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ABSTRACT

Insect and nematode pests in ryegrass pasture with white (WC) or
Caucasian clover (CC) weresimilar in speciescomposition. Indrought-
pronesoil, however, WC abundancefluctuated markedly over six years
whereas CC was more persistent. Insect pest populations in autumn
followed similar overal time trends in each clover though some
fluctuatedlessmarkedly in CC, probably duetogreater clover abundance
and pasture cover rather than food quality differences. Whitefringed
weevil increased todamaginglevelsin CChy thesixthyear. Clover cyst
nematode populations were suppressed by CC but root knot nematode
increased to greater abundance than in WC soil. Root knot nematode
and whitefringed weevil may provide the greatest pest threatsto long-
term productive potential and persistence of CC in northern areas of
New Zealand.
Keywords: Trifolium ambiguum, pests, Naupactus leucoloma,
Heterodera trifolii, Meloidogyne hapla.

INTRODUCTION

Caucasian clover (Trifolium ambiguum) has shown promise as an aternative
pasture legume to white clover (T. repens) with a wider range of climatic/edaphic
tolerance provided partly by itsrhizomatous habit. Inatrial at Pongakawain the Bay
of Plenty, aryegrass (RG; Lolium perenne)/CC dairy pasture established after maize
cropping provided higher forage yields and/or legume content through spring to
autumn during years 2-6 after establishment, compared with RG/WC pasture (Watson
etal. 1996 a; 1997; 1998).

Insect and nematode pest populations monitored since pasture establishment
provided, for thefirst time, the opportunity to determineif CC initiated different pest
responsesto those in RG/WC pasture and identify possible pest threatsin advance of
its wider adoption into pastoral farming. An early account of insect pests associated
with the trial was reported by Watson et al. (1996b) and this paper summarises the
information to date.

METHODS

Theestablishment and conduct of thetrial shasbeen described el sewhere (Watson
et al. 1996a; 1997). Briefly, 0.125 hectare plotsx 4 replicates each of cv. Grasslands
Kopu white clover and cv. Endura Caucasian clover were established as pure swards
in September 1994 and undersown with cv. Yatsyn ryegrass in June 1995. The trial
was sown on aPaengaroasandy soil after 15 yearsmai ze cropping and the pasturewas
grazed by dairy cattle. Mown plots 5 x 5 m, with and without nematicide treatment,
were maintained as enclosures on each of the main plots and shifted biennially. In
addition, herbage growth rates from grazed pasture have been determined from year
3. Agronomic resultsto year 5 are presented elsewhere (Watson et al. 1996a; 1997;
1998).

Soil insect pest popul ations were determined by soil sampling each autumn, with
100 mmdiameter soil corestakento 100-150 mm depth and sortedinthefield. Damage
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by foliar feeding insects was assessed by scoring 30 clover leavesin pasture samples
taken routinely from plots for herbage dissections. Soil nematode popul ations were
sampled, usually seasonally, within each grazed pl ot using five 25 mm diameter cores
stratified to 0-50 and 50-100 mm depth fractions and bulked. The nematodes were
extracted from soil in Whitehead traysfor two days, and the resulting el utriate settled
infunnelsovernight. Plant parasitic nematodeswereidentified fromthewholesample
and counted to genera under a microscope. Total nematodes, including non plant-
feeding genera, were estimated in a Doncaster dish by counting 25% of the sample.
Occasional nematode sampling was al so conducted from the mown plotsand thisdata
was included with the accumulated nematode results. In May 1998 clover rootswere
washed from 10 cm diameter soil coresand stained in aniline blueto count nematodes
withintheroots. WC samplestakenfromwithinthe CC plotswereal soincludedinroot
and foliar observations.

RESULTS AND DISCUSSION

Insect Pests

Grass grub (Costelytra zealandica) (GG) populations exceeded 50/m? in the
establishment year and peaked at 2-300/n? during years 2 and 3 before declining in
year 4 in association with severe drought conditions (Fig. 1). GG numbers initially
increased more rapidly in WC, probably reflecting greater pasture growth and clover
content in year 1 (Watson et al. 19964), but also declined more rapidly in WC plots
inyear 4. Thisrelated to theloss of clover cover and more extreme soil temperatures
during summer drought (Watson et al. 1998). However, the declinein GG numbers
continued in both pasturesto year 6. Thiscompleted an outbreak cycletypical of new
pasture established after cropping and suggests that populationsin both pasture types
were ultimately regulated by disease build-up rather than pasture clover content. For
example, milky disease (Bacillus popilliag) incidence of 15% was observed during
grass grub sampling in February 1999 and can directly affect intergenerational
survival in North Island grass grub populations (East and Wigley 1985; Miln 1982).

300
300 1 Grass Grub Tasmanian grass grub

\ 250
250 / d I

200 /\
/ N\ |

150

100

Individuals / m?
z

—e— Caucasian clover
—=— White clover

_e— Caucasian clover
—~— White clover

70 35
‘White fringed weevil Clover root weeyvil

60 4 I 30 {

S04 25

404y Caucasian clover 20 —e— Caucasian clover

—— White clover —o— While clover

Individuals / m?

I L.

0 - y
1995 1996 1997 1998 1999 2000 1995 1996 1997 1998 1999 2000

FIGURE 1: Grassgrub, Tasmanian grass grub, whitefringed weevil and clover
root weevil populations over six years in autumn from grazed
ryegrass pasture with white or Caucasian clover. Vertical bars
represent SEDs.
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Dymock et al. (1989) found no differenceinfood quality between the cloversfor GG.
Superficial scarring by GG feeding on CC taproot and rhizome surfaceswas observed.
Thisseldomlead to plant death, severance of rhizomesor secondary diseaseinfection,
but during peak populations the fibrous root system was markedly depleted by a
combination of grass grub and root knot nematode (Watsonet al. 1998.). The ability
of CCtoout-persist popul ation outbreaksby grassgrubfollowing pastureestablishment
has also been observed in Canterbury (R. Arnst, pers. comm.)

Tasmaniangrassgrub (Aphodiustasmaniae) (TGG) numberswereinitiatedin CC
plotsinyear 1 (Watson et al. 1996b), but increased more rapidly in WC to reach 100
and 200/m? respectively in year 3 (Fig. 1). Therewas adeclinein both populationsin
year 4, but theoverall trend wasfor agradual increasein TGG numbersover six years.
While 150 and 120 |arvae/m?wererecorded inCC and WC respectively under pasture
in early May 1999, populations were highly aggregated under cow dung, where
numbers approached 500/m?. These grubs may move out from dung to exploit pasture
at alater stage. TGG isnot directly dependent on clover for food. Whileleavesof both
clover species were observed in the underground food stores, leaf material of other
species was predominant. The TGG populations may have reflected other physical
factors, such asapreferencefor open cover by adultsduring dispersal and oviposition
in January.

Whitefringed weevil (Naupactusleucoloma) (WFW) popul ationsrecorded during
autumn sampling were not high, and small sized larvae present at thistime may have
been underestimated from hand sorting. By late spring in the sixth year, the extensive
CC rhizomenetwork wasobserved to be breaking upinto patches. Some rhizomesand
taproots showed extensive feeding scars associated with large sized WFW larvae,
which penetrated into the conductive tissues and severed some rhizomes. The break-
up of CC may also have resulted from natural death of some of the original taproots,
to which the devel oping rhizome network had hitherto maintained contact.

Clover root weevil (Stona lepidus) (CRW) was first observed on this farm in
1996, and was expected to undergo arapid popul ation increase to damaging levelsin
white clover based on experience in Waikato pastures (Willoughby and Addison
1997; Addisonet al. 1998). However, theintervention of successive summer droughts
markedly suppressed thepopulationincrease(Fig. 1). Since CRW isdirectly dependent
on clover, virtual disappearance of WC in year 4 accounted for particularly low
numbers in May 1998. WC began recovering, largely from autumn and spring
germinating seed in 1998, and achieved moderate levels by December 1999, before
againsufferingfrom drought. Adult weevil feeding notcheson clover leavesindicated
no strong preferences between WC and CC plots, or between clovers within the CC
plots (datanot presented). Foliar feeding by other insects (mostly Epyaxaroseariaon
CCandZizinalabradusonWC) reflected that discussed by Watsonet al. (1996b), but
at reduced levels of damage.

The non-clover feeding black beetle (Heteronychus arator) maintained asimilar
presencein plots of either clover. Ryegrass pulling in late summer/autumn as aresult
of root pruning by thelarval stageincreased in 1999 and 2000, consistent with its pest
status regionally.

Nematode pests

Counts of plant parasitic nematode species in the soil are presented on the basis
of the proportion of the total plant parasite population (% PP) present, taken over 32
sampling occasions from 1994 to 1999 and annualised to December. Non root-
invasive Paratrichodorus minor and Helicotylenchus labiatus were not affected by
pasture type and predominated initially after maize cropping, at around 27 and 45%
PP respectively. Populations of each nematode ultimately declined to around 10% PP
(Fig. 2). Theclover rootinvading clover cyst (Heteroderatrifolii) (CCN) and root knot
(Meloidogyne hapla) (RKN) nematodes were initially not detected. CCN in WC soil
increased to a peak of 40% PP in year 4 before declining to <5% following the
decimation of WC in summer 1997/98. In CC, CCN increased very slowly to a
maximum 7% PP by 1997. In contrast, RKN increased morerapidly in CCthaninWC
and stabilised at around 50% PP by 1996. In WC RKN reached 30% PPin 1996 before
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FIGURE 2: Relative soil populations over six years for Helicotylenchus,
Paratrichodorus, Heterodera, Meloidogyne and Pratylenchus
nematodesin ryegrass pasture containing white or Caucasian clover.

declining to only 2% subsequently. There was an increased response in pasture DM

production to nematicide application in CC plots following the increase in RKN
incidence (Watsonet al. 1998). Theremaining root-invading genus (lesion nematode,
Pratylenchus spp.) hasawide host rangeincluding grass and weed speciesin addition
to clover (Cook and Y eates 1993). Lesion nematode populations were maintained
around 10-30% PP, but increased markedly to 72% in 1998 in the WC plots after the
declinein CCN. When the numbersof each nematode were accumulated for the 6 year
sample period the ratios occurring in CC and WC soil respectively were 10:90
(CC:WC) for CCN, 79:21 for RKN and 21:79 for lesion nematode. CC is possibly a
more favourable host for RKN than WC (Mercer and Millar 1997), but competition
from CCN may have further contributed to its suppression in WC relative to CC.
Lesion nematodes were apparently suppressed in the presence of CC even though it
is regarded as a favourable host for one species present, P. penetrans (Thies et al.

1995). Nematodesin WC rootsgrowinginassociationwith CCtendedtoreflect levels
present in CC, with increased RKN and fewer CCN than in WC growing alone (data
not shown). Populations of Paratylenchus nanusdid not increase markedly fromvery
low numbers at the start of the trial, despite being numerically dominant in adjacent
longterm pasture. Initially therewerelow populationsof Macroposthoniasp. but this
was not detected after three years in pasture.

CONCLUSIONS
Over six years CC showed greater persistence than WC in the face of climatic
extremes. No pests were exclusive to the presence of either WC or CC. Small
differences in some pest populations in some years may have related to transitory
differencesin overall clover abundance or to physical conditions within the pasture
types. Two soil insectswhich reached economically damaging levels, TGG and black
beetle, arenot directly affected by the presenceof clover asafood resource. Grassgrub
populations underwent apopul ation outbreak cycletypical of new pasture, whichwas
not prolonged significantly by the greater persistence of CC. Summer drought
restricted the build-up to damaging levels of clover root weevil. Whitefringed weevil
may have contributed to breaking up the rhizome network and a more patchy

distribution of CC in the pasture by the sixth year.
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Clover feeding nematodesbuilt up rapidly over thefirst threeyearsof pastureafter
maize cropping. CCN was markedly suppressed in CC relative to WC, but was
compensated by a greater presence of RKN leading to an increased response to
nematicide by year 4. Nematodes were confirmed as playing a direct roll in white
clover abundance, by exacerbating the effectsof drought. Whenwhiteclover declined
tovery low levelsin pasture, clover nematode abundance was similarly reduced, thus
facilitating vigorous seedling and stolon regeneration. The restricted distribution of
root knot nematodesand clover feedingweevilsinmany South Island districts, andthe
suppression of clover cyst nematode, may enhance the opportunities for CC to
significantly improve legume performance from pasture.
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