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ABSTRACT

Earthworms (Lumbricidag) are an important component in soilsin
many regionsof New Zealand. Four 2.5 hafarmletsbased on endophyte-
infected and endophyte-free ryegrass were established in March 1993
with or without white clover (Trifoliumrepens). The abundance of two
earthworm species, Aporrectodea caliginosa and Lumbricus rubellus,
was monitored mid-season from July 1993 to July 1995 on a tria
comparing the effects of ryegrass endophyte (Neotyphodium lolii) on
cow health and milksolids production. Earthwormswere sampled over
twoyearsby immersing soil divotsin4%formalinsol utionand counting
emergence from the soil. A. caliginosa was about two times more
abundant thanL.. rubellus. Therewereno consi stent rel ati onshi psbetween
earthworm abundanceandthepresenceof endophyteinryegrass, or with
the clover content of the pastures.
Keywords: Aporrectodea caliginosa, Lumbricus rubellus,
Neotyphodium lalii, endophyte, earthworms

INTRODUCTION

Researchin several countries(New Zealand, Ireland, The Netherlands, Australia)
has shown that earthworms can have marked beneficia effects on soil structure and
fertility, increase pastureand crop production and reduce soil degradation (Sharpley et
al. 1979; Stockdill 1982; Lee 1985; Temple-Smith 1991).

Although there are about 190 native New Zealand species of earthworm
(Megascolecidae), most livein forest habitatsand arenot well adapted tothechangein
land usefromforest to pasture. Theearthwormfaunaof known agricultural importance
in New Zealand comprises 16 species of soil forming Lumbricidae, which have been
introduced from Europe.

Several farmmanagement practicesareknowntolimit establishment and activity of
Lumbricidae earthworms (Springett 1985). For example, earthworms are sensitive to
drainageandirrigation, agricultural chemical ssuchasfungicides, pesticidesandfertilisers,
grazing management (intensity and frequency of defoliation) and cultivation. Togain
maximum benefit from earthworms, farm management practicesthat adversely affect
the ecology and functioning of earthworms should beavoided if possible.

The majority of pastures in New Zealand contain perennial ryegrass (Lolium
perenne L.) and white clover (TrifoliumrepensL.). A large proportion of perennial
ryegrasses are infected with an endophytic fungus, Neotyphodium|olii Glenn, Bacon
and Hanlin, (formerly Acremonium lolii Latch, Christensen and Samuels). N. lolii-
infected perennial ryegrass produces anumber of chemical alkaloidswhich adversely
affect the survival, development and reproduction of a range of insect species (eg.
Prestidge and Ball 1996). The effects of these alkal oids on earthworms have not been
reported. Someof thesealkal oidsal so adversely affect grazing animals. New ryegrass/
endophyte associations are being developed which will aleviate adverse effects of
endophyte on grazing animals. Prior to the widespread adoption and spread of new
ryegrass/N. lolii associations, informationisurgently required on speciesabundanceand
diversity of beneficial organismswithexisting“wild-type” strainsof endophyte, sothat
thebiol ogical balance existing between pest and predator speciesismaintained.
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Thispaper reportsontheabundanceof two commonintroduced earthworm species
inWaikatodairy pasturessownwithN. lolii-infected andN. lolii-freeperennial ryegrass,
and with and without white clover.

METHODS

Thetrial waslocated at the Dairying Research Corporation, No. 5 Dairy, Hamilton,
New Zealand. Soilswerefertilesiltloams, peaty siltloamsand peaty clay loams. Theannual
rainfall for thesitewas1178 mmand 1442 mmin 1994 and 1995, respectively. Full details
of methodol ogy areprovidedin Thometal. (1994). TreatmentswereestablishedinMarch
1993 asfour 2.5 hafarmlets. Resident pasturewaskilled with glyphosate herbicide (0.72
kg/ha), the pasturewasgrazed after 5 days, and perennial ryegrasscv. Y atsyn 1 wascross-
drilled (7 kg/haeach pass) to establish anew sward. Half thetrial area (20 paddocks each
0.25ha) wasdrilledwithryegrassseed with85%infectionlevel of N. |olii andtheremainder
with seed freeof endophyte. Half the paddockssowninryegrasswerea so sownwith 3kg/
ha white clover cv. Grasslands Kopu, while the remaining paddocks were treated with
dicamba (0.40 kg/ha) and MCPA (0.75 kg/ha) to removeresident cloversand flatweeds.
Nitrogenfertiliser wasadded totheclover-freeplotsafter each grazing at arate equival ent
tothat removed by animals. Thefour trestmentswererandomly arranged withinfiveblocks
ina2x 2 factorial design.

The paddocks sown with endophyte-free ryegrass seed were undersown using the
original seedlinein May 1994 in an attempt to reduce the percentage contamination of
volunteer ryegrass plantsinfected withN. lolii.

Thetria wasrotationally grazed by dairy cowsas part of thenormal farm practice.
Thefirst grazing occurred in mid-May 1993 about 8 weeks after drilling.

The percentage of ryegrass plantsinfected withN. lolii was assessed by removing
onetiller from 20 randomly sel ected ryegrassplants per endophyte-free sown paddock
and 10ryegrass plantsfrom endophyte-infected sown paddocks. The outermost sheath
associated withagreen | eaf wasstai ned withlactophenol - anilineblueand examinedfor
N. lolii endophyte under alight microscope at 200x magnification.

Earthworm popul ations were sampled in winter (July), spring (October), summer
(January) and autumn (April) by taking asoil divot (15 x 15 cm) to 15 cm depth from
10 randomly selected positions, 10 m apart along a diagonal transect within each
paddock. Soil divotswereinverted for 10 minutesin buckets containing 4% formalin
solution and the number of earthwormsthat emerged wereidentified and counted.

Datawerestatistically analysed by ANOVA.

RESULTS

The percentage of N. lolii-infected ryegrass plants in the paddocks sown with
endophyte-freeseed continuedtoincreasefor theduration of thetrial (Fig. 1). Undersowing
endophyte-freeryegrassseedin May 1994 wasonly temporally successful withaninitial
decreaseinendophyte-infected ryegrassesrecordedin August 1994. However, it appears
that thiseffect wasrapidly |ost asthepercentageof N. [olii-infected ryegrassesincreased
on averagefrom 15% to 42% by February 1995. In contrast, the percentage of N. lolii-
infected ryegrassesin the areas sown with N. lolii-infected seed was on average never
less than 83%.

The percentage of N. lolii-infected ryegrass plants on paddocks containing white
clover wassignificantly lessthan (P<0.01) plotswithout whiteclover (Fig. 1).

Four earthworm species were recorded, but numbers of Lumbricusterrestrisand
Octolasion cyaneumweretoo low for statistical analysesto be conducted. Densitiesof
adult andjuvenileAporrectodea caliginosawereapproximately twicethat of Lumbricus
rubellus (Fig. 2). Seasonal patterns of abundance were evident in both species and
densitieswerelowest in summer.

Earthwormdensities(adults, juveniles, and adul ts+juveniles) wereonly occasionally
significantly different (P<0.05) in areas supporting N. lolii-infected and N. lolii-free
perennial ryegrass. However therewasno consi stent trend of earthworm densitieswith
presence or absence of endophyte throughout the duration of thetrial. The presence or
absence of white clover also had no effect on earthworm densities.

© 1997 New Zealand Plant Protection Society (Inc.) www.nzpps.org  Refer to http:/Amww.nzpps.org/terms_of_use.html



Pasture Pestsand Beneficials 75

E- E+
—0— —e—cC+
—-0- —@-C
ns ns nsns ns * NS
I I I I :[ I
100 oo
//
\\ ”
~ g
80
ns *k ns ns ke ok kk
: LI I [T
60
g R
2 7/
® 40 /Q\ il

FIGURE 1: Thepercentageof perennial ryegrassplantsinfected withN.lolii in
paddockssown with N. lolii-infected (E*) and N. lolii-free (E") seed
and with (C*) and without (C") whiteclover. Vertical barsare SED.
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FIGURE 2: The number of earthworms/m? (Lumbricida€) in paddocks sown

with N. lolii-infected (E*) and N. lolii-free (E) perennial ryegrass
and with (C*) and without (C") whiteclover. Vertical barsare SED.
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DISCUSSION

The increase in the percentage of N. lolii-infected plants in pastures sown with
N. lolii-free ryegrass seed was a cause for concern and experiments are currently
underway to determinethereasonsfor this. I n previousstudieswhere contamination of
endophyte-freeareashasoccurred (eg. Prestidgeand Ball 1996), predation by Argentine
stem weevil (Listronotus bonariensis (Kuschel)) on N. lolii-free ryegrass caused an
increaseinthe percentage of N. lolii-infected plants, but adecreasein overall tiller and
plantdensity. Inthecurrent study, Argentinestemweevil adult popul ationswerelow and
wereunlikely tohavebeenresponsiblefor theincrease(Prestidgeand Thom, Unpublished).
Itappearslikely that another sourceofN. lolii-infected ryegrassseed fromoutsidethetrial
paddocks was responsible for the increase in the percentage of endophyte-infected
ryegrassin the endophyte-free areas. Other sources may also have contributed to the
increasein endophyteinfection such asseed inthe seedbank at sowing and alower than
desirablekill of resident ryegrasses with glyphosate. Contamination via hay was not
possible as hay was not fed on thetrial areafor the duration of the study.

The percentage of N. lolii-infected plants was less in paddocks containing white
clover thanin clover-freepaddocks. A plausible explanation could bethat whiteclover
occupied spaces between the ryegrass drill rows reducing colonisation by N. lolii-
infected volunteer ryegrassseedlings. Other explanationsarepossible, suchasanimals
sel ectively grazing theareasoccupied by whiteclover and thereby consuming ryegrass
seedlingsalso growing in these areas, and chemical interactions between white clover
andryegrassseedlings.

BothA. caliginosaand L. rubellusarecommon in soilsin the Waikato at densities
similar to thoserecorded on thistrial (Rohithaet al. 1985). L. rubellusis considered a
shallow burying specieswhich feedsmainly ondung. A. caliginosafeedson dead plant
material andisconsidered atopsoil mixingearthworm. Both speciesoften occur together
in most soil types. There was no evidence from the current study that
A. caliginosa or L. rubellus were affected by N. lolii-infected ryegrass. A number of
akaloids produced by the association of N. lolii and ryegrass influence herbivorous
insects(Prestidgeand Ball 1996), invertebratepredators(Prestidgeand Marshall 1997)
and grazing animals (Prestidge 1993). Some alkaloids persist in chemically killed
ryegrassesfor at least 28 days(Prestidgeand Sprosen 1995). It hasbeen shownthat some
dung feeding insects are adversely affected by feeding on dung from cattle grazingN.
coenophialum-infected tall fescue (Festuca arundinaca€), acloserel ativeof perennial
ryegrass (Dougherty and Knapp 1994). Hence, it is likely that earthworms regularly
comein contact with alkal oidsproduced by N. lolii-infected ryegrass, either by feeding
on dung (L. rubellus) or ingesting dead and decaying plant tissues
(A. caliginosa).

Itwassurprisingthat thedensitiesof earthwormswerenot affected by thecontrasting
clover treatments. The quality and amount of food available influences the size of
earthworm populations, the diversity of species present and their rate of growth and
fecundity (Edwardsand L ofty 1975). Earthwormsgrew faster and had higher fecundity
when feeding on nitrogen-rich diets such as litter from ryegrass and white clover
(EdwardsandL ofty 1975). Itispossiblethat theshort-termnatureof thistrial contributed
tothelack of any effect on earthworm populations. Controlled feeding studies may be
necessary to ascertainthelong term effectson earthworm popul ationsin the absence of
whiteclover.

ACKNOWLEDGEMENTS
Wethank Catherine Cameron for biometrical help and advice, and Liz Wilsonand
Hugh Oliver for hel p with earthworm sampling and extraction.

REFERENCES
Dougherty, C.I. and Knapp, F.W., 1994. Oviposition and development of facefliesin
dung from cattle on herbage and supplemented herbagediets. Vet. Parasit. 55: 1-2.
Edwards, C.A. and Lofty, J.R., 1975. Biology of Earthworms. Chapman and Hall Ltd,

© 1997 New Zealand Plant Protection Society (Inc.) www.nzpps.org  Refer to http:/Amww.nzpps.org/terms_of_use.html



Pasture Pestsand Beneficials 77

London.

Lee K.E., 1985. Earthworms: their Ecol ogy and Rel ationshi pswith Soil and Land Use.
AcademicPress, Sydney.

Prestidge, R.A.., 1993. Causesand control of perennial ryegrassstaggersinNew Zealand.
Agri. Eco. and Envir. 44: 283-300.

Prestidge, R.A. and Sprosen, JM., 1995. The effect of glyphosate, paraquat and
paclobutrazol onlolitrem B levelsin endophyte-infected perennial ryegrass.N.Z.
Vet. J. 1995: 138-140.

Prestidge, R.A. and Ball, O.J-P., 1996. A catch 22 : Theutilization of endophyticfungi
for pest management.Pp 171-192I n: Multitrophiclnteractionin Terrestrial Systems.
A.C. Gangeand V.K. Brown (Eds). Blackwell ScienceLtd, Oxford.

Prestidge, R.A. and Marshall, SL., 1997. The effects of Neotyphodium-infected
perennial ryegrassontheabundanceof invertebratepredators.Proc. 3rd Int. Symp.
AcremoniumyGrass I nteractions: (in press).

Rohitha, B.H., Pottinger, R.P., Oliver, E.H.and Firth, A.C., 1985. Preliminary sampling
studies on earthworms in three soil types in the Waikato. Proc. 4th Aust. Conf.
Grassl. Invert. Ecol. : 52-57.

Sharpley, A.N., Syers, J.K.and Springett, J.A., 1979. Effect of surface-castingearthworms
onthetransport of phosphorusand nitrogenin surfacerunoff from pasture. Soil Biol.
Biochem. 11: 459-462.

Springett, J.A., 1985. National assessment of soil-forming LumbricidaeinNew Zealand.
Proc. 4th Aust. Conf. Grasdl. Invert. Ecol. : 46-51.

Stockdill, S.M.J., 1982. Effects of introduced earthworms on the productivity of New
Zealand pastures. Pedobiologia 24: 29-35.

Temple-Smith, M.G., 1991. Earthworm populations and their effects on pasture
production. Australian Inst. of Agri. Sc. Occ. Pub. No 62: 11-15.

Thom, E.R., Clark, D.A., Prestidge, R.A., Clarkson, F.H. and Waugh, C.D., 1994.
Ryegrassendophyte, cow health and milksolidsproductionfor the1993/94 season.
Proc. N.Z. Grasdl. Ass. 56: 259-264.

© 1997 New Zealand Plant Protection Society (Inc.) www.nzpps.org  Refer to http:/Amww.nzpps.org/terms_of_use.html



