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Disclaimer 

AHDB, operating through its HDC division seeks to ensure that the information contained 
within this document is accurate at the time of printing. No warranty is given in respect 
thereof and, to the maximum extent permitted by law the Agriculture and Horticulture 
Development Board accepts no liability for loss, damage or injury howsoever caused 
(including that caused by negligence) or suffered directly or indirectly in relation to 
information and opinions contained in or omitted from this document.  

No part of this publication may be reproduced in any material form (including by photocopy or 
storage in any medium by electronic means) or any copy or adaptation stored, published or 
distributed (by physical, electronic or other means) without the prior permission in writing of 
the Agriculture and Horticulture Development Board, other than by reproduction in an 
unmodified form for the sole purpose of use as an information resource when the Agriculture 
and Horticulture Development Board or HDC is clearly acknowledged as the source, or in 
accordance with the provisions of the Copyright, Designs and Patents Act 1988.  All rights 
reserved.  

AHDB (logo) is a registered trademark of the Agriculture and Horticulture Development 
Board. HDC is a registered trademark of the Agriculture and Horticulture Development 
Board, for use by its HDC division. All other trademarks, logos and brand names contained in 
this publication are the trademarks of their respective holders.  No rights are granted without 
the prior written permission of the relevant owners. 

The results and conclusions in this report may be based on an investigation conducted over 
one year.  Therefore, care must be taken with the interpretation of the results. 
 
 

Use of pesticides 

Only officially approved pesticides may be used in the UK.  Approvals are normally granted 
only in relation to individual products and for specified uses.  It is an offence to use non-
approved products or to use approved products in a manner that does not comply with the 
statutory conditions of use, except where the crop or situation is the subject of an off-label 
extension of use.   

Before using all pesticides check the approval status and conditions of use. 

Read the label before use: use pesticides safely. 
 
 

Further information 

If you would like a copy of the full report, please email the HDC office 
(hdc@hdc.ahdb.org.uk), quoting your HDC number, alternatively contact the HDC at the 
address below. 
 
HDC 
Stoneleigh Park 
Kenilworth 
Warwickshire 
CV8 2TL 
 
Tel – 0247 669 2051  
 

 
 

HDC is a division of the Agriculture and Horticulture Development Board. 
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Headline 
 
 Good progress is being made in developing and validating a new molecular test for 

Verticillium dahliae and V. albo-atrum in field soils. 

 

Background and expected deliverables 

 

The current method for detecting and quantifying V. dahliae in soils takes 6-8 weeks from 

sample receipt to reporting.  This method relies on wet sieving soil and plating onto culture 

medium. Colonies that resemble V. dahliae growing from the resting structures, 

microsclerotia, are counted.  These counts are used to provide information on risk of wilt 

arising from the soil at the intended planting site.  However, this method of testing is not able 

to detect and quantify V. albo-atrum.  The proposed molecular, QPCR test, will quantify the 

amount of target pathogen DNA in a few days for around half the price of the conventional 

test.  Additionally, the molecular test is capable of detecting V. albo-atrum.  In this year’s 

reporting period, the main objective was to determine the relationship between soil levels of 

V. dahliae and V. albo-atrum, as measured by QPCR, and the severity of wilt symptoms in 

strawberry plants grown in pot trials as well as the incidence of verticillium wilt in strawberries 

grown in the field.  The ultimate aim is to provide a rapid, reliable commercial test to growers. 

 

Summary of the project and main conclusions 

 

Specificity of V. dahliae and V. albo-atrum QPCR assays 

 

Following further validation work, the assays have been shown to detect only the target 

pathogen species.  So far the assays have not failed to detect V. dahliae or V. albo-atrum 

isolated from strawberry. Validation work will continue in year three. 

 

Effect of adding different levels of artificial inoculum to soil on Verticillium wilt – pot 

experiment  

 

Verticillium dahliae 

A pot experiment was set up to investigate the relationship between growing young 

strawberry plants in soils artificially amended with differing levels of microsclerotia of V. 

dahliae with wilt symptoms.  Six weeks after inoculation, the mean level of wilt as measured 

by leaf necrosis that developed in cv. Elsanta generally increased with increasing levels of V. 
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dahliae inoculum.  The assay failed to detect pathogen at the lowest inoculum level 

(corresponding to 1:160,000 sand maize-meal culture to compost) at this time.  This 

inoculum level was sufficient to cause low levels of leaf necrosis after 6 weeks. 

 

There was no relationship between inoculum level and severity of wilt symptoms in cvs 

Florence and Symphony at 6 weeks after planting in infested soil.  

 

Verticillium albo-atrum 

A pot experiment was set up, as above, to investigate the relationship between growing 

strawberry plants in soils artificially amended with differing levels of long-lived hyphae of V. 

albo-atrum with wilt symptoms.  Six weeks after inoculation, the mean level of wilt that 

developed in cv. Elsanta generally increased with increasing levels of V. albo-atrum 

inoculum.  The assay failed to detect pathogen at the two lowest inoculum levels 

(corresponding to 1:80,000 and 1:160,000 sand maize-meal culture to compost).  Of those, 

only the 1:80,000 inoculum level was sufficient to cause low levels of leaf necrosis. 

 

There was no relationship between inoculum level of V. albo-atrum and severity of wilt 

symptoms in cvs Florence and Symphony at 6 weeks after planting in infested soil.  

 

Effect of natural soil inoculum level on Verticillium wilt – pot experiment  

 

Soil known to be infested with V. dahliae was collected from a fruit farm and diluted with 

sterile soil to create five infestation densities ranging from 0.8 to 7.6 cfu/g (<250 to 766 fg/g).  

Pots of these soils were planted with young strawberry plants, cv. Elsanta, in May 2010 in a 

randomized block experiment with four replicates and 10 plants per plot.   

 

No obvious symptoms of Verticillium wilt developed in 2010, although in October the 

incidence of dead plants was significantly greater (5% of plants) in the only treatment where 

V. dahliae was detected by QPCR than in all other treatments (0-1% plants dead).  No V. 

dahliae was isolated from lower leaf petiole or runners sampled from plants in the high 

infestation soil in August and September.  Further checks for Verticillium wilt will be done in 

2011. 

 

Effect of soil inoculum level on Verticillium wilt – field experiment 

 

The aim of this experiment was to examine the correlation between soil infestation densities 

of V. dahliae on naturally infested field sites, with Verticillium wilt symptoms that developed in 
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the first two years after planting.  Replicated plots of three varieties differing in susceptibility 

to Verticillium wilt (Elsanta, Symphony and Florence) were established in spring 2010 in five 

fields (2 in Cheshire, 1 in Lancashire and 2 in Oxfordshire) that ranged in infestation density 

from <250 to 560 fg/g DNA (<0.1 to 5.7 cfu/g) of V. dahliae.  The plants at all sites were from 

the same supplier and a sample tested before planting was found to be free of V. dahliae.   

 

Verticillium wilt symptoms occurred at only two of the sites in 2010 (Table 1).  At both of 

these sites, the incidence of Verticillium wilt in August was significantly greater in cv. Elsanta 

(10-13% plants affected) than in cvs Symphony and Florence (0.9 – 2.3% plants affected), 

reflecting the high susceptibility of cv. Elsanta.   

 

When comparing the five sites, wilt only occurred in fields which had microsclerotia levels 

above 0.5 cfu/g soil when tested in December 2009 by the agar plate (Harris) soil test for 

V. dahliae.  The QPCR test (done in December 2009) detected inoculum in one of the two 

sites where wilt developed and detected inoculum at one site where wilt failed to develop. 

However, when the sites were re-tested one month prior to planting (in April/May 2010), the 

QPCR test only detected V. dahliae at sites where wilt developed.  When comparing 

individual plot data at the two sites where verticillium wilt developed, QPCR tests detected V. 

dahliae in five plots, and in four of these plants developed symptoms of Verticillium wilt at 

levels ranging from 2-11% in August.  QPCR did not detect inoculum in 18 plots.  Plants in 

17/18 of those plots developed some degree of wilt.  However, the incidence of wilt was 

generally low: in 14 of the 18 plots, wilt was present in less than 10% of plants. This 

experiment is continuing in 2011. 

 

Table 1.  Occurrence of Verticillium wilt in five fields of strawberry differing in soil infestation 
density of V. dahliae – 2010 
 

Site County 
Field soil density of 
V. dahliae in 2009 

 
Range of plot soil 

densities of V. dahliae 
in Apr/May 2010 

 
Verticillium 

wilt 
symptoms in 

August 

  cfu/g fg/g  fg/g 2010 

A8 Cheshire <0.1 <250  <250 No 

A1 Lancs 0.2 560  <250 No 

A7 Cheshire 0.5 <250  <250 No 

A11 Oxon 4.6 <250   <250-480 Yes 

A12 Oxon 5.7 468  <250-2620 Yes 
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Parallel testing of QPCR and wet sieving 
 
Although not one of the original objectives of this project, it was decided to directly compare 

the enumeration of V. dahliae inoculum in commercial soil samples using the traditional wet 

sieving (Harris) method with the new QPCR test.  The results presented in Fig 1 show that 

there was a reasonable agreement (R2=0.76) between the two methods.  

  

 
 
Figure 1. Correlation between microsclerotial counts and DNA levels when commercial 

samples were tested by QPCR (DNA/g soil)) and wet sieving (microsclerotia counts/g soil, 

log scale). 

 
 
Conclusions 

 

 The molecular (QPCR) tests for Verticillium dahliae and V. albo-atrum continue to detect 

only target pathogen species after further validation. 

 

 Pot trials at Fera demonstrate that there is a good correlation between inoculum (as 

measured by QPCR) and wilt in the susceptible cultivar, Elsanta.  A poor correlation 

between inoculum and wilt was found in the more resistant cultivars, Florence and 

Symphony. 

 

 Work is ongoing to measure the extent to which the QPCR test can be used to predict the 

risk of wilt in field soils.  Results to date show that whilst the test is less sensitive than the 



© Agriculture and Horticulture Development Board 2011. All rights reserved. 

conventional wet sieving (Harris) method, QPCR testing one month prior to planting only 

detected verticillium at sites where wilt developed. 

 

 Results from a direct comparison of V. dahliae inoculum levels using wet sieving and 

QPCR testing of commercial samples show that there is a reasonable agreement 

between methods. 

 

Financial benefits 

 

When a commercial QPCR test becomes available, it will provide growers with a cheaper 

and more rapid test method for evaluating levels of Verticillium dahliae and V. albo-atrum in 

field soils. 

 

Action points for growers 

 

 No action points have arisen from this project yet. 

 

 


