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EXECUTIVE SUMMARY

Clover root weevil (CRW/Sitona lepidus) is currently (2006) distributed throughout
the North Island and in early 2006 was detected in the South Island in the Nelson
and Canterbury regions.

CRW life stages (larva and adult) are present in pasture throughout the year
rendering chemical control impractical.

No climatic or geographical barrier to the eventual spread of CRW throughout New
Zealand is anticipated.

In 2006 a wasp parasitoid (Microctonus aethiopoides) was released in the Waikato,
Manawatu and Hawkes Bay regions with consideration being given to further
‘nursery site’ releases in the North Island and in the South Island. ‘Nursery sites’ will
enable farmers and local bodies to disperse the parasitoid.

The wasp attacks the adult CRW, immediately rendering the female infertile.

It will be three to five years before the impact of the parasitoid on the economic
impact of CRW is known.

Under attack from CRW, the host plant clover has reduced vigour and ability to ‘fix’
nitrogen.

The reduced ability to ‘fix’ nitrogen could on average be as high as 50%.

White clover is estimated to fix 1.57 million tonnes of nitrogen annually over 13.5
million ha of New Zealand grasslands to a value of $1.5 billion.

To maintain profitability pastoral farmers need to replace this ‘fixed’ nitrogen with
nitrogenous fertiliser.

Currently ‘best practice’ is small amounts (5 — 15 kgN/ha) applied post grazing 8 — 12
times per year when clover growth conditions, soil moisture and temperature
minimise leaching and volatilisation.

Evaluation of this ‘best practise’ is currently being evaluated in field trials.
(AgResearch/Sustainable Farming Fund/AGMARDT)

Observation of ‘best practice’ will mitigate the environmental concerns around the
use of nitrogenous fertilisers in New Zealand pastures.

Clover selection programmes have identified clover lines with an ability to better
withstand CRW attack (tolerance). (AgResearch/FRST)

Clover seedlings are particularly vulnerable to CRW adult attack.

Clover re-establishment in pasture is currently under evaluation in field trials.
(AgResearch/Sustainable Farming Fund).

Eliminating clover by chemicals or an intermediary crop prior to sowing pasture has
been shown to result in better clover establishment and sustainability.

Pasture and fertiliser management by farmers favouring clover growth plays an
important role in clover production and sustainability.

Neglect of these practises in the presence of CRW may result in the loss of clover
from pastures. (see ‘Managing clover in the presence of clover root weevil' a
pamphlet produced by the New Zealand Clover Root Weevil Action Group).

Farmer identification and ownership of the problems introduced by the arrival of
CRW has been key to establishing a research programme to address some of the
issues around clover establishment and effective nitrogen fertiliser use for clover
management.

Active in the establishment of this programme have been: New Zealand Clover Root
Weevil Action Group (previously the Waikato Clover Management Group), Northland
Clover Pest Interest Group, AgResearch (science provider), NZ Landcare Trust
(facilitation and management), with funding from MAF Sustainable Farming Fund and
AGMARDT and the support of DEXCEL, Nufarm, Wrightson Seeds, Rabobank, and
Ballance Agri-nutrients.



1. Introduction
1.1. Report objectives

This report has been prepared to fulfil objective 1 for the New Zealand Clover Root Weevil Action
Group project: ‘On farm management of the economic and environmental impacts of clover root
weevil'.

Information on clover root weevil gleaned from reports, published papers and from farmers in
infested areas has been collated into this report which is envisaged as a source document
readable by farmers and advisors alike.

The authors have strived to ensure that clover root weevil is not pictured as the root of all problems
facing pastoral farmers rather a part of solvable issues to do with fertiliser use, in particular
nitrogen, and sustainable and sustaining pastures based around the traditional clover ryegrass
mix.

1.2. Background — the New Zealand Clover Root Weevi | Action Group

The New Zealand Clover Root Weevil Action Group had its origins at the 2002 Mystery Creek
National Field Days when Lorraine Bilby responded to a challenge from Bruce Willoughby, an
entomologist with AgResearch at the Ruakura Research Centre, to galvanise farmers into securing
funding to address ways to practically mitigate the effects of clover root weevil. The Waikato Clover
Management Group was formed and while grappling with the intricacies of funding applications
produced the ‘Managing clover in the presence of clover root weevil' pamphlet, participated in ten
regional seminars on pasture management strategies to mitigate the effects of clover root weevil
and manned its own stand at the '03, '04 and '05 national Field Days. The group worked closely
with AgResearch (Bruce Willoughby and Mike O’Connor), the New Zealand Landcare Trust (Helen
Moodie) and the Northland Clover Pest Interest Group. With the support of this latter group and
MAF Sustainable Farming Fund (Kevin Steele) funding targeting clover flea, another pest of clover,
was able to be re-directed into a joint Northland/Waikato project investigating clover re-
establishment in the presence of clover root weevil. This collaboration formed the key turning point
to the successful funding (MAF Sustainable Farming Fund, AGMARDT, Pasture Partners and ag-
industry) of the current project to address issues of on farm management of the economic and
environmental impacts of clover root weevil.

The process has been a learning experience for all and some of the lessons include: Key to the
whole process of securing funding for applied science has been farmer involvement. Farmers
identified and took ownership of the problems brought by the arrival of clover root weevil in their
pastures. Early involvement of the researchers helped formalise the questions and their role was to
design the experimental work needed to provide answers. The formation of the Waikato Clover
Management Group linked a skill set amongst farmers and industry to constructively tackle specific
issues. Linkages were formed with other groups and government bodies. Facilitation of meetings,
field days and the many activities that ensure the functionality of such a diverse body of talents that
was the Waikato Clover Management Group is best handled by a third party, in this case the New
Zealand Landcare Trust. Despite wide publicity of the impact of clover root weevil on farm
profitability it was three years before any substantial funding eventuated reflecting the difficulty in
prioritising a limited funding resource. The fact that farmers were forced to increase nitrogenous
fertiliser use to maintain profitability in an environment of increasing awareness of the
environmental impacts of such use also played a role.

1.3. Useful links for clover root weevil
http://www.cloverrootweevil.org.nz/About.html
http://www.dexcel.co.nz/farmfacts.cfm?id=131
http://www.agresearch.co.nz/CRW/

2. Clover root weevil

Since its discovery in 1996 in the Waikato, clover root weevil Sitona lepidus Gyllenhal (Coleoptera:
Curculionidae) has spread throughout the North Island and established as one of the most



damaging clover pests found in New Zealand. The origins of this incursion have yet to be
established but after a delineation survey in 1997 in which 200,000 ha of pasture land were
confirmed to be infested eradication was deemed unfeasible. In 2006 clover root weevil was
detected in the South Island at Christchurch and near Nelson.

In New Zealand clover root weevil adults and larvae feed exclusively on clover leaves and root
material. The feeding preference is exclusive to the extent that if there are no host plants (clover)
available in a pasture then there will be no clover root weevil. It is hoped that this specialisation can
be exploited to minimise the impact of clover root weevil on pastoral farming.

2.1. Biology and seasonal abundance

The adult clover root weevil (Figure 1) is about 6mm long and its inconspicuous grey colouration
conceals it well on the soil surface at the base of the pasture. They may feed at day or night
depending on weather but are seldom seen on clover leaves which form their sole diet as they
quickly drop to the ground if disturbed. Evidence of feeding is characteristic, a U shaped notch
eaten from the leaf as the insect stands astride the leaf margin and gnaws the distinctive profile
(Figure 1). Clover seedlings are particularly vulnerable to adult clover root weevil and significant
seedling mortality may result.

Drought conditions do not suit either clover
root weevil or white clover. In dry
conditions as its host reaches wilting point
the clover root weevil adult has the ability
to develop flight muscles at the expense of
its reproductive functions. Eggs and
ovaries are absorbed and the weevil flies
to a healthy host which may be in a lawn or
race metres away, or further afield. The
process is then reversed and the job of
reproducing resumed. Eggs laid as pasture
conditions dry will die and with the
emigration of the adults a pasture may
receive a temporary respite from clover
root weevil. As soil moistures are restored
and the clover recovers clover root weevil
immigration occurs within a couple of
months or so.

Figure 1. Clover root weevil adult on clover leaf Clover root weevil adults may be found in
showing characteristic U shaped feeding notches pasture throughout the year. However they

are more abundant in spring and autumn.
The amount of clover leaf notching may reflect either adult abundance or activity or both. As a
general rule, the more feeding activity seen; the more eggs the adults will be depositing into the
pasture. The eggs (Figure 2) are about 0.3mm, white when laid on the soil surface but soon turn a
dark colour. A female CRW may lay up to 1500 eggs in a life of up to 30 weeks.



The larvae hatch within two to three
weeks and move into the soll
seeking the vulnerable nodules on
clover plants upon which they feed
almost exclusively and destroy in the
process. A single larva may destroy
up to nine nodules before moving to
feed on the clover roots and
ultimately, if the food resources are
scarce, the stolon. Clover root
weevil larvae are present in the soil
throughout the year with the
seasonal  population  variations
mirroring the adult populations with
a 4 — 6 week lag. Research has
shown that populations of 300
larva/m? can reduce spring clover
Figure 2. clover root weevil larva emerging from egg production by 56% and that the
erect large leafed clovers are particularly vulnerable. Larval populations have been regularly
measured in the region of 1,000 to 1,500/m?.

2.2. Impact on the host plant — clover
Clover root weevil has been attributed with a major detrimental effect on the sustainability of white
clover, particularly in dairy pastures. Measurements in the Waikato support this farmer observation
(Figure 3). In this case clover content in the pasture prior to the arrival of clover root weevil was
12% — 45% over the year while 5 years later the range was 2% — 18%.

Figure 3. Clover content in a Waikato pasture prior and post clover root weevil

2.3. Economic impact
A comprehensive report (‘Clover Root Weevil — Economic impact assessment’ authors S. Wear
and G. Andrews) on the national economic impact of clover root weevil was prepared by the New
Zealand Institute of Economic Research for the Ministry of Agriculture and Forestry in mid 2005.
The analysis was based on two impacts of clover root weevil; lost production through lower quality
and quantity of pasture, and the application of nitrogen fertiliser to offset the losses in naturally



fixed nitrogen. Three scenarios, based on the time to nation wide spread, were considered; 2008,
2010 and 2015. Lost production was estimated at $20.9, $7.2, and $3.2 billion respectively.
Similarly the nitrogen fertiliser costs were $848, $305 and $147 million.

The detection of clover root weevil in Canterbury and Marlborough in 2006 probably means that
nation wide spread will be complete by 2010. The increased use of nitrogenous fertilisers by
farmers in response to clover root weevil is not predicted to increase pollution of waterways as this
is mostly attributed to animal wastes. However, nitrous oxide additions to greenhouse gas
emissions are predicted to increase.

Table 1 contains an estimation of the cost to replace nitrogen that would otherwise be fixed by
clover. In this example the amount of nitrogen fixed annually by clover is estimated as 200 kg.
There has been an estimation of 50% nodule loss from CRW damage. In this example urea
(46%N) is used so there is a need for 2.17 kg urea to replace the estimated 1.0 kg N lost. The
costs are 2006 figures. Some nitrogen will be returned to the system as nodules and severed root
decay. This has not been accounted for.

Table 1. Cost of replacing nitrogen

Nitrogen fixation (kg/ha/year) 200
CRW damage to nodules (%) 50
Price of Urea (46% N) $/tonne 550
Cartage cost ($/tonne) 12
Application cost ($/tonne) 78

(Note: need 2.17 kg urea to replace 1.0 kg N)
Cost of replacing N losses ($/ha) 139.13

3. Clover

Clover, in particular white clover, is the key to the profitably of pasture based farming in New
Zealand. Ryegrass/white clover based pastures have been favoured by pastoral farmers in New
Zealand for 100 years for very good reasons. They have proven robust, productive and sustainable
for a long period of time. It is only in the past 10 years that these characteristics have come under
question as farmers constantly push the boundaries of production. White clover appears to be the
component that has suffered the most. To understand why, it is necessary to know something of
the biology of this legume.

3.1. Biology — growth forms and nitrogen fixation

White clover has branching horizontal growth (stolons) with nodal roots and shoots. By contrast
red and Caucasian clovers have permanent crowns and deep tap roots which confer advantages in
times of drought but with a concentration of buds in the crown shoots means the plants are
vulnerable to over grazing. White clover is vulnerable in times of drought but with its vegetative
buds at ground level is more tolerant of grazing. Under chronic stress white clover may revert from
an upright large leafed form, to a prostrate (not upright but ground hugging) small leafed form. This
transition has often been observed by the authors in dairy pastures when white clover has come
under pressure from clover root weevil. In the latter form the legume is unavailable to cattle or dairy
COWS.

Nitrogen fixation is the conversion of atmospheric nitrogen into organic nitrogen compounds. It
results from an association between clover plants (all legumes) and Rhizobium bacteria in clover
root nodules. Clover root nodules may be recognised as small (0.5 — 2.0 mm) protrusions on
clover roots. They may be coloured black (dead), white (inactive) or pink (active). Clover root
nodules are usually near to the soil surface on white clover and are very vulnerable to damage



from first instar clover root weevil larvae. The slightest damage will result in the death of the
nodule. The mass hatching of clover root weevil eggs in spring and autumn will result in the virtual
denudation of nodules from the clover roots with a subsequent yellowing (chlorosis) of the clover
leaves. As the clover root weevil develop and feed predominantly on the clover rots and stolons the
clover plant may develop new nodules. These are usually lower down on the plant root system and
would be vulnerable to isolation from root pruning.

White clover has been estimated to fix 1.57 million tonnes of nitrogen annually over 13.5 million ha
of New Zealand grasslands to a value of $1.5 billion.

3.2. Role in pasture — feed quality, seasonality, c  omplementary nature to ryegrass

Forage legumes provide a component of quality in the form of protein and complex carbohydrates
for grazing animals. A measure of feed quality is the metabolisable energy (ME). Clover has an ME
of around 12 which is similar to top quality forage grasses. However, as the grasses become
reproductive the ME falls rapidly to around 8. Lower lignin content means that clover is also more
easily digested, and more palatable to stock. Clovers, and other forage legumes, therefore have an
important role in providing continuity of feed quality. Some examples of the seasonal change in a
mixed (ryegrass/white clover) pasture dry matter (DM), metabolisable energy (ME expressed as Mj
ME.kgDM), and % crude protein on a dry matter basis compared to white clover (Table 2).

Table 2. Seasonal variation in feed value of mixed (ryegrass/clover) and clover pasture
(from Dexcel Farm Fact 130)

Seasonal pasture % DM ME %protein
Ryegrass/white clover — autumn 15 10.8 25

- winter (short) 15 11.2 25

- spring (short) 15 12.0 22

- spring (mixed) 15 11.2 20

- spring (rank) 18 10.3 15

- summer (leafy) 18 10.3 15

- summer (dry stalky) 30 8.0 10
White clover 15 12 25

While the data in Table 3 serves to illustrate the value of clover in a pasture the results presented
pose as many questions as are answered. The data comes from a 6 year trial conducted by Han
Eerens in Southland from 1990 to 1995. The objective was to measure the outcomes from
replacing the nitrogen fixed by clover with nitrogenous fertiliser (urea) in a ryegrass pasture. The
22% increase in total herbage per year does not fully explain the 40% increase in lamb carcase
weight, the 23% increase in wool production and 9% increase in ewe weight at weaning that was
measured from stock grazed on the mixed (clover/ryegrass) pasture. The data illustrates that
nitrogen fixation by clover in Southland has been underestimated and highlights the increased
nutritive factor in mixed clover/ryegrass pastures.



Table 3: Pasture and stock growth responses to the replacement of clover fixed nitrogen with
fertiliser (urea) nitrogen in a Southland ryegrass pasture.

Grass only Mixed pasture % difference

Nitrogen kg N/halyear 270 0

Total herbage kg DM/ha/year 14,200 17,350 +22
Ryegrass kg DM/ha/year 11,900 10,850 -9

White clover kg DM/halyear 0 4,700

Lamb carcase (kg/ha) 450 629 +40
Wool production (kg/ewe) 3.82 4.69 +23
Ewe weight at weaning (kg) 60.3 65.4 +9

While clover is slower than ryegrass to start growth in spring, the summer growth is generally
better. With the new clover varieties, autumn growth while initially behind ryegrass continues
longer into the winter months.

3.3. Fertiliser needs — P, K and N
Timing of fertiliser application to coincide with periods of maximum clover growth is important. The
timing will vary from region to region and within regions according to soil type and rainfall
distribution. For example phosphatic fertilisers should be applied earlier in the autumn in the South
Island and the Wairarapa and King Country in the North Island. In all cases soil tests are essential
to ensure rational decision making in fertiliser application.

4. Nitrogenous fertilisers

Nitrogenous fertilisers can be divided into the water soluble (ammonia or nitrate, a combination, or
urea) or the water insoluble (dried blood, bone meal, or urea derivatives). The soluble forms are
more readily available to plants and hence more popular with farmers.

Clovers need nitrogen compounds to survive and while these are usually provided through the
clover’'s association with the Rhizobium bacteria this beneficial association may be lost when
clover root weevil are present. In these circumstances clover will respond well to the application of
nitrogenous fertilisers.

4.1. Atool to manage feed shortfalls

Nitrogenous fertilisers have traditionally been used by farmers as a tool to manage anticipated feed
short falls. Given suitable growing temperature and moisture levels a pasture response was
practically guaranteed. A spring application could ensure a surplus to set aside to be harvested as
silage or hay. An autumn application could ensure that despite the ravages of grass grub there was
sufficient feed for both the insect and the stock over winter. In these instances the application of
the fertiliser is made for a grass response and usually at a rate of 50 to 60 units of N at each
application.

4.2. Strategic use for clover response
Because the growth patterns of clover differ from those of ryegrass the application of nitrogenous
fertilisers for a clover response differs. To mitigate the effects of clover root weevil dairy farmers in
the Waikato apply nitrogenous fertilisers at rates of 5 — 10 kg N/ha after grazing in spring and
autumn. A total amount of between 150 and 200 kg N/ha is applied aimed to restore the N no



longer produced by the clover. Applications are also dictated by soil moisture and temperature,
with few applications in summer drought conditions when clover growth is minimal and the chance
of losing the fertiliser to volatilisation high. With cooler soil temperatures in winter clover growth will
also be slow for most clovers and winter rains increase the risk of N leaching.

The pattern of nitrogenous fertiliser use to mitigate the effects of clover root weevil will differ from
region to region according to climatic, weather, soil and pasture management. Key consideration is
to enure that the applied N is not lost to the environment and the feed produced is consumed.

4.3. Managing nitrogen losses

The eutrification (increased nutrient content) of lakes and waterways in New Zealand is coming
under increasing scrutiny as the resultant increase in biota reduces water clarity and potability. The
increase in farming intensity in recent years, with higher stocking rates and fertiliser inputs has
been identified as important contributing factors. Cow urine patches, each a point source
contributing an equivalent of around 900 kgN/ha into the environment are a major source of water
enrichment. Misuse of N and P fertilisers may also play a role, however there is a strong economic
motive for farmers to ensure they get the best possible response from expensive fertilisers. N
fertilisers should not be applied on or close to water ways. Applications should not be made in hot
dry conditions when the risk of volatilisation is high. Likewise applications should not be made in
cold wet conditions when the risk of leaching is high.

5. Insecticides

Modern insecticides, with the exception of some of the bio-insecticides, are not specific (targeted)
in their activity. Beneficial as well as pest species are indiscriminately killed. Currently there are no
soil active insecticides available in New Zealand that are cost effective against clover root weevil
larvae as a broad acre application in pastoral farming.

Clover seedlings are particularly vulnerable to destruction by clover root weevil adults and may
benefit from the protection of a foliar insecticide. Chlorpyriphos (Lorsban 750 WG) is registered for
use in pasture against clover root weevil to be applied as a single application of 333 g/ha or two
applications 14 days apart at 167 g/ha each.

6. Biocontrol of clover root weevil
6.1. What is biocontrol? Some examples of successfu | biocontrol in New Zealand

Biocontrol involves the release of a predatory, parasitic or disease agent against a pest species
with the objective of reducing population levels to a level that does not impact on economic activity.
The objective of population reduction rather than elimination as was the case with synthetic
insecticide use is an important concept to understand. The survival of the biocontrol agent in many
cases relies on the presence of the host/prey/target albeit at low levels. Biocontrol agents usually
operate in the absence of any specific management by the farmer.

Throughout the 1960’s and 1970’s lucerne weevil (Sitona discoideus) was a significant pest of
lucerne involving farmer's time and money in pest control to the extent that the crop was
uneconomic to produce. The parasitic wasp, Microctonus aethiopoides was introduced in 1982 to
control this weevil and by reducing adult egg-laying by 87%, reduced larval numbers to below
economically damaging levels. Savings were valued at $5.6-$6.8 million p.a. One of the key
reasons why M. aethiopoides is such an effective biocontrol agent is that it has multiple
generations per year and once the parasitoid egg is laid within the weevil’s body cavity, sterilisation
ensues within days.

6.2. Parasitic wasp — biology, role and possible im  pacts
It was proposed, early in 2006, to release an lIrish strain of a small parasitic wasp Microctonus
aethiopoides Loan (Hymenoptera: Braconidae) to reduce clover root weevil populations.

A Moroccan strain of this parasitoid, introduced in 1982 to control the lucerne weevil, is already
widespread in New Zealand. The Moroccan strain reduced the populations of lucerne weevil to



levels where it was not perceived as a significant pest in lucerne. While the two weevil species are
closely related and certainly similar in size and colouration the Moroccan parasitoid was ineffective
against the clover root weevil (Barratt et al. 1997a).

The wasp (Figure 4), about the size of
a sand fly, seeks out the adult weevil to
lay an egg/eggs into its body. The adult
weevil immediately stops feeding and
reproducing. The eggs develop to
larvae which upon pupation turn into
the adult parasitoid which emerges
from the still living, but soon to die
weevil adult. The process from egg
laying to the emergence of the adult
parasitoid is temperature dependant
taking about a month at 20°C with
indications that the parasitoid may
diapause as a larva in the host over the
winter months (P. Gerard pers com).
The parasitic wasp does not affect
Figure 4. Clover root weevil adult and wasp parasitoid man, or animals other than the weevil.
Both the Moroccan and lIrish strains of the parasitoid may attack native weevils. The Moroccan
strain has been shown in the laboratory to be the more aggressive on non target weevils but there
has been no measurable effect on native weevil populations.

6.3. Bio-insecticide — biology, mode of action and progress to date
Bio-insecticides are usually formulated around specific diseases (pathogens) of insects and as
such have no mammalian toxicity. In contrast to manufactured insecticides which are usually very
broad spectrum (i.e. kill a wide range of insects both pest and beneficial) bio-insecticides are
usually very specific in their action (i.e. kill only the target insect)

A pathogen of clover root weevil adults and larvae has been identified and has proven very
effective in the laboratory. Field efficacy assessments are currently underway and it is hoped to
have a product available by 2007.

7. Clover root weevil tolerant forage legumes — the pros and cons
Tolerance in the context of insect/plant relationships means that the host plant is able to withstand
greater pressure from insects attack before growth rates are affected. Resistance is a term used to
describe plants that have the ability to deter or kill a potential pest.

Taking a clover root weevil tolerant white clover as an example this would mean that larger
populations of the pest are contained on the host plant. The host plant may eventually succumb to
the pressure, in this event the clover root weevil will emigrate from the failing host plant to find
another.

7.1. White clover

White clover (Trifolium repens) is clover root weevil's preferred host. Despite extensive evaluation
trials (Eerens et al 2001, Watson et al 2002 and Crush et al 2004) no evidence of resistance in
white clover to clover root weevil has been found. Recently released varieties of white clover such
as Kopu 2 and Apex do however, carry claims of improved clover root weevil tolerance based on
measurements of comparatively better vigour than older varieties in the presence of the pest.
Current selection and breeding programs are addressing the need of farmers to have white clover
varieties that are better able to tolerate insect and nematode pest burdens.

White clover retains a crown tap root for about 2 years after germination after which the nodal roots
provide nutrients and moisture from the soil. During this early period of development white clover
should be less vulnerable to clover root weevil larval feeding.



7.2. Red clover

Red clover (Trifolium pratense) may be fed upon by clover root weevil adults but is not a preferred
host. Chemicals (isoflavone formononetin) in the leaves are implicated as feeding deterrents. Red
clover has a single growing crown with a deep tap root that may be less vulnerable to larval
feeding. Red clover establishes readily however, poor persistence in dairy grazed pastures has
been observed as the crown tap root is vulnerable to stock treading. In general red clover is a short
lived perennial which also suffers from poor seed production and probably has a greater role as a
conserved crop rather than a component in perennial pasture.

7.3. Caucasian clover
Clover root weevil adults will feed on Caucasian clover (Trifolium ambiguum) leafs. However, there
is no evidence of the larvae surviving on the roots. Caucasian clover has a system of underground
rhizomes which mean that it is less vulnerable in dry conditions than white clover and performs
better in cooler climes. However, it is slow to establish and requires special rhizobia not available
naturally in New Zealand pastoral soils.

7.4. Lotus
Lotus (Lotus pedunculatus, L.. corniculatus) is resistant to both adult and larval clover root weevil
feeding. Resistance in this context means that insects forced to feed on lotus will die. Lotus
produces chemicals that are toxic to insects (e.g. grass grub and porina) and as such this legume
is not a host plant for clover root weevil.

Lotus thrives in wet swampy areas where soil fertility is low and grazing pressure light. Lotus, with
its slow regrowth, is unable to compete with white clover in intensively farmed systems with high
fertility soils.

7.5. Lucerne
Lucerne (Medicago sativa), evolved in Asia minor with hot dry summers and cold winters, is not a
host to clover root weevil. It is best suited to the above climatic conditions. Varieties resistant to
bacterial wilt and blue-green aphid are now available overcoming what were serious constraints to
lucerne growing 20 years ago. Lucerne requires careful establishment and management to ensure
a perennial crop.

7.6. Subterranean clover

Subterranean clover (Trifolium subterraneum), a winter annual clover, is not known to be a host of
clover root weevil. However, at the time of writing clover root weevil had only recently established
in areas where subterranean clover is the predominant pasture legume. Subterranean clover, a
native of the Mediterranean region, is winter active where winters are moist and mild. It grows
extensively through the Hawke Bay, Manawatu and Wairarapa regions and in Marlborough and
Canterbury in the South Island. It survives well under grazing and summer survival is dependant
on prolific seed setting. As a winter annual clover it will not support clover root weevil on its own.

7.7. Alsike clover
Alsike clover (Trifolium hybridum) is used in oversowing the tussock grasslands of the South Island
and at the time of writing had not been screened as a clover root weevil host.

8. Clover management in pastures to mitigate the ef  fects of clover

root weevil
Good clover management practices can greatly assist the legume to withstand the damage
inflicted by clover root weevil. Conversely plant stress induced by poor management practices
may, with the additional stress of clover root weevil, result in the loss of the legume from the sward.
Practices to avoid are listed below:

8.1. Spring — avoid shading
Clover recovery after the winter months can be seriously impeded if the grass component of the
pasture is allowed to become rank and reduce the sunlight reaching the clover leaves. Clover



plants fragment into small plantlets with minimal root reserves over winter and need to build these
up during spring.

8.2. Summer — avoid excessive exposure
Maximum clover growth occurs over the summer months. Clover stolons can be burnt by UV
radiation to the point of being killed. Adequate pasture cover over the summer months is necessary
to ensure the stolons are protected.

8.3. Autumn — avoid fertiliser limitations
Soil tests should be taken on an annual basis from paddocks that represent all the soil types
present on a property. When clover root weevil is present it may not be P that is a limiting factor to
clover growth and form. It may be more cost effective to apply N fertiliser.

8.4. Winter — avoid pugging
Soils, pastures and particularly clovers do not stand pugging well. A single pugging event of half an
hour duration may take the soil and pasture 3 months to recover to its former status.

9. Re-establishing clover in the presence of clover root weevil

Clover can be very difficult to re-establish in a sward when clover root weevil is present. The adult
weevil favours clover seedlings which are very vulnerable to insect feeding damage. Seed coating
technology, in its current stage of development, is unable to deliver sufficient protection through the
use of systemic insecticides to protect the clover seedling through to the two true leaf stage (about
two to three weeks). Listed below are some pasture renovation practices that can enhance clover
reestablishment into a new sward.

9.1. Grass to grass

Direct drilling new pasture species into a paddock that as had the previous pasture killed with
glyphosate is a popular method for pasture renovation. The no tillage approach helps to retain
earthworms and the insect disease organisms that play an important role in moderating grass grub
(Costelytra zealandica) populations. Glyphosate applied at label rates (3 litre/ha) for pasture
reestablishment does not kill clover and with the survival of the host plant the clover root weevil
larval populations remain. Surviving and emerging adult weevil will take a large toll of seedling
clover plants. See chapter 5 for a possible solution.

9.2. Maize to grass
Spring cultivation and the planting of a maize crop for green feed or maize silage harvest in early
autumn followed by pasture reestablishment should ensure no clover survives to host clover root
weevil through the summer. This will ensure better clover establishment. The more robust plants
should better with stand the insect attack as clover root weevil reinfests.

9.3. Brassica to grass
Spring cultivation and the planting of a brassica crop for feeding in summer followed by pasture
reestablishment should ensure no clover survives to host clover root weevil and, because of the
biofumigant effect of some varieties of brassica, clover nematode populations should be much
reduced. The combination of stress reduction will ensure better clover establishment. The more
robust plants should better with stand the insect attack as clover root weevil reinfests.



10. Projects past and present complementary to the on farm
management of the economic and environmental impact s of
clover root weevil.

This list is not intended to be complete but an indicator to a range of groups that may provide
advice on identifying and setting up research programmes. The group name is given along with the
project title and funding provider.

10.1. Clover Up project. A farm-based study to identify ways to improve the reliability of
establishment and performance of white clover. Funded by MAF Sustainable Farming
Fund. Completed. Final report (John Brock) available.

10.2. Rotorua Landowners Research Project (Ngati Whakaue Tribal Lands). Practical
Mitigation options to reduce P and N loss from farms into Rotorua Lakes Funded by MAF
Sustainable Farming Fund. Due for completion in 2006.

10.3. Northland Clover Pest Interest Group (Inc). Development of a biological control
option for control of clover flea in pasture. Funded by MAF Sustainable Farming Fund.
Current. Reports available from NZ Landcare Trust (Helen Moodie) or AgResearch (Bruce
Willoughby).

10.4. NZ Hill Country Cropping and Regrassing Network project. Establishing clover and
advanced grass species on hill country. Funded by MAF Sustainable Farming Fund.
Completed.

10.5. NZ Clover Root Weevil Action Group. On farm management of the economic and
environmental impacts of clover root weevil. Funded by MAF Sustainable Farming Fund.
Current. Reports available from NZ Landcare Trust (Helen Moodie) or AgResearch (Bruce
Willoughby).
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