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ARGENTINE STEM WEEVIL RESPONSE TO
VARIABLE ENDOPHYTE INFECTION IN
GRASSLANDS GREENSTONE RYEGRASS

A.J. POPAY
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ABSTRACT

Inthreescreenhousetrial sthreecategoriesof endophyteinfection of
Grasd andsGreenstoneryegrassplantswereidentified; viz. fully infected
withtheendophyteNeotyphodiumlolii,partially infectedwith N. lolii, or
completelyN. lolii-freebutinfected with aGliocladium-likeendophyte.
Damageby Argentine stem weevil larvaewas higher on plantspartially
infectedwithN. loliithanonfully infected plantsbutintwotrial swasnot
ashighasdamagetoN. ldlii-freeplants. Occurrenceof partially infected
plants appearsto be variable and may be environmentally induced. The
presence of the Gliocladium-like endophyte in some plantsin onetrial
significantly increased larval damagetothoseplants, except whereN. [olii
wasalso present.
K eywor ds: Neotyphodiumlolii, Gliocladium, ryegrass, insect damage,
Argentinestemweevil

INTRODUCTION

Seed of thetetraploid hybrid ryegrass, Grasslands Greenstone (Loliummultiflorum
x perenne) infected with an endophyte (Neotyphodium lolii) which does not produce
lolitrem B, thecausativeagent of ryegrassstaggersiscommercially available. Despitethe
absence of lolitrem B, this endophyte confers ahigh degree of resistanceto Argentine
stem weevil (ASW) (Listronotus bonariensis) (Popay et al . 1995).

During previousstudiesof Greenstone, it wasnoted that theN. lolii endophytecoul d
not be found in a small proportion of tillers on otherwise infected plants. A second
Gliocladium-like endophyte was also found to occur naturally in some tillers. This
endophyteoccurred bothin plantsthat werenot infected andin plantsthat wereinfected
with N. lalii.

Theeffect of thisvariableendophytestatuson damageby ASW wasinvestigatedin
threetrials. Thispaper presentstheresults of these studies.

METHODS

Trial 1

In August 1992 seed trays containing potting mix were planted with Grasslands
Greenstone seed. Throughout the trial these were kept outside on a concrete pad at
Grasslandsin Palmerston Nth. In early November 150 adult ASW werereleased onto
each seed tray which was then covered with fine nylon net. The coverswere removed
after 3weeks. OnJanuary 27, 1993, all plantswereharvested by cutting at the baseand
arandom selection of at least 10tillersfrom each of 20 plantsin each of five seed trays
(100 plantsintotal) were subsequently checked for ASW adult feeding, larval damage
and endophytestatus. For adult feeding eachtiller wasgiven afeeding score of between
Oand5(0=nofeeding, 5= extensivefeeding scarsover leaf blade). Tiller pseudostems
werethen stripped and examined for evidence of larval mining and astrip of epidermal
sheath wastaken for examination for endophyte.
Trial 2

Four polystyrene planter boxes containing commercial potting mix were each
planted in September 1995 with 28 germinating seed of Grasslands Greenstone. Plants
were kept in a screenhouse at Ruakura Research Centre. In early November, 50 field
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collected ASW adultswererel eased onto each planter box. Theboxeswerenot covered.
Twoweekslater each plant waschecked for adult feedingand eggs. Each plantwasgiven
afeeding scoreof 0- 5 (seeabove) and egg numberswererecorded ontheplantin situ.
A further release of 50 weevils per box was made in mid January 1996. On April 9 all
plantswerecut at thebaseand storedin plasticbagsat 4°Cfor amonthto 6 weeksbefore
they were examined for larval damage and the presence of endophyte. All tillerswere
examined for larval damage and an epidermal strip wastaken from arandom selection
of 10tillersper plant for determination of endophytestatus. Becauseof thelength of time
between harvesting and examination, saprophytic fungi had proliferated in some
samples making the endophyte difficult to identify. Results from these contaminated
samples (25 plants) were subsequently discarded.
Trial 3

Planter boxescontaining theplantsfrom Trial 2wereretained over thewinterinthe
screenhouse. I n September 1996 all surviving plantsweretransplantedindividually into
12 cm diam pots containing a50:50 mix of soil and commercial potting medium. Adult
ASW were collected from thefield on 17 January, 1997 and six weevilswere rel eased
onto each pot on 21 January. All pots were covered with fine nylon net which was
removed on 30 January when plants were checked in situ for eggs. All plants were
harvestedon 19Marchandall tillersweresubsequently checkedfor ASW larval damage,
with 10tillers per plant a so checked for endophyte presence.
All Trials

Plantsin al trialswere maintained with regular watering and trimming.

Endophyte infection was determined by staining an epidermal strip from the leaf
sheath of eachtiller inanilineblueand microscopi c examination at 200x magnification.
All sampleswere checked twiceindependently of previousresults. Theidentity of the
Gliocladium-likeendophyteinTria 1wasconfirmed by MikeChristensen, AgResearch
Grasslands, Pamerston Nth. In Trial 3 samples containing contaminant fungi were
checked for the presence of the Gliocladium endophyte by Dr Margaret di Menna,
Ruakura, Hamilton.

Datawereanalysed by ANOV A without log transformation.

RESULTS

In Trial 1 Argentine stem weevil adult feeding score was significantly higher
(P<0.001) on endophyte-free plants (N-Plants), plants with the Gliocladiumlike
endophyte(G-Plants) and onN. | olii-infected plantswith someendophyte-freetillers(P/
N-Plants) than on plantscompletely infected withN. lolii (P-Plants) (Table1). In Trial
2, PIN-Plants had similar adult feeding scoresto P-plants and both of these had lower
scores(P<0.001) thantheN-Plants. No G-Plantswereidentifiedin Trials2or 3. InTrids
2 and 3, egg numbersdid not differ significantly between any of the plants.

InTria 1, the28% of tillersdamaged by larvae on P/N-Plantsand 29% on N-Plants
was higher (P<0.01) than the 12% of tillers damaged on P-Plants, and lower
(P<0.05) than the 41% on G-Plants (Table 1). Multipleinfections of N. lolii and the
Gliocladium+-like endophyte also occurred but larval damage to these plants was the
same asto plantsinfected with N. lolii only. Hence datafor these two categorieswere
combined for the P-Plants.

In Trials 2 and 3, P-Plants had the lowest levels of larval damage, N-Plants the
highest and P/N-Plants were intermediate between these. These differences were
significant (P<0.001) inTrial 2but notin Trial 3whendamagelevel sweregenerally low
and large numbers of plants had no damage.

Therewererelatively few P/N-Plants by comparison with P-Plantsin Trials1 and
3, butinTrial 2 the number of plantsin each of these categorieswassimilar (Table 2).
Of the 13 P/N-Plantsin Trial 3, six had been P/N-Plantsand five had been P-Plantsthe
previousyear in Trial 2, while 76% of the P/N-Plantsin Trial 2 werefound to befully
infectedinTria 3. Many of theN-Plantsfrom Trial 2did not surviveuntil thefollowing
year; hencethefewer plantsinthiscategory in Trial 3. Themean percentageof tillersnot
containingN. lolii on P/N-Plantswas21%, 30%and 19%in Trials1, 2and 3respectively
(rangefor individual plantswas 1 - 80%).
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TABLE 1: Mean Argentine stem weevil adult feeding score (FS), number of
eggs and proportion of tillers with larval damage on Grasslands
Greenstoneryegrasswith variableendophytestatus.

Endophytestatust
P-Plants P/N-Plants N-Plants G-Plants

Trial 1
FSthiller 0.26 (0.06)>  1.04 (0.27) 0.93 (0.22) 1.03 (0.13)
Propn. tillerswith

larval damage 0.12 (0.04) 0.28 (0.05) 0.29 (0.08) 0.41 (0.09)
Trial 2
FS/plant 1.77 (0.17) 1.61 (0.11) 2.57 (0.25)

No. eggs/10tillers 0.45 (0.19) 0.58 (0.19) 0.78 (0.35)
Propn. tillerswith

larval damage 0.03 (0.008) 0.11 (0.01) 0.24 (0.02)
Trial 3
No. eggs/plant 0.62 (0.19) 1.00 (0.42) 0.67 (0.32)
Propn. tillerswith

larval damage 0.03 (0.006)  0.08 (0.03) 0.13 (0.06)

1P-Plants= all tillers on aplant infected with Neotyphodium|olii; P/N-Plants = plants
infectedwithN. loliiwith someendophyte-freetillers; N-Plants=noendophytepresent;
53-P| ants= plantsinfected with Gliocladiumlike endophyte

SEM

TABLE 2: Total number of plantschecked in each trial and the per centage of
thoseplantsin each endophyte category (see Tablel1).

Tria No. of plants Endophytecategory?*

No. checked P-Plants P/N-Plants N-Plants G-Plants
1 100 76 8 10 6

2 872 36 38 26

3 86 71 15 14

1SeeTablel

2Excludes 25 plantsin which fungal contamination of samples made identification of
endophytedifficult.

DISCUSSION

Adult ASW arehighly selectiveintheir feeding and oviposition habitsand thishas
been demonstrated in aryegrasspasturedominated by N. lolii-infected plantswhenthe
N. lolii-free plantswere sought out and preferentially attacked by this pest (Popay and
Mainland 1991). Thisdiscriminatory behaviour may thereforeat | east partly account for
the increase in ASW larval damage to partially infected plants shown in the results
presented here. ASW adultfeedinga soincreased ontheseplantsin Trial 1butnotinTria
2 when feeding was recorded in November, 4 months prior to determination of the
endophyte status of the plants. Low egg numbers in Trids 2 and 3 meant that no
significant differencesin oviposition could bedemonstrated.

The concentration of the ASW feeding deterrent, peramine, is aso critical to
maintai ning a high degree of resistanceto ASW (Popay and Wyatt 1995). Peramineis
freely trand ocated withintheabove-ground partsof theplant sothat it could beexpected
that endophyte-freetillersonN. lolii-infected plantswoul dstill containthisalkaloid. The
occurrenceof suchtillerson otherwiseinfected plants, however, may beindicativeof a
lack of N. lolii vigour and by inference alow endophyte concentration. Since N. lolii
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concentration hasbeen shownto berel ated to peramineconcentration (Balletal. 1995)
it is possible that reduced levels of peramine may also explain the increase in ASW
damageto partialy infected plants.

Partial infectionof plantsappearsto beavariableoccurrence, with numbersof plants
recorded withthisendophytestatusin Trial 2much higher thanwasrecordedintheother
twotrias. Plantsin Trial 2 also had higher proportionsof their tillersrecorded asN. | olii-
freecomparedwiththosein Trials1and 3. Furthermorethemajority of the plantsfound
tobepartialy infectedin Trial 2werefoundtobefully infectedin Trial 3. Theseresults
suggest environmental, rather than genetic, factorsmay beresponsiblefor thisvariable
endophytestatus. | nfected plantsrecordedwithN. lolii-freetillersin Tria 2 had beenkept
in planter boxesfor 7 months before harvesting by which timethey were severely root
boundand had a so suffered asevereoutbreak of rust disease. Thesecircumstancesmay
have contributed to the high incidence of N. lolii-freetillers.

Occurrence of the Gliocladium-like endophytein Trial 1 was associated with an
increaseinlarval damageto these plants. Theseresultsareinlinewith those of Gaynor
et al. (1983) who showed preferential feeding by adults on leaf blades from ryegrass
plants infected with this fungus. The results presented in this paper aso confirm the
finding by Gaynoretal. (1983) that theeffect of theN. | olii endophyteisdominant where
co-infectionwith theGliocladium-like endophyte occurs.

Itisnot knownwhat theincidenceof endophyte-freetillersonN. | olii-infected plants
isinthefieldbutit seemsunlikely to behigh based ontheresultspresentedinthispaper.
Givenasotherelatively low numbersof endophyte-free plantsand theinfrequency of
infection by theGliocladium-likeendophyte, it seemsunlikely that thevariableinfection
status of Grasslands Greenstone placesthisryegrassat risk of severedamageby ASW
inthefield.
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