Project title: Carrot cavity spot: (i) using quantitative
PCR to predict disease in strawed crops;
(i) controlling moisture for optimum
disease management

Project number: FV 353
Project leader: Dr D J Barbara, Warwick HRI,
University of Warwick
Report: Final report, April 2010
Previous report: None
Key staff: D J Barbara
C Grant
Location of project: Warwick-HRI, Wellesbourne,

Warwickshire

Project coordinator: David Martin

Date project commenced: 1% April 2009

Date project completed 31% March 2010

(or expected completion date):

Key words: Cavity spot, carrots, PCR, disease
prediction, disease management, soil
moisture.

Signed on behalf of: Warwick HRI

Signature:....cooe i Date: i

Name Professor Brian Thomas

Acting Director and Head of Department

Whilst reports issued under the auspices of the HDC are prepared from the best available
information, neither the authors nor the HDC can accept any responsibility for inaccuracy or
liability for loss, damage or injury from the application of any concept or procedure discussed.

The contents of this publication are strictly private to HDC members. No part of this publication

may be presented, copied or reproduced in any form or by any means without prior written
permission of the Horticultural Development Company.

The results and conclusions in this report are based on an investigation conducted over
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results have been reported in detail and with accuracy. However, because of the
biological nature of the work it must be borne in mind that different circumstances and
conditions could produce different results. Therefore, care must be taken with
interpretation of the results, especially if they are used as the basis for commercial
product recommendations.
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Grower Summary

Headline

Cavity spot development can be limited by careful irrigation management, but PCR testing

for Pythium violae is not an appropriate disease prediction tool.
Background and expected deliverables

Cavity spot remains a major problem in the UK where the disease seems to be caused
almost entirely by Pythium violae. Using conventional mycological techniques P. violae is
very difficult to detect and quantify in soil and so until recently we had very little
understanding of the biology of P. violae. As part of earlier work at Warwick HRI, a
guantitative fluorescent PCR (qPCR) technique has been developed. Through DEFRA
funding and an HDC studentship (CP 46), we have used this gPCR to greatly increase our

understanding of the fungus both in the soil and during disease development.

It now seems that although P. violae can cause damage to carrots, it is better understood as
a rhizosphere organism capable of growing in association with a range of hosts. It is now
clear that P. violae does not behave like other “classic” soil-borne diseases where disease is
directly proportional to initial inoculum levels. Rather, during the carrot season the fungus
grows, sometimes rapidly, from low levels of inoculum and disease levels are determined by
conditions during the growing season with the main determinant being soil moisture.
Preliminary data suggests that soil temperature and the soil microbiota can modify levels of

the disease by affecting the “efficiency” relating levels of fungus to root disease..
Disease prediction

The strong effect of environmental and other factors on final disease levels suggested that

pre-planting levels of the fungus in the soil would not be correlated with final disease levels
and this was confirmed both at the local level (in a Defra-funded project) and more widely in
a previous (2005/7) HDC-funded project (FV5g).

However, cavity spot developing during the winter in strawed crops remains a problem and it

would be useful for growers to be able to predict final disease levels when deciding on

harvest dates and whether to straw crops. Main-crop plantings in which cavity spot can be
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seen in late summer will not improve and should be harvested early, but the primary lesions
caused by P. violae are often small with secondary infections by other fungi causing damage
during winter. Moreover in some crops where no lesions are visible, disease will still develop
during the winter. Previously we found amounts of P. violae in the soil collected from near
the root surface (SOCS) in late summer/early autumn, broadly correlated with disease during
the winter suggesting that testing at this time might be a useful management tool. However,
only a small number of commercial fields were tested in FV5g and the Defra project

concentrated on one field at Warwick HRI.

Part of this project aimed at developing a management decision tool for determining which
crops should be harvested immediately and which can be safely strawed-down. This part of
the project looked at late summer testing of SOCS as a predictive tool for final disease

levels.

Expected deliverable: evidence that testing for the presence of P. violae by gPCR in late

Summer could provide a valuable disease management tool.

Water levels and optimised disease management

Fungicide applications can help control cavity spot but timing is important. P. violae
increases rapidly during the main-crop carrot season with the main influence of the timing of
growth being soil moisture. However, this has only been tested at two very different levels of
water input. At high levels of water, growth was rapid in the early part of the season with
peak levels of fungus reached in July. In contrast with only natural rain in a dryish season,
maximum levels were seen in September. Growers cannot control rain on crops but it is
easily measured. If growth of the fungus could be linked to total added water (which in
commercial practice would be rain + irrigation) then it should be possible to make more finely
tuned recommendations as to the timing of fungicide applications and so achieve better
disease control. In practice, with growers wishing to schedule fungicide applications, the
practical outcome would be to provide recommendations to ensure appropriate amounts of
water had been applied to allow the fungus to begin to grow, before the application of a

fungicide.

The second part of this project therefore looked at applied irrigation in a covered
environment and correlated this with growth of the fungus on carrots and the time of
appearance of disease. Syngenta funded simultaneous complementary work on the

effectiveness of fungicide in controlling disease. This part of the work focused on SL567A
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but the results will probably apply to other fungicides applied to the soil for cavity spot
control, as the important stage in the disease is probably when rapid growth of the fungus is

occurring.

Expected deliverables: a better understanding of the amount of water required to instigate
growth of the fungus and development of disease. Also a demonstration that early
applications of fungicide can be effective in controlling disease (and the fungus) if sufficient
water is present to ensure that the fungus is in a susceptible state of growth when the

product is applied.

Summary of the project and main conclusions

Disease prediction

31 fields spread from East Anglia through to Scotland were identified and samples of 60
roots (from four locations within each field) and associated soil were collected during late
August or early September. These were assessed visually for disease and soil collected
from the roots was tested for the presence of P. violae by gPCR. These sites were visited
again in late October/early November and, if the crops were still in the ground for a third time
in late January/early February. As on the first occasion roots and associated soil were
collected, assessed for disease and tested for P. violae. The results are summarised in
Table 1 below.

Table 1 Summary table for samples collected from UK fields. Disease determined in most
cases by visual inspection of four groups of 15 roots per field and P. violae by qPCR of soil
off carrot surfaces. “No cavity spot” means no lesions seen and “no P. violae” means no

reliable detection of the fungus (see Table 2 of Results section for full details).

Cavity  Pythium Detection date Number  Notes
spot violae of fields
NO NO 11
NO YES Aug/Sept 0 Very low levels P. violae
Oct/Nov or Jan/Feb 2 detected
YES NO 11 Possibly not cavity spot In

4 fields; 5 fields only low
numbers of lesions.

YES YES Aug/Sept 4/6 moderate (>10) to high
Oct/Nov or Jan/Feb 6 numbers lesions

o
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High levels of cavity spot were found in six fields and high levels of P. violae in a similar
number of fields. Low levels of either disease or fungus were found in many fields, but 11
fields had neither. 4 fields had roots with lesions but these were highest at the first visit and
reduced later; this is atypical of cavity spot and it is thought that these lesions were probably
due to infection by another fungus (as has been found in other projects). No P. violae was

detected in these fields.

Crucially, P. violae was not reliably detected at any site in August/September. Therefore no

useful predictions could be made of later development of disease.

There was a correlation of P. violae with disease when tested in October/November but this
was neither strong enough nor robust enough to use as a good predictive tool and was far

too late to be of use to growers making decisions as to early harvesting/strawing anyway.

Main conclusions from disease prediction work

¢ No P. violae was detected in any sample of carrots and associated soil from
commercial field sites in late August/early September and so no useful prediction of

the later development of cavity spot could be made.

¢ PCR testing cannot be recommended to carrots growers as being a useful

management tool at any time of the year.

Water levels and optimised disease management

Two poly-tunnels, each containing three 35+ m beds of carrots (var Nairobi) were
established in Cottage Field at Warwick HRI. Each bed was drilled as four triple rows of beds
at standard spacing for main crop carrots intended for the fresh market. In one tunnel, plots
were trickle irrigated at five different levels (7.5, 15, 30, 45 and 60 mm of water
applied/week; the 30 mm/week level was duplicated to allow the separation of the high
irrigation levels from the low levels). Each applied water level was replicated 3 times. Beds
were sampled at roughly monthly intervals with carrots being washed and assessed for
disease and the SOCS tested for the presence of P. violae by gPCR.
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In the second tunnel, plots of carrots were irrigated at four levels (7.5, 15, 30 and 45 mm
water/week); a fifth set was initially irrigated at a low level but this was raised later (7.5
mm/week raised to 45 mm/week). In this second tunnel plots were divided into two sub-plots
and six weeks after drilling, one of each pair was sprayed with SL567A (1.31/1000I water).
Again plots were sampled regularly with roots being assessed for disease and SOCS tested
for P. violae. In both tunnels soil from between the rows of carrots was sampled 5 weeks
after drilling and tested for P. violae. No fungus was detected in any of these “open soil”

samples.

In the higher irrigation levels, P. violae was detected from the 9" October sampling onwards
whilst in the lower levels it was first detected in November or February or not at all. Where
disease was found, its first appearance generally coincided with that of the fungus but
whereas the levels of fungus tended to peak and fall away, at the higher irrigation levels at
least, the disease levels continued to rise until the last sampling in February. The repeated
sets of 30 mm/week water were very different in terms of fungal growth/disease but the
lower threshold for good growth of the fungus was at about this level. Maximum growth of
the fungus and levels of disease occurred at about 45 mm water/week and no further

increase was found above this.

In the tunnel where sub-plots were sprayed with fungicide, this gave 100% control of both
fungal growth and of disease development where water levels were 15 mm water/week and
above. At 7.5 mm water/week no disease was seen and P. violae was only detected in the
last sampling (February) with the fungus being found in both sprayed and un-sprayed sub-

plots.

It is clear that water levels strongly influence growth of P. violae and the development of
disease with maximum levels of both requiring around 45 mm water/week in the form of

irrigation in these tunnels.

It had been expected that effective control of fungal growth by SL567A would require the
fungus to be in a state of rapid growth at the time of application. However, it seems that even
at quite low levels of irrigation (15 mm water/week) fungicide applied at 6 weeks post-drilling
can be very effective. Under these conditions (i.e. in a poly-tunnel) very low amounts of
disease was seen at this level of irrigation in the unsprayed sub-plot and none in the sprayed
plot. The fungicide was not effective at the lowest level of irrigation in that P. violae was
detected at the last sampling (February) in both sprayed and unsprayed plots but at this level

of irrigation no disease was seen either.
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In this project no attempt was made to measure relative yields but the results suggest two

things growers should be aware of.

1. Combined natural water (rainfall) and irrigation should be kept as low as possible
consistent with good yields in order to minimise the development of disease. In these
experiments keeping this below approx 30 mm/week strongly limited disease (and

growth of the fungus).

2. Fungicide treatments early in the season can give very effective control of both
disease and fungal growth providing there is sufficient water applied to allow growth
of the fungus (in these experiments down to 15 mm water/week). Limiting water to
give some natural control of the disease is obviously at odds with having enough
water to get the fungus growing but growers can aim at the “gap” between the two (in

these experiments between 15 and 30 mm/week) or rely on one strategy or the other.

Main conclusions from water level and optimised disease management work

e Approximately 30 mm water/week seems to be the cut-off for rapid growth of P.

violae and strong development of cavity spot disease.

e Above 45 mm water/week there was no further increase in growth of the fungus or

development of the disease.

e Around 15 mm water/week is the lower limit for effectiveness of fungicide applied

early in the season.
e Growers need to manage total water on the crop to give optimal yields but if possible

limit this to naturally limit disease development, consistent with getting some early

growth of the pathogen if intending to use fungicide for the control of cavity spot.

© 2010 Agriculture and Horticulture Development Board



Financial benefits

Disease prediction

As no predictive information was obtained by PCR testing in late summer growers are not
recommended to undertake such testing. In previous projects (FV5g and Defra funded) we
have shown that as conditions during the growing season determine the amount of disease,
pre-plant testing also does not give information of value to growers. Therefore, commercial
growers would obtain no financial benefit from testing at any time for the presence of P.

violae.

Water levels and optimised disease management

Growers can maximise the likelihood of fungicides being effective by ensuring sufficient
water has been applied to give growth of the fungi. On the other hand limiting total water
(rain plus irrigation) to just enough for optimal yields of the crop may give control of the

disease.

As no attempt was made to measure crop yields in these experiments and no data is
available on loss of efficiency of fungicides in commercial fields due to dry soils the financial

benefits could not be quantified here.

Action points for growers
e Growers are advised that at present there is no evidence that testing for the
presence of P. violae at any stage of the season will provide them with any

information of predictive value for the management of cavity spot disease.

¢ If intending to use fungicides to control cavity spot, growers should (a) apply them
early in the season (here six weeks post-drilling was used) and (b) ensure that
sufficient water has been applied for growth — here 15 mm water/week but likely to

vary on different soil types.
e Growers should apply only sufficient irrigation to give optimal yields of the crop and if

total applied water (rain + irrigation) is kept below the threshold for rapid growth of

the fungus (here about 30 mm/week) then disease development will be limited.
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Science Section

Introduction

Background

Cavity spot remains a major problem for carrot growers in the UK. It is also a major problem
in other carrot growing countries. In the UK the disease is caused almost entirely by Pythium
violae; elsewhere other Pythium species are more important but whilst at least some of

these species occur in the UK they do not appear significant here.

Using conventional mycological techniques P. violae is very difficult to detect and quantify in
soil and so until recently we had very little understanding of the biology of P. violae in the
soil. As part of DEFRA funded work at Warwick HRI, a semi-quantitative PCR assay for the
detection of Pythium violae originally used in Norway was further developed into a fully
guantitative fluorescent PCR (qPCR). This latter test not only gives better quantification of P.
violae levels in the soil but is also more reproducible. Through both DEFRA funding of
experimental field work at Warwick HRI and an HDC studentship (CP 46) we have used this
gquantitative PCR to greatly increase our understanding of the dynamics of the fungus in the

soil.

One insight coming from this is that although P. violae can cause damage to carrots, and is
a pathogen in that sense, it is better understood as a rhizosphere organism capable of
growing in association with a range of hosts. The levels of fungus detected by gPCR in
association with roots varied greatly for different hosts. The fungus does not cause
noticeable disease on most of the alternative hosts but they presumably maintain the
inoculum in the soil in the absence of carrots. Secondly, it has become clear that P. violae
does not behave like other “classic” soil-borne diseases in that disease is not directly
proportional to initial inoculum levels present in the soil at the time of planting. Rather, during
the carrot season the fungus grows from initially low levels of inoculum and final disease
levels are determined by conditions during the growing season. At a given site, the main
determinant of levels of fungal growth/disease appears to be soil moisture. Preliminary data
from this work suggests that two other factors can modify levels of the disease by affecting
the “efficiency” factor relating levels of fungus to root disease — soil temperature and the soll

microbiota.

Disease prediction

The strong effect of environmental and other factors on final disease levels suggested that
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pre-planting levels of the fungus in the soil would not correlate with final disease levels. This
was confirmed both at the local level in the Defra-funded project and more widely in a
previous (2005/7) HDC-funded project (FV5q).

However, there remains a problem with cavity spot developing during the winter in strawed
crops; therefore growers need to be able to predict the level of disease in the crop when
making decisions on harvest dates and whether to straw crops. Main-crop plantings in which
cavity spot can be seen as the crop matures in late summer will not improve and should be
harvested early. However, the primary lesions caused by P. violae are often small with
secondary infections by other fungi causing much of the damage during winter. Moreover, it
seems that in at least some crops where there are no lesions visible prior to strawing,

disease will still develop during the winter.

Previous work had shown that in the fields tested the level of P. violae in the soil collected
from near the root surface (SOCS) in late summer/early autumn broadly correlated with
disease developing during the winter suggesting that testing at this time might be a useful
management tool. (Fungal DNA levels in late Summer/early Autumn SOCS samples are
much better correlated with disease levels later in the season than are levels of fungus in
field soil collected from away from the carrot roots.) However, only a small number of
commercial fields were tested in FV5g and the DEFRA project concentrated on one field at
Warwick HRI.

Part of the current project was aimed at developing gPCR as a management decision tool
for determining which crops should be harvested immediately and which can be safely
strawed-down. This part of the project looked at late summer testing of SOCS as a predictive

tool for final disease levels.

Water levels and optimised disease management

Fungicide applications can help control cavity spot but timing appears to be very important
(based, for example, on results from Syngenta trials for SL567A). From the DEFRA project
we now know that P. violae increases rapidly during the main-crop carrot season with the
main driver of the timing of growth being soil moisture. However the timing of growth has
only been tested at two levels of water input (i) natural rain and (ii) natural rain plus intensive
irrigation. At high levels of water, growth was rapid in the early part of the season (with peak
levels of fungus reached in July) but with only natural rain in a dryish season maximal levels
were seen in September. Growers cannot control rain on crops but it is easily measured. If

growth of the fungus could be linked to total added water (which in commercial practice

© 2010 Agriculture and Horticulture Development Board



would be rain + irrigation) then it should be possible to make more finely tuned
recommendations as to the timing of fungicide applications and so achieve better disease
control. In practice with growers wanting to schedule fungicide applications, the practical
outcome would be recommendations to ensure certain level of waters had been applied to

allow the fungus to begin to grow before the application of fungicide.

The second part of the current project looked at applied irrigation in a covered environment
and correlated this with growth of the fungus on carrots and the time of appearance of
disease. Syngenta agreed to fund simultaneous complementary work on the application
timing of fungicide. This part of the work focused on SL567A but the results will probably
apply to other fungicides applied to the sail for cavity spot control as the important stage in

the disease is that when rapid growth of the fungus is occurring.

Materials and methods

(i) Disease prediction

Sampling. In August/September 2009, with the help of growers and advisors, 31 fields of
main crop carrots intended for keeping in the ground until at least November were identified.
These fields were spread across England and Scotland. The fields were visited on up to
three occasions (see table 1 for dates). Circumstances, particularly commercial decisions to
harvest the crops but also including flooding of access roads, reduced the number sampled
as the experiment progressed and in January/February 2010 only 14 fields were still

available to be visited.

On all visits, the intention was to collect four samples of 15 carrots from each of four sites
within each field to represent each quarter of the field. Precise collection points were
recorded with a reading from a commercially available hand-held GPS unit. In a small
number of fields, harvesting was underway at the time of sampling and in these cases the
sampling sites were pragmatically relocated to be as close to the original as was reasonably
possible. Samples were brought back to W-HRI, allowed to air dry and a sample of “soil off
carrot surfaces” (SOCS) was collected by hand rubbing the roots. Soil samples for each set
of 15 roots were kept separate. Roots were then hand-washed and levels of cavity spot
recorded (numbers of lesions per root and numbers of roots with lesions). For one field the
crop had been harvested by the November visit and the samples were 4 x 15 roots collected
from those left on the surface; as these had been exposed to rain and light, no soil samples

were collected from this field.

Pythium violae DNA was extracted from all soil samples using the method first developed in
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Norway (see FV5g) and further refined in the Defra funded work. DNA quantitation used a
SYBR Green fluorescent PCR developed in the Defra work. Normally 250 mg of soil are
extracted and the DNA collected in 100 pl ; 1 pl of this extract goes into the PCR assay.
Results are presented as femtogram (fg) DNA per pl extract. Approx 50 fg represents one
genome for P. violae but because the target sequence is multicopy within the genome,
results down to ca. 10 fg are regarded as indicative of the presence of the fungus. The
precise translation of these estimates of DNA into “amount of fungus” is complicated by a
number of factors but the results represent good estimates of the relative abundance of P.

violae in different samples.

(ii) Water levels and optimised disease management

Two poly-tunnels (40m x 8m) were erected in Cottage Field on 1/6/2009. Three beds of
carrot cv Nairobi were drilled in each tunnel on 8/6/2009 and established with over-head
irrigation. The beds were marked out in plots (fig. 1) and trickle irrigation established to give
the indicated amounts of water (in mm/week). The plots in poly-tunnel 2 were sub-divided
into two and one of each pair of sub-plots hand sprayed with SL567A at 1.3 I/1000 | water on
24/7/2009. In tunnel two, one set of beds was initially irrigated at 7.5 mm/week but this

increased to 45 mm/week in the week commencing 28/9/09.

Soil temperatures were monitored in representative plots and were not different between
sets of beds (data not shown). Moisture meters were also placed in some beds but did not

give reliable estimates of soil moisture (data not shown).

Samples of soil from each plot and sub-plot were collected from a depth of approx 10 cm on
9/7/2009. Thereafter samples of 20 roots were collected at approximately monthly intervals
(see table 2). SOCS samples were collected from each set of 20 roots and cavity spot levels
assessed on washed roots as described above. DNA was extracted from all the soil and
SOCS samples and the extracts tested for the presence and abundance of P. violae as in (i)

above.
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Figurel: Layout of beds in the two tunnels; tunnel 1, left above, was used to look at the
effect of water levels on the occurrence of disease and growth of P. violae; tunnel
2, right above, was used to look at the interaction of water levels and fungicide.
Figures on beds indicate irrigation applied each week (in mm/week). In tunnel 1
the 30 mm/week beds were replicated to prevent major seepage of moisture from
the high irrigation beds to the lower irrigation beds by separating these into two
separate blocks. Set 30a referred to in the results is the upper set. In Tunnel 2,
beds were split into sub-plots with one half treated with fungicide, the other not;
within each set treated and un-treated beds alternated upper/lower across the set
of beds. One set of the beds was initially irrigated at low level but with irrigation
increased later (see text for details). All beds were of four triple rows of carrots var
Nairobi.
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Results

(i) Disease prediction

Results by sampling point and field are given in Table 2. One of the 31 fields could only be
visited once due to flooding but most were visited at least twice and 14 three times. Results

are summarised in Table 3.

No lesions were seen in the samples from 11 fields (plus the one only sampled once). At a
further 11 fields lesions identified as cavity spot were seen but no P. violae was detected by
PCR; in five of these numbers of lesions were low (4 or less lesions on 60 roots sampled per
visit) often with only one or two seen. In four fields lesions, were seen early but the numbers
reduced or no lesions at all were seen on later visits. This behaviour is atypical for cavity
spot and it is possible that these lesions were not P. violae induced cavity spot; this is
particularly likely in the field where 130 lesions on 60 roots were found at the first visit but
reducing numbers on subsequent visits and no P. violae was detected at any stage. At
another two of the 11 fields, moderate numbers of lesions were seen (10 — 20 and up to 10%
of the roots) but in these fields the disease behaved more as expected (first appearing at the
second visit and increasing or being as frequent at the third visit). These were thought more
likely to be cavity spot and the failure to detect P. violae cannot be explained. It is presumed
that in the remaining fields with low numbers of lesions this was cavity spot but P. violae
could not be detected simply because only a low level of disease was present. P. violae was
detected in two fields at the second visit even though no disease was seen. However, in
both cases the levels of the fungus detected were very low; it is possible in these cases that
disease might be found if more intensive sampling were undertaken. In six fields both cavity

spot and P. violae were recorded.

There was some regional variation in the occurrence of both cavity spot and P. violae. There
was no disease detected in the five East Anglian or two Shropshire fields whilst disease was
widespread at low levels in Scotland - but in all these three areas minimal P. violae was
found. One or two fields with moderate to severe cavity spot were found in Yorkshire,
Lancashire and Nottinghamshire/Lincolnshire and similar numbers of fields with strong
detection of P. violae. The fields with early lesions which were possibly not “classic” cavity

spot were in Lancashire and Yorkshire.
As far as the aim of project was concerned the important result is that in 28 fields P. violae

was not detected at all in August/September. In the remaining three fields, P. violae may

have been detected but at very low levels which cannot be considered reliable, being at or
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around the detection limit for the assay. Therefore no reliable forecast for the development of

disease could have been made.

(ii) Water levels and optimised disease management

Development of cavity spot was disappointingly low and late in both the poly-tunnels used. In
other experiments being conducted concurrently in the open field only a dozen feet or so
away (as part of CP46) high levels of disease were being seen in roots (ca. 5+ lesions per
root on average in control plots) by September. However maximum level seen within either
of the tunnels was only 150 lesions on 60 roots sampled from one treatment and this was
achieved only in February 2010. At earlier sampling times the disease development was
disappointingly low. At low irrigation levels this late and limited disease development might
be expected but at higher irrigation levels, available water was not expected to be a limiting
factor. The reason for this late development of disease in an experimental field where we
have always got disease is not known. Increased temperature due to the poly-tunnels might
be a factor but in other projects raising the soil temperature resulted in more lesions per root
developing rather than less. Therefore, the reason for the slow development and only low

levels of disease is not known.

In the trial of just irrigation (Tunnel 1) both disease and growth of the fungus was in general
related to irrigation levels (Table 4). The results for one of the 30 mm water/week set of beds
was unexpectedly high, particularly for P. violae detected, at the November sampling. This
set of beds (30a) was that set included with the other high level irrigation beds and it is
probable that effective moisture levels were higher in those beds. But this does not explain
why in February there appeared to be greater growth of the fungus in these beds than in
those with even higher irrigation levels. Even including this sampling, the results suggest
that around 30 mm of water per week was the threshold for both disease development and

fungal growth.

In tunnel 2, disease was only seen in the 45 mm water/week beds (other than a few very late
lesions in the 15 mm/week beds) (Table 5) but first appearance was slightly later than in
tunnel 1. Disease was only seen in the unsprayed beds. P. violae was detected in the
unsprayed 15, 30 and 45 mm water/week beds, starting from October (45 mm) or

November (15 and 30 mm) but not in any of the sprayed beds at these irrigation levels.
Some P. violae was detected very late (at the February sampling) in both sprayed and
unsprayed beds at 7.5 mm water/week but not in the beds with initially 7.5 mm increasing to
45 mm water/week. In these low irrigation beds, no disease had appeared by the last

harvest in February.
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Table 2: Disease and P. violae detected by qPCR for the 31 fields selected around the UK. Fields are arranged by broad region and the
footnotes given apply just for the region under which they appear
East Anglia
Field 1
3/9/09 10/11/09 No straw ND*
location PCR (fg) Lesions Roots PCR (fg) Lesions Roots PCR (fg) Lesions Roots
1 0 0 0 0 0 0
2 0 0 0 0 0 0 harvested
3 0 0 0 0 0 0
4 0 0 0 0 0 0
Field 0 0 0 0 0 0
Field 2
3/9/09 10/11/09 No straw ND*
location PCR (fg) Lesions Roots PCR (fg) Lesions Roots PCR (fg) Lesions Roots
1 0 0 0 0 0 0
2 0 0 0 20 0 0 harvested
3 0 0 0 30 0 0
4 0 0 0 0 0 0
Field 0 0 0 12 0 0
Field 3
3/9/09 10/11/09 Strawed ND*
location PCR (fg) Lesions Roots PCR (fg) Lesions Roots PCR (fg) Lesions Roots
1 0 0 0 0 0 0
2 0 0 0 0 0 0 harvested
3 0 0 0 0 0 0
4 0 0 0 0 0 0
Field 0 0 0 0 0 0
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East Anglia

Field 4
3/9/09 10/11/09 Strawed ND*
location PCR (fg) Lesions Roots PCR (fg) Lesions Roots PCR (fg) Lesions Roots
1 0 0 0 0 0 0
2 0 0 0 0 0 0 harvested
3 0 0 0 0 0 0
4 0 0 0 0 0 0
Field 0 0 0 0 0 0
Field 5
24/8/09 10/11/09 No Straw ND!
location PCR (fg) Lesions Roots PCR (fg) Lesions Roots PCR (fg) Lesions Roots
1 0 0 0 0 0 0
2 0 0 0 0 0 0 harvested
3 0 0 0 0 0 0
4 0 0 0 0 0 0
Field 0 0 0 0 0 0
! no samples as field harvested in early January before visit. Grower reported no cavity spot seen in any of the five fields.
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Lancashire

Field 1
26/8/09 12/11/09 No straw 27/1/10 Peat *
location PCR (fg) Lesions Roots PCR (fg) Lesions Roots PCR (fg) Lesions Roots
1 0 25 8 0 10 4 0 0 0
2 0 8 6 0 1 1 0 1 1
3 0 14 6 0 11 6 0 3 2
4 0 83 13 0 32 9 0 8 3
Field 0 130 33 0 54 20 0 12 6
Field 2
26/8/09 12/11/09 No straw 27/1/10° Peat’
location PCR (fg) Lesions Roots PCR (fg) Lesions Roots PCR (fg) Lesions Roots
1 0 9 4 0 9 5 0 14 1
2 0 5 2 0 0 0 0 7 2
3 0 11 3 55 21 8 0 9 2
4 0 0 0 167 25 7 0 4 2
Field 0 25 9 55 55 20 0 34 7
Field 3
26/8/09 12/11/09 No straw 27/1/10 Peat*
location PCR (fg) Lesions Roots PCR (fg) Lesions Roots PCR (fg) Lesions Roots
1 0 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 0 0
3 0 1 1 0 0 0 0 0 0
4 0 3 3 0 0 0 0 0 0
Field 0 4 4 0 0 0 0 0 0
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Lancashire

Field 4 *
26/8/09 12/11/09  No straw ND®
location PCR (fg) Lesions Roots PCR (fg) Lesions Roots PCR (fg) Lesions Roots
1 0 0 0 0 0 0
2 0 0 0 0 3 2 harvested
3 0 0 0 0 0 0
4 0 1 1 0 0 0
Field 0 1 1 0 3 2
Field 5
26/8/09 12/11/09° - ND®
location  PCR (fg) Lesions Roots PCR (fg) Lesions Roots PCR (fg) Lesions Roots
1 0 0 0 ND 0 0
2 0 0 0 ND 0 0 harvested
3 0 0 0 ND 0 0
4 0 0 0 ND 0 0
Field 0 0 0 0 0

'Note this field was being harvested at time of visit so that the locations used in November were not identical to those in August.

Note this field had been harvested prior to November visit and samples were collected from roots left in field; these roots had been exposed to rain
and it was not possible to collect SOCS sample for PCR testing. ND = not done because of this.

*no samples as field harvested in November.

“Not conventionally strawed but peat mounded over crop in ground.

°Field being harvested at January visit so locations not identical with those in August & November
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Notts/Lincs

Field 1
27/8/09 9/11/09 No straw NA?
location PCR (fg) Lesions Roots PCR (fg) Lesions Roots PCR (fg) Lesions Roots
1 6 0 0 0 0 0
2 0 0 0 0 0 0 harvested
3 0 0 0 0 0 0
4 0 0 0 2 0 0
Field Q) 0 0 0 0 0
Field 2* (processing carrots)
27/8/09 9/11/09 Strawed 3/2/10 Strawed
location PCR (fg) Lesions Roots PCR (fg) Lesions Roots PCR (fg) Lesions Roots
1 0 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 0 0
3 0 0 0 0 17 4 0 11 5
4 0 0 0 0 0 0 0 1 1
Field 0 0 0 0 17 4 0 12 6
Field 3
27/8/09 9/11/09 No straw 3/2/10 No straw
location PCR (fg) Lesions Roots PCR (fg) Lesions Roots PCR (fg) Lesions Roots
1 0 0 0 (8) 0 0 2511 2 1
2 (4) 0 0 0 4 4 0 0 0
3 0 0 0 1016 26 8 0 0 0
4 (6) 0 0 17 0 0 0 0 0
Field (2) 0 0 260 30 12 628 2 1
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Notts/Lincs

Field 4
24/8/09 9/11/09 Strawed 3/2/10 No straw
location PCR (fg) Lesions Roots PCR (fg) Lesions Roots PCR (fg) Lesions Roots
1 0 0 0 0 0 0 0 1
2 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0
4 (0.1) 0 0 0 0 0 0 0
Field 0 0 0 0 0 0 0 1 1

[cNeNeN

! Processing carrots.
2NA - field harvested prior to January visit.
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Scotland

Field 1
8/9/09 18/11/09 Strawed ND?
location PCR (fg) Lesions Roots PCR (fg) Lesions Roots PCR (fg) Lesions Roots
1 0 0 0 0 0 0
2 0 0 0 0 0 0 harvested
3 0 0 0 0 1 1
4 0 0 0 0 0 0
Field 0 0 0 0 1 1
Field 2
8/9/09 18/11/09 Strawed 26/1/10 Strawed
location PCR (fg) Lesions Roots PCR (fg) Lesions Roots PCR (fg) Lesions Roots
1 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0
Field 0 0 0 0 0 0 0° 4° 2
Field 3
8/9/09 17/11/09 Strawed 25/1/10 Strawed
location PCR (fg) Lesions Roots PCR (fg) Lesions Roots PCR (fg) Lesions Roots
1 0 0 0 0 0 0 0
2 0 0 0 0 4 2 0
3 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0
Field 0 0 0 0 4 2 0’ 11° 6°
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Scotland

Field 4)

location
1
2
3
4
Field

Field 5

location
1
2
3
4
Field

Field 6

location
1
2
3
4
Field

8/9/09
PCR (fg)

O OO o

10/9/09
PCR (fg)

O O oo

10/9/09
PCR (fg)

O O oo

0

Lesions

Lesions

Lesions

0

O OO o

O O oo

O O oo

Not sampled*

Roots PCR (fg) Lesions
0
0 Not sampled
0
0
0
17/11/09
Roots PCR (fg) Lesions
0 0
0 0
0 0
0 0
0 0 2
17/11/09
Roots PCR (fg) Lesions
0 0
0 31
0 0
0 0
0 8 3

OPr O

P OR R

Not sampled*

Roots PCR (fg) Lesions
Not sampled
ND?
Roots PCR (fg) Lesions
1
0 harvested
1
0
2
ND?
Roots PCR (fg) Lesions
1
1 harvested
0
1
3

Roots

Roots

Roots

'Field not sampled as approach track flooded. *Not done as field had been harvested. *Samples badly delayed in transit by carrier and roots in very
poor condition. The data given are for ca 20 roots (3 locations) from field 2 and ca 40 roots (4 locations) from field 3 but this data is very tentative due

to the very poor state of the roots.
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Shropshire

Field 1
27/8/09 10/11/09 Strawed 26/1/10 Strawed
location PCR (fg) Lesions Roots PCR (fg) Lesions PCR (fg) Lesions Roots
1 0 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0
Field 0 0 0 0 0 0 0 0
Field 2
1/9/09 10/11/09 Strawed D26/1/10 Strawed
location PCR (fg) Lesions Roots PCR (fg) Lesions PCR (fg) Lesions Roots
1 0 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 0
4 0 0 0 19 0 0 0 0 0
Field 0 0 0 5 0 0 0 0
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Yorkshire

Field 1
24/8/09 3/11/09 28/01/10 Straw
location PCR (fg) Lesions Roots PCR (fg) Lesions Roots PCR (fg) Lesions Roots
1 0 0 0 0 0 0 0 0 0
2 0 0 0 0 1 1 0 0 0
3 0 0 0 0 0 0 0 0 0
4 0 0 0 61 0 0 0 0 0
Field 0 0 0 15 1 1 0 0 0
Field 2
24/8/09 3/11/09 No straw 28/01/10 No straw
location PCR (fg) Lesions Roots PCR (fg) Lesions Roots PCR (fg) Lesions Roots
1 0 0 0 0 2 1 133 0 0
2 0 0 0 0 3 3 385 16 2
3 0 0 0 0 2 2 135 13 6
4 0 0 0 0 0 0 15866 7 2
Field 0 0 0 0 7 6 4130 36 10
Field 3
24/8/09 3/11/09 No straw 28/01/10 Straw
location PCR (fg) Lesions Roots PCR (fg) Lesions Roots PCR (fg) Lesions Roots
1 0 4 1 0 0 0 0 0 0
2 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0
Field 0 4 1 0 0 0 0 0 0
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Yorkshire

Field 4
24/8/09 3/11/09 29/01/10 Straw
location PCR (fg) Lesions Roots PCR (fg) Lesions PCR (fg) Lesions Roots
1 0 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 0
4 0 2 0 0 1 1 0 0 0
Field 0 2 1 0 1 0 0 0
Field 5
2/9/09 2/11/09 ND*
location PCR (fg) Lesions Roots PCR (fg) Lesions PCR (fg) Lesions Roots
1 0 0 0 39 8 5
2 0 0 0 0 2 1 harvested
3 0 0 0 0 0 0
4 0 0 0 0 0 0
Field 0 0 0 10 10
Field 6
2/9/09 2/11/09 ND*
location PCR (fg) Lesions Roots PCR (fg) Lesions PCR (fg) Lesions Roots
1 0 0 0 0 0 0
2 0 0 0 0 0 0 harvested
3 0 0 0 0 0 0
4 0 0 0 0 0 0
Field 0 0 0 0 0
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Yorkshire

Field 7
2/9/09 2/11/09 ND*
location PCR (fg) Lesions Roots PCR (fg) Lesions Roots PCR (fg) Lesions Roots
1 0 0 0 0 0 0
2 0 0 0 0 0 0 harvested
3 0 0 0 0 0 0
4 0 0 0 0 0 0
Field 0 0 0 0 0 0
Field 8
2/9/09 2/11/09 ND*
location PCR (fg) Lesions Roots PCR (fg) Lesions Roots PCR (fg) Lesions Roots
1 0 0 0 0 0 0
2 0 0 0 0 0 0 harvested
3 0 0 0 0 0 0
4 0 0 0 0 0 0
Field 0 0 0 0 0 0
Field 9
2/9/09 2/11/09 ND*
location PCR (fg) Lesions Roots PCR (fg) Lesions Roots PCR (fg) Lesions Roots
1 0 0 0 0 0 0
2 0 0 0 0 0 0 harvested
3 0 0 0 0 0 0
4 0 0 0 0 0 0
Field 0 0 0 0 0 0

'Field harvested at some point before visit so no samples collected.
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Table 3: Summary Table for samples collected from UK fields. Disease (“cavity spot”) determined in most cases by visual inspection of four groups
of 15 roots per field and P. violae by gPCR of soil off carrot surfaces. “No cavity spot” means no lesions seen and “no P. violae” means no
reliable detection of the fungus (see Table 1 for details)

Cavity  P.violae Detection date Number  Notes
spot of fields
NO NO (any) 11
NO YES Aug/Sept 0 Very low levels P. violae
Oct/Nov or Jan/Feb 2 detected
YES NO (any) 11 Possibly not cavity spot In 4

fields; 5 fields only low
numbers of lesions.

YES YES Aug/Sept 0 4/6 moderate (>10) to high
Oct/Nov or Jan/Feb 6 numbers lesions
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Table 4: Tunnel 1: water, detection of fungus and disease experiment. Total number of lesions per root and numbers of roots with lesions for 20
roots per plot and totals for 3 replicate plots, along with amount of P. violae detected by PCR in a bulk sample of soil off the roots for each
plot and the arithmetric average for replicate sets of plots. Water regime is amount of water applied to beds by trickle irrigation (in
millimeters per week). Bed numbers are for 3 replicate beds per treatment

Bed- Lesions Roots affected P. violae DNA detected (fg)
Water regime soil | SOCS
= o 3 o 3 i o 3
= o o o S o o o o S o o o o o S o
=) Q 1= =) — o e 1= =) — d Q. 1 Q =) — o
T @ X oy o 1% o X oy o 1% o N X oy o 1% q
1-60 0 0 0 0 22 0 0 0 0 9 0 0 0 0| 906 0
2-60 0 0 12 6 76 0 0 4 3 9 0: 0 0| 617 | 296 | 269
3-60 0 0 0 6 48 0 0 0 2 16 0! 0 0 0| 184 0
60 0 0 12 12 146 0 0 4 5 34 0O : O 0 206 | 462 90
1-45 0 0 o 3 0 0 0 0 2 0 0: 0 0 0| 357 0
2-45 0 0 13 0| 133 0 0 6 0 20 0; 0 0| 1101 97 | 682
3-45 0 0 0 0 17 0 0 0 0 7 0 0 0 0 0 0
45 0 0 13 3 150 0 0 6 2 27 0 0 0 367 | 151 | 227
1-30a 0 0 0 41 17 0 0 0 6 8 0! 0 0 0 | 3106 0
2-30a 0 0 4 0 49 0 0 3 0 13 0 0 0| 133 | 988 48
3-30a 0 0 0 19 2 0 0 0 6 2 0 0 0 0| 1277 0
30a 0 0 4 60 68 0 0 3 12 23 0 { O 0 44 11790 | 16
1-30b 0 0 0 0 6 0 0 0 0 4 0! 0 0 0 0 28
2-30b 0 0 0 0 1 0 0 0 0 1 0! 0 0 0 13 0
3-30b 0 0 0 0 0 0 0 0 0 0 0 0 0 0| 134 0
30b 0 0 0 0 7 0 0 0 0 5 o : 0 0 0 49 9
1-15 0 0 0 0 0 0 0 0 0 0 0! 0 0 0 0 0
2-15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0| 120
3-15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
15 0 0 0 0 0 0 0 0 0 0 o ! 0 0 0 0 40
1-75 0 0 0 0 0 0 0 0 0 0 0: 0 0 0 0 0
2-7.5 0 0 0 0 4 0 0 0 0 2 0: 0 0 0 12 0
3.75 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
7.5 0 0 0 0 4 0 0 0 0 2 0 0 0 0 4 0
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Table 5: Tunnel 2: water and fungicide (SL567A) for control of disease and detection of fungus experiment. Total number of lesions per root and
numbers of roots with lesions for 20 roots per plot and totals for 3 replicate plots, along with amount of P. violae detected by PCR in a bulk
sample of sail off the roots for each plot and the arithmetric average average for replicate sets of plots. Water regime is amount of water
applied to beds by trickle irrigation (in millimeters per week). Bed numbers are for 3 replicate beds per treatment. Spray Y/N (yes/no)
indicates whether fungicide (SL567A) was applied to these beds (see M&M for details). 7.5/45 indicates increase in water applied (See text

for details)
Bed- Spray Lesions Roots affected . P. violae DNA detected (fg)
Water YIN soil SOCS
regime i
- O o | o o | o ! o | o
2 & 8| §|3 S| 8| & §|2 S| 8¢ 8| 8| §|3 S
T o L o ) q ® % 2| ® q gl @ oy 2| ® q
0 c (o)) (o)) (o)) AN O Lo (o)) (o)) (o)) AN O Lo (o)) (o)) (o)) (o)) AN O Lo
1-45 Y 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2-45 Y 0 0 0 0 0 0 0 0 0 0 0: 0 0 0 0 0
3-45 Y 0 0 0 0 0 0 0 0 0 0 0! 0 0 0 0 0
45 Y 0 0 0 0 0 0 0 0 0 0 0 | 0 0 0 0 0
1-45 N 0 0 0 0 21 0 0 0 0 2 0! 0 0 0| 165 0
2-45 N 0 0 0 0 78 0 0 0 0 13 0 0 0| 394 57 0
3-45 N 0 0 0 5 0 0 0 0 2 0 0 0 0 0 54 0
45 N 0 0 0 5 99 0 0 0 2 15 0 { O 0 131 92 0
1-30 Y 0 0 0 0 0 0 0 0 0 0 0! 0 0 0 0 0
2-30 Y 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
3-30 Y 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
30 Y 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1-30 N 0 0 0 0 0 0 0 0 0 0 0 0 0 0 43 | 1363
2-30 N 0 0 0 0 0 0 0 0 0 0 0! 0 0 0 0 0
3-30 N 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
30 N 0 0 0 0 0 0 0 0 0 0 0 0 0 0 14 | 454
1-15 Y 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2-15 Y 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
3-15 Y 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
15 Y 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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1-15 N 0 0 0 0 0 0 0 0 | 1058 | 3247
2-15 N 0 0 4 0 0 0 0 0 0 0
3.15 N 0 0 0 0 0 0 0 0 0 0
15 0 4 0 0 0 0 2 353 | 1082
1-7.5 Y 0 0 0 0 0 0 0 0 0 0
2-7.5 Y 0 0 0 0 0 0 0 0 0| 1615
3-7.5 Y 0 0 0 0 0 0 0 0 0 0
7.5 0 0 0 0 0 0 0 0 538
1-7.5 N 0 0 0 0 0 0 0 0 0| 4302
2
2-7.5 N 0 0 0 0 0 0 0 0 0 0
3-7.5 N 0 0 0 0 0 0 0 0 0 0
7.5 0 0 0 0 0 0 0 0 1434
1
1-7.5/45 Y 0 0 0 0 0 0 0 0 0 0
2-7.5/45 Y 0 0 0 0 0 0 0 0 0 0
3-7.5/45 Y 0 0 0 0 0 0 0 0 0 0
7.5/45 0 0 0 0 0 0 0 0 0
1-7.5/45 N 0 0 0 0 0 0 0 0 0 0
2-7.5/45 N 0 0 0 0 0 0 0 0 0 0
3-7.5/45 N 0 0 0 0 0 0 0 0 0 0
7.5/45 0 0 0 0 0 0 0 0 0
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Discussion

0] Disease prediction

Unequivocal cavity spot was found in 13 (ca. 40%) of the 30 fields visited at least twice
during the late summer autumn of 2009. In five of these fields only a small number of lesions
were found and so “serious” cavity was present in only 6 fields. In four other fields, lesions
were seen on the first visit but became less frequent or absent in later samplings. It is
assumed that these lesions developed into larger rots and affected roots were no longer
present at later samplings. No P. violae was detected in association with these four fields
and it is not clear that they were actually “classic” cavity spot. No tests for other fungi were
attempted but it may be that the lesions were due to other pathogens (possibly

Cylindrocarpon and/or Mycocentrospora as have been found in DEFRA funded work).

P. violae was detected in eight samples. In two, fungus was not associated with disease but
only very low levels of fungus were detected. Conversely a number of fields had low levels
of disease but no P. violae was detected. At low levels of disease/fungus it might be
expected that variations in sampling would lead to poor correlation between the two
parameters. Only two fields had moderate levels of cavity spot where no P. violae was

detected.

However, the crucial finding was that no P. violae was reliably detected in any field at the
first sampling time and therefore no information of predictive value to growers was derived
from the PCR testing.

Some correlation between fungus and disease was seen later. However information
gathered by testing at this time would be too late to usefully aid growers in harvesting
decisions. Moreover, the correlation was neither very strong nor frequent. As a result

growers could not justify the expense of having PCR testing done in October/November.

(i) Water levels and optimised disease management

In both tunnels level of water was related to both the amount of disease and detectable
levels of P. violae. Using lower levels of irrigation lead to less disease and to it developing
later. Similarly, generally lower levels of the pathogen were seen and this was first detected
later. The results suggest that under these conditions, approximately 30 mm of applied water
per week is necessary for the development of the fungus and disease but that higher
irrigation levels do not increase disease/growth of the fungus above 45 mm/week.
Presumably the equivalent levels would differ somewhat from these in open fields on
different soil types but they can be taken as an indicative guides to levels of water which will

lead to disease.
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Less disease was seen in both tunnels than in other experiments running concurrently in the
field alongside them (and disease developed sooner in the open field). The reason for this
discrepancy is not known. However, the tunnel experiments clearly establish the principle
that disease and the growth of the pathogen are dependent on the presence of sufficient soil
moisture early on and suggest that the 30-45 mm of water per week are “optimal” for these
parameters.

The experiment in tunnel two clearly showed that provided sufficient soil moisture is present
then early application of fungicide can be very effective in controlling fungal growth and
disease development. At low levels of moisture (7.5 mm water/week) these experiments
(and others in DEFRA funded work) show that fungal growth will occur very late in the
season, in this project mainly in the February samples when levels are already falling in plots
with higher irrigation levels. In these plots fungicide treatment did not eliminate growth of P.
violae. This was based on only a single positive sample but somewhat supports the view that

the fungus needs to be actively growing at the time of treatment for fungicide to be effective.

In commercial fields it may be that enhanced degradation may limit the effectiveness of
fungicides but this was not addressed here (the experimental field used has not had
applications of fungicide for the control Pythium sp./cavity spot in at least the last 10 years

and it is assumed that no enhanced degradation was occurring).

In this project no attempt was made to measure relative yields but the results suggest two
practical outcomes. (i) Combined natural water (rainfall) and irrigation should be kept as low
as possible consistent with good yields in order to minimise the development of disease. In
these experiments keeping total water below approx 30 mm/week strongly limited disease
(and growth of the fungus). (ii) Fungicide treatments early in the season can give very
effective control of both disease and fungal growth providing there is sufficient water applied

to allow growth of the fungus (in these experiments down to 15 mm water/week).
Limiting water to give some natural control of the disease is obviously at odds with having

enough water to get the fungus growing but growers can aim at the “gap” between the two
(in these experiments between 15 and 30 mm/week) or rely on one strategy or the other.
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Conclusions

1. No information of predictive value in the management of cavity spot was obtained
from August/September testing of commercial crops from several parts of the UK for
the presence of P. violae.

2. Some predictive information was obtained by testing in October/November but this
was judged not to be sufficiently reliable or useful to justify the cost of growers testing.

3. Growth of P. violae and the appearance of disease were dependent on soil moisture
levels (as determined by levels of irrigation). Approximately 30 mm water/week
seemed to be the lower limit for good fungal growth and disease development but
there was no increase in either above 45 mm water/week.

4. Fungicide applied early (approx. six weeks after drilling) gave very good control of
both disease and fungal growth when water levels were sufficient to allow growth of
the fungus. At low water levels fungicide was not effective at eliminating late growth of

the fungus but no disease was seen at these low levels.

Technology transfer
An overview of work on cavity spot was given to the HDC/BCGA Carrot Technical Seminar
on 22" April 2010; this included results from this project.

An article in HDC News is scheduled for September 2010; this will cover work in this project

and in the recent HDC-funded studentship on cavity spot (CP46).

At least three scientific papers on cavity spot are planned. One is advanced stage of writing
and will include some data from this project. (The others will mainly cover work from CP46

and Defra funded work).
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