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Abstract 
 

During this project, we discovered, identified, and cultured fungal pathogens found within the 
UBC Farm hedgerows and crops. We started with information from the UBC Farm on the known 
diseases infecting their crops each year. After collecting live plant material from the hedgerows 
and crops, we compared and contrasted the pathogens we found in each with the diseases they 
are associated with that may be present at the UBC Farm. The future of fungal pathogen 
management at the UBC Farm requires more investigation into the severity of the pathogens 
present and the conformation of the source of inoculum for the crops. The findings of this 
biodiversity study will contribute to the ongoing biodiversity assessment at the UBC Farm.  

 

Introduction 

UBC Farm Diseases 

The UBC Farm has kept track of the crop diseases that recur throughout the years. Some 

of these diseases are brought on by viruses or bacteria, but this investigation is into the fungi 

causing damage to their crops each season. The table below includes the known fungal diseases 

infecting above-ground crop tissue at the UBC Farm. This list excludes diseases infecting roots 

and wooded stems as they were also excluded from the scope of this project. 

 

Table 1: The Pathogens Behind the Diseases at UBC Farm 

Known 
Diseases at 
UBC Farm 

Pathogen Species 
Name 

Description & 
Potential Hosts 

Infection Example Microscopic Example 
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Alternaria Alternaria solani, 
Alternaria 
brassicae, 
Alternaria tenuis, 
Alternaria alternata 

Many different 
species with 
many hosts and 
plant tissues they 
can infected 
(Laemmlen 
2001) 

Hops at UBC Farm with 
Alternaria Leaf Spot Alternaria from Hops at 

UBC Farm 

Apple-Cedar 
Rust 

Gymnosporangium 
juniperi-virginianae 

Two hosts: 
Juniper species 
(telio) and 
Malus/Pyrus 
species (aecial) 
(Taylor, 2012) Aecia infection on the 

underside of apple leaf 
 1

Aeciospores infection on 
apple host 
 2

Septoria 
Leaf Spot 

Septoria lycopersici This species 
infects tomatoes; 
it overwinters in 
tomato debris or 
in other members 
of the nightshade 
family (Septoria 
Leaf Spot of 
Tomato, 
Missouri 
Botanical 
Garden) 

Septoria leaf spot on 
tomato leaf 
 3

 
Septoria pycnidia from 
blackberry leaves from 
UBC Farm 

1 https://www.fs.fed.us/wildflowers/plant-of-the-week/gymnosporangium_juniperi-virginianae.shtml 
 
2 https://www.marylandbiodiversity.com/viewSpecies.php?species=12454 
3 https://hortnews.extension.iastate.edu/septoria-leaf-spot 
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Black Rot Guignardia 
bidwellii (grapes) 

Can infect many 
different tissue 
types and ends 
with the 
mummification 
of fruit in grape 
family (Ivey & 
Ellis 2016)  Infection causing leaf 

spots and mummified 
grapes 
 4

Broken pycnidium from 
infection, conidia 
spilling out 
 5

Botrytis Botrytis cinerea Over 200 known 
crop hosts, one 
of the most 
successful 
generalist 
pathogen species 
(Williamson, et 
al. 2007) 

Botrytis on snowberry at 
the UBC Farm 

Botrytis on bean leaves 
at the UBC Farm 

Cercospora 
Leaf Spot 

Cercospora 
beticola, 
Cercospora capsici, 
Cercospora 
nasturtii, 
Cercospora 
canescens 

Host include 
beets, peppers, 
carrots, okra, 
coffee crops, and 
spinach. 
Overwinters in 
plant debris to 
reinfect crops in 
the spring. 
(“Cercospora 
Leaf Spot” 2013) 

Cercospora beticola on 
swiss-chard causing leaf 
spots 
 6

Cercospora beticola on 
sugarbeets showing 
conidia formation 
 7

4 https://doi-org.ezproxy.library.ubc.ca/10.1111/aab.12155 
5 http://www.padil.gov.au/pests-and-diseases/pest/main/136603/3363 
6 https://ag.umass.edu/vegetable/fact-sheets/cercospora-leaf-spot-of-swiss-chard-beets-spinach 
7 http://extensionpublications.unl.edu/assets/pdf/g1753.pdf 

Bewsey: UBC Farm Hedgerows Fungal Pathogen Biodiversity 

https://doi-org.ezproxy.library.ubc.ca/10.1111/aab.12155
http://www.padil.gov.au/pests-and-diseases/pest/main/136603/3363
https://ag.umass.edu/vegetable/fact-sheets/cercospora-leaf-spot-of-swiss-chard-beets-spinach
http://extensionpublications.unl.edu/assets/pdf/g1753.pdf


4 

Late Blight Phytophthora 
infestans 
(oomycete) 

Main hosts are 
tomatoes and 
potatoes. Famous 
for the Irish 
Potato Famine, 
in which it 
overwintered in 
discarded potato 
tuber piles 
(Johnson, 2016) 

 
Late blight sporulation 
on potato leaf 
 8

 
Phytophthora infestans 
sporangia on 
sporangiophore  
 9

Leather Rot Phytophthora 
cactorum 
(oomycete) 

Also known as 
crown rot; found 
in soil and starts 
with root 
infection of 
strawberries that 
eventually leads 
to 
underdeveloped 
strawberry fruits 
or rotting fruit 
(Demchak et al. 
2017) 

Leather rot on mature 
strawberry 

 10

Illustrated depiction of 
Phytophthora cactorum 
morphology- sporangia 
and sporangiophore  

 11

8 https://apsjournals-apsnet-org.ezproxy.library.ubc.ca/doi/pdf/10.1094%2FPDIS-08-12-0791-FE 
9 https://apsjournals-apsnet-org.ezproxy.library.ubc.ca/doi/pdf/10.1094%2FPDIS-08-12-0791-FE 
10 
https://www.researchgate.net/publication/270778838_Efficacy_of_Azoxystrobin_Pyraclostrobin_Potassiu
m_Phosphite_and_Mefenoxam_for_Control_of_Strawberry_Leather_Rot_Caused_by_Phytophthora_cact
orum 
11 
http://hpc.ilri.cgiar.org/beca/training/IMBB_2016/Phytophtora_CD_update/key/A%20Lucid%20Key%20to
%20the%20Common%20Species%20of%20Phytophthora/Media/Html/Phytophthora_cactorum.htm 
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Mummy 
Berry 

Monilinia 
vaccinii-corymbosi 

Pathogen of 
blueberries that 
causes 
mummification 
of the berry that 
it overwinters in 
to reinfect the 
blueberry plant 
in the spring. 
(Madeiras 2017) 

Mummified blueberries 
from UBC Farm crops 

 
A and C picture 
ascospores and the ascus 
B picture the conidia in 
chains 

 12

Powdery 
Mildew 

Oidium Oidium name is 
no longer used; 
the powdery 
mildew pathogen 
has been 
separated into 
many species 
based around its 
host. Can be 
found on trees, 
legumes, 
grasses/wheat, 
rosaceae family, 
and the 
nightshade 
family. (Heffer 
Link, et al. 2006) 

Powdery Mildew on 
ground plant at UBC 
Farm 

Oidium from ground 
plant at UBC Farm 

12 
http://osu-wams-blogs-uploads.s3.amazonaws.com/blogs.dir/1676/files/2014/05/MUMMY-BERRY-FACT-
SHEET.pdf 
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Rusts Order: Pucciniales Over 8000 
species found; 
obligate 
parasites, rotates 
between two 
hosts to complete 
lifecycle (Purdue 
Agriculture 
2015) 

Example of Uromyces 
fabae on a leaf of pea 
plant 

 13

Uromyces fabae on 
vetch plant at UBC Farm 

White Mold/ 
Sclerotinia 
stem rot 

Sclerotinia 
sclerotiorum, 
Sclerotinia minor, 
Sclerotinia 
trifoliorum 

Crop hosts 
include legumes, 
tobacco, 
cabbage, 
sunflowers. 
Infects above 
ground tissues 
and overwinters 
in soil to reinfect 
in the spring. 
(Heffer Link & 
Johnson, 2007) 

Mycelium on stem of 
soybean plant 

 14

Illustrated depiction of 
sclerotinia spores and 
apothecia 

 15

13 https://agrobaseapp.com/canada/disease/pea-rust-5 
14 https://cropwatch.unl.edu/plantdisease/soybean/sclerotinia-stem-rot 
15 
https://www.alamy.com/diseases-of-cultivated-plants-and-diseases-of-cultivated-plants-and-trees-disease
sofcultiv00massuoft-year-1910-sclerotinia-269-the-death-of-the-clover-the-presence-of-small-black-sclero
tia-partially-embedded-in-the-substance-of-the-stem-and-root-indicates-that-the-injury-is-due-to-the-sckrot
iiia-as-a-rule-only-one-ascophore-springs-from-a-sclerotium-at-first-closed-then-expanding-yellowish-brow
n-3-mm-to-i-cm-across-stem-elongated-slender-spores-s-in-an-ascus-hyaline-elliptical-16-18x8-9-conidial
-condition-unknown-fig-79sclerotinia-ur7iula-i-chain-of-conidiain-yo-image241949899.html 
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Septoria 
Brown Spot 

Septoria glycines Soybean 
pathogen that 
infects the stems 
and pods of the 
crop. 
Overwinters on 
field debris and 
reinfects in 
warm, wet 
weather (Faske 
& Travis) 

Septoria brown spots on 
soybean leaves 

 16

 
Septoria pycnidia from 
blackberry leaves from 
UBC Farm 

Verticillium 
Wilt 

Verticillium 
dahliae, 
Verticillium 
albo-atrum 

Known to infect 
trees, shrubs, 
crops, vines, and 
weeds. Soil 
borne fungi that 
infects the plant's 
vascular system 
which then 
spreads to 
branches and 
leaves. (Lloyd, 
Mcroberts, & 
Gordon 2019) 

Verticillium wilt on dead 
ground plant at UBC 
Farm 

Verticillium species 
from dead ground plant 
at UBC Farm 

 

Biology of Fungal Pathogens 

Fungal pathogens have evolved many ways to infect their hosts and survive through the 

seasons. Verticillium, a pathogen infecting crops like lettuce, tomatoes, strawberries, and more, is 

soil borne and lives within the vascular system of its hosts (Lloyd, et al. 2019). Botrytis cinerea 

16 
https://fyi.extension.wisc.edu/fieldcroppathology/soybean_pests_diseases/septoria_brown_spot_soybean/ 
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uses the wind to travel far distances and infect its wide range of hosts on a larger scale (Elad, et 

al. 2007). Like all rusts, Puccinia triticina, has a primary host that the pathogen infects in the 

spring and summer and an alternative host that the pathogen infects in the fall in which to 

overwinter (Bolton, et al. 2008). Fusarium conidia use rain for spore dispersal and increase its 

chance of infection within a field (Drakopoulos, et al. 2019).  

Along with fungal pathogens' ability to spread throughout ecosystems, their states of 

reproduction help them allocate resources and infect different hosts efficiently. Their populations 

can “increase rapidly by means of both asexual and sexual reproduction” (Narayanasamy 2017). 

Asexual reproduction of fungal plant pathogens facilitates the growth of independent colonies 

and the survial of those colonies throughout the winter (Narayanasamy 2017). Some fungi also 

produce protective vegetative hyphae with thick walls to help insure survival over winter; these 

are called chlamydospores and are found in many genera, including Fusarium and Cladosporium 

(Narayanasamy). In return, some genera like the rusts Uromyces, start sexual reproduction in the 

spring to colonize and infect new hosts in the spring (Narayanasamy 2017). 

Fungal pathogens all have unique features surrounding their reproduction. Some survive 

as obligate parasites, meaning they only survive if the plant survives with them. Powdery 

mildews are obligate pathogens and must keep their hosts strong enough if they are going to 

survive (Heffer, et al. 2006). Many other pathogens, called saprotrophic fungi, can survive on 

non-living plant material (Narayanasamy 2017). Botrytis overwinters within mummified fruits, 

while Verticillium and Fusarium can survive in soil and plant debris while waiting for their 

living hosts to return in the spring. Each species has a specific set of hosts they can live within. 
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Some can live within many, considered generalist pathogens, and some can live in just one, the 

specialist pathogens.  

Defence against infection comes in multiple forms for plants. The first way is to keep the 

pathogens from entering the host in the first place. Pathogens need to get past “physical barriers, 

such as waxy cuticles and...trichomes” (Barrett 2009). If the pathogen can make its way into the 

host, plants have MAMPs (microbe associated molecular patterns) set in place to recognize and 

destroy the invader (Barrett 2009). This can trigger basal resistance in plant tissues which can 

cause the plants to go into hypersensitive response where infected cells are deliberately killed off 

to stop the pathogen from spreading (Freeman & Beattie 2008). It could also trigger systemic 

acquired resistance that leaves the plant on high alert after hypersensitive responses occur 

(Freeman & Beattie 2008). One of the last lines of defense is breaking down the virus itself with 

a method called RNA silencing (Freeman & Beattie 2008). While these methods are crucial for 

plant survival, agricultural landscapes play a large role in the intensity and variety of pathogen 

attacks. 

 

Hedgerow Pros and Cons 

Modern farms often save sections of the natural forest or habitat within the agricultural 

environment. These sections of land are referred to as hedgerows or field margins. They consist 

of native trees, shrubs, weeds, insects, animals, and pathogens. They increase the biodiversity of 

the surrounding landscape and are known to greatly benefit crop yield at farms, but they are also 

known as refugia for many crop diseases.  

Bewsey: UBC Farm Hedgerows Fungal Pathogen Biodiversity 



10 

 Hedgerows can serve as windbreakers, biodiversity providers, erosion and runoff 

reducers for the UBC Farm and others alike. But the field margins are not any less susceptible to 

infectious diseases anymore than crops. Some fungal pathogen life cycles, like Botrytis, rely on 

an alternative host to survive year round and reinfect the primary host in the spring. An 

alternative host is typically a perennial plant that “enables the pathogen to survive during the off 

season for the crop” (Papaïx, et al. 2015). This makes hedgerows, which are full of perennial 

plants like blackberry and snowberry bushes, a great refuge for the winter at the UBC Farm. 

Blackberries, snowberries, and other like plants offer the best refugia for pathogens because they 

can keep fruit overwinter, which can provide the fungal pathogen with enough nutrients to 

sustain itself until their primary host crops return to the farm.  

Field margins, while they are a source of refugia for pathogens, are still beneficial to 

many aspects of a farm. Keeping hedgerows in agricultural landscapes creates new niches to 

which species can adapt (Brooker, et al. 2015). Not only does this benefit the species itself, but it 

benefits the farm by producing larger flowering biomasses in the hedgerows. This helps bring 

pollinators to the farm and increases crop yields, as well (Brooker, et al. 2015). Increased 

biodiversity in any landscape, agricultural or natural, helps improve microbiomes and nutrient 

uptake for the whole habitat (Brooker, et al. 2015). This is due to below-ground interactions of 

roots facilitated by beneficial microbes that allow the neighboring plants to interact with each 

other by sharing nutrients and information (Brooker, et al. 2015). Studies on hedgerows have 

also shown that mixing species in an agricultural landscape can create competitive exclusions of 

weeds and diseases (Brooker, et al. 2015). The more biodiversity a farm has will help 

outcompete weeds and potentially create higher resistance to diseases. 
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Purpose and Goals 

Our original question for this project was centered around identifying fungal pathogens 

within the hedgerows at the UBC Farm. After we broadened the scope of this study to include 

some of the late summer crops that the hedgerows border, we found ourselves also asking about 

the similarities of the pathogens infecting each of our collections. If we know of the diseases on 

the crops at the farm and the potential for field fargins to be refugia for pathogens, then we could 

compare the fungi hiding in the margins to the ones infecting the crops each year. 

This project was not conducted to merely learn what pathogens are found in the 

hedgerows at the UBC Farm. It was conducted to compare the pathogens of the hedgerows to the 

diseases on the crops, to contribute to the ongoing biodiversity project at the farm, and to set up 

more methods of discovery that could benefit the UBC Farm. 

The ongoing biodiversity project at the farm has collected data on trees, hedgerow plants, 

crops, animals, arthropods and more (UBC Farm Long-Term Biodiversity Monitoring Plant 

2019). Documenting the biodiversity at the farm gives us a better view on how the local 

environment will change over the years. Tracking changes to the ecosystem may help the farm 

predict how climate change is going to affect their production with each degree increase.  If the 

farm’s production level falls, they can look at the species present now and see what may have 

changed about the biodiversity landscape and what could be fixed to return to a better crop yield. 

The more surveys done on different aspects of the farm, the more well-rounded these predictions 

can be. 
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This project seeks to expand on the work which has already been done by previous 

directed studies students Antonin van der Lely and Andrea Morgan that helped establish and 

survey the plant diversity of the hedgerows. The dive into the pathogens in the hedgerows will 

help UBC Farm weigh the biodiversity benefits they receive from the field margins against the 

risk the pathogens inside may pose. The UBC Farm already rotates their crops each year to 

increase diversity and create disease breaks, but the hedgerows hold more power over the health 

and production of the farm that still needs to be explored.  

This study gives us an insight into the range of fungal pathogens that can be found around 

the farm, but it can’t tell us everything we want to know about the effects these pathogens have 

on the crops and hedgerows. It can’t tell us how much damage these pathogens are causing, if the 

pathogens found in the hedgerows are the same ones infecting the crops, or how a pest 

management process might decrease crop loss due to disease at the UBC Farm. These are all 

future research projects that can’t happen without the initial survey of the hedgerow pathogens 

that we’ve completed over the past two semesters.  

 

Results 

In the first round of collection, from September 25th, 2019, Botrytis was found directly 

on three of the six crops collected (Table 2). From those live materials, which included 

strawberries, blueberries, and beans, Botrytis was successfully subcultured from the strawberries 

and blueberries (Table 2). Alternaria was found directly on two of the crops, the hops and 

zucchini (Table 2). It was not successfully subcultured from either of these plant collections. 
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Cladosporium, while not directly found on the live crop material of the first collection, was 

subcultured three separate times (Table 2). 

Of the blackberry plant material collected across all three collection dates, the three 

blackberries from February 5th, 2020 were all harboring Cladosporium (Table 3). Two of those 

three blackberries had subcultures of Cladosporium, and the third subculture was Alternaria 

(Table 3). The blackberry material collected from Rounds 1 and 2, September 25th and October 

23rd of 2019, had no correlation between the fungal identification directly from plant material or 

from subcultured material. 

The snowberry plant material from all three rounds of collection produced Cladosporium. 

In Round 1, September 25th, 2019, Cladosporium was found directly on the live snowberry 

material and was successfully subcultured from that material (Table 4). In Round 2, 

Cladosporium was subcultured from snowberry material despite not finding Cladosporium on 

the live material (Table 4). The early spring collection, Round 3, Cladosporium was found on the 

live snowberry material twice and was successfully subcultured from each of those collections 

(Table 4). Botrytis was found twice on live snowberry material, one collected during Round 2 

and one from Round 3, and was successfully subcultured from that material each time (Table 4). 

The rosehips are the last of the fruiting plants deliberately collected in all three rounds. 

There was very little correlation between the fungal pathogens found and identified on the live 

material and what was subcultured from that material. A collection of rosehip material from 

Round 3 had Cladosporium identified on the plant material and from its subculture (Table 5).  

In Round 2, three different hedgerow plant materials outside blackberries, snowberries, 

and rosehips were collected (Table 6). Of those three plants collected, the fungal pathogens 
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found directly on the plant material were not the same pathogens that ended up being subcultured 

from that material. Only one plant outside the three staples was collected in Round 3, a currant 

plant (Table 6). Botrytis was found directly on the live material and was subcultured from that 

material, as well (Table 6). 

Grey mold, rust diseases, verticillium wilt, powdery mildew and alternaria associated 

diseases were the only known diseases at the UBC Farm that were also identified from this 

collection (Table 2-6). 

 

Discussion 

Significant Identifications 

The collection and identification of fungal pathogens at the UBC Farm was successful in 

that we found a range of pathogens in the hedgerows and some cross-over of those pathogens 

found on the crops. The two pathogens that were the most present in the hedgerows were 

Botrytis and Cladosporium. These pathogens were also present on the few crops sampled in the 

first round of collection.  

Botrytis, better known as grey mold, causes produce loss during pre and post harvest all 

over the world (Fillinger & Elad 2015). Botrytis is a generalist pathogen with 30 known Botrytis 

spp. causing diseases in over 1400 vascular host species (Fillinger & Elad 2015). Every year the 

public knowledge of Botrytis grows as its infections are reported globally.  

The first encounter I had with Botrytis was during the first round of collection. The grey 

mold was visible to the naked eye on some of the last strawberry fruits of the season still waiting 

to be harvested (Image 1). The UBC Farm reported Botrytis as one of the diseases they find on 
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their crops each year, and it was not hard to find in the hedgerows lining those crop fields. My 

collection of Botrytis from the crops and hedgerows at the UBC Farm, while significant in 

expanding upon the biodiversity picture at the farm, does not prove that the Botrytis 

overwintering in the hedgerows is the source of infection on the crops each spring. It only 

demonstrates that Botrytis can be found at the UBC Farm year-round and primarily on fruiting 

plants. 

Cladosporium was cultured three times from the crop plant material collected on 

September 25th, 2019. It was found directly on the surface of the three blackberry plant materials 

collected on February 5th, 2020 (Image 2). It was found on and cultured from the snowberry 

plant materials collected during each of the three rounds. It was cultured twice from rosehip plant 

materials collected on October 23rd, 2019 and found directly on and cultured from the rosehip 

material collected on February 5th, 2020. Cladosporium was identified, whether directly from 

collected materials or from culture, 20 times out of 53 identifications made. Botrytis, in 

comparison, was identified from plant material and from culture only 13 times (Graph 1). 

Finding this much Cladosporium was not surprising because, “Cladosporium species are among 

the most abundant fungi in outdoor and indoor air” (Bensch, K., et al. 2018). 

While the abundance of Cladosporium was expected, it is hard to determine what it might 

be doing at the farm. The Cladosporium genus is very diverse but has recently had cuts made to 

the species considered under its umbrella (Collemare, et al. 2014). That being said, 

Cladosporium still has over 700 species to its name and each of those species have wide ranges 

of what they infect and where. Cladosporium fulvum is a specialist, infecting only tomato plants 

(Collemare, et al. 2014). While Cladosporium herbarum, C. cladosporioides and C. oxysporum 
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are known for the wide range of environments they can survive in and hosts they can survive on 

(Collemare, et al. 2014). With the large taxonomic changes that have been made to the genus, 

research on the plant pathogenic generalist species has not been very extensive. This lack of 

information on the species' effect on plants like blackberries, snowberries, and rosehips limited 

my ability to determine the damage the species may be doing at the farm or how they may be 

affecting the farm’s crops. 

 

Related Diseases 

Five pathogens associated with diseases from the UBC Farm list of recurring plant 

diseases were found in the hedgerows. Botrytis, Verticillium, Alternaria, Uromyces fabae, and 

Oidium are associated with Grey Mold, Rust diseases, Verticillium Wilt, Powdery Mildew, and 

Alternaria diseases. Finding only these five pathogens relating to UBC Farm diseases does not 

mean that the hedgerows are not harboring more of the diseases found at the farm. It means that 

the pathogens associated with those diseases were the most common among the plant tissue types 

I collected and most common at the time that I collected them. To determine if more pathogens 

relating to UBC Farm diseases are overwintering in the field margins more surveying at more 

frequent intervals would need to be conducted. 

 

Limitations 

The results of this experiment were limited by a few factors, the methods of collection, 

the non-sterile environment while subculturing, and the organizational changes made as the 

project went on.  
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When this project was first conceived, the method of collection was intended to be 

random to not introduce any bias into the pathogen hosts picked. This idea changed when we 

started collections because the hedgerows were not evenly distributed with plant materials that 

we had decided on collecting. Many sections were filled with wooded plants which we did not 

intend on analyzing for this experiment. We also noticed that most of the visible signs of 

diseases came from plants with mummified fruits or buds on them like the blackberries, rosehips, 

and snowberries. We decided to collect from specific plants within the hedgerows as the main 

sources of visible outbreaks. This introduced a bias because we left out multiple plant materials 

in our collections, including roots, decaying material, and woody stems. These plant materials 

could be harboring pathogens that we did not find. 

Another source of error comes from the indoor environment that we subcultured in. We 

did not have access to sterile environments in which to subculture the plant material, which 

introduced error into the process. Some of the subcultures made from plant materials could have 

been accidental subcultures of the fungal pathogens in the air. This error becomes more relevant 

when the identification of the pathogen off the plant material does not match that of the 

subculture. As mentioned previously, Cladosporium is the most common fungal pathogen in the 

air of indoor environments, and subculturing it without seeing it on the plant material could be a 

source of error. 

The last limitation of this project was its learning curve. As an undergraduate student 

with little lab experience or project management, I was learning how to organize and keep track 

of the materials on the job. In the first round of collection I only took pictures of the plant 

materials in the field. By the third collection, I found it pertinent to take pictures of the 
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collections under the dissecting microscope because it helped me keep track of which tissue parts 

I found the pathogens on. Having that information in pictures for round one and two would make 

it easier to show what the infection looks like macroscopically and microscopically. This 

information is missing from some of my project and limits my ability to analyze the collections 

as one.  

 

The Next Questions 

One of the larger questions that my experiment wasn’t able to answer was if removal of 

mummified fruit and decaying plant material could benefit the UBC Farm and reduce the 

inoculum burden potentially being made by the hedgerows. The observations I made at the farm 

did indicate that the host plants with the largest visible abundance of infection were those that 

kept fruit or buds on the host plant over the winter. There may be other diseased tissue sources 

that require different inoculum management approaches, but my collections were limited to 

above-ground tissue infections. So, the pest management process I would suggest experimenting 

with will be focused on the removal of plant tissues that I collected. 

From my collections and identifications alone, I cannot determine that removal of 

mummified fruits and decaying plant tissues would improve crop yield and reduce fungal 

diseases at the UBC Farm. The fungal pathogens in the hedgerows at the farm may not be the 

source of diseases on the crops, and it might be “a labour intensive and time consuming process” 

to remove potential primary inoculum from the hedgerows without “strong evidence to show that 

disease and crop loss can be significantly decreased” (Mckay, et al. 2014). While there have been 

studies that show that integrating management programs like this could reduce crop loss due to 
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pathogens like Botrytis, there are also studies that show that the excessive removal of decaying 

materials from the field can increase the presence of pathogens like Cladosporium (Fillinger & 

Elad 2015) (Latorre, Briceño, & Torres 2011). The disease management for each farm needs to 

be different and is based on the unique pathogens and hosts present.  

Integrating a disease management process into the UBC Farm would take more time and 

effort than it would be worth without more research into the ecology of pathogens at the farm. 

The farm would need another study into the fungal pathogens I found in the hedgerows to see if 

they are the primary inoculum for the crop diseases before setting up such a time consuming 

disease removal process. This approach to disease management is long term, but it could be a 

better alternative to fungicide use or hedgerow removal. 

Pesticide or fungicide use has been a large part of many farms’ disease management 

programs and has historically been used before scientists figured out what was causing the 

disease in the first place (Morton & Staub 2008). Fungicide use is a natural response to 

preventing disease outbreaks and reduced crop yields at one’s farm, but this solution isn’t one we 

can rely on forever. With fungicide use comes human health risks and evolved pathogen 

resistance risks.  

There are already established regulations and national programs to “monitor levels of 

pesticide residues” and “protect consumer health” against produce that exceeds those limits 

(López-Fernández, et al. 2012). These regulations are only going to get more strict; “farmers in 

2044 will have to be considerably less reliant on chemical control than in 2019.” (Kettles & Luna 

2019). Concern for consumer safety will get more strict as farming landscapes change. There are 

also concerns that excessive use of fungicides will lead to resistance in pathogens against the 
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fungicides we use today (Zhan, et al., 2019). Pathogens will evolve resistance to our fungicides if 

we continue to rely on them, and we will not have the technology available to prevent the 

infection and crop loss. The UBC Farm does not rely on fungicides or pesticides to prevent 

outbreaks. Their avoidance of this method is beneficial for their consumers and the farm’s long 

term survival. 

Another short term solution to fungal pathogens would be hedgerow removal at the farm. 

In theory, the complete removal of the potential primary inoculum seems like it would reduce 

crop infections. The loss of biodiversity that comes with that removal, however, would put the 

farm at a higher risk of infection than if the hedgerows were to stay. There have been multiple 

studies done that demonstrate that “large uniform areas [facilitate] the evolution of pathogen 

specialization and genotypes that are better adapted to crop hosts” (Papaïx, et al. 2015). While 

crop turnover is able to slow down pathogen specialization, having the buffer of hedgerows is 

shown to reduce damage of pathogens to crops, such as oilseed canola (Plantegenest, Le May, & 

Fabre 2007). There is a balance to hedgerow removal; “reduction in the abundance of both weeds 

and wild host plants can be beneficial for controlling viral diseases in crops, large-scale removal 

of noncrop plants also reduces heterogeneity in agro-ecological landscapes” (Papaïx, et al. 2015). 

Meaning, if the UBC farm is able to track down specific alternative hosts to their worst 

pathogens and remove them from the hedgerows without losing too much of the biodiversity 

benefits, they could reduce their crop loss from diseases.  

  

Current Conclusions and a Look Ahead 
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What makes this project significant is what can be built off it; the knowledge gained on 

the fungal pathogen diversity in the hedgerows is a stepping stone for future projects at the UBC 

Farm. From what we know about the life cycles of fungal pathogens and the refuge hedgerows 

can provide as alternative hosts, we could make a prediction that what we found in the UBC 

Farm hedgerows are the pathogens infecting their crops each year. This prediction requires more 

investigation, and setting up that experiment is the next step in this investigation of the fungal 

pathogens at the farm. The next question, as previously stated, becomes: are the hedgerows the 

primary inoculum for fungal infections of crops at the UBC Farm? A study done by Lin & 

Peduto Hand (2019) used methods like spore trapping, collections of decaying materials and 

mummified fruits (the predicted primary inoculum), collections of the host (the secondary 

inoculum), and collections of meteorological data to illustrate the sources of inoculum of their 

infected host. Another method that would be helpful in determining inoculum sources, employed 

by Gilligan (2002), is the building of infection models specific to the spatial distribution of the 

sources and hosts at the UBC Farm. A similar study, including some or all of the methods 

suggested above, would need to be done at the UBC Farm to validate the sources of inoculum 

prediction for each of the diseases from which the farm suffers.  

Beyond my experiment, there is still much to discover at the UBC Farm. Fungal 

pathogens are not the only pathogens and a similar study to mine on bacterial or viral pathogens 

would be beneficial in contributing to the ongoing UBC Farm biodiversity assessment. Studying 

the degree of pathogenicity would see how much damage the pathogens found are doing. 

Looking only at my study might make one think that hedgerows are risky to have on the farm 

because of how many pathogens they harbor, but “even if the number of diseases in mixed plots 
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is higher than in monocultures, the incidence of those diseases is reduced as it cannot properly 

spread” (Kettles & Luna 2019). The diversity of what I found in the hedgerows does not 

automatically indicate that the pathogens are causing more damage than they would otherwise. 

An experiment that would give the farm a better understanding of how crucial a pest 

management plan would be.  

These past eight months have provided me and the UBC Farm with a look into the 

pathogens hiding in the farm's hedgerows. That look inside adds to the UBC Farm biodiversity 

evaluation and is a stepping stone for more investigation into the pathogens we found. 
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Appendix 

Data 

Table 2: Crop Collection Round 1 

Collection 
Date 

Host Plant Direct ID Culture ID Match? Related Disease at 
Farm 

25/09/2019 Bean Botrytis Cladosporium no Grey Mold 

25/09/2019 Bean(a) Melanospora Gonatobotrys Yes 
(teleomorph 
and 
anamorph) 

mycoparasite 

25/09/2019 Strawberry 
Fruit 

Botrytis Botrytis 
Cladosporium 

yes Grey Mold 

25/09/2019 Hops Alternaria Cladosporium no Alternaria 

25/09/2019 Blueberry Botrytis Botrytis yes Grey Mold 

25/09/2019 Strawberry 
(leaves) 

NA Penicillium NA Blue Mold (not 
reported at UBC 
Farm) 

25/09/2019 Zucchini Alternaria Fusarium no Alternaria 

Table 3: Blackberry Collections (all rounds) 

Date 
Collected 

Host Plant Hedge
row 

Direct ID Culture ID Match
? 

Related 
Disease 

25/09/2019 Blackberry HR3   NA Penicillium     NA Blue Mold (not 
reported at 
UBC Farm) 

23/10/2019 Blackberry HR3 Septoria rubi Botrytis, 
Verticillium 

no Septoria Brown 
Spot; Grey 
Mold 

5/2/2020 Blackberry HR1 Cladosporium Alternaria no Alternaria 
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5/2/2020 Blackberry HR3 Cladosporium Cladosporium yes Not reported at 
UBC Farm 

5/2/2020 Blackberry HR4 Cladosporium Cladosporium yes Not reported at 
UBC Farm 

Table 4: Snowberry Collection (all rounds) 

25/09/2019 Snowberry HR4 Cladosporium  Cladosporium yes Not reported at 
UBC Farm 

23/10/2019 Snowberry HR1   NA Cladosporium    NA Not Reported 
at UBC Farm 

23/10/2019 Snowberry HR3 Botrytis Botrytis yes Grey Mold 

5/2/2020 Snowberry HR2 Cladosporium 
Alternaria 

Cladosporium yes Alternaria 

5/2/2020 Snowberry HR3 Cladosporium Cladosporium yes Not reported at 
UBC Farm 

5/2/2020 Snowberry HR4 Botrytis Botrytis yes Grey Mold 

Table 5: Rosehip Collections (all rounds) 

25/09/2019 Rosehips HR4   NA Acremonium   NA Rose Brown 
Spot (Not 
reported at 
UBC Farm) 

23/10/2019 Rosehips HR2   NA Botrytis    NA Grey Mold 

23/10/2019 Rosehips HR3 Penicillium Cladosporium no Blue Mold (not 
reported at 
UBC Farm 

23/10/2019 Rosehips HR4   NA Cladosporium   NA Not reported at 
UBC Farm 

5/2/2020 Rosehips HR1 Gonatobotrys NA no Mycoparasite 
(Not reported 
at UBC Farm) 
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5/2/2020 Rosehips HR3 Cladosporium Cladosporium yes Not reported at 
UBC Farm 

5/2/2020 Rosehips HR4 Fusarium   NA   NA Fusarium Wilt 
(Not reported 
at UBC Farm) 

Table 6: Other Hedgerow Plant Collections (Rounds 2 and 3) 

23/10/2019 Vetch HR1 Uromyces 
fabae 

Cladosporium no Rust Disease 

23/10/2019 Dead Plant HR1 Verticillium Fusarium no Verticillium 
Wilt (Fusarium 
Wilt not 
reported at 
UBC Farm) 

23/10/2019 Plantago HR2 Oidium Acremonium no Oidium- 
Powdery 
Mildew 
(Acremonium 
Brown Spot not 
reported at 
UBC Farm) 

5/2/2020 Currant HR3 Botrytis Botrytis yes Grey Mold 

Tables 2-6:  
The identification made off the live plant material is the Direct ID; the identification made from 
the subculture of the plant material is the Culture ID. The Match? column states whether the 
Direct ID and the Culture ID are the same fungal pathogen. The Related Disease is the disease 
that the pathogen causes; the disease listed is reportedly found at the UBC Farm unless otherwise 
stated. In the Direct ID or Culture ID column, NA means that an identification was not made; if 
an ID was not made for one or the other then NA is listed in the Match? column because there 
was nothing to match to.  
 
Graph 1: Identification of Fungal Pathogen- Percent Occurrence 
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Out of the 53 identifications made this pie chart shows the percent occurrence of each of the 
fungal pathogens found whether directly on the plant material or from subculture. Botrytis was 
identified 24% of the time and Cladosporium was identified 38% of the time. 
 
Methods 

This experiment had three rounds of plant material collections from the UBC Farm. The 
first collection, labeled Round 1, occurred on September 25th, 2019. The plants collected were 
mainly from the remaining crops of the season, with the exception of a few collections from the 
commonly known harborers of fungal pathogens in the hedgerows. Those known harborers 
include snowberries, rosehips, and blackberries. This collection was not done randomly, as was 
originally planned. Instead, we searched the rows of crops and looked for macroscopic signs of 
fungal infection like leaf spots, sclerotia and pycnidia on leaf surfaces, rust infections, powdery 
mildews, yellowing of the leaves, and visible mycelium on the plant surfaces. We were not 
collecting from plants with potential root rots, as those were not visible to the naked eye and can 
be notably harder to extract and identify. This also helped limit the scope of the project, as it 
would have been easy to over-collected for the length of time this project was allotted. From 
research on field collection methodology, “at present, conventional plant disease diagnostics rely 
on visible inspections of disease symptoms followed by basic laboratory tests through culturing” 
(Radhakrishnan, et al. 2019).  

The second collection, labeled Round 2, occurred on October 23, 2019. The plants 
collected this round were entirely from the four hedgerows surrounding the crop fields. As this 
was almost a full month later, the fields were fairly empty, and the hedgerows would be the 
nearest available hosts for overwintering in the vicinity. This collection was, again, not done 
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randomly. The method of looking for visible signs of infection was picked over random 
sampling to help limit the scope of the project and time spent in the field. With the small amount 
of time available for collection and analysis of the diseased material, we had to make sure that 
what we collected had the potential of fungal infection. If we had randomly picked sections of 
the hedgerows to collect from over different days at the farm there could have been many 
infections missed since the common hosts were not evenly distributed throughout the hedgerows. 

The third collection, labeled Round 3, occurred on February 5th, 2020. This collection 
also consisted entirely of plants from the hedgerows. This collection occurred just after the last 
snow of the season. The plants collected within the hedgerows were limited to flowering plants 
that kept their berries or buds overwinter. This decision was made based on the pathogens found 
from specific plants in Round 2. Collecting these same plants in Round 3 helped set up 
comparisons for the pathogens found in the hedgerows during different times of the year. 

When the collections were brought back to the lab, they were immediately separated into 
wet chambers to induce sporulation if it was not already occurring. To identify pathogens from 
the live material, sections of the plant tissues were cut and mounted on slides to identify under a 
compound microscope. To culture pathogens from the live material, a sterile zone was created 
and the infected section of the live material was transferred to a plate of agar to colonize.  

The main method of identification came from keying out the pathogens in The Illustrated 
Genera of Imperfect Fungi by Barnett and Hunter (2010). Rust pathogens, as they are not 
imperfect fungi, were keyed out using online resources and narrowed down based on the host 
they were found on. 
 
Images: 
 
Image 1 

 
Botrytis visible to the naked eye on the surface of a strawberry plant 
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Image 2 

 
Cladosporium on the surface of blackberry plant tissue from Round 3 
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