Pasture Pestsand Beneficials 65

EFFECT OF SELECTED NEOTYPHODIUM LOLII ISOLATES
ON ROOT-KNOT NEMATODE (MELOIDOGYNE MARYLANDI)
NUMBERS IN PERENNIAL RYEGRASS

0.J-P. BALL, E.C. BERNARD! and K.D. GWINN?

AgResearch, Grasslands Research Centre, Private Bag 11008, Palmerston North
1Department of Entomology and Plant Pathology, University of Tennessee,
Knoxville, TN 37901, USA

ABSTRACT

Root-knot nematode numbers were assessed in roots of perennial
ryegrass plants containing different strains of Neotyphodium/lolii. The
sel ected endophytes produced mycotoxin profiles differing from those
found in most natural associations. Roots of endophyte-free plants
contained the highest numbers of nematodes, significantly morethan a
perennial ryegrass/N. lolii association not producing the mammalian
toxin, ergovaline. Therewasal soasignificant host plant genotypeeffect
on nematode numbers. The results are relevant to the development of
grass/endophyte associations non-toxic to livestock but resistant to
nematodes.
Keywords: endophyte, Acremonium, Neotyphodium, alkaloids,
Meloidogyne

INTRODUCTION

Infection of perennial ryegrass (Lolium perenne L.) with the endophytic fungus
Neotyphodiumlolii (L atch, Christensenand Samuel s) Glenn, Baconand Hanlin (formerly
Acremoniumlolii) isassociated with grazing livestock disorders such asheat stressand
ryegrassstaggers(Fletcher 1993), and host grassresistanceto someinvertebrate pasture
pests(Popay and Rowan 1994). Theseeffectshavelargely been attributed tothe presence
of mycotoxins. Most natural associations between perennial ryegrass and
N. lolii in New Zealand produce the mycotoxins peramine, lolitrem B and ergovaline.
Peramine is the major feeding deterrent against Argentine stem weevil (Listronotus
bonariensis (Kuschel)) (Rowan and Gaynor 1986), a serious pest of pastures, whereas
lolitrem B and ergovainearethought to beresponsiblefor ryegrassstaggersand heat stress
respectively (Gallagheretal . 1981; Fletcher 1993), inlivestock.

Neotyphodium endophytes are viewed as important biological control agents of
invertebrate pests of grasses including plant-parasitic nematodes. Neotyphodium
coenophialum (Morgan-Jones and Gams) Glenn, Bacon and Hanlin infection of tall
fescue (Festucaarundinacea Schreb.) hasadetrimental effect onseveral plant-parasitic
nematode speci esincluding aroot-knot nematode, Mel oidogynemarylandi Jepsonand
Golden (Kimmonset al. 1990). Theeffect of N. lolii infection of perennial ryegrasson
nematodesislesswel| documented. EvidencefromNew Zealandisconflicting (Y eates
and Prestidge 1986; Cooket al . 1991; Stewartet al. 1993; Eerenset al. 1997), and there
is no information available on which mycotoxins affect endoparasitic nematodes in
perennial ryegrass.

L atchand Christensen (1985) pioneered theproduction of synthetic grassendophyte
associations as part of a programme to identify combinations which are not toxic to
livestock but still confer resistance to insect pests. The objective of our study wasto
determineif synthetic perennial ryegrass/N. lolii associations, which do not producethe
livestock toxins lolitrem B and ergovaline, have an effect on a root-knot nematode.
Meloidogyne marylandi, anematode found in North American pastures was used, as
cultures of New Zealand endoparasitic nematodes of grasseswerenot available.

METHODS
Proc. 50th N.Z. Plant Protection Conf. 1997: 65-68
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Nematodeegg extraction

M. marylandi colonieswere maintained in aglasshouse in pots containing single
bermudagrass (Cynodon dactylon (L.) Pers.) plantsin sand:soil mix. After washing off
most of the soil from the roots with cold tap water, whole root systems of four
bermudagrassplantswereremoved fromjust bel ow thecrownand cut into approximately
3cmlengths. Theroot sectionswere placed in ablender with 200 ml of 1.05% sodium
hypochlorite solution and subjected to 60 seconds of blending followed by 5 second
burstsof blending each minutefor thenext 3 minutes. Theresulting maceratewaspassed
through a 200-mesh sieve to remove root and soil debris. The nematode eggs were
trappedinasecond sieve(500-mesh) placed beneaththefirst. Theeggswerethoroughly
rinsed intap water and thetotal number estimated by counting eggsfromal ml aliquot
of a20 ml suspension on agrid using a binocular microscope (x40).
Nematodebioassay

Two weeks before nematode eggs were extracted from the bermudagrass, tillers
from‘ GrasslandsNui’ perennial ryegrass plants containing selected strainsof N. lalii,
aswell astillersfrom endophyte-free Grasslands Nui perennial ryegrass plants, were
removed frommaturemother plantsand plantedindividually into Conetainers(Hummert
International; 140 deepx 38 mmdiameter) filled with aheat sterilised sand:soil mix. The
ryegrass/N. lolii associations used and their mycotoxin profiles based on analysis of
parental linesareshowninTablel. Eightreplicatetillersfromfour different Grasslands
Nui plantsof thesameendophytestatus(genotypes) wereusedfor eachtreatment (Table
2). Thetillersweremai ntainedintheglasshouseand watered asrequired. After 2weeks,
each Conetainer was inoculated with 1000
M. marylandi eggs. Thirty daysafter inoculation, the experiment was dismantled.

TABLE 1: Mycotoxin profiles, based upon analysis of parental lines, of the
perennial ryegrass/N. lolii associations.

N. lolii isolate! Peramine LolitremB Ergovaineand
other ergot alkaloids

+
N
]

AR17
AR19
AR20
AR21
AR23
AR24
N. lolii-free

G+ o+t
C o+
'

1Synthetic ryegrass/N. lolii associations provided by G.C.M. Latch, AgResearch,
Palmerston North, New Zealand.
2Trace quantities detected (<1.0 ppm).
Nematodecounts

Tillerswereremoved from Conetai nersand therootsthoroughly washedin coldtap
water. Rootswereimmersed in a1.5% sodium hypochlorite solution for four minutes
with occasional agitation, rinsed withwarm tap water on an 80-mesh sieve, and soaked
intap water for 15 minutesto removeresidual bleach. Therootswerethen boiledina
solution of acid Fuchsin for 30 seconds, alowed to cool, and destained in acidified
glycerol (Byrdet al. 1983). FemaleM. marylandi in the rootswere then counted using
abinocular microscope(x40), after whichtherootswerethoroughly washed withwarm
water, dried at 100°C for five days and weighed.
Statistical analysis

Data were log-transformed and analysed by ANOVA. Actua (untransformed)
means and standard errors are presented; the standard errors are based on between
genotypevariation.

RESULTS
The greatest numbers of nematodes in any of the perennial ryegrass lines were
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recorded inN. lolii-free plants (Table 2). M. marylandi numbersin rootsinfected with
isolate AR19 werethelowest inthe perennial ryegrass/N. lolii associationstested, and
weresignificantly (P<0.01) lower than nematode numbersinN. lolii-free grass. Roots
of plantsinfected withisolatesAR17, AR20, AR21, AR23 and AR24 supported fewer
nematodesthanrootsofN. lolii-freeplants, but thedifferenceswerenot significant. The
variationin nematode numbersamong different host plant genotypeswassignificantly
(P <0.001) greater than the variation within genotypes.

TABLE 2: MeannumbersofM. marylandi femalesinrootsof perennial ryegrass
plantsinfected with selectedN. lolii isolates, andN. |olii-freeplants.

N. lolii Total number Number of Mean number of SEM
isolate of replicates different femalenematodes
genotypes /groot

AR17 8 4 123 65
AR19 8 4 22" 9
AR20 8 4 70 35
AR21 8 4 120 38
AR23 8 4 88 57
AR24 8 4 119 52
N.lolii-free 8 4 210 67

“*Significantly different fromN. lolii-free at P<0.01 (t test).

DISCUSSION

Resistance against several species of nematode is well documented in natural
associationsof tall fescue and N. coenophialum (Pedersenet al. 1988; Kimmonset al.
1990). However, theimpact of N. | olii infection of perennial ryegrassagainst nematodes
islesscertain. Cooketal. (1991) found no effect of N. lolii onM. naasi infection, while
Stewartetal. (1993) foundthat ryegrassplantsinfected withN. lolii had fewer gallsand
hosted fewer female M. naasi than N. lolii-free plants. Also, Eerens et al. (1997)
concludedthat it wasunclear whether thelower numbersofParatylenchusobserved on
N. lolii-infected relative to N. lolii-free plants was directly caused by the presence of
endophyte, asdry matter yieldswerehigher inendophyte-freecompared with endophyte-
infected plants. Our resultsdo not €l uci datetheseinconsi stenciesasadifferent nematode
speciesand different ryegrass/N. lolii associationswere used. However, thesignificant
reductioninthenumber of femaleM. marylandi recordedinrootsof perennial ryegrass
plantsinfected with isolate AR19 (Table 2) supports the contention that N. lolii may
impart resistancein perennial ryegrassagainst certain plant-parasitic nematodespecies.
However, enhanced resistancetoM. marylandi usingN. | olii strainsproducing atypical
arraysof mycotoxinsinperennial ryegrasswasnot aconsistent phenomenon asfiveout
of the six N. lolii strains tested did not significantly reduce nematode numbers. As
Stewartetal. (1993) and Eerenset al. (1997) suggested, differencesbetween endophyte
isolates or host genotypes, and the effect that thishas on their interaction, arelikely to
have an impact on expression of nematode resistance. The highly significant effect of
plant genotypeon nematodenumbersinthecurrent study addscredencetothisargument
and suggests an areawhere more research is needed.

ResistancetoM. marylandi wasobservedinaperennial ryegrassy/N. |olii association
(AR19) (Table2) not producing theanimal toxin ergovalineor any other ergot alkaloid
(Table 1) suggesting that ergovaline is not necessary for resistance. This may have
significant implicationson the devel opment of synthetic grass/endophyte associations
for the forage industry, as ergovaline is thought to be responsible for serious health
problems in livestock (Fletcher 1993). However, it is not possible to attribute the
observedN. lolii-mediated resi stance againstM. marylandi to any particular mycotoxin.
Itispossiblethat other factors, suchasincreased chitinaseactivity (Robertset al. 1992),
may beinvolved aswell as, or instead of, mycotoxins.
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This study has shown that a novel ryegrass/N. lolii association which does not
producetheanimal toxinergovalineisresi stant toaroot-knot nematode. Thework shows
theneedfor futurestudi esof syntheti c associ ationsof grassesand endophytestoinclude
investigationswith nematodes.
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