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Verticillium dahliae is a common soil-borne fungal plant pathogen that causes early senescence in tubers, affecting the quality and 
yield of potato crops. Currently, farmers with worries of Verticillium infection are fumigating their fields with chemicals that eradicate 
the fungus. Chemical fumigation is neither an economic solution, nor is it environmentally friendly. This project studies economic and 
environmentally friendly options for controlling V. dahliae. The objective of this project is to find a microbial organism that has an 
antagonistic relationship with fungi Verticillium dahliae in potatoes to be used as biocontrol. Soil bacteria found in potato fields and 
endophytic bacteria found in potato plants was tested for antagonism with V. dahliae. Three different strains of V. dahliae were plated 
on four different bacterial co-cultures; there were controls for each fungal strain. Growth of the colonies were analyzed after seven days. 
Endophytic bacteria 7D and soil bacteria BA37 were found to inhibit and decrease the amount of plated fungi for all three fungal strains. 
Endophytic bacteria 7D and soil borne bacterial strain BA37 are recommended as biocontrol microorganisms to control Verticillium 
dahliae. The bacteria have simply been isolated and not identified; the next step would be to identify bacteria 7D and BA37 through 
DNA sequencing analysis.

BACKGROUND
There are numerous microbial pathogens that cause plant disease, 
with fungi being the most problematic. Verticillium dahliae is a 
soil borne fungal plant pathogen that affects over 400 plant spe-
cies including potatoes (Berlanger & Powelson, 2005). V. dahliae 
can live in soil for up to 10 years in as tiny, black hardened called 
microsclerotia. In potatoes, the fungi penetrate the outermost layer 
of the root, called the cortex and infest the water transporting ves-
sels where fungus spores are formed. Colonization of the vascular 
system occurs when the spores are drawn into the plant along with 
water (Mol & Termorshuizen, 1995).

The tubers of a potato plant, which are formed from swollen 
underground projections of the stem, are widely harvested for 
human consumption.  The green vines that make up the above-
ground part of the potato plants die back each year in a process 
called senescence.  The potato vines provide the nutrients needed 
for the plant to form tubers. V. dahliae causes early senescence in 
diseased plants that leads to decreased tuber formation (Nair, We-
ichel, Crump & Taylor, 2016).  The fungi can then feed on the dead 
plant. Early death of these plants affects the yield and quality of 
tubers which is a point of distress for many Canadian farmers, and 
a concern for our agricultural systems (Tai et al., 2018). Currently, 
some farmers with worries of Verticillium wilt are fumigating their 
fields with chemicals to reduce the fungus. Chemical fumigation 
is neither an economic solution, nor is it environmentally friend-
ly. Therefore, alternative strategies for controlling V. dahliae are 
needed.

Bio-control is a way of controlling pests, insects, mites, weeds 
and plant diseases such as V. dahliae through natural enemies oth-

erwise known as antagonists. There are three generally accepted 
methods of bio-control: importation, augmentation, and conser-
vation. Importation involves introducing a natural enemy of the 
pest to a place where it does not occur normally in attempt to gain 
control over the pest. Augmentation is the release of already lo-
cally occurring antagonists to the same environment as a preven-
tative measure against the pest. Conservation is when actions are 
put into place to increase natural enemies such as planting nectar-
ines at the ends of rice fields (Landis & Orr, 2015). This project 
studies options for biocontrol of V. dahliae.  Soil bacteria found in 
potato fields and endophytic bacteria (non-invasive bacteria that 
live within a plant for part of its life cycle) found in potato plants 
were tested for antagonism with V. dahliae. 
Research suggests that endophytic bacteria can strengthen plant 
defense mechanisms (Hardoim et al. 2015 and Guo et al., 2008); 
therefore, it was hypothesized that the endophytic bacterial strains 
would decrease fungal pathogen V. dahliae’s growth.
MATERIALS AND METHODS
Bacterial Cultures
Bacterial strains were obtained from Agriculture and Agri-Food 
Canada (AAFC). Bacterial strains 5A, 1B, and 7D were en-
dophytes derived from potato stem tissue and BA37 was from 
the soil. To create a broth culture for the bacteria, bacteria were 
scraped from frozen glycerol stocks using a sterile loop and inoc-
ulated into 10 mL potato dextrose liquid with shaking overnight, 
with potato dextrose serving as a nutrient source for the growing 
bacteria and fungi. The next day, 0.1 mL was of each strain was 
spread on a 10 cm Petri dish with potato dextrose agar (PDA) in 
triplicate. There was an additional Petri dish with no bacteria as 
a control. The bacterial cultures and water were incubated at 25 
°C for three days.  Three 8 mm disks were then removed from the 
PDA of each Petri dish leaving four holes.  
V. dahliae Cultures
V. dahliae fungal strains 6882, 6883 and 2934 were obtained from 
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the AAFC.  These strains were all shown to cause early dying 
in potatoes.  Each V. dahliae strain was spread on 10 cm PDA 
culture dishes and grown at 25 °C until fungi formed a tight even 
layer covering the entire dish. An 8 mm diameter disk of PDA 
with each fungal culture was removed with biopsy coring device. 
An additional dish of PDA with water was also prepared as a con-
trol. Three disks of each V. dahliae strains 6882, 6883, 2934 were 
placed in each of three holes in the PDA with and without bacte-
rial culture Petri dishes and incubated at 25 °C. The water control 
disks were placed on the water control PDA.  All V. dahliae cul-
tures were also grown on PDA media without bacteria 
as well to serve as controls. The growth of V. dahliae 
co-cultured with and without bacteria was monitored.  
Photographs of each dish were taken at zero and seven 
days after the V. dahliae disk was added. The growth of 
fungus beyond the 8mm disk was measured using Image 
J, an open source media analysis software, to determine 
the area in pixels covered by V. dahliae. The 8mm disk 
was measured as 465 pixels, thus percentage growth was 
calculated with the formula: (number of pixels covered 
by V. dahliae / 465) * 100.
RESULTS
All V. dahliae strains showed growth without bacteri-
al co-culture (PDA, Fig. 1) with 6882 having the best 
growth increase at 163%.
The bacterial strains had different growth patterns when 
spread on PDA.  Some showed clumping growth pat-
terns (1D, 5A and 7D) and BA37 produced an evenly 
distributed lawn (data not shown).  

All of the bacteria affected the growth of V. dahliae, 
however, these effects varied between bacterial strain. 
Two of the V. dahliae strains showed growth when 
co-cultured with bacterial stain 1B; however, there was a 
slight decrease in growth compared to the fungal growth 
on PDA controls (Fig. 1). Average growth of V. dahli-
ae strains 6882 and 6883, but not 2934 were decreased 
when co-cultured with bacterial strain 5A relative to the 
PDA control. 

The average area of the colonies of the strains with 
and without bacterial co-culture after seven days is 
shown in Figure 2. The average area of all V. dahliae 
strains was decreased when co-cultured with bacterial 
strains 1B, 7D and BA37 (Fig. 2).
DISCUSSION 
The bacterial strains that were most effective in inhibit-
ing growth of V. dahliae were BA37 and 7D as growth 
of all three V. dahliae strains were considerably inhibited 
by the bacteria. BA37 was a bacterial strain found in the 
soil.  Since V. dahliae inhabits the soil, a soil bacteri-
um can be an effective biocontrol agent. The potential 
application of BA37 as a biological control can involve 
importation to new areas and augmentation to areas with 
existing colonization.  

7D was an endophytic bacterium that was found 
within the potato plant.  Endophytic microorganisms 

have been documented to enhance plant defense and produce ben-
eficial bioactives, important chemicals found in plants (Hardoim 
et al. 2015 and Guo et al., 2008).  The discovery of an endophytic 
bacteria in potato with antagonism against V. dahliae is highly 
novel and suggests that strategies for biocontrol can include inoc-
ulation of biocontrol bacteria into plants. 

Endophytic bacteria 7D and soil borne bacterial strain BA37 
are recommended as biocontrol microorganisms to control V. 
dahliae. Consideration can also be given to using both strains 
together with BA37 applied to soil and 7D applied to the plant.  

Figure 1. Combined bar graph of the percentage growth of V. dahliae colo-
nies seven days post inoculation.

Figure 2. Combined bar graph of the average area of V. dahliae colonies 
seven days post-inoculation.
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Testing a bacteria cocktail of BA37 and 7D for antagonism 
against V. dahliae may be subject of future experimentation, as 
using a varied biocontrol strategy can provide greater protection 
against the pathogen.  Furthermore, the bacteria tested have been 
isolated but not yet identified; thus, an additional next step would 
be to identify bacteria 7D and BA37 through DNA sequencing 
analysis. 
CONCLUSION
Bacteria with potential application in biological control against 
a major crop pathogen, V. dahliae, were found. Of four bacteri-
al strains tested, endophytic bacterial strain 7D and soil bacteria 
BA37 show promise as biological control agents. It was hypoth-
esized that the three endophytic bacteria would have stronger an-
tagonistic relationships with V. dahliae. This proved to be par-
tially true since 7D was endophytic; however, BA37 was a soil 
bacterium and it displayed greater antagonism than the other two 
endophytic bacteria tested. The discovery opens the door to al-
ternative practices for controlling fungal pathogens that reduce 
utilization of chemicals, which are good for both environmental 
and economic sustainability of crop production.  
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