Results

•• 434 isolates of 434 isolates of P. P. griseagrisea were analyzedwere analyzed
•• Mat 1Mat 1--1 and Mat 11 and Mat 1--2 mating type 2 mating type idiomorphsidiomorphs

are present in west coast populations of are present in west coast populations of 
PyriculariaPyricularia griseagrisea

Perennial ryegrass isolates are all Mat 1Perennial ryegrass isolates are all Mat 1--2 (149)2 (149)
St. Augustine isolates are all Mat 1St. Augustine isolates are all Mat 1--1 (24)1 (24)
Both are present in Both are present in kikuyugrasskikuyugrass isolates (261)isolates (261)

•• Mat 1Mat 1--1 (92%)1 (92%)
•• Mat 1Mat 1--2 (8%)2 (8%)

▪▪ BPGCSD (7%)BPGCSD (7%)
▪▪ SCCCHB (23%)SCCCHB (23%)



Summary of ResultsSummary of Results

•• AFLP data supports separation of isolates AFLP data supports separation of isolates 
from from kikuyugrasskikuyugrass, perennial ryegrass and , perennial ryegrass and 
St. St. AugustinegrassAugustinegrass into distinct into distinct cladesclades by by 
hosthost

The The kikuyugrasskikuyugrass cladeclade appears to have two appears to have two 
groupsgroups
Mat 1Mat 1--1 and Mat 11 and Mat 1--2 appear present in both 2 appear present in both 
kikuyugrasskikuyugrass groups groups 



ConclusionsConclusions
•• AFLP and mating type distribution data indicate AFLP and mating type distribution data indicate 

P. P. griseagrisea populations from St. Augustine and populations from St. Augustine and 
perennial ryegrass from the West are similar to perennial ryegrass from the West are similar to 
those from the Eastthose from the East

•• The The kikuyugrasskikuyugrass population appears unique population appears unique 
AFLP analysis separates these from other AFLP analysis separates these from other cladesclades
Host specificity for infectionHost specificity for infection
The presence of both mating types and higher The presence of both mating types and higher 
diversity suggests the possibility of sexual diversity suggests the possibility of sexual 
recombination/reproduction in these populationsrecombination/reproduction in these populations
Alternately Alternately –– the diversity could be a result of host the diversity could be a result of host 
diversity diversity 

•• Only a few Only a few kikuyugrasskikuyugrass genotypes have been reported genotypes have been reported 
using using isozymeisozyme analysis (analysis (WilenWilen et al. 1995)et al. 1995)



ConclusionsConclusions

•• Management in sports turf continues to be a Management in sports turf continues to be a 
problemproblem

•• The The kikuyugrasskikuyugrass populations of populations of P. P. griseagrisea
represent a “new” lineage of the pathogen that represent a “new” lineage of the pathogen that 
has not been seen in the U.S. beforehas not been seen in the U.S. before

Possible sexual recombination = increased diversityPossible sexual recombination = increased diversity
Spread to other hosts (weeds & crops)Spread to other hosts (weeds & crops)

•• This This pathosystempathosystem is being examined as a is being examined as a 
potential model for pathogen evolution/invasion potential model for pathogen evolution/invasion 
in urban ecosystemsin urban ecosystems
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