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Summary

1.

Work in 2009 concentrated on the three most readily available biological control
candidates, i.e. the seed-feeding weevil Ceutorhynchus peyerimhoffi, the root-
crown mining C. rusticus, and the stem-mining flea beetle, Psylliodes isatidis.

With C. peyerimhoffi we established no-choice and single-choice oviposition tests
with eight test species, five native to North America. Unfortunately, only half of
the replicates could be regarded as valid, because weevils stopped laying eggs
soon after set-up. Apart from dyer’'s woad, eggs were only found in Sinapis alba.
However, no larvae emerged and upon dissection only dead first-instar larvae of
C. peyerimhoffi were found, clearly indicating that S. alba is not a suitable host
plant of this weevil. Work in 2010 will concentrate on trying to improve oviposition
under confined conditions and setting up additional tests.

In autumn 2009, we established additional no-choice oviposition and
development tests with C. rusticus with 32 test plant species, 17 native to North
America. As in previous years, quite a high proportion (n=23) were accepted for
oviposition. We also established an open-field test for C. rusticus at a field site in
southern Germany with six plant species that had been attacked either under no-
choice conditions and/or in multiple-choice field-cage test. Plants from all tests
are currently being overwintered. Results will be available in 2010.

No-choice larval transfer tests with P. isatidis advanced well in 2009. Adults of P.
isatidis emerged from seven of 25 exposed test species. Identification by a
taxonomist showed that flea beetles other than P. isatidis had emerged from five
additional test species. Since systematic verification of emerged adults was not
done in 2006 and 2007, some of the tests conducted during those years should
be repeated. The open field test established for C. ruticus was also used to test
P. isatidis. Results, which will be available in 2010, should tell us whether it is
worth continuing work with this species or not.

In autumn 2008, a field experiment was established to test the effect of C.
rusticus and P. isatidis in combination with interspecific competition on dyer’s
woad under more natural conditions. Thirty-two plots (2 x 2 m) of dyer's woad
were established at a field site in southern Germany. Half of the plots were sown
with a grass/forb mixture; the other half was regularly weeded during 2009 to
reduce interspecific competition. In autumn 2009, half of the plots were sprayed
twice with a systemic insecticide to reduce herbivory by C. rusticus and P.
isatidis, while adults of both species were released on the other half of the plots.
Results so far showed that interspecific competition did not influence the number
of dyer's woad plants in this first year, indicating that the plant is quite
competitive, even in its native range. However, plant size was significantly
reduced in plots with interspecific competition. In 2010, we will continue to
monitor dyer's woad growth and density and try to quantify C. rusticus and P.
isatidis attack.

In autumn 2009, a very similar experiment was established in the introduced
range of dyer's woad in south-eastern Idaho. Being able to compare the
population dynamics of dyer's woad between the native and introduced ranges
and the effect of different treatments is expected to reveal factors that govern
population growth of dyer's woad and to thus help to develop management
strategies.



1 Introduction

Dyer’s woad, Isatis tinctoria L. (Brassicaceae), is a winter annual, biennial, or short-
lived perennial mustard of Eurasian origin that was introduced to North America by
early colonists as a textile dye crop and then accidentally spread as a contaminant of
crop seed (Hegi 1986; McConnell et al. 1999). Today, dyer's woad is a declared
noxious weed in 11 western US states (US Department of Agriculture — Natural
Resources Conservation Service [USDA-NRCS] Plants National Database
[http://plants.usda.gov]; Invaders Database [http://invader.dbs.umt.edu]). It is
particularly troublesome in south-eastern Idaho (Callihan et al. 1984), northern Utah,
eastern Washington and Oregon (Hawkes et al. 1985), northern California (Wiggin
1991) and western Wyoming (Whitson 1987).

McConnell et al. (1999) summarized the distribution, biology, impacts and
management of dyer's woad in North America. Seedlings can emerge in the fall or
spring and produce rosettes, which typically flower in April and May of the second
year. Seeds are the only means of reproduction and spread, and one plant may
produce as many as 10,000. Seed pods of dyer's woad are thought to have
allelopathic effects. Although the stems of dyer's woad die after seed production,
plants can resprout from the thick rootstalk for several years, enabling the plant to
behave as a short-lived perennial. New populations of dyer's woad often establish
along roadsides and railways, and from there can quickly spread into crops,
rangeland and forests. Unlike many other mustard weeds, dyer's woad does not
depend on disturbance to establish and can readily invade and dominate well-
vegetated rangeland sites. Although the plant prefers nutrient-rich, alkaline soils, its
1- to 2-m-deep taproot also allows it to thrive in rocky or sandy soils with limited
water-holding capacity. Dyer's woad can spread extremely quickly, e.g. one
infestation in Montana increased from two acres to more than 100 acres in just two
years, and the weed is estimated to spread at an annual rate of 14% on rangeland of
the Bureau of Land Management in the Pacific North-west. It was estimated that
dyer's woad reduced crop and rangeland production in Utah by $2 million in 1981,
and the size of its infestation doubled there within ten years.

Small infestations of dyer’'s woad can be effectively controlled by hand-pulling bolting
or flowering plants. On cropland, cultivation can be effective, but must be repeated
2-3 times a year for several years. Mowing is not considered an effective method,
because plants can resprout from the crown. Chemical control of dyer's woad, for
example with phenoxy and sulfonylurea herbicides, is effective when applied at the
higher label rates during the rosette stage. Metsulfuron in combination with 2,4-D are
the herbicides found to be most effective against dyer's woad in pastures and
rangelands. On a large scale, 2,4-D is the most economical herbicide. However, in
rangeland or forests, chemical control can be limited by inaccessible terrain, possible
undesirable impacts and questionable economic returns. To date, no biological
control agents have been introduced to North America for the control of dyer’s woad,
although a rust fungus, Puccinia thlaspeos C. Schub., has been found to infect the
plant in Idaho and Utah (Kropp et al. 1997), and at high infection levels can prevent
seed or fruit production. However, by itself the rust is not solving the problem.

In conclusion, there are no satisfactory methods at this point to sustainably control
dyer's woad and halt its spread. Therefore, an initiative was started in spring 2004 by
a consortium of south-eastern Idaho and Utah counties, administered through the
Hoary Cress Consortium, to investigate the potential for classical biological control of
dyer's woad. CABI Europe — Switzerland (E-CH) was provided with modest start-up
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funding to conduct preliminary surveys for potential biological control agents against
dyer's woad in Europe. In 2005, Jim Hull (Noxious Weed Superintendent, Franklin
County, Idaho) formed a Dyer's Woad Task Force that was able to obtain funding
from the Idaho State Department of Agriculture (ISDA), USDA Forest Service and
various counties for a full foreign exploration programme. In 2008, funding by ISDA
was unfortunately discontinued. In 2009, the project was funded by various Idaho
and Utah state counties, Bear Lake RC&D, USDA-APHIS-CPHST, and the Wyoming
Biological Control Steering Committee.

2 Work programme for period under report

In view of the likely limited funding available for 2009 and the deficit accumulated
during 2008, we followed the work programme assuming limited funding presented in
the 2008 Annual Report (Hinz et al. 2009). We therefore concentrated work in 2009
on the three most promising and most readily available potential biological control
agents, and did not continue work with the root-mining weevil Aulacobaris licens and
the stem-mining flea beetle Psylliodes tricolor.

Ceutorhynchus peyerimhoffi ~ (Col., Curculionidae)
Continue rearing at CABI E-CH;
Establish no-choice oviposition tests;
Continue investigations on phenology.

Ceutorhynchus rusticus  (Col., Curculionidae)
Continue rearing at CABI E-CH;
Establish open-field test with critical plant species that supported development in
no-choice tests and were attacked under multiple-choice conditions.

Psylliodes isatidis (Col., Chrysomelidae)

Continue rearing at CABI E-CH;
Establish open-field test with critical plant species that supported development in
no-choice tests and were attacked under multiple-choice conditions.



3 Ceutorhynchus peyerimhoffi  HusTAcHE (Col., Curculionidae)

This seed-feeding weevil was selected as an additional potential agent for dyer’s
woad in 2008, because it has so far only been collected from dyer’s woad in Europe
(E. Colonnelli, pers. comm.). In addition, an agent reducing seed output would be
expected to contribute to slowing the invasion of dyer’'s woad. Adult appear emerge
in spring, at a time when dyer's woad is flowering. Females lay their eggs, mostly
singly, into the developing pods of dyer's woad. The hatching larva feeds on the
developing seed, which it destroys entirely. Mature larvae leave the pods to pupate
in the soil. Adults overwinter in the soil and only emerge the following spring.

3.1 Rearing and collections

Methods. Between 1 and 7 May 2009, 24 females and 29 males of C. peyerimhoffi
emerged from our rearing culture established in summer 2008. Weevils were either
placed into cylinders (n=4) and provided with cut inflorescences of dyer’s woad or
onto gauze-covered inflorescences of potted dyer's woad plants (n=3). On 15 May,
eggs were found in three of the four cylinders and on 18 May on all three potted
plants. On 15 and 20 May, 27 females and 29 males were collected from a field site
near Rome, with the help of our Italian collaborators Dr Massimo Cristofaro (BBCA)
and Dr Enzo Colonnelli. All field-collected weevils were tested for ability to lay eggs
and then set up in no-choice oviposition and development tests (see below).

Plate 1 Our Italian collaborator, Enzo Colonnelli, collecting Ceutorhynchus
peyerimhoffi (left); Lauren Svejcar inspecting dyer's woad plants for C.
peyerimhoffi larval emergence (right)

3.2 Host-specificity tests

Methods. Two to three females and males were released onto gauze-covered
inflorescences of dyer’'s woad control or test plants with developing fruits. After 3-5
days, weevils were retrieved and placed onto new plants, although this time weevils
that had been on test species were placed onto dyer’'s woad control plants and vice
versa. Sixty plants were established in this way: 31 dyer's woad plants and 2-6
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replicates of eight test species. Five of the test species were native to North
America, and two were economically important species (Table 1).

Results. Only 19 of the 31 control plants proved to contain eggs. Therefore, only half
of the tests established were considered to be valid (Table 1). More larvae emerged
from dyer's woad plants established for rearing than from those used for tests,
because more adults were released onto the larger plants used for rearing. Apart
from dyer's woad, eggs were found only in Sinapis alba. However, no larvae
emerged from S. alba and upon dissection only dead first-instar larvae of C.
peyerimhoffi were found, clearly indicating that S. alba is not a host plant of this
weevil. Between 5 and 25 June, 73 larvae emerged from dyer's woad plants
established for tests and rearing. This was much earlier than in 2008, probably due
to hotter and dryer weather conditions. Larvae were individually transferred into vials
filled with sifted soil to allow them to pupate. Vials are being kept in an underground
insectary for adult emergence in 2010.

Table 1 Results of sequential no-choice oviposition and larval development tests
with Ceutorhynchus peyerimhoffi in 2009

Plant species No. No. No. No. No. No. larvae
plants plants  valid plants plants (mean %
setup  with repl. with with SE)°

feeding eggs larvae®

Isatis tinctoria 31 31 19 19 8 15+14

Isatis tinctoria (culture) 5 5 3 3 3 6.2+5.1

Barbarea orthoceras ® 2 2 0 0 0 00

Boechera holboellii ® 6 6 2 0 0 0+0

Boechera lignifera® 2 2 1 0 0 00

Brassica nigra 5 5 1 0 0 0x0

Lepidium campestre 2 2 2 0 0 00

Lepidium lasiocarpum ? 2 2 2 0 0 0+0

Schoenocrambe linifolium # 3 2 1 0 0 00

Sinapis alba 5 5 5 4 2° 42+26°

&, plant species native to North America; b emerged or found upon dissection; ¢, dead first-
instar larvae.

3.3 Discussion and outlook

For unknown reasons, females stopped laying eggs 1-2 weeks after plants were set
up. Therefore, many replicates were not valid, and host-specificity tests advanced
less well than anticipated. In 2010, we will try to collect more adults over a shorter
time period, and keep some dyer’'s woad plants in cold temperatures so the right
phenological stage is available over a longer time period. In addition, many flowering
dyer’'s woad plants kept in the greenhouse were infested with aphids in 2009, which
reduced plant quality.



4 Ceutorhynchus rusticus  GYLLENHAL (Col., Curculionidae)

Females of this weevil start laying their eggs from September onwards. At CABI,
they continue laying throughout winter, until early spring. Most eggs are laid directly
into the leaf surface under the epidermis, although some are laid into the leaf stalk.
Larvae feed in the leaf stalks and later in the root-crown of dyer's woad. The main
shoot of heavily attacked plants often dies, which makes it easy to distinguish
attacked from unattacked plants in the field. Mature larvae leave the plants to pupate
in the soil, and adults of the F1 generation emerge from the end of May onwards.
Newly emerged weevils feed on leaves of dyer's woad, but then stop feeding,
become inactive, and aestivate during July and August. At the beginning of
September the weevils start feeding again.

4.1 Rearing and collections

Unfortunately, very few adults emerged from plants established for rearing weevils in
autumn 2008. Most weevils needed for host-specificity and other experiments in
2009 therefore had to be field collected. Between 15 and 24 September, 182
females and 360 males were collected in southern Germany. We have never
encountered such male-biased sex-ratios in field—collected weevils in previous
years.

4.2 Survival and oviposition

Of the ten pairs (one female and one male) of C. rusticus established in October
2007 (Hinz et al. 2008), two females were still alive in January 2009, and one
continued to lay eggs until the beginning of April 2009. One female died in mid
August; the other did not re-start laying eggs a third time and died some time in
December 2009.

4.3 Host-specificity tests

We continued to conduct no-choice oviposition and development tests in autumn
2009.

Methods. Between 11 September and 1 October 2009, we released 1-2 females
(depending on the size of the plant) and 1-2 males onto individually potted, gauze-
covered test and control plants. All females were tested for ability to lay eggs prior to
use in tests, and only females that laid eggs were used. Each time a series of test
plants was established, 5-10 dyer’'s woad plants were established as controls. After
about 7-11 days, weevils were retrieved from the plants, and feeding and oviposition
recorded visually. Some leaves from some plants were dissected to confirm the
presence of eggs. Using this method we exposed 157 plants: 39 dyer’'s woad and 1—
7 replicates of 32 test species, including 17 species native to North America. All
plants are currently being kept in an unheated greenhouse. They are regularly being
checked, and any dying plants will be dissected.

Results. Three replicates of dyer's woad, the one replicate of Lepidium didymum,
and one replicate of Thelypodium sagittatum cannot be regarded as valid, because
plants died prematurely at least partly due to aphid attack (Table 2). Except for two
test plant species, feeding occurred to a certain degree on all plant species offered,
and 23 test species were accepted for oviposition. Final results will be available in
summer 2010.



Table 2 No-choice oviposition and development tests established with
Ceutorhynchus rusticus in autumn 2009

Plant species No. replicates No. Feeding score No.
valid (mean + SE) valid
. repl. reps
setup valid with with
feeding eggs
Isatis tinctoria (dyer’s woad) 39 36 36 25+£0.1 36
Alyssum saxatile 4 4 0 0.0 0
Arabidopsis thaliana 4 4 4 3.0£0.0 4
Arabis aculeolata® 3 3 3 0.8+0.2 1
Aubrieta sp. 2 2 1 0.25+£0.25 0
Boechera lignifera® 5 5 5 2.8+0.2 5
Brassica nigra 5 5 4 1.3+04 5
Bunias orientalis 5 5 2 0.8+0.6 0
Capsella bursa-pastoris 5 5 3 1.0+05 0
Caulanthus crassicaulis® 7 7 7 09+0.3 6
Descurainia pinnata var. nelsonii® 2 2 2 0.75 £0.25 1
Draba nemorosa® 1 1 1 2.0 1
Hesperis matronalis 1 1 1 1.0 1
Iberis umbellata 5 5 4 0.6+0.2 0
Isatis glauca 4 4 4 29+0.1 4
Lepidium densiflorum?® 3 3 3 1.5+0.3 3
Lepidium didymum 1 0
Lepidium draba 2 2 2 2.25+0.25 2
Lepidium montanum var. 4 4 4 0.75+0.14 4
montanum?
Lepidium oblongum? 5 5 5 2.7+0.2 5
Lepidium papilliferum? 6 6 4 0.2+0.1 2
Lepidium perfoliatum 6 6 4 05+0.2 2
Lepidium squamatum 4 4 4 09+0.1 3
Lepidium virginicum var. medium? 3 3 1 0.03+£0.03 0
Lesquerella ludoviciana® 7 7 7 0.8+0.1 3
Lobularia maritima 5 5 5 1.7+0.2 4
Noccaea fendleri var. siskiyouense?® 1 1 0 0.0 0
(= Thlaspi montanum var.
siskiyouense)
Physaria saximontana® 5 5 4 0.7+0.2 1
Stanleya elata® 2 2 2 1.75+0.75 2
Stanleya pinnata® 3 3 3 25+0.3 3
Thelypodium laciniatum® 1 1 1 3.0 0
Thelypodium sagittatum?® 4 3 3 1.5+0.25 2
Thlaspi arvense 3 3 2 1.2+0.6 3

4, plant species native to North America.

4.4 Impact of C. rusticus in combination with plant competition

In the framework of an MSc thesis, Loic Edelmann conducted an experiment to
guantify the effect of C. rusticus larval mining in combination with plant competition
on dyer's woad. The experiment was established in autumn 2007 and terminated in
summer 2008 (see also section 3.4 in Hinz et al. 2009). In February 2009, Loic
successfully defended his thesis at the University of Neuchatel, Switzerland. Results
of the impact experiment are currently being written up for publication in a peer

reviewed journal.



4.4 Discussion and outlook

We were able to show that, as with other Ceutorhynchus species we have studied
(e.g. on garlic mustard, see Gerber et al. 2009), a small proportion of C. rusticus
females are able to survive for more than two years and can have a second
oviposition period. However, whether this also happens in the field is unknown and
would be difficult to assess.

As in previous years (e.g. Hinz et al. 2008), C. rusticus accepted a high proportion of
test species for egg laying under no-choice conditions. Results on potential larval
development will only be available in summer 2010.

5 Psylliodes isatidis HEIKERTINGER (Col., Chrysomelidae)

In autumn, females of this flea beetle lay their eggs into the soil, close to the root-
crown of dyer's woad. Some larvae already hatch in autumn, but most appear to
hatch in early spring and feed in the developing shoots. Mature larvae leave the
plants to pupate in the soil, and adults of the F1 generation emerge from about mid
May onwards. After a short feeding period, beetles become more or less inactive,
stop feeding and aestivate until late summer.

5.1 Rearing

Of the over 8’000 P. isatidis eggs placed in Petri dishes in autumn 2008, and kept in
an incubator at 1C + 1T, about 70% eclosed (devel oped into larvae) in spring
2009, i.e. a similar percentage to 2008. Newly hatched larvae were used to establish
host-specificity tests (see below) and were transferred onto dyer's woad plants to
continue a rearing colony.

At the end of May and beginning of June, the first adults started to emerge from
dyer's woad plants. All 370 adults that emerged were placed into cylinders for
aestivation and were regularly provided with cut leaves. Survival of adults until the
beginning of September was, at 84%, higher than in previous years.

During October, 1’300 eggs were collected and transferred to Petri dishes (40 per
dish) in preparation for larval transfer tests in 2010. They are currently being kept in
an incubator at 1C + 1<C.

5.2 Host-specificity tests

5.2.1 No-choice larval transfer and developmenttes ts

Methods. Between 16 March and 10 April 2009, 2,628 newly emerged larvae were
transferred onto 136 plants: 46 dyer’'s woad control plants, and 1-5 plants of 25 test
species. Depending on plant size, 8-35 larvae were transferred with a paintbrush to
the base of a petiole or the shoot base. All plants were kept in an unheated
greenhouse. At the beginning of May, all plants were visually checked for signs of
larval mining. Plants that did not appear to have been attacked were dissected and
all unattacked plants were disposed of. At the end of May plants were covered with
gauze bags to retain emerging adults. Twenty-three specimens of flea beetles
emerging from 11 test species were sent to a taxonomist to confirm their identity.



Table 3 Results of no-choice larval transfer tests conducted with Psylliodes isatidis in 2009

0 No. plants % larvae
. .larvae  No. plants No. plants No. % Shoots from which  developed to
Plant species No P plants attacked” P
transferred set up attacked shoots (mean + SE) adults adult
B emerged (mean + SE)
Isatis tinctoria EUR 977 46 46 207 91.7+238 28 15.9+3.5
Alyssum alyssoides 65 5 0 180 0.0 0 0.0
Armoracia rusticana 121 5 5 20 57.5+17.8 1 0.8+0.8
Barbarea vulgaris 119 5 4 35 6.9+4.3 4 246 +11.7°
Boechera lignifera® 100 5 0 6 0.0 0 0.0
Brassica napus 54 4 4 32 31.6+4.3 0 0.0
Brassica oleracea var sabauda 45 3 0 28 0.0 0 0.0
Camelina microcarpa 85 4 2 22 9.2+53 0 0.0
Descurainia incana ssp. incana® 55 3 0 4 0.0 0 0.0
Draba nemorosa® 10 1 0 11 0.0 0 0.0
Erysimum inconspicuum? 126 5 0 60 0.0 0 0.0
Lepidium appelianum USA 60 3 0 27 0.0 0 0.0
Lepidium campestre 114 5 1 18 50£5.0 1 1.3+1.3
Lepidium didymum 30 2 2 14 10.0 £ 10.0 0 0.0
Lepidium draba 109 5 4 64 23.7+19.1 0 0.0
Lepidium oblongum? 60 4 3 24 421 +21.9 2 75148
Lepidium papilliferum? 54 5 5 12 78.0£13.6 0 0.0
Lepidium perfoliatum 30 2 2 2 100.0+ 0.0 0 0.0
Lepidium sativum 85 4 2 4 50.0 + 28.9 1 1.3+1.3
Lobularia maritima 42 3 0 3 0.0 0 0.0
Peltaria alliacea 75 3 0 57 0.0 0 0.0
Raphanus sativus 35 2 2 21 9.6 £0.5 0 0.0
Rorippa sylvestris 75 3 3 147 0.7 £0.7 2 5.3+ 3.5°
Sinapis alba 65 3 0 3 0.0 0 0.0
Thelypodium laciniatum?® 30 3 3 33 38.0£5.0 1 56+56
Tropaeolum majus 32 3 0 12 0.0 0 0.0

&, plant species native to North America; ® based on visual inspection and dissection of plants; ¢, identity not verified.



Results. Of the 25 test species, 14 showed signs of larval mining, but P. isatidis
adults emerged from only seven of these (Table 3). Nine of the 23 specimens sent
for identification were not P. isatidis. Subsequently, five test species thought to be
attacked by P. isatidis were found not to be attacked (i.e. Lepidium appelianum, L.
draba, L. papilliferum, Lobularia maritima and Peltaria alliacea). Except for Barbarea
vulgaris, a European species, a much lower proportion of larvae successfully
developed on test species than on dyer's woad. However, for B. vulgaris, species
identity was not confirmed.

5.2.2 Oogenesis test

Methods. Adults that had emerged from the European species B. vulgaris (n=23)
and Rorippa sylvestris (n=3) during no-choice larval transfer tests (see above) were
kept in cylinders over the summer and offered cut leaves of the same plant species
they had emerged from to see whether females would lay eggs when only feeding on
test species.

Results. All three flea beetles from R. sylvestris survived aestivation, together with
19 of those originating from B. vulgaris. During October, over 200 eggs were laid by
the beetles from B. vulgaris, and 13 by the beetles from R. sylvestris. Eggs are being
kept in Petri dishes as described for the rearing above and will be checked for larval
hatch in spring 2010.

5.3 Discussion and outlook

No-choice larval transfer tests advanced well in 2009, although, in contrast to
previous years, a much lower proportion of larvae successfully developed to adults
on dyer's woad. The fact that nine of 23 specimens that emerged from test plants
were found not to be P. isatidis highlights the importance of confirming the identity of
Psylliodes spp. emerging from test plants (also see section 4.4). Since systematic
verification of emerged adults was not done in 2006 and 2007, some of the tests
carried out in those years will be repeated.

In cases where eggs laid by females in the oogenesis test prove to be fertile,
hatching larvae will be transferred onto the plant species they were laid on in spring
2010 to see whether P. isatidis is able to sustain a population on these plants. All
emerging adults will be sent for identification to confirm that they are P. isatidis.

6 Combined open-field test with  C. rusticus and P. isatidis

To test oviposition preferences of C. rusticus and P. isatidis under more natural
conditions, an open-field test was established in autumn 2009 in southern Germany,
where both species occur naturally. Because dyer’s woad mostly grows in between
vineyard rows on steep slopes, we decided to rent a field plot close by that was more
accessible and could be protected (e.g. against vandalism and pesticide spraying).
Dyer’s woad has not occurred at this particular site over the last ten or more years.

6.1 Material and methods

Four plots were established, consisting of four plants each of six test species and the
control, dyer's woad, making a total of 28 plants per plot. Three of the test species
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(Boechera holboellii, Stanleya pinnata, and S. viridiflora) have been attacked by both
species (in either no-choice and/or multiple-choice tests), two of the species were
only attacked by P. isatidis (Brassica napus and B. rapa — but also see chapter 4.4),
and one species only by C. rusticus (Schoenocrambe linifolia). On 24 September, 13
pairs of C. rusticus and 50 P. isatidis individuals were released onto each plot and
the plots covered with gauze to keep insects from dispersing immediately (Plate 2).
On 27 September, the gauze was removed and another six pairs of C. rusticus and
50 P. isatidis released. Feeding damage was recorded twice using a scale from 0
(no feeding) to 3 (heavy feeding). On 29 October, all plants were taken back to CABI
E-CH and checked visually and through dissection for C. rusticus eggs and signs of
larval mining by P. isatidis. All plants are currently being overwintered in an unheated
greenhouse.

Plate 2 Open-field test established with Ceutorhynchus rusticus and Psylliodes
isatidis in south-western Germany: plots covered with gauze (left); dyer’'s
woad control plant with considerable feeding damage by both insects (right)

Table 4 Preliminary results of the open-field test with Ceutorhynchus rusticus and
Psylliodes isatidis established in autumn 2009

Plant species Total no.  Length of No. plants No. plants attacked”

plants  longestleaf  thatdied ¢ rysticus P. isatidis
exposed (mean % prematurely

SE)
Isatis tinctoria 12 22.6+5.2 0 12 12
Boechera holboellii? 12 6.2+0.2 0 0 0
Brassica napus 12 255+£0.9 0 0 0
Brassica rapa 12 21.2+04 1 0 0
Schoenocrambe linifolia® 12 12.0£0.5 0 5 1
Stanleya pinnata® 12 16.6 + 0.5 1 1 0
Stanleya viridiflora® 8 3.8+0.4 6 1 0

2 plant species native to North America; °, assessed visually and/or by dissection.

6.2 Results

Considerable feeding, especially on the dyer's woad control plants, had already
occurred three weeks after set-up. Because feeding by the two control agents and
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feeding by other oligophagous species occurring naturally at the site could not be
distinguished, feeding records are not given in Table 4. All plants of Boechera
holboellii showed signs of weevil feeding, and several small, black weevils were
collected from plants that were later identified as Ceutorhynchus pallipes Crotch (=
C. contractus Marsham). Plants of Stanleya viridiflora were smallest, and six of eight
exposed plants died prematurely (Table 4). All 12 control plants were attacked, as
well as three of the test species.

6.3 Discussion and outlook

Preliminary results of the open-field test look very promising so far. All dyer's woad
control plants were attacked, and only minimal attack occurred on test species. The
fact that eggs of C. rusticus were found on three plant species was unexpected and
might be related to the fact that plots were covered for 3 days to prevent immediate
dispersal of insects.

Brassica rapa was exposed in the open-field test because ten P. isatidis adults had
apparently emerged from it during a multiple-choice field-cage test in 2008 (see Hinz
et al. 2009). Five of those specimens were sent to Dr Maurizio Biondi (Universita
degli Studi dell’Aquila, Italy), and identified as Psylliodes chrysocephala, the
cabbage stem flea beetle, an oligophagous species (Freude et al. 1966). This
highlights the importance to confirm species identity of flea beetles emerging from
test plants (also see chapter 5.3).

Final results of the open-field test, which will only be available in summer 2010,
should give us a better idea of whether we can continue to consider C. rusticus and
P. isatidis as potential biological control agents for dyer's woad or not.

7 Field impact of potential agents and population d ynamics of
dyer’'s woad

In an impact experiment conducted in 2007/2008 using potted plants of dyer's woad,
C. rusticus reduced biomass by 46% and seed output by 72% (Hinz et al. 2009). We
have not yet conducted an impact experiment with P. isatidis, but we have seen
several times that shoots of heavily attacked dyer's woad plants died back. It is
difficult to extrapolate, however, what long-term effect this might have on the
population development of dyer’s woad in a natural setting. We therefore established
an experiment in autumn 2008 in south-western Germany, at the same site that was
rented to conduct the open-field test with C. rusticus and P. isatidis (see section
4.3.2). In addition to assessing the effect of these two potential biological control
agents, we wanted to determine the effect of interspecific competition and the
interaction of these two treatments.

7.1 Material and methods

Large plots. An area of 24 x 17 m was rototilled twice during summer 2008. In
September, two rows of 16 plots (2 x 2 m), separated by 2-m-wide walkways, were
established, the soil raked, and plant roots removed (see Plate 3). The two rows
were established along a slight slope. On 24 September, 16 g of dyer's woad seeds
(equivalent to approximately 2,783 seeds) were sown on each of the 32 plots. Seeds
were raked in and the soil firmed down. In order to try and establish relatively
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homogenous background vegetation in the plots assigned to the interspecific
competition treatment, 16 g of a local grass/forb mixture was sown on half of the
plots. In the other half of the plots, any vegetation apart from dyer's woad was
removed every 5-6 weeks during the growing season 2009 to reduce interspecific
competition. This was done by cutting plants with a knife just below the soil surface.
Care was taken to cause minimal soil disturbance. On 2 and 23 April 2009, all
seedlings in the central 50 x 50 cm of each plot were counted and in mid July,
usually half of the rosettes in each central plot were marked with aluminium tags
(see Plate 3) and measured (humber of developing shoots, length of longest leaf).
On 14 October, all rosettes were re-measured and herbivore feeding noted.

Unexpectedly, some plants already reproduced in summer 2009. All reproducing
plants in the central plot were marked, numbered and the number of inflorescences
and seeds counted. The number of inflorescences per plant proved to be a good
predictor of the number of seeds produced per plant (r = 0.893, n=52, P < 0.001). In
order to estimate the number of seeds produced on the whole plot (2 x 2 m), all
inflorescences of reproducing plants on each plot were counted.

To reduce attack by herbivores, especially C. rusticus and P. isatidis that lay their
eggs in autumn, half of all plots were sprayed with the systemic insecticide Marshal
(24.5% carbosulfan, Maag) at the recommended rate on 24 September and on 20
October 2009. On the other half of the plots, ten pairs of C. rusticus were released
on 24 September, and 14 P. isatidis on 27 September.

Small plots. In order to determine what proportion of seedlings in later years would
be recruited from the original sown seeds, and to investigate the potential influence
of germination date on survival and growth, 24 small plots (50 x 50 cm) were
established in the same way as described for the large plots, sowing an equivalent
number of dyer’'s woad seeds (1g = c. 174 seeds) and 1g of the grass/forb mix. In
spring 2009, all dyer’'s woad seedlings were labelled with red plastic toothpicks. Plots
were regularly re-counted, and any new seedlings marked with different-coloured
toothpicks. Seed heads of reproducing plants in these plots were cut in summer
2009 and removed before seeds could disperse.

7.2 Results

At the end of October, many dyer's woad seeds had already germinated. Despite
100% vegetation cover in non-weeded plots (Plate 3), interspecific competition did
not influence the number of dyer's woad plants recorded on any of the survey dates
in 2009. The average number of plants per plot (50 x 50 cm) at the beginning of April
was about 65, then increased to about 75 at the end of April, fell again to 67 in mid
July and fell further to about 57 in mid October. There were large differences in the
number of plants between the two rows. Plots in the row lower down the slope had
nearly twice as many dyer’s woad plants as plots in the row higher up the slope.
However, row had no influence on plant size (P>0.05), while plants in plots with
reduced interspecific competition (i.e. regularly weeded), were larger than plants in
plots that were not weeded (length of longest leaf: 7.9 vs 5.9 cm; t = 3.316, P <
0.002). Herbivore feeding was quite prominent in October, especially on unsprayed
plots, indicating that both C. rusticus and P. isatidis have established at the site.
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Plate 3 Set-up of experiment to estimate agent impact in the field and to follow the
population dynamics of Isatis tinctoria. Overview of plots in October 2008 in southern
Germany (top left); dyer's woad rosettes marked with aluminium tags (top right);
weeded plot (middle left); unweeded plot (middle right); experiment established in
south-eastern Idaho in November 2009 (bottom)

7.3 Discussion and outlook

Unexpectedly, seedling establishment was not negatively influenced by interspecific
competition, and plant numbers were relatively stable in this first year. This indicates
that dyer's woad is quite competitive, even in its native range. It will be interesting to
see whether reduced plant size in non-weeded plots will influence overwintering
survival of rosettes. The presence of more rosettes in plots lower down the slope
might have been caused by higher humidity. Soils samples and subsequent
analyses revealed no differences in nitrogen, phosphor, kali or magnesium content
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(P>0.05). We are planning to continue following individually labelled plants during
2010. Attack by C. rusticus and P. isatidis will be estimated visually in the central plot
and by digging up and dissecting plants from the periphery of the plots.

In autumn 2009, a very similar experiment was established in the introduced range
of dyer’'s woad in south-eastern ldaho (see Plate 3) by MSc student Robert Gibson.
Since not much herbivory has been seen on dyer’'s woad here (H. Hinz, pers. obs.),
but a native rust, Puccinia thlaspeos, attacks dyer's woad in North America, the plan
is to spray fungicide, instead of an insecticide, and to try and inoculate dyer’'s woad
with the rust on the unsprayed half of the plots. Being able to compare the population
dynamics of dyer's woad between the native and introduced range and the effect of
different treatments is expected to reveal factors that govern population growth of
dyer's woad and to thus help to develop management strategies.

8 Work programme proposed for 2010

Given the still unsecure funding situation for 2010, we will continue concentrating on
the three most advanced and/or easily available potential agents in 2010.

Ceutorhynchus peyerimhoffi ~ (Col., Curculionidae)
Collect adults at field sites in Italy;
Improve testing procedures;
Continue no-choice and single-choice tests;

Ceutorhynchus rusticus  (Col., Curculionidae)
Monitor quality of plants exposed in open-field test in autumn 2009 during winter
and record adult emergence in spring 2010;

Depending on results, repeat open-field test and/or establish additional no-choice
tests at CABI E-CH.

Psylliodes isatidis  (Col., Chrysomelidae)

Establish additional no-choice larval transfer tests, especially with test plants that
had supported adult development before, but where specimens were not sent to
a taxonomist for species confirmation;

Monitor quality of plants exposed in open-field test in autumn 2009 during winter
and record adult emergence in spring 2010;

Depending on results, repeat open-field test or stop work with P. isatidis.

Agent impact under field conditions and population dynamics of dyer’s woad
Continue monitoring plant survival and seed production;
Record C. rusticus and P. isatidis attack in spring 2010.
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