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GROWER SUMMARY

Headline

This project has helped parsnip growers to identify what pathogens are causing blemishes
on parsnips and provides methods for either avoiding blemishes by improved variety

selection or controlling blemishes through treatment regimes.

Background

Various root blemishes continue to downgrade the quality of parsnip crops and cause
economic damage. The occurrence and type of blemish in any particular crop can be
extremely variable depending on many factors including the cultivar grown, the cropping
history of the site, previous incidence of disease and the prevailing weather conditions. In
some crops losses can be very significant. For example, in the 2009/10 season, losses of

up to 80% were reported in a few crops.

Black cankers are generally considered to be a result of infection by Itersonilia pastinaceae
or possibly Mycocentrospora acerina (Davis & Raid, 2002). Phoma complanata has been
associated with brown cankers previously although Cylindrocarpon destructans, a relatively
common soil-inhabiting fungus, may also be involved in some situations. The orange-brown
cankers reported more recently have not yet been fully investigated and a primary cause
not established. Also, the ‘cavity spot’-like symptoms which occur in this crop, unlike in
carrots, have not been formally confirmed as being caused by Pythium spp. or other specific
pathogens (Gladders,1998). Within this project the causes of small black and brown spots
have been investigated, with the pathogenicity of various Fusarium spp., Cylindrocarpon

destructans spp. and Phoma spp. isolated from parsnip roots being demonstrated.

The identification of the cause of various root blemish symptoms in the field is not entirely
reliable, especially using visual inspection alone. Detailed laboratory examination is
therefore required to help identify and elucidate primary causal organisms or other factors
involved. In order to guide growers choice of plant protection products, potential treatments

also need to be tested for efficacy and crop safety.

Summary

The aim of the first year of this project was to identify which organisms are associated with
or cause blemish on parsnip roots. Large numbers of samples were collected from fields

and packhouses by STC and ADAS and also received directly from growers into the STC
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Plant Clinic. Symptoms observed on roots were varied and included cankers, ginger
blotches, cavity spot-like lesions, speckling and banding. Isolations from lesions identified a
number of organisms associated with the lesions. These included species of Fusarium,
Cylindrocarpon, Phoma and Botrytis cinerea. Pathogenicity was confirmed with a number of
isolates, though in some cases the various symptoms appeared to be caused by more than
one organism and the situation is evidently not clear-cut. A summary of some of the
symptoms observed and the organisms isolated from them are shown below.

Crown canker- Botrytis cinerea, Black shoulder lesion —
Fusarium sp. Cylindrocarpon destructans

Ginger blotch-. Cylindrocarpon Deep dry scars- Botrytis cinerea,
destructans, Botrytis cinerea, Cylindrocarpon destructans, Fusarium
Fusarium spp. and Phoma spp. sp. and Phoma spp.

Deep soft rot- Cylindrocarpon
destructans and Fusarium spp.
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In Year 2 of the project we used pot studies and tested the ability of the isolated organisms
to cause root blemishes when introduced into growing media sown with parsnip seed of
different varieties. Inoculation with isolates of Fusarium spp., Pythium spp. and
Cylindrocarpon spp. all reduced germination whilst vigour was also reduced by the same
organisms. Vigour was more severely affected in cv. Javelin than in cv. Palace indicating
possible differing varietal susceptibility. At harvest, disease symptoms were seen on roots
inoculated with a number of the isolates, although a high inoculation rate was necessary.
Again, there were varietal differences, although cv. Palace developed more severe
symptoms than cv. Javelin, perhaps indicating varied susceptibility at different crop stages.
A possible correlation between fanging of roots and the presence of Pythium spp. was

observed with high inoculation rates leading to a higher incidence of fanging.

An initial screen in pot-grown parsnips was carried out using potential fungicide control
options. Parsnips were grown in John Innes compost which was inoculated with the
pathogen. Results from this trial were disappointing with few blemish symptoms appearing.
One experimental product appeared to give a reduction, albeit not statistically significant, in
symptoms caused by inoculation with a Pythium species. Positive effects on root weight

were found with a number of treatments, suggesting some crop ‘greening’ effects.

Laboratory studies carried out on agar plates to test the potential of fungicides and
biofungicides to control pathogenic organisms gave promising results. Several products
showed good activity at controlling mycelial growth of isolates of Cylindrocarpon spp.,
Fusarium spp. and Pythium spp. Both azoxystrobin and pyraclostrobin showed good activity
against all three pathogens whilst several other products resulted in reduced fungal growth
of individual pathogens. Three biological products, including Prestop (Gliocladium
catenulatum) and two confidential experimental products, were tested and showed good

activity against Cylindrocarpon and Fusarium spp.

In the final year of the project, a range of crop protection products were tested in four
separate field trials. Three commercial crops and one inoculated ‘disease bed’ were used to
assess the effect of 13 treatments on blemish incidence and severity. Unfortunately for our
trials, 2012 proved to be a low-blemish year for parsnip growers, with crops generally being
of good quality. The low incidence of symptoms resulted in a lack of significant differences
between blemish treatments. Carrot fly damage was observed at two of the sites and two of
the treatment programmes evaluated gave a significant reduction in severity of damage at
one of these sites. Treatment Programme 2 (SL567A (metalaxyl-M), Compass (iprodione +

thiophanate methyl), Corbel (fenpropimorph) and Treatment Programme 5 (SL567A, Switch
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(cyprodinil + fludioxonil)) both reduced the number of roots affected when compared to the
untreated plots. The cause of these differences is unclear and the results should be treated

with caution at this stage.

Further work to continue evaluation of crop protection products in field trials would be
beneficial for the future of the UK parsnip crop. Large financial benefits could be gained if a
clearer picture of effective control options could be achieved.

Financial Benefits

Home produced parsnips had a marketed value of £30million in 2011 (DEFRA Basic
Horticultural Statistics). A conservative estimate of losses of 20% of a crop due to skin
blemish represents a £7.5 million loss of value across the UK crop. Improved knowledge,
understanding and management of the pathogens involved could recoup some of these

losses.

Action Points

e Select modern varieties bred for resistance to root disease.

e Target fungicide sprays early in the crop to reduce damage by soil-borne organisms.

e Aim to reduce stress and damage, both of which can leave crops more vulnerable to
infection.

e Monitor crops regularly and if blemishes are found consider lifting crops earlier than

usual in order to reduce the risk of crop loss.
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SCIENCE SECTION

Introduction

Approximately 4000 ha of parsnips are grown annually in the UK (DEFRA Basic
Horticultural Statistics). In 2009/10 the parsnip industry (growers & pack-houses) reported
very high wastage figures with average losses in the region of 20% of the crop, but in some
individual crops this has been reported to be much higher (up to 80%). At present, growers
are unable to take effective targeted action to minimize crop losses due to root blemish and
are therefore in the difficult position of choosing whether to invest heavily in crops to
maintain production capacity yet risk the possibility that in some years, or in some crops,
this effort is wasted due to the late occurrence of blemishes clearly visible on the washed
parsnip roots. If the primary cause(s) of root blemish can be determined it should provide
valuable information to guide selection of more tolerant varieties and to investigate and
develop well-targeted cultural, chemical and bio-control measures to help minimize infection

and hence reduce wastage in crops in the future.

In Year 1 of the project work was done to identify the primary organisms responsible for
blemishes. Laboratory isolations were carried out from blemish symptoms on roots collected
from packhouses and field crops. The organisms present were subsequently identified and

tested for their ability to cause lesions when directly applied to mature parsnip roots.

In Year 2 the potential of the isolated organisms to cause blemishes on parsnips grown in
inoculated soil was tested. An initial fungicide screen (in pot tests and laboratory tests) was
also carried out in order to identify potential crop protection products with activity against

blemish-causing organisms.

In Year 3 a comprehensive series of field trials was conducted to test the efficacy of these

products in commercial field situations.

Materials and Methods

Years 1 and 2: see Year 1 and Year 2 Annual Reports.

Year 3: Four field sites were selected: two commercial sites in Norfolk, one commercial site
in Yorkshire and a ‘disease bed’ site at Stockbridge Technology Centre. See Table 1 for site
details. The ‘disease bed’, was specially prepared for the trial by incorporating reject

parsnips with blemish symptoms (collected from commercial packhouses during 2010-11)
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into the trial site to increase pathogen inoculum. In addition at this site, three of the key
organisms identified as being associated with blemish symptoms (Cylindrocarpon, Fusarium
and Pythium spp.) were cultured in large quantities in the laboratory and also incorporated
into the trial area. This trial area was sown with parsnips in the first two years of the project
(2010 and 2011) with the aim being to bulk up potential pathogen inoculum levels in
advance of the fungicide trial being established.

Table 1: Trial Site details

Site 1 Site 2

Hockwold Chalk Hill

Norfolk Norfolk

Grid Ref: TL738898 Grid Ref: TF783092

Site 3 Site 4 (Disease Bed)

Brayton Stockbridge Technology Centre
Selby Selby

Grid Ref. SE591306 YO8 3TZ

Grid Ref. SE560365

Based on the results from the Year 2 pot and agar plate studies and using knowledge of
fungicide groups and the expected activity of experimental products, a range of fungicides
were selected for inclusion in the replicated field trials. Treatments were targeted early in
the crop, being applied just before or immediately after drilling, and then repeated at
approximately 4 week intervals (see Table 2 for treatment list). Treatments were applied in
high water volume (1000 — 2000 I/ha) to facilitate product movement down into the sail
where it is anticipated that blemish-causing organisms are located. Plots at all sites were
laid out on standard 1.8 metre beds and were 5 metres in length. A randomised block

design with four replicates per treatment was used.
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Table 2: Field trial fungicide treatments

Timing 1: Timing 2: Timing 3: Timing 4: Timing 5:
Trt Drilling ' Post crop + 4 weeks + 8 weeks + 12 weeks
emergence (~May) (~June) (~July) (~August)
1 Untreated - - - -
> SL567A Compass Corbel i i
1.3 1/ha 2.0 l/ha 1.0l/ha
3 SL567A SL567A
1.3 1/ha 1.31/ha
4 HDC F72 HDC F72 HDC F72 HDC F72 HDC F72
5 SL567A 1.3 I/ha + SL567A 1.3 I/ha Switch i Switch
Switch 0.8 kg/lha  + Switch 0.8 kg/ha 0.8 kg/ha 0.8 kg/ha
6 Signum Signum Signum Signum Signum
1.0 kg/ha 1.0 kg/ha 1.0 kg/ha 1.0 kg/ha 1.0 kg/ha
7 Switch Switch Switch Switch Switch
0.8 kg/ha 0.8 kg/ha 0.8 kg/ha 0.8 kg/ha 0.8 kg/ha
8 Rudis Rudis Rudis Rudis Rudis
0.4 I/ha 0.4 I/ha 0.4 I/ha 0.4 I/ha 0.4 I/ha
9 Nativo 75 WG Nativo 75 WG Nativo 75 WG Nativo 75 WG Nativo 75 WG
0.3 kg/ha 0.3 kg/ha 0.3 kg/ha 0.3 kg/ha 0.3 kg/ha
10 HDC F65 HDC F65 HDC F65 HDC F65 HDC F65
11 HDC F79 HDC F79 HDC F79 HDC F79 HDC F79
12 Serenade Serenade Serenade Serenade Serenade
10.0 I/ha 10.0 I/ha 10.0 I/ha 10.0 I/ha 10.0 I/ha
13 Prestop Prestop Prestop Prestop Prestop
6.0 kg/ha 6.0 kg/ha 6.0 kg/ha 6.0 kg/ha 6.0 kg/ha
14 SL567A Switch Corbel Rudis Nativo
1.3 1/ha 0.8 kg/ha 1.0l/ha 0.4 I/ha 0.3 kg/ha
(Extra untreated
(15) replicate at Site 3 - - - -

only)

NB. All named products are approved on parsnip but were not necessarily applied as per the product label. Always refer to the

label for maximum dose information.

Crop Diaries

Site 1 (Hockwold)

24/04/2012  Site sown (cv. Javelin)

28/04/2012  Apply Timing 1 treatments

01/06/2012  Apply Timing 2 treatments; Phytotoxicity Assessment; Plant Counts

05/07/2012  Apply Timing 3 treatments; Phytotoxicity assessment; Foliar disease
monitoring; Plant counts

09/07/2012  Root monitoring

08/08/2012  Apply Timing 4 treatments; Phytotoxicity assessment

08/08/2012  Foliar disease monitoring

12/08/2012  Root monitoring

06/09/2012  Apply Timing 5 treatments; Phytotoxicity assessment; Foliar disease

monitoring
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10/09/2012  Root Monitoring
15/10/2012  Foliar disease monitoring; Root monitoring
05/11/2012  Trial plots harvested

Site 2 (Chalk Hill)

27/04/2012  Site sown (cv. Javelin)

27/04/2012  Apply Timing 1 treatments

01/06/2012  Apply Timing 2 treatments; Phytotoxicity Assessment; Plant Counts

05/07/2012  Apply Timing 3 treatments; Phytotoxicity assessment; Foliar disease
monitoring; Plant counts

09/07/2012  Root monitoring

08/08/2012  Apply Timing 4 treatments; Phytotoxicity assessment

08/08/2012  Foliar disease monitoring

14/08/2012  Root monitoring

06/09/2012  Apply Timing 5 treatments; Phytotoxicity assessment; Foliar disease
monitoring

10/09/2012  Root Monitoring; Foliar disease monitoring; Root monitoring

17/01/2013  Trial plots harvested

Site 3 (Brayton)

03.05.2012  Trial area sown (cv. Palace)
10.05.2012  Trial treatments applied (Timing 1)
19.06.2012  Trial treatments applied (Timing 2)
06.08.2012  Trial treatments applied (Timing 3)
12.09.12 Trial treatments applied (Timing 4)
02.12.12 Trial plots harvested

03.12.12 Parsnips assessed

NB. Poor weather prevented more regular applications of fungicides.

Site 4 (STC Disease Bed)

23.05.12 Trial area sown (4 confidential varieties: V1, V2, V3 and V4)
06.06.12 Treatments applied (Timing 1)

26.06.12 Treatments applied (Timing 2)

10.07.12 Trial area re-sown due to poor emergence of seed (all varieties)
13.07.12 Timing 1 treatments reapplied

07.09.12 Timing 2 treatments reapplied

12.02.13 Trial plots harvested
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13.02.13 Parsnips assessed

NB. Trials at Site 4 were re-sown due to poor seed germination and plant establishment.
Early treatments were re-applied but establishment was still poor. As treatments were
targeted at the soil, it was felt that 4 applications of products were sufficient to have

comprehensively treated soil-borne organisms by this late stage in the season.

For all trials, nutrient, herbicide and insecticide applications were carried out in accordance
with commercial practice.

At harvest, the central 2m? (3m? at the STC site where root numbers were low) was lifted,
by hand, from each plot, and roots were weighed so that yields could be determined. 25
parsnips from each plot (ADAS trials) and up to 50 roots per plot (from STC trials) were then
washed and assessed for the incidence and severity of blemishes. Dependent on

symptoms seen, some or all of the following symptoms were assessed:

e Fanging
e Splitting
e Cankers

e Red spotting
e Dry scars
e Ginger blotch
e Carrot Fly

Produce from each treatment was also classified according to a marketability scale (ADAS
sites):

e Class 1 =none or < 1% root area with damage

o Class 2 = 1-5% root area affected

e Class 3 = 5-10% root area affected

o Class 4 = 10-25% root area affected

e Class 5 =>25% root area affected
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Results

Year 1 Results Summary (full results in Year 1 Annual Report)

A wide range of blemish symptoms were observed on parsnips sampled by STC and ADAS
staff from fields and packhouses in Year 1 of the project and on samples from growers
received by the STC Plant Clinic during the same period. These were categorised to ensure
common naming of symptoms throughout the project and are illustrated in Table 3.

Table 3: Classification of blemish symptoms

a) Crown canker b) Black crown/small black crown

c¢) Corky crown d) Black shoulder lesion

e) Narrow black bands f) Ginger blotch

© Agriculture and Horticulture Development Board 2013. All rights reserved 10




g) Cavity spot-like h) Dry scars and deep dry scars

i) Deep soft rot j) Pink/brown superficial lesions (watery)

k) Young red lesions near crown [) Carrot fly mines

The most common organisms consistently isolated from the various lesions were species of

Cylindrocarpon, Fusarium and Itersonilia, although others were also isolated (Table 4).
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Table 4: Organisms isolated from blemish symptoms

Symptom

Organisms recovered

Crown canker
Black crown lesions

Black shoulder lesion

‘Young’ red crown lesion (watery)
‘Young’ red shoulder lesion (watery)
Red/brown mid-root canker

Deep soft rot

Dry scars
Dark narrow scars

Ginger blotch

Red spots/speckles and stripes

Cavity spot - like
Red-root scars

Black spots/scars

Botrytis cinerea, Fusarium sp.

Cylindrocarpon destructans, Fusarium sp.,
Itersonilia sp., Verticillium sp.

Cylindrocarpon destructans

Cylindrocarpon destructans, Fusarium sp.
Botrytis cinerea, Fusarium sp.

Cylindrocarpon destructans

Cylindrocarpon destructans, Fusarium sp.
Botrytis cinerea, Cylindrocarpon destructans,
Fusarium sp., Phoma sp.

Cylindrocarpon destructans, Fusarium sp.
Botrytis cinerea, Cylindrocarpon destructans,
Fusarium sp., Phoma sp.

Cylindrocarpon destructans, Fusarium sp., Phoma
sp.

Botrytis cinerea, Fusarium sp., Cylindrocarpon sp.
Cylindrocarpon destructans, Phoma sp.

Fusarium sp.

Pathogenicity tests were carried out with the isolates collected. All isolates of Fusarium and

Cylindrocarpon were confirmed as being pathogenic on parsnip roots.

Itersonilia, species of which are known to be pathogenic on parsnips (. pastinaceae causes

black shoulder cankers) was isolated from crown lesions and successfully re-inoculated

onto parsnip roots. Recovery of the same species from the new lesions, to complete Koch’s

postulates, was unsuccessful however and as a result it was not possible to confirm that

this species of Itersonilia is causing the crown lesions observed, although it is likely.
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Year 2 Results Summary (full results in Year 2 Annual Report)

Pathogens isolated in Year 1 of the project were tested for their ability to infect young
parsnips when incorporated into John Innes compost at two rates (1% and 10% of pot
volume). These pot tests were carried out using three parsnip varieties (Javelin, Palace and
Pinnacle) in order to investigate any potential varietal differences in susceptibility. Of these
three varieties, only two (Javelin and Palace) germinated sufficiently well for assessments

to be carried out.

Assessments of germination, damping off, vigour and blemish incidence were made. There
were significant effects on the percentage germination caused by the pathogens
incorporated and these effects were variety specific at the early assessment timings.
Germination of cv. Palace was significantly reduced by the inclusion, at both rates, of a
Fusarium sp. isolate and at the higher rate of the Pythium sp. isolate used. Germination of
cv. Javelin was reduced by the inclusion of a Cylindrocarpon sp. isolate (originally
recovered from black shoulder lesions) and by one of the three Fusarium spp. isolates
tested. At later assessment timings variety was no longer a significant factor, but four
pathogens (Cylindrocarpon sp. from black shoulder lesion, two Fusarium sp. isolates and a

Pythium sp.) all reduced germination in both varieties.

Damping off was observed in some treatments but no significant differences between
treatments were observed. Seedling vigour was significantly reduced by some pathogens
and cv. Javelin was more severely affected than cv. Palace. Vigour in cv. Javelin was
significantly reduced by higher levels of the Pythium sp. isolate, the Cylindrocarpon sp.

isolate from crown blemish and by two Fusarium spp. isolates.

Red lesions (early canker-type lesions) and cankers were observed on harvested roots.
Red lesions were seen on roots inoculated at the higher rate with both Cylindrocarpon spp.
isolates, the Phoma sp. isolate and a Fusarium sp. isolate. Phoma sp. and the

Cylindrocarpon sp. isolate from crown lesions both caused the most severe symptoms.

There was a higher incidence of red lesions on cv. Palace than on cv. Javelin when
inoculated with Cylindrocarpon sp. from black shoulder lesions, however, severity of red
lesions was worse on cv. Javelin. There is some implication here that different cultivars may

have differing susceptibility to infection.
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Significant differences were also seen in the levels of fanging caused by different
pathogens. Roots from pots inoculated with Pythium showed the highest incidence of
fanging, but those from pots inoculated with Cylindrocarpon and one of the Fusarium
isolates used also displayed significantly higher levels of fanging than roots from
uninoculated pots. Increased levels of pathogen inoculum correlated with a higher incidence
of fanging.

Fungicide efficacy trials were carried out in pot-grown parsnips at both STC and ADAS
using a range of conventional fungicide chemistry and biological fungicide products.

Poor germination and increased seedling death occurred with some of the treatments,
although these were not consistent across the trials. Signum, Corbel and Amistar all had
negative effects on seedling development in one, but not all, of the trials in which they were

used.

Positive effects on root dry weight were observed on roots treated with a number of
products. When compared to untreated pots Amistar Top, Signum, Switch, Serenade,
Prestop, HDC F81 and HDC F70 all increased average root weight in pots inoculated with

Fusarium spp. in STC trials.

Blemish incidence in roots from all of the pot tests was disappointing, with low levels of a
wide variety of symptoms appearing on all roots, including from uninoculated pots. Omitting
results where symptoms were observed in both the inoculated and uninoculated, no
statistically significant reduction of symptoms was achieved with any of the products tested.
There was an indication that one experimental product (HDC F72) might be controlling
some symptoms caused by Pythium spp. but this was not statistically significant. Should
future pot studies be conducted, a higher level of inoculum and different methods of product

application ought to be considered.

Fungicide efficacy testing was also carried out in agar plate tests in the laboratory. Cultures
of a selection of pathogens isolated from parsnip root blemishes were grown on agar plates
amended with 3 different rates of single active fungicides and single rates of biological
fungicide products. Active ingredients were targeted against pathogens they were thought
likely to have activity against. Several products showed good activity against isolates of
Cylindrocarpon, Pythium and Fusarium spp. and are highlighted in the results summary in
Table 5.
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Table 5. Summary of results from agar plate testing of products

Active
Ingredient

Cylindrocarpon sp.

Active ingredients providing >50% inhibition of radial mycelial growth

Fusarium sp. Pythium sp.

2ppm  20ppm 100ppm 2ppm 20ppm 100ppm 2ppm 20ppm 100ppm

Azoxystrobin
Boscalid
Cyprodinil
Difenoconazole
HDC F81

HDC F65

HDC F70

HDC F68
Pyraclostrobin
Tebuconazole
Thiophanate-
methyl
Fludioxonil
Iprodione

HDC F77
Mancozeb
HDC F76

HDC F75
Metalaxyl-M
HDC F71
Fenpropimorph
Gliocladium
catenulatum
HDC F79
Bacillus subtilis

v

X AUX X X

SIANAN

x X

COCAx ]

Not tested

—
—

SIANAN

AN

Not tested
Not tested
Not tested
Not tested
Not tested
Not tested

Not tested
v

v
v

COL A Ux ]

AN

X
X
X

x X

x < S

x

v
X
X
Not tested

W\ X

X
Not tested

SRR

X
Not tested
Not tested
Not tested
Not tested
Not tested
Not tested
Not tested

X
v

v
v

v

X
X

ANRNEN U

AN

X
X

x

X X X

v

X
Not tested
Not tested
Not tested
Not tested

X

X

v
Not tested
Not tested

Not tested
Not tested

X AUX X X X

Not tested

Not tested
Not tested

v
X

X AUX X X X

The results of the agar plate testing demonstrate the ability of many commercially available

products to suppress or inhibit growth of some of the main organisms which have been

identified as causing blemish symptoms in parsnip crops. The lack of control of symptoms in

pot tests perhaps highlights the challenge in targeting soil-borne organisms
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Year 3 Results

Field Trial Site 1 (Hockwold)

The trial in this commercial parsnip crop established well and the resulting roots were large

and well formed, with crowns having a good cover of soil at harvest

Yield

There were no significant effects of treatments upon yield at this site (Table 6). Treatment
11 (HDC F79) gave the highest yield (52.5 t/ha), 13.7t/ha greater than the untreated control
(38.8 t/ha). SL567A applied at T1 and T2 (Treatment 3) also produced a reasonable yield
(47.0 t/ha). Only Treatments 2 (SL567A, Compass and Corbel), 14 (SL567A, Switch,

Corbel, Rudis and Nativo) and 6 (Signum) resulted in lower yields than the untreated.

Table 6: Yield (total) from trial at Site 1 (05/11/12)

Trt Treatment Yield (t/ha)
1 Untreated 38.8
2 SL567A/Compass/Corbel 31.5
3 SL567A/SL67A 47.0
4 HDC F72 43.9
SL567A + Switch/ SL567A + Switch/
5 : 40.6
Switch
6 Sighum 37.6
7 Switch 42.7
8 Rudis 39.2
9 Nativo 75WG 43.5
10 HDC F65 40.0
11 HDC F79 52.5
12 Serenade 43.1
13 Prestop 46.1
14 SL567A/Switch/Corbel/Rudis/Nativo 36.6
F pr 0.333
LSD 135
Significance NS

The parsnips were categorised by marketable classification at both experimental sites using
average symptom severity figures per Treatment. Nine of the treatments fell into ‘class 1’
category, and the other 5 treatments fell into the ‘class 2’ category. Overall however, there
were no significant differences between treatments, with total disease levels being low
throughout (Table 7).
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Table 7: Overall Disease Severity and marketable classification at Site 1 (05/11/12)

Overall Average

Trt Treatment Disease Severity (hjﬂlzgk;:s:g;on
(% root affected)
1 Untreated 2.3 2
2  SL567A/Compass/Corbel 1.9 2
3  SL567A/SL67A 1.0 1
4 HDCF72 2.6 2
5 SL567A + Switch/ SL567A + Switch/ Switch 0.9 1
6  Signum 0.6 1
7  Switch 0.8 1
8 Rudis 0.8 1
9  Nativo 75WG 0.7 1
10 HDC F65 0.8 1
11 HDCF79 2.4 2
12 Serenade 0.7 1
13 Prestop 15 2
14 SL567A/Switch/Corbel/Rudis/Nativo 0.4 1
Fanging

Fanging incidence at this site was present at a level of 8% on untreated roots but there
were no significant differences between treatments. Treatment 11 did, however, result in
one of the lowest fanging incidences (3%) (Table 8), although this result was not consistent

with results at other sites (see Site 2).

Dry scars

The incidence and severity of dry scarring was low. Treatments 2 and 12 saw the highest
levels of dry scar incidence, with Treatment 2 (SL567A, Corbel and Compass) having the

highest severity, with levels of 0.85% of root area affected (Table 8).

Cankers and splits

Levels of cankers and splits were very low. Treatment 5 had the highest canker incidence,
at just 5%, with the overall average at this site being just 1.4% (Table 8). Splits were
identified in just one treatment (Treatment 2) and overall, no significant treatment

differences were found for either of these assessed symptoms at this site.
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Table 8: Fanging, dry scar, canker and split incidence and severity at Site 1 (05/11/12)

% roots Dry scar % roots Canker
% roots . severity . severity % roots Split
Trt Treatment with dry with . .
fanged scars (% root canker (% root split severity
affected) affected)

1 Untreated 8.0 1.0 0.03 1.0 0.02 0.0 0.0

o SLS6ralCompass/ 44, 4.0 0.85 2.0 0.07 1.0 03
Corbel

3 SL567A/SL67A 2.0 0.0 0.00 0.0 0.00 0.0 0.0

4 HDC F72 8.0 0.0 0.00 0.0 0.00 0.0 0.0
SL567A + Switch/

5 SL567A + Switch/ 9.0 2.0 0.05 5.0 0.25 0.0 0.0
Switch

6 Signum 6.0 1.0 0.01 1.0 0.02 0.0 0.0

7 Switch 9.0 2.0 0.06 0.0 0.00 0.0 0.0

8 Rudis 6.0 3.0 0.07 1.0 0.03 0.0 0.0

9 Nativo 75WG 7.0 2.0 0.04 2.0 0.04 0.0 0.0

10 HDC F65 11.0 1.0 0.04 3.0 0.07 0.0 0.0

11 HDC F79 3.0 2.0 0.20 2.0 0.18 0.0 0.0

12 Serenade 8.0 5.0 0.10 1.0 0.05 0.0 0.0

13 Prestop 5.0 3.0 0.08 1.0 0.06 0.0 0.0
SL567A/Switch

14 /Corbel/Rudis/ 11.0 1.0 0.02 1.0 0.04 0.0 0.0
Nativo
F pr 0.785 0.637 0.359 0.575 0.63 0.47 0.47
SED 0.2903 0.1097 0.0945
LSD 9.604 4.546 0.5873 4.082 0.2218 0.765 0.1911
Significance NS NS NS NS NS NS NS

Red spotting

The incidence of small red spots was 25% in the untreated plots at this site. The most
effective treatments were Treatments 11 and 4 (HDC F79 and HDC F72) but 7 of the 13
treatments applied had a higher red spot incidence than the untreated (Table 9). However,

differences in red spot incidence between all treatments were not significant.

Carrot fly

Carrot fly incidence at this site (Table 9) was the only parameter found during 2012 trials
that had significant treatment differences. Incidence was highest in the untreated control
(63% roots affected) and 8 treatments (2,4,5,6,7,8,9,10) resulted in significantly less carrot
fly incidence than this. The most effective treatment was identified as being Treatment 2
(SL567A, Compass and Corbel), which decreased incidence to 20% of roots affected and
Treatment 5 (SL567A and Switch), which resulted in 27% of roots affected. The least
effective treatments were Treatment 3 (SL567A) and Treatment 11 (HDC F79), although

incidence was still marginally below that in the untreated control.
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Table 9: Red spot and carrot fly incidence and severity at Site 1 (05/11/12)

Red spot % carrot Carrot fly
% red spot  severity (% severity (%
Trt  Treatment S fly
incidence root incidence root
affected) affected)

1 Untreated 25.0 0.53 63.0 1.74

2 SL567A/Compass/Corbel 33.0 0.48 20.0 0.23

3 SL567A/SL67A 35.0 0.29 54.0 0.70

4 HDC F72 17.0 0.26 39.0 2.30
SL567A + Switch/

5 SL567A + Switch/ 30.0 0.20 27.0 0.37
Switch

6 Sighum 27.0 0.28 23.0 0.25

7 Switch 28.0 0.43 34.0 0.30

8 Rudis 26.0 0.30 36.0 0.38

9 Nativo 75WG 28.0 0.43 29.0 0.22

10 HDC F65 24.0 0.27 33.0 0.44

11  HDCF79 16.0 0.27 57.0 1.77

12  Serenade 24.0 0.18 41.0 0.37

13  Prestop 21.0 0.20 50.0 1.14

14  SLS67A/Switch/Corbel/ 19.0 0.17 37.0 0.21
Rudis/Nativo
F pr 0.817 0.811 0.015 0.166
SED 0.2069 0.816
LSD 20.3 0.4185 23.62 1.65
Significance NS NS Significant NS

Disease progression

At this site general foliar infection levels were low (affected leaf area in untreated: 4.6% mid-
October), although higher than Site 2 (also in Norfolk), and whilst there were no significant
differences between treatments all fungicide treatments resulted in marginally less infection
than the untreated. Foliar disease assessments (Table 10) revealed that Treatment 7,
containing Switch at all five spray timings, was the most effective in controlling foliar
disease. Blemish monitoring was also completed (Table 11), which indicated that most

lesions did not develop until mid-August and then increased over the next month.

Table 10: Foliar disease assessments at Site 1

% plot affected by foliar disease

Trt Treatment 06/09/2012 15/10/2012
1 Untreated 3.75 4.63
2 SL567A/Compass/Corbel 3.53 3.55
3 SL567A/SL67A 4.50 4,50
4 HDCF72 2.75 2.88

SL567A + Switch/
5 SL567A + Switch/ 2.88 2.88
Switch
6 Signum 2.00 2.00
7 Switch 1.53 1.53
8 Rudis 2.78 2.80
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% plot affected by foliar disease

Trt Treatment 06/09/2012 15/10/2012

9 Nativo 75WG 3.13 3.13

10 HDC F65 3.00 3.00

11 HDC F79 2.03 2.03

12 Serenade 2.00 2.00

13 Prestop 3.63 3.65
SL567A/Switch/Corbel/

14 Rudis/Nativo 3.38 3.38

F pr 0.837 0.718
SED 1.496 1.514
LSD 3.020 3.056
Significance NS NS
Table 11: Root blemish monitoring — Site 1 (% incidence)

Date Brown leaf flecks Fanging Root lesions
09/07/2012 0 0 0
12/08/2012 11.8 6 20.4
10/09/2012 41.3 1.3 3.8
15/10/2012 35.1 6.4 3.8

Phytotoxicity

Phytotoxicity was not observed for any of the treatments at this site.

Field Trial Site 2 (Chalk Hill)

The trial in this commercial parsnip crop established well and the resulting roots were large

and well formed, with crowns having a good cover of soil at harvest

Yield

There were no significant effects of treatments upon yield at this trial site. Yields were

similar between all of the treatments, though all except Treatment 5 (SL567A/Switch)

showed a negative yield trend compared to the untreated control. The lowest yield (21.7

t/ha) was in Treatment 8 (Rudis) compared with 27.7 t/ha in the untreated (Table 12).
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Table 12: Yield (total) from trial at Site 2 (17/01/13)

Trt Treatment Yield (t/ha)
1 Untreated 27.7
2 SL567A/Compass/Corbel 24.5
3 SL567A/SL67A 27.1
4 HDC F72 26.7
SL567A + Switch/
5 SL567A + Switch/ 30.7
Switch
6 Signum 24.5
7 Switch 26.4
8 Rudis 21.7
9 Nativo 75WG 27.2
10 HDC F65 23.6
11 HDC F79 24.4
12 Serenade 27.5
13 Prestop 24.7
SL567A/Switch/Corbel/
14 Rudis/Nativo 24.0
F pr 0.983
LSD 11.36
Significance NS

The parsnips were categorised by marketable classification using average symptom

severity figures per Treatment. Half of the treatments fell into the class 1 category and the

other half in class 2 on average. Overall however, there were no significant differences

between treatments, with total disease levels being low throughout (Table 13).

Table 13: Overall disease severity and marketable classification at Site 2 (17/01/13)

Trt Treatment Total Disease Severity Markgtab_le
(% area per Treatment) Classification
1 Untreated 1.2 2
2 SL567A/Compass/Corbel 1.1 2
3 SL567A/SL67A 0.6 1
4 HDCF72 0.5 1
SL567A + Switch/
SL567A + Switch/
5 Switch 1.6 2
6 Signum 1.4 2
7 Switch 0.6 1
8 Rudis 0.9 1
9 Nativo 75WG 0.8 1
10 HDC F65 1.3 2
11 HDCF79 0.5 1
12 Serenade 1.3 2
13 Prestop 1.1 2
SL567A/Switch/Corbel/
14 Rudis/Nativo 0.9 1
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Fanging

Fanging incidence was high overall at this trial site with 39% of roots affected in the
untreated, (Table 14), however, incidence of fanging was not significantly different between
treatments. Fanging in Treatment 11 was the second highest across the trial (58.9%

incidence) compared to Site 1 where this treatment gave a low incidence of fanging.

Dry scars

Very little dry scaring was identified at this site (Table 14), with over two thirds of treatments

having no dry scars at all (incidence range: 0-3.3%).

Cankers and splits

Levels of cankers were very low (Table 14) with an overall average incidence of just 1.5%.
Treatment 3 had the highest incidence of cankers (6.09%) at this site, although interestingly
this treatment had one of the lowest incidences at site 1. There were no significant
differences between levels of canker in the different treatments.

No splitting was observed at this site.

Table 14: Fanging, dry scar and canker incidence and severity at Site 2 (17/01/13)

o Dry scar 0 Canker

% roots 0100 severit A TO0IS o verit

Trt  Treatment with dry y with y

fanged scars (% root canker (% root
affected) affected)

1 Untreated 38.7 0.0 0.00 4.6 0.00

2 SL567A/Compass/Corbel  48.1 0.0 0.00 0.0 0.04

3 SL567A/SL67A 42.9 2.0 0.00 6.1 0.01

4 HDC F72 49.2 0.0 0.00 1.1 0.00
SL567A + Switch/

5 SL567A + Switch/ 47.4 3.3 0.00 3.1 0.08
Switch

6 Signum 38.2 0.0 0.14 0.0 0.06

7 Switch 56.7 0.0 0.00 4.6 0.05

8 Rudis 48.8 0.0 0.00 5.6 0.00

9 Nativo 75WG 394 1.3 0.00 3.9 0.03

10 HDC F65 45.8 2.3 0.06 4.7 0.04

11  HDCF79 58.9 0.0 0.00 1.7 0.00

12  Serenade 29.4 0.0 0.00 0.0 0.30

13  Prestop 61.0 0.0 0.13 2.8 0.06

14 SLS67A/SwitchiCorbell 57, o g 0.08 2.8 0.01
Rudis/Nativo
F pr 0.584 0.39 0.649 0.862 0.669
SED 0.08 0.0919
LSD 27.51 3.022 0.1618 7.936 0.1858
Significance NS NS NS NS NS
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Red spotting

The incidence of small red spots at this site was moderate (43.5% of roots affected in the
untreated) and offered a greater test of fungicide programmes, although the severity was
still low (Table 15). Most treatments resulted in lower red spot incidence than the untreated,
except Treatments 7 and 10 (containing Switch and Nativo). The best treatments included
SL567A (Treatments 2, 3 and 5) or Signum (Treatment 5). However, differences in red spot

incidence between all treatments were highly insignificant.

Carrot fly

There were no significant differences in carrot fly incidence between treatments at this site
(Table 15). The incidence was just 17.4% in the untreated control, 46% lower than the
incidence at site 1 (Hockwold). Treatment 5 (SL567A and Switch) was the worst treatment
at this site with 21% of roots affected. The most effective treatment was Treatment 14 which
had an incidence of just 4.2%.

Combining results from both sites 1 and 2 gave near significant treatment differences (P
=0.054). Carrot fly damage was evident on 40% of untreated roots, with Treatment 2
appearing as the most effective treatment with an incidence of just 12.9%. Treatment 6

(Signum) also provided near-significant control.

Table 15: Red spot and carrot fly incidence and severity at Site 2 v

Carrot fly
T % red spot Red Spot % carrot severity (%
rt Treatment A severity (% fly
incidence o root
root affected) incidence
affected)
1 Untreated 43.5 1.0 17.4 0.22
2 SL567A/Compass/Corbel 30.7 0.9 5.8 0.22
3 SL567A/SL67A 32.7 0.5 10.7 0.11
4 HDCF72 37.4 0.3 14.3 0.19
SL567A + Switch/
SL567A + Switch/
5 Switch 31.6 1.3 21.0 0.24
6 Signum 26.9 1.1 14.4 0.09
7 Switch 45.6 0.3 9.3 0.19
8 Rudis 33.6 0.7 195 0.15
9 Nativo 75WG 43.6 0.7 14.2 0.05
10 HDC F65 33.9 0.8 10.3 0.41
11 HDCF79 36.7 0.3 7.6 0.14
12 Serenade 41.3 0.7 9.2 0.33
13 Prestop 37.1 0.8 18.4 0.11
SL567A/Switch/Corbel/
14 Rudis/Nativo 39.0 0.5 4.2 0.31
F pr 0.988 0.934 0.644 0.811
SED 0.608 0.1812
LSD 28.61 1.231 16.64 0.3665
Significance NS NS NS NS
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Disease progression

Foliar disease levels in untreated plots were low, with levels of just 0.7% in mid-October. All
fungicides showed a degree of foliar disease control at the later assessment compared to
the untreated control. Foliar disease assessments (Table 16) showed that Treatment 7,
containing Switch at all five fungicide timings, had the lowest foliar disease severity at this
site, as it was at Site 1. However, foliar disease severity was very low. Blemish monitoring

was also completed (Table 17), which indicated that most lesions did not develop until mid-

August, also similar to Site 1.

Table 16: Foliar disease assessments at Site 2

% plot affected by foliar disease

Treatment 06/09/2012 15/10/2012
1 0.68 0.68
2 0.18 0.18
3 0.18 0.18
4 0.43 0.43
5 0.40 0.40
6 0.50 0.50
7 0.10 0.10
8 0.20 0.20
9 0.20 0.20
10 0.43 0.43
11 0.30 0.30
12 0.33 0.33
13 0.20 0.20
14 0.20 0.20
F pr 0.534 0.534
SED 0.2349 0.2349
LSD 0.4752 0.4752
Significance NS NS
Table 17: Root Blemish Monitoring — Site 2 (% incidence)
Date Brown leaf flecks  Fanging Root lesions
13/08/2012 16.3 18.8

Phytotoxicity

Phytotoxicity was not observed for any of the treatments at this site.

Field Trial Site 3 (Brayton)

The trial in this commercial parsnip crop established extremely well and the resulting roots
were large and well formed. Foliage was lush, did not suffer from lodging and no foliar

pathogens were observed. No phytotoxicity symptoms were observed at this site.
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Measurements of yield were taken and assessments of root blemishes were carried out on

the harvested roots.

Yield data (Figure 1,Table 18) was not significant across the treatments.

Yield t/ha
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Figure 1: Graph of yield data at Site 3

Table 18: Total yield data from Site 3 (03/12/12)

Trt Treatment Mean Yield t/ha
1 Untreated 36.9
2 SL567A/ Compass/ Corbel 34.6
3 SL567A/ SL567A 31.4
4 HDC F72 35.8
5 SL567A/ SL567A/ Switch 34.6
6 Sighum 34.2
7 Switch 35.9
8 Rudis 32.3
9 Nativo 36.4
10 HDC F65 40.4
11 HDC F79 31.4
12 Serenade 36.9
13 Prestop 35.4
14 SL567A/ Switch/ Corbel/ Rudis 36.0
15 Untreated 32.0
LSD (P=0.05) 9.31
Standard Deviation 6.52
CcVv 18.65
Grand Mean 34.94
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Roots were assessed for ginger blotch and shoulder cankers. Very few shoulder cankers
were present and the data generated was not sufficient for statistical analysis. Although
there are some differences present within the data, when both replicates of the untreated
control plots are taken into account, neither ginger blotch severity (Table 19) or ginger
blotch incidence were significant across the treatments when compared with the untreated

controls.

Table 19: % Severity of Ginger Blotch at Site 3 (03/12/12)

)
Trt Treatment Mean % root affected by

ginger blotch
1 Untreated 0.24 bc
2 SL567A/Compass/Corbel 0.16 c
3 SL567A/SL567A 0.2 bc
4 HDC F72 0.16 c
5 SL567A/SL567A/Switch 0.22 bc
6 Signum 0.33 abc
7 Switch 0.2 bc
8 Rudis 0.23 bc
9 Nativo 0.29 abc
10 HDC F65 0.22 bc
11 HDC F79 0.23 bc
12 Serenade 0.16 c
13 Prestop 0.37 ab
14 SL567A/Switch/Corbel/Rudis 0.16 c
15 Untreated 0.49 a
LSD (P=0.05) 0.205
Standard Deviation 0.143
Ccv 58.76
Grand Mean 0.24

Means followed by same letter do not significantly differ (P=0.05, LSD)

Field Trial Site 4 (STC Disease Bed)

This trial, established in a ‘disease’ bed at STC used a different parsnip variety for each
replicate of fungicide treatments to give an indication of varietal susceptibility as well as
treatment effects. The identity of the varieties included has been kept confidential at the
request of the seed houses who kindly donated the seed for this project. In all cases the
cultivars were provided on the basis that were potentially susceptible to root blemishes.

Due to adverse weather the trial was slow to germinate at this site and had to be re-sown,
at which time 2 applications of fungicides had already been applied. Seed from the second
sowing was also slow to germinate, though more plants did establish from this sowing.

Germination was uneven across the site and, due to the late second drilling date, plants did
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not achieve a mature size over the trial period. By harvest plants had achieved less than

50% of expected root size.

A larger area of plot was harvested to give a larger sample size. Yield data showed
significant differences between varieties but no significant differences between treatment
(Figure 2 and Table 22 in Appendix). Varieties 3 and 4 performed better than Varieties 1
and 2 with average yields across the treatments of 6.3 and 5.3 t/ha for V3 and V4
respectively and of 3.2 and 2.2 t/ha for V1 and V2. It is important to note that root size, and

thus yield, were very low in this trial and as such, these differences may not be relevant.
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Figure 2: Graph of yield data at Site 4 (note low yield due to poor germination and establishment)

Roots were assessed for ginger blotch, warty lesions, dry scar lesions, orange speckles and
carrot fly mines. Of these, the ginger blotch symptoms and carrot fly mines were the most

prevalent blemishes.
Carrot fly data was analysed using a Two Factor ANOVA without replication. Severity of
symptoms varied between 1.4 and 4.4% of root area affected, but no treatment or variety

effects were found (Table 23 in Appendix)

Removing the variety factor and analysing only treatment effects picks out some treatment

differences (Table 20) although no treatments were significantly different to the untreated.
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There were, however, significant differences between Treatment 8 (Rudis) and Treatments
9 (Nativo) and 12 (Serenade), where Rudis-treated plots had significantly more root area

affected by carrot fly mines than the Nativo and Serenade- treated plots.

Table 20: % root affected by carrot fly at Site 4 (treatment factor only) (14/02/13)

% root affected by Carrot Fly

Trt Treatment (arcsine square root transformed data)

1 Untreated 3.49 ab
2 SL567A/ Compass/ Corbel 2.94 ab
3 SL567A/ SL567A 2.36 ab
4 HDC F72 1.97 ab
5 SL567A/ SL567A/ Switch 2.67 ab
6 Signum 1.82ab
7 Switch 2.72 ab
8 Rudis 441 a
9 Nativo 1.4b
10 HDC F65 1.99 ab
11 HDC F79 2.54 ab
12 Serenade 1.67b
13 Prestop 2.66 ab
14 SL567A/ Switch/ Corbel/ Rudis 2.35ab

LSD (P=0.05) 2.726
Standard Deviation 1.907
CV 76.39

Grand Mean 2.5

Means followed by same letter do not significantly differ (P=0.05, LSD)

There did not appear to be any consistent effects of variety on carrot fly damage severity

(Figure 3). No variety was consistently better or worse than the average of all varieties.
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Figure 3: Severity of damage by carrot fly (variety and treatment factors) at Site 4 (14/02/13)
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No treatment gave statistically significant control of ginger blotch relative to the untreated
(Table 21). One treatment gave significantly higher levels of ginger blotch than the
untreated, although due to the poor uniformity of the trial, these results should be used with

caution.

Table 21: % Root affected by ginger blotch at Site 4 (treatment factor only) (14/02/13)

% root infected by ginger blotch

Trt Treatment (arcsine square root transformed data)

1 Untreated 2.54 bc
2 SL567A/ Compass/ Corbel 2.73 bc
3 SL567A/ SL567A 2.02 bc
4 HDC F72 2.16 bc
5 SL567A/ SL567A/ Switch 2.78 bc
6 Signum 2.93 bc
7 Switch 2.18 bc
8 Rudis 5.12 a
9 Nativo 3.03 bc
10 HDC F65 3.32 b
11 HDC F79 1.57 C
12 Serenade 1.88 bc
13 Prestop 2.82 bc
14 SL567A/ Switch/ Corbel/ Rudis 1.53 C

LSD (P=0.05) 1.547
Standard Deviation 1.083
CV 41.39

Grand Mean 2.62

Means followed by same letter do not significantly differ (P=0.05, LSD)
There appears to be an effect of variety on the levels of ginger blotch observed, with
Varieties 1 and 3 generally displaying higher levels of disease compared to the average for

all 4 varieties (Figure 4)
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Ginger blotch severity (STC disease bed)

o
2
\

o
o

e
~
|

T

o
w

% root infected by ginger blotch
(=]
w

o
N
I
|

]

e
(=] =
|

LU ol

1 2 3 4 5 6 7 8 9 10 11 12
Treatment number

13

14

average
avi
av2
avs
|va

Figure 4: Ginger blotch severity at Site 4 (treatment and variety factors) (14/02/13)
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Discussion

Year 1

The crop sampling carried out by both STC and ADAS during year 1 of this investigation
produced valuable information on the types of blemish observed and in many instances
identified the potential causal organisms. Many of the blemishes and blotches are distinct
from the larger cankers traditionally regarded as the important problems on parsnips. This
knowledge already begins to fill a large gap in our understanding of the causes of wastage
in the UK parsnip industry. Organisms such as Fusarium and Cylindrocarpon spp. have
previously been thought of as being relatively minor secondary pathogens in parsnip crops,
playing only a saprophytic, or weakly pathogenic role in damaged roots. However the work
carried out in 2010 demonstrated that these organisms can be highly pathogenic on
parsnip, capable of causing lesions on even undamaged roots. The relatively high incidence
of both of these organisms during sampling at a number of sites suggests that they may

well be having a significant impact on crop quality in some crops.

Among the commonest symptoms observed was the fine orange speckling, from which
Cylindrocarpon destructans was isolated consistently and the large ginger-blotch symptoms
which seemed to be generally caused by a mixture of Cylindrocarpon and Fusarium sp.
Cavity-spot like lesions were observed on 4 of the regularly monitored crops. This symptom,
commonly seen on carrots has been demonstrated in carrot to be caused primarily by
Pythium violae and P. sulcatum. However, in carrot, isolation of the causal organism from
mature roots with symptoms can be very difficult, if not impossible, and this was certainly
the case with similar symptoms seen on parsnip. It is generally accepted that the initial
damage/lesions on carrot crops form when the roots are still immature and that the early
lesion later becomes colonized by other secondary organisms. No causal organism for such
‘cavity-spot’ symptoms was identified in this study and it is possible that the same scenario
may also apply in parsnip. Further specific investigation would be required to fully elucidate

such symptoms.

We did observe some variability between the repeated visits to sites in terms of organisms
detected, with only the cavity-spot and speckling symptoms showing any clear increasing
pattern over the autumn period in some crops. The reasons for this are unclear, but may be
associated with small ‘pockets’ of inoculum in crops where skin blemish symptoms were
formed rather than a complete ‘blanket’ inoculum scenario where infective material was

generally at a similar level across a field. As the repeat samples were taken randomly in a
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‘W’ across sites it would be unlikely that samples were collected from the same vicinity on
each visit. However, general cultivation of the soil in fields where higher than normal levels
of skin blemish problems have been observed is likely to result in spread of inoculum of soil-

borne pathogens around the sites.

Itersonilia sp. was isolated from a high percentage of the roots with large black/brown
shoulder lesions, as would be expected. However, in all of the pathogenicity tests
conducted where symptoms were re-created we were unable to re-isolate Itersonilia sp from
resulting lesions and thus prove that this organism was causing the symptoms seen. The
mycelial growth pattern of the recovered isolates where symptoms were not re-created
suggests that the isolates collected may be Itersonilia perplexans (rather than I.
pastinaceae, the cause of canker) and this organism may be present as a secondary,

saprophytic organism.

A great deal of variability in the amount and type of skin blemish was observed within
varieties e.g. Javelin appeared to show fewer skin blemish problems at the sites monitored
by STC than at some of the sites monitored by ADAS. This suggests that, whilst varietal
susceptibility is important, levels of inoculum at field sites may also be fundamental to

blemish incidence.

Year 2

In pot tests of variety/pathogen combinations the results indicated that the choice of variety
may well be important as germination rates were significantly reduced by addition of C.
destructans and two isolates of Fusarium spp. during early assessments, although such
differences did not persist in later assessments.

No significant differences were observed between treatments in the level of damping-off of
seedlings post-emergence following inoculation in either cultivar tested.

Unsurprisingly, high levels of inoculum (10%) resulted in significantly reduced vigour in cv.
Javelin following inoculation with the Cylindrocarpon sp. crown isolate, Fusarium sp.
isolates T25 and T33 and with Pythium sp. The cultivar Palace was less affected with a
significant reduction in vigour only apparent following a 10% inoculation with the
Cylindrocarpon crown isolate.

The tests also indicate that the incidence of fanging was statistically significant at the higher
inoculum rate in cv. Javelin following inoculation with Fusarium sp. T33 and T34, Phoma
and Pythium sp., and in cv. Palace when inoculated at 10% with the both the

Cylindrocarpon isolates and the Pythium sp.
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The incidence of red spotting of roots was significantly higher in pots inoculated at the 10%
rate with both the Cylindrocarpon isolates, Fusarium T34 and Phoma sp. in both cultivars.
The severity of the spotting was worse in the pots inoculated with Phoma sp. and the
Cylindrocarpon crown isolate.

The development of early canker symptoms was more frequent on cv. Palace than on cv.
Javelin following inoculation with the Cylindrocarpon sp. black shoulder isolate at the higher
inoculum level. Only small numbers of isolates were tested in this project. There appear to
be differences in pathogenicity between isolates of the same organism, which perhaps
indicates that there are different pathogenic strains within populations of the same species.
More extensive studies of soil pathogens and variation between isolates are required to

assist breeding programmes in parsnips and other vegetable crops.

None of the biological products or conventional fungicides under trial at ADAS in Year 2 had
a significant effect on reducing symptom development in our studies. In the biological
control experiments, under instruction from manufacturers, the pathogens were mixed into
compost in the lower part of the pot and the biocontrol treatments mixed into the upper half
of the pot. Thus the pathogens were not enveloping the young seedlings as they were in the
pathogenicity tests. This almost certainly kept disease pressure low during the test and was
oriented to give the biocontrol treatments the most favourable conditions in which to work.
The fungicides were applied to the compost surface and lightly mixed into the compost to
simulate incorporation by the seed drill. The capability of the various products to move
further into the soil profile and persist sufficiently long to protect seedlings is unknown. In
the absence of specific activity in this experiment, further work should consider high volume

applications and repeated treatments.

Several active ingredients showed good activity at controlling mycelial growth of the isolates
of Cylindrocarpon, Fusarium and Pythium spp. during the agar-plate tests. Both
azoxystrobin and pyraclostrobin showed good activity against all three pathogens in these
tests and several other products resulted in reduced fungal growth of individual pathogens.
All three biological products showed good activity against Cylindrocarpon destructans and

Fusarium sp and should be considered in future studies to manage soil pathogens.

The in-vivo pot study tests carried out at STC with a range of the same products were rather
disappointing and it is possible that inoculum levels were too low in these studies. The
concurrent tests carried out by ADAS provided evidence that a higher level of inoculum,
closer to 10% than the 1% used, was required to produce good symptom expression. Some

significant results were observed in the Fusarium sp. pot study. Damping-off was reduced
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following application with Signum and Corbel. There was a significant increase in the dry
weight of roots following treatment with Amistar Top, Signum, Switch, HDC F81, HDC F70,

Serenade and Prestop, despite the fact that symptom expression was low overall.

Year 3

Field work carried out in Year 3 of the project aimed to identify potential crop protection
products that could be targeted against root blemishes. However, in a growing season with
low light levels and high soil moisture, many UK parsnip crops were not particularly stressed
and roots were strong with a good skin finish and low levels of blemish. There was strong
growth of the foliage and root crowns remained well-covered with soil. Steady root growth
with few signs of splits and cracks suggest that the absence of larger blemishes may be
explained by the absence of wound entry points.

All products tested appear to have been safe for use in parsnips as no phytotoxicity

symptoms were observed at any of the four trial sites.

Treatment application timings at the two Norfolk sites (Sites 1 and 2) varied slightly: At Site
1 products were first applied post-drilling, whilst at Site 2, treatments were first applied
shortly before drilling. No indication was seen that either of these methods was better than

the other, although the low levels of disease perhaps prevented any differences emerging.

No significant differences in yield were seen between treatments at any of the site, although
yields were quite different between sites. In particular, the STC disease bed site produced a
poor crop with small roots. This was largely due to adverse weather and the requirement to
re-drill the crop under below-optimum conditions. All other sites produced a standard
marketable sized crop.

Carrot fly damage was observed at two sites and significant treatment effects were seen at
one of these sites. Treatments 2 (SL567A, Compass, Corbel) and 5 (SL567A, Switch) both
significantly reduced carrot fly damage at site 1. At Site 4, where carrot fly damage was also
seen, no significant differences were seen between treatments. Results from this poor
cropping, non-uniform site should be treated with caution however. These differences are
not yet understood and would need to be further investigated before conclusions could be

drawn.
Overall levels of root blemishes were very low with the most prevalent symptom being red

spotting/ginger blotches associated with C. destructans. Incidence of these symptoms was

relatively high with between 15 and 43% roots affected in untreated plots across all four
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trials. Average lesion severity (% root affected) levels were still low however, with average
severity in untreated plots of only 0.2 — 1.0%.

No treatment resulted in a significant reduction of ginger blotches and spots relative to the
untreated at any site. At one site, one of the treatments gave significantly higher levels of
ginger blotch than the untreated, but this result is from site 4 where the crop was poor and
results should be treated with caution.

Levels of cankers were very low and no differences found at any of the four trial sites.
Incidence of fanging observed at two sites appeared to give some differences between
treatments (although not significant), but these differences were not consistent across sites.
Treatment 11 gave one of the higher levels of fanging at Site 2, but one of the lowest at Site
1. This would indicate that the differences observed were coincidental and not treatment
related. Seed treatments or pre-sowing incorporation of treatments may be required to
protect crops against early damage to the taproot which may leave roots susceptible to
fanging. At Site 2 treatments were applied pre-drilling but other non-target organisms or soil

factors may have caused fanging at this site.

The low levels of disease seen in parsnip crops in the 2012 growing season, whilst being
beneficial for growers, have led to disappointing results in field trials. Crop safety has been
demonstrated with a number of novel products, but efficacy against root blemishes has not.
Foliar applications of fungicides may not be able to control soil-borne pathogens unless
rates of application are high, or products with good systemic activity are chosen. Soil
treatments may be more effective but are subject to degradation in soil and may lack
persistence. Similarly it may be possible to manipulate microbial populations in the soil by
using soil amendments or biological control agents. Whilst the cost of such novel treatment
options at present may be prohibitively expensive, pilot studies to evaluate dose and timing

should be considered.

The management of parsnip blemishes will continue to involve crop rotation, particularly
avoiding close rotations with other root crops. Variety selection is important and new
varieties need to be tested over a wide range of sites. Good agronomy to maintain healthy

foliage and minimise stress and uneven growth is also important for root health.
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Conclusions

e The lesions that were predominantly seen causing problems during the three years
of this study were small, varied blemishes, compared to previous years where larger
black or brown cankers were the dominant issue.

e The changing status of diseases and blemishes in parsnips may reflect changes in
the cultivars that are grown and the selection for disease resistance being made by
parsnip breeders.

e A number of organisms were found to be associated with blemishes on parsnip
roots. The main organisms found that appear to be pathogenic were species of
Fusarium spp. and Cylindrocarpon spp.

o Laboratory testing identified some potential crop protection products, but in field
testing proved difficult in a low disease year. Demonstrating the efficacy of these
products in soil is challenging and more elaborate methodology may need to be

considered.

Due to the low disease year encountered in 2012, further field trials work should be
considered in future years. Any additional field trials work should perhaps take into

consideration product dose rates, spray timings and methods of application.

Knowledge and Technology Transfer

HDC News article: ‘At the root of parsnip blemish’ published April 2013 Issue 192: pp26-27
Presentation to BCGA Technical meeting, March 2013
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Appendix

Table 22: Two-way ANOVA of yield data at Site 4.

Average
SUMMARY Count | Sum | vyield t/ha Variance
Treatment 1 41214 5.35| 7.336667
2 41 20.2 5.05| 16.77667
3 41 12.6 3.15 2.07
4 41 16.1 4.025| 13.80917
5 41 195 4.875 2.7225
6 41 16.9 4.225 | 14.37583
7 41 18.9 4.725 | 16.09583
8 41 19.3 4.825 | 3.329167
9 41204 5.1 | 18.28667
10 41 14.9 3.725 12.4825
11 41124 3.1| 4.066667
12 41 16.2 4.05 | 5.643333
13 41154 3.85| 8.676667
14 41 14.9 3.725 | 0.749167
Variety V1 14 | 44.9 3.207143 | 2.733022
V2 14 31 2.214286 | 2.001319
V3 14 | 88.8 6.342857 | 9.308791
V4 14| 74.4 5.314286 | 5.669011
ANOVA
Source of
Variation SS df MS F P-value F crit
Treatment 27.39589 13 2.107376 | 0.359115 | 0.975017 | 1.980528
Variety 150.4005 3 50.13351 | 8.543171 | 0.000175 | 2.845068
Error 228.862 39 5.868255
Total 406.6584 55
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Table 23: Two factor ANOVA without replication for % root affected by Carrot Fly

mines at Site 4

SUMMARY Count [ Sum | Average | Variance
1 4113.96 3.49 6.02
2 4111.72 2.93 6.00
3 41 9.43 2.36 3.43
4 4 7.86 1.97 2.96
5 4110.68 2.67 9.81
6 41 7.29 1.82 2.03
7 4 (10.85 2.71 5.10
8 4 (17.65 441 6.14
9 41 5.59 1.40 2.66
10 41 7.93 1.98 2.09
11 4 (10.22 2.55 2.91
12 4] 6.64 1.66 1.36
13 4110.62 2.66 1.23
14 4 9.41 2.35 3.03
V1 14 | 36.99 2.64 4.82
V2 14 | 20.07 1.43 2.62
V3 14 | 43.06 3.08 2.98
V4 14 | 39.74 2.84 2.94
ANOVA
P-
Source of Variation SS df MS F value F crit
Treatment 31.61 13 2.43 0.67 0.78 1.98
Variety 22.45 3 7.48 2.06 0.12 2.85
Error 141.86 39 3.64
Total 195.92 55
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