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Abstract 

 
Traditional methods to quantify Verticillium species in soil rely on the growth of the 
fungus in semi-selective agar media. Estimates of soil populations from these plating 
assays are known to vary between methods and researchers. Yet, until recently, 
traditional assays could only be compared with each other in order to assess their 
accuracy. Recently, a mint isolate of Verticillium dahliae was genetically transformed 
with a green fluorescent protein (gfp). This novel research tool may be used to quantify 
Verticillium in soil. We developed a technique to estimate Verticillium soil populations 
by visualizing the fluorescence of these gfp isolates. Subsequently, we compared the 
accuracy of the traditional soil assay methods for Verticillium with that of fluorescent 
isolate visualization. 
 

Introduction 
 
Detection and quantification of the causal pathogen of Verticillium wilt, Verticillium 
dahliae Kleb., in soil has traditionally depended on plating soil on semi-selective media 
and counting colonies after incubation. These methods require Verticillium to grow in the 
media and produce microsclerotia, melanized survival structures, for identification. Yet 
these soil assay methods may not consistently or accurately estimate a soil population. 
Recovery differs between soil assay types and between researchers (Termorshuizen 
2000). Soil assays for Verticillium are categorized by whether dry soil is plated (dry-
plating) or the soil is suspended in water prior to plating (wet-plating). Although 
comparisons between the two assays have been performed previously, results are 
conflicting between studies. In one study, no significant differences in recovery were 
found between the two techniques but less variation was obtained with wet-plating 
(Smith and Rowe 1984). In another study, wet-plating gave the lowest recovery from 
field soil (Nicot and Rouse 1987). In the most recent study, higher populations tended to 
be recovered using the dry-plating technique (Termorshuizen 2000). In this same study, 
Verticillium recovery differed widely between the 13 research groups in 7 countries that 
participated. Although estimating soil inoculum density is often part of disease 
management, the traditional soil assays for Verticillium may not be accurate. Aside from 
variability between researchers, pathogen recovery from soil is inherently difficult. A 
variety of factors can influence recovery including soil particle size, type of agar 
medium, amount of soil plated, and length of incubation time (Harris et al, 1993). Soil 
characteristics, gravel content, and pH in particular have also been linked to recovery 
efficiency of soil assays (Wheeler and Rowe, 1995). The long incubation (10-14 days) 
required for microsclerotia production on the semi-selective media can allow other fungi 
that can grow more rapidly in culture to compete with the growth and microsclerotia 
formation of Verticillium (Platt and Mahuku 2000). This too may lead to inaccurate 
estimates of soil populations.  For example, in our research, we use a wet-plating assay 
developed by Harris et al. (1993) because the dry-plating assay using Sorensen’s NP-10 



medium (Sorensen et al. 1991) allowed a Fusarium sp. fungus to overgrow the petri 
dishes. This competing organism obscured recovery of V. dahliae from soil collected 
from a mint trial located at Central Oregon Agricultural Research Center (COARC), 
Powell Butte, from 1990 to 1993 (Crowe 1994, Crowe 1996).  
 
The recent development of fluorescing V. dahliae isolates provides a novel method of 
investigating the accuracy of traditional soil assays. In 1999, a mint isolate of V. dahliae 
was transformed with a green fluorescent protein (gfp) gene from the jellyfish Aequorea 
victoria using methods developed at the Oregon State University (OSU) Department of 
Botany and Plant Pathology (Ciuffetti et al. 1997). Two transformants that grow normally 
and are equal to wild-type (untransformed V. dahliae) with respect to pathogenicity on 
mint were obtained. When illuminated with blue light, the gene product (protein) 
generates a green fluorescence. This gene product has been used previously as an in situ 
tag to visualize infection biology of fungi. It is a very attractive system because it is 
stable, very sensitive, and can be monitored by noninvasive methods in living tissue.  
 
It is possible that these fluorescing isolates may be used to estimate pathogen populations 
in soil (Sawyer et al. 1998). The isolates have been examined in soil and can be positively 
identified (T. Sawyer, personal communication). The fluorescence can be visualized after 
only minimal fungal growth and may not require the production of new microsclerotia for 
identification. Although minimal fungal growth may be required, this system still has an 
advantage over traditional agar media used in soil assays. The transformants are resistant 
to the antibiotic hygromycin. Therefore, this antibiotic can be added to traditional semi-
selective media to reduce competition between V. dahliae and other soil organisms. A 
high level of resolution has been demonstrated in viewing crude hand-cut sections of 
plant parts as even single spores can be observed amidst non-fluorescing plant tissue and 
other non-fluorescing microorganisms. Therefore, it is likely that fluorescence will be 
evident amidst a small amount of soil. 
 
Prior to the development of these fluorescent transformants, the accuracy of the 
traditional soil assay methods for Verticillium could only be compared with each other. 
By developing a technique that does not rely on fungal growth and microsclerotia 
formation, but on visualization of the fluorescing V. dahliae isolates in soil, we propose 
to investigate the accuracy of the wet and dry plating methods. We also propose to 
perform the experiment using two different soil types in order to broaden the scope of the 
study.  
 
It is understood that both traditional techniques are biased, as they do not recover the true 
population in soil (Nicot and Rouse 1987). This is often evident in artificial infestations. 
For example, in the central Oregon mint variety trial, up to 93 percent fewer 
microsclerotia than the amount infested were recovered using the wet-plating technique 
(F. Crowe, Mint Industry Research Council [MIRC] research report, 2000). Why the 
number of microsclerotia in the soil is often not recovered is not wholly understood. 
Because soil assays are not accurate, the relation of pathogen populations to disease 
severity is rarely straightforward. For example, soil populations of V. dahliae could not 
explain the differences in disease severity recently observed in the central Oregon mint 



variety trial (F. Crowe, MIRC research report, 2000). If an estimate of the accuracy of 
soil assays was obtained, we may better interpret such research results. Whether 
microsclerotia do not survive soil infestation, are not placed on the agar medium by the 
method used, or do not grow in the media is not known. These questions may be 
addressed in future studies using a soil quantification technique based on fluorescent 
isolates of V. dahliae. Determining the accuracy of traditional soil assays by comparing 
them with a wholly different and unique method of counting V. dahliae in soil may allow 
researchers to better understand the limitations of the traditional soil assays and interpret 
results obtained from them with higher confidence.  
 
We attempted to (1) develop a technique to quantify Verticillium dahliae in soil by 
visualizing green fluorescent protein (gfp)-transformed isolates, and (2) compare the 
accuracy of traditional wet- and dry-plating Verticillium soil quantification methods with 
visualization of gfp-transformed isolates in two soil types.  
 

Materials and Methods 
 
All work with genetically transformed isolates was performed in a laboratory according 
to federal regulatory guidelines. A gfp-transformed V. dahliae isolate that grows naturally 
and is as equally pathogenic to mint as the wild-type (non-transformed) was used in this 
study. 
  
Inoculum was produced in the laboratory by growing the V. dahliae gfp transformants on 
a modified, minimal agar overlain with sterile, uncoated cellophane (Puhalla 1979). After 
a 3-week incubation, microsclerotia was harvested by blending the cellophane in sterile 
water and washed on a 38-μm sieve. The dried concentrated inoculum was ground with 
sterile sand with a mortar and pestle. The concentration of microsclerotia/g inoculum was 
estimated by plating specific proportions of inoculum and sterile sand on semi-selective 
agar media.  
 
Field soil from non-infested portions of COARC Madras was collected and steam 
sterilized in an autoclave to eliminate any Verticillium microsclerotia that might have 
been present. The soil was infested with the V. dahliae isolates at a rate of approximately 
500 microsclerotia/g soil. The soil and inoculum was mixed in an enclosed cement mixer 
inside a closed building. This infested soil was used to develop a technique to estimate 
soil populations based on fluorescence expression. Two hundred-g aliquots of infested 
soil were placed in wide-mouth plastic nalgene bottles and treated as plots.  Samples 
were taken from the bottles and air dried at room temperature for 3 weeks to eliminate 
ephemeral conidial spores and hyphae of V. dahliae (Butterfield and DeVay 1977). The 
soil was ground with a ceramic mortar and pestle prior to plating to homogenize the soil 
particle size. Using both the wet- and dry-plating methods, small known amounts of soil 
were plated onto agar that is semi-selective for V. dahliae.   
 
Wet-plating 
From the original sample, 25 g of soil was shaken and dispersed in deionized water for 1 
hour (Harris et al. 1993). The soil was wet sieved through 60- and 400-mesh soil screens 



and residue remaining on the 400-mesh screen was suspended in 100 ml of deionized 
water.  Two ml of this suspension was spread onto a semi-selective modified pectate agar 
medium in a petri plate.  The remaining soil and the soil that passed through the sieves 
was collected and autoclaved to kill any genetically transformed organisms. 
 
Dry-plating 
From the original dried and ground soil samples, 0.20-g subsamples were plated on 
Sorensen’s modified NP-10 medium (Sorensen et al. 1991) using an Andersen air 
sampler (Andersen Samplers Inc., Atlanta, GA) (Butterfield and DeVay 1977).  
 
Unsure as to whether the microsclerotia would fluoresce and be visible within 24 hours, 
we tested different incubation times. The plates were examined for microsclerotia 
fluorescence after 24, 48, and 72 hours.  The expression of the gfp was visualized by 
irradiating with blue light (470 nm) using a Leica microscope with an Endow GFP filter 
cube (exciter HQ470/40, emitter HQ525/50 with beamsplitter Q495LP) located in the 
Department of Botany and Plant Pathology at OSU.  
 
The gfp transformant and the mint isolate from which the transformant was produced 
were used in this study. The inoculum was produced as in objective 1. Field soil from 
non-infested portions of COARC Madras was collected and sterilized. Field soil from the 
Willamette Valley (OSU Botany Farm, Corvallis), which contains a different organic 
matter content, also was collected and sterilized. The field soil was infested as previously 
described.  The soil was again placed in wide-mouth plastic nalgene bottles, five bottles 
per treatment, for a total of 40 bottles. Approximately 200-g samples from each bottle 
were collected and dried at room temperature for 3 weeks. Dried, ground soil samples 
were dry-plated as per the traditional method to estimate V. dahliae soil populations.  
Verticillium colonies were visualized either using the traditional or fluorescence 
microscope. The technique developed under objective 1 in this proposal was used to 
quantify individual fluorescent V. dahliae. The experiment was conducted twice. 
 
The experimental design was a factorial with soil type and assay method as the main 
effects. Soil population data underwent an analysis of variance (ANOVA) using the 
general linear model, PROC GLM, of SAS version 7.0 (SAS Institute 1988). Treatment 
means were separated by Fisher’s protected least significant difference (LSD) test.    
 

Results 
 
Although we had hoped that the microsclerotia would fluoresce and be visible when 
plated on media, the fungal structures were not distinguishable using a compound 
microscope less than 24 hours after plating. Soil particles were indistinguishable from 
known microsclerotia (known because fluorescent hyphae were seen growing from them) 
because the soil autofluoresced. Therefore, in order to distinguish and count 
microsclerotia, we incubated the plates to allow minimal hyphal growth so that 
fluorescence could be observed.  Soil had to be removed from the plates to clearly see the 
fluorescent  colonies. The soil was gently washed off with water, therefore leaving only 
adhering colonies on the surface of the agar. An incubation time of 30 hours was needed 



to visualize fluorescent colonies with confidence. The ease of visualization of the gfp 
isolates was noticeably different between the two media types. Although both MSEA and 
NP-10 allowed the fluorescent Verticillium to be distinguished, colonies were brighter 
and easier to see on NP-10.  Therefore, for the second objective, dry soil was plated on 
NP-10 and the plates were incubated for 30 hours before visualization. 

 
Compared to the fluorescence visualization, the traditional media-dependent soil assay 
yielded a higher number of counted V. dahliae colonies. Although just one of the two 
experiments yielded significantly different V. dahliae populations, 20 and 58 percent 
fewer colonies were visualized under the fluorescence microscope compared to the 
traditional soil assay method (P = 0.1199 and P = 0.0001, respectively) (Table 1). There 
was no difference in recovered colonies between the two soil types (P > 0.5). Similarly, 
there was no interaction between soil type and assay method (P > 0.6). 

Discussion 
 
Unfortunately, microsclerotia, either wild-type or gfp-transformed, are indistinguishable 
from soil particles when on a plate of media under a compound microscope. Trying to 
identify microsclerotia prior to germination would be tedious, time-consuming, and 
perhaps unreliable, making it unsuited for a soil assay. Therefore, we had to rely on 
growth of hyphae into media to distinguish fluorescence and count V. dahliae colonies. 
Because colonies were distinguishable within 30 hours of plating, the long incubation 
time of the traditional assay could be avoided with this procedure.  It was evident that 
although the medias are similar, fluorescent colonies on NP-10 were much brighter and 
easier to distinguish than those on MSEA. Therefore, only NP-10 was used in the second 
objective to enhance the accuracy of the colony counting. Unexpectedly, more V. dahliae 
colonies were counted using the traditional soil assay compared with the fluorescence 
assay.  
 
This difference may have been due to non-uniform germination times for microsclerotia. 
Because the fluorescence assay plates were read 30 hours after plating, perhaps not all 
microsclerotia had germinated by that time so that they were indistinguishable from soil 
particles or were washed off the media surface and were not counted. Yet, by 10 days 
after plating, it is assumed that most if not all microsclerotia have germinated and the 
colonies have produced distinguishable microsclerotial colonies.  
 
From this study, it is evident that comparing traditional soil assays with fluorescent 
assays will be difficult as the two procedures must be reconciled to equally compare 
results. Perhaps lengthening the incubation time for the fluorescent assay could allow 
most if not all microsclerotia to germinate and colonies to be counted. Yet then the assay 
is perhaps just as media based as the traditional soil assay. The only difference would be 
if some colonies in the traditional assay fail to produce microsclerotia. Although more 
difficulties have arisen from this study rather than elucidated which assay is more 
accurate, it has helped to reveal the limitations of using the gfp isolates and comparing 
them directly to wild-type V. dahliae. 
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Table 1. Comparison of Verticillium dahliae recovery in two soil types and fluorescence 
or non-fluorescence visualization using a gfp-transformed mint isolate. 
   
 CFU/g soil 
Treatment Experiment 1 Experiment 2 
   
Soil   
   Central OR 386 336 
   Willamette Valley 370 312 
   
Visualization   
   Fluorescence 224 B1 286 
   Non-Fluorescence 532 A 361 
   
Interaction   
  Central OR*Fluorescence 229 310 
  Central OR*Nonfluorescence 543 362 
  Willamette Valley*Fluorescence 219 263 
  Willamette Valley*Nonfluorescence 520 361 
   
   
P-value 0.0001 0.3879 
   Soil 0.5331 0.6024 
   Visualization 0.0001 0.1199 
   Soil*Visualization 0.7945 0.6302 
   
   
1Means followed by different letters are significantly different at P ≤ 0.05 according to 
Fisher’s protected least significant difference test. 
   
 
 
 


