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Executive Summary 
Invasive species have varying negative effects on natural ecosystems. English holly, introduced in 

the 1800’s, is a shade-tolerant, evergreen tree that reproduces vegetatively and by seed. This 

study was conducted in Redwood Park, Surrey, British Columbia to provide recommendations on 

managing English holly in the City of Surrey. The effectiveness of three different management 

methods (cutting, cut stump with herbicide application, and stem injection) were compared by 

counting the number of living sprouts before treatment and one year post treatment. No 

statistically significant differences were found between treatment types when comparing 

number of sprouts before and after treatment. This could be the result of difficulty in accurately 

counting sprouts for each tree. Trees that were stem injected did show varied health (11% were 

healthy, 68% with slight decline, 18% with moderate decline, 4% with severe decline, and 0% 

dead) compared to remaining healthy trees in the control plot. Longer monitoring would be 

required to determine if these trees will continue to decline and eventually die. Although none 

of the results of the treatments were statistically different, it is still recommended to treat large, 

berry-producing trees to limit the spread of English holly in natural areas, even if it does not result 

in eradication.  
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1.0 Introduction 

1.1 Background 
Invasive species pose an economical and ecological threat globally. Cronk and Fuller (1995) define 

an invasive plant as “an alien plant spreading naturally (without the direct assistance of people) 

in natural or seminatural habitats, to produce a significant change in terms of composition, 

structure or ecosystem processes”. In Canada, sixteen invasive species are estimated to cost 

between $13 and $35 billion in lost revenue annually (Canadian Invasive Species Council 2021). 

Effects of invasive plants on native ecosystems include alterations to nutrient cycling, hydrology, 

and fire regime, which all contribute to a reduction of native species (Cronk and Fuller 1995; 

Mack et al. 2000). 

English holly (Ilex aquifolium), occurring naturally in areas of Europe, Northern Africa and Asia, 
has been used in celebrations and as a Christmas decoration for centuries (Ticknor 1986; Olmsted 
2006). Introduced to the Pacific Northwest in the 1800’s as an ornamental plant, English holly 
was soon grown commercially due to its popularity in landscaping and as Christmas decorations, 
where it spread into natural habitats (Olmsted 2006). English holly is a shade-tolerant, evergreen 
tree with smooth gray bark, reaching heights of 23 meters and diameters of 30 centimeters 
(Olmsted 2006; Peterken and Lloyd 1967). Trees are dioecious (male and female plants are 
separate) with alternate, spiny, waxy, dark green leaves (Peterken and Lloyd 1967). Reproduction 
is primarily sexual through berry production, but can also spread vegetatively through roots or 
branches (Olmsted 2006). Fruit production fluctuates; up to fifty berries can be formed by one 
twig (Peterken and Lloyd 1967). A study conducted by Stokes et al. (2014) found that 78% of trees 
were the result of vegetative reproduction, compared to 22% from seed. Birds are the primary 
disperser of English holly seeds, with American Robins (Turdus migratorius) comprising 96% of 
fruit consumptions recorded (Zika 2010). The area underneath English holly trees contain less 
native woody or evergreen vegetation than adjacent areas, and under large holly clusters there 
are often large areas with no native vegetation (Stokes et al. 2014). Research indicates that 
English holly affects the soil in Pacific Northwest forests, increasing the amount of organic matter 
and sulfur content, which drives a decrease in soil pH over time (Berger 2016). 
 
Management techniques for controlling English holly include mechanical and chemical. Examples 
of mechanical control are pulling, digging, girdling, and cutting, while chemical control includes 
herbicide application to a cut stump, stem injection and basal bark application (Metro Vancouver 
and the Invasive Species Council of Metro Vancouver 2019). Pulling and digging can be effective 
on small infestations, ensuring to remove all roots. Cutting is not a long-term management 
technique, as resprouting from the base will occur, but can be used to remove large berry-
producing individuals to reduce seed spread (Stokes et al. 2014; Metro Vancouver and the 
Invasive Species Council of Metro Vancouver 2019). The two most common chemical control 
techniques include stem injection and cut stump application. Stem injection uses a lance injection 
system to inject a shell containing herbicide into tree tissue, which is translocated through to 
roots and shoots (ArborSystems, 2017). Cut stump application involves cutting stems down and 
applying herbicide to the remaining stump. Salisbury (2013) compared three treatment types 
(frilling, cut stump application, and lance injection) and three different herbicides (glyphosate, 
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triclopyr, and imazapyr). Stem injection with imazapyr was found to be the most effective 
treatment method.  
 

1.2 The City of Surrey 
The City of Surrey is the largest city within Metro Vancouver (by area), situated on the traditional, 

ancestral, and unceded territories of the Salish Peoples, including the q̓icə̓y̓ (Katzie), q̓ʷɑ:n̓ƛ̓ən̓ 

(Kwantlen), and səmyámə (Semiahmoo) land-based nations (City of Surrey 2021a). Surrey is a 

mosaic of urban, agricultural, and rural areas with over 1700 hectares of natural area managed 

by Surrey Parks. The City of Surrey has a robust invasive plant species management program, 

which focusses on controlling priority invasive plant species in high value natural areas. Currently, 

English holly is not a priority plant species for management. 

1.3 Purpose and Objectives 
The purpose of this study was to provide the City of Surrey with recommendations on how to 

best manage English holly. This study consisted of comparing the effectiveness of three different 

management methods (cutting, cut stump + herbicide application, and stem injection).   

2.0 Study Area 
This study was conducted in Redwood Park, located in southeastern Surrey, BC (Figure 1). Surrey 

has a temperate coastal climate, and Redwood Park is in the Coastal Douglas-fir moist maritime 

(CDFmm) biogeoclimatic zone. Average daily temperatures range from 18.2°C June to 

September, to 3.4°C November to February. The average annual rainfall is 1361 mm, with the 

heaviest rainfalls occurring between October and April (Government of Canada 2021). The 

elevation of the study area is 80 m above sea level. 

Redwood Park was historically owned by brothers David and Peter Brown, who planted trees 

from around the world including several species of redwoods (City of Surrey 2021b). However, 

the location of the Study Area is primarily native vegetation with bigleaf maple (Acer 

macrophyllum), red alder (Alnus rubra) and western redcedar (Thuja plicata) dominating the 

canopy and an understory comprised of thimbleberry (Rubus parviflorus), osoberry (Oemleria 

cerasiformis), trailing blackberry (Rubus ursinus), sword fern (Polystichum munitum), 

salmonberry (Rubus spectabilis), and vine maple (Acer circinatum).  

Redwood Park and the surrounding area has been impacted by various anthropogenic influences 

including agricultural, residential development, transportation and recreation.  

3.0 Methods 

3.1 Survey Design 
The study area was broken down into 25 transects (west to east), as English holly trees with a 

DBH (diameter at breast height) five centimeters or greater were encountered, a unique tag 

number was nailed to the trunk and the location was collected using a Trimble June 5 series GPS 

(Figure 2). For each tree DBH was measured (cm), height was estimated (m), sprouts within one  
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Figure 1. Location of Study Area for English holly treatment comparison study in Surrey, British Columbia, 
Canada from May 2020 to June 2021. 
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meter of the base were counted, and a value for health was assigned as described in Table 1. 

Table 1. Categories of health ratings and associated crown dieback for English holly trees inventoried in 
Redwood Park, Surrey, British Columba from May 2020 to June 2021. 

Health Rating Crown Dieback 

5: healthy 0-9% 
4: slight decline 10-39% 
3: moderate decline 40-69% 
2: severe decline 70-99% 
1: dead 100%  

 

3.2 Treatment Methods 
The study area was divided into four treatment plots containing a similar number of English holly 

trees (28, 33, 32, 30). Due to the extensive root systems, trees in different plots were selected at 

least three meters apart to ensure the effects of each treatment did not influence neighbouring 

plots. Treatment types consist of cut surface + stump herbicide application, stem injection, cut 

stump, and control. Treatment type was randomly assigned to each treatment plot.  

3.2.1 Cut  

Twenty-eight trees were cut down using a chainsaw to a height of less than 30 cm. Tags were 

removed from the trunk and nailed into the side of the stump. If multiple stems originated from 

the same stem at the base, all stems were cut.  

3.2.2 Stem Injection 

There were 30 trees within the stem injection plot. An EZ-Ject© lance was used to inject 

Diamondback herbicide shells (glyphosate) into tree stems above the root collar, but below the 

last branch. One shell was injected for each five centimetres of DBH as directed on label 

(ArborSystems n.d.; Appendix I, Figure 5).    

3.2.3 Cut Surface + Stump Herbicide Application 

Initial preparation of trees is the same as described above in the cut plot. Immediately after trees 

were cut, glyphosate (VP480) at 100% concentration was applied using a paintbrush to coat the 

entire cut surface (Appendix I, Figure 6). A total of 100 mL was used, with the amount for each 

stump proportional to stump size. All herbicide application was done by a contractor qualified to 

use herbicide on public land. Herbicide use notices were installed 24 hours prior to treatment 

and remained up for 48 hours after treatment (Appendix I, Figure 7).  

3.2.4 Control 

The control plot consisted of 32 trees; no management techniques were applied to this plot.  
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Figure 2. Location of English holly trees and treatment plots for English holly treatment comparison study 
in Surrey, British Columbia, Canada from May 2020 to June 2021.  
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3.3 Post-Treatment Data Collection 
One year after treatment, the site was revisited. For each tree, the number of sprouts within 

one meter were counted and health was recorded using the same method as the pre-treatment 

survey. Health was not assessed for trees that were cut or had cut surface + stump herbicide 

application as there was no crown material to assess. 

3.4 Data Analysis 
A one-way analysis of variance (ANOVA) was used to determine if there was a statistically 

significant difference in the difference of sprouts between treatment types. A paired t-test was 

performed for each treatment type to compare the number of sprouts before and after 

treatment to see if they were statistically different. Minitab was the statistical software used. 

4.0 Results 
A total of 41 (36%) trees had more sprouts after treatment, 54 (47%) had less sprouts, and 19 

(17%) had the same number of sprouts (Table 2). A one-way ANOVA performed on the difference 

of sprouts showed that there was no statistical difference between treatment types (F=1.65, 

p=0.181). None of the treatment types were statistically different from each other (at 95% 

probability level) (Figure 3). Dead sprouts were observed in all treatment plots, 3 (2%) in the 

control plot, 2 (1%) in the cut plot, 15 (5%) in the cut surface and stump application plot, and 4 

(4%) in the stem injection plot (Appendix I, Figure 8). 

Table 2. Number (percent) of trees with more, less, or the same number of sprouts after treatment in 
Redwood Park, Surrey, British Columbia from May 2020 to June 2021.  

 Control Cut 
Cut Surface + Stump 

Application Stem Injection 

More sprouts  8 (27%) 14 (52%) 10 (34%) 9 (32%) 

Less sprouts 16 (53%) 10 (37%) 16 (55%) 12 (43%) 

Same number of sprouts 6 (20%) 3 (11%) 3 (10%) 7 (25%) 

 

Paired t-tests for each treatment type indicates that there was no statistically significant 

difference between the number of sprouts before or after treatment (Table 3).  
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Figure 3. Mean difference of sprouts and standard deviation for each treatment type on English holly in 
Redwood Park, Surrey, British Columbia from May 2020 to June 2021. 

Table 3. T- and p-values from paired t-tests comparing the number of sprouts before and after each 
treatment type (control, cut, cut surface + stump application and stem injection) in Redwood Park, Surrey, 
British Columbia from May 2020 to June 2021. 

  Control Cut Cut Surface + Stump Application Stem Injection 

n 30 27 29 28 

T-value -1.6 1.75 -0.41 -1.25 

p-value 0.12 0.092 0.682 0.221 

 

Crown health was compared between trees in the control and stem injection plots (cut and cut 

surface + stump application can not be assessed for crown health since there is no remaining tree 

crown). All trees in the control plot were healthy. Health varied in trees that were stem injected, 

11% were healthy, 68% with slight decline, 18% with moderate decline, 4% with severe decline, 

and 0% dead (Figure 4; Appendix I, Figure 9).  

Epicormic shoot growth was observed on 36 trees (0 control, 10 cut surface + herbicide 

application, 25 cut, 1 stem injection; Appendix I, Figure 10). The percent of trees in each 

treatment plot which had epicormic shoot growth was 89%, 45% and 4% for cut, cut surface + 

herbicide application and stem injection respectively.  
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Figure 4. Number of trees in each health rating (dead, severe decline, moderate decline, slight decline, 
and healthy) for control and stem injection treatments in Redwood Park, Surrey, British Columbia. 

5.0 Discussion 
After cut stump + herbicide application, 34% of trees had more sprouts. These findings are 

consistent with Salisbury (2013) who found that 33% of trees that were cut and had glyphosate 

applied to the stump had more sprouts after treatment within a one-foot radius. After stem 

injection, 32% of the trees had more sprouts. This differs from Salisbury (2013) who did not have 

any trees with more sprouts after stem injection with glyphosate. 

The results indicate that there is no statistically significant difference between the treatment 

methods in number of living sprouts after treatment. This differs from a study conducted by Law 

et al. (2017) that found the paint (cut stump + herbicide application) method did have a 

statistically significant difference when comparing sprout survival to their control plot. 

Replicating the study and monitoring over a longer period of time would be required to 

determine if there are differences between treatment methods. The result of no significant 

differences in sprout survival between treatment types could be the result of difficulty in 

accurately counting sprouts for each tree. Since English holly reproduces by seed and 

vegetatively, it is also possible that some sprouts counted could have been individual plants 

which germinated from seeds, and not directly connected to the treated tree. 

For stems that were injected, none died during the monitoring period. Stems injected with 

glyphosate ranged from healthy to severely declining whereas control stems were all healthy. 

Salisbury (2013) found that stems injected with glyphosate ranged in health from dead to 

healthy. It is possible that stem injected trees will continue to decline and succumb. As well, 

injection rates were applied based on label directions, however it is possible that these 

application rates are too low for effective control of English holly.   
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5.1.1 Limitations 
Individual sprouts were not flagged, which could have led to counting errors. In particular, if 

sprouts died and no longer had foliage, they would be more difficult to see and could have been 

missed during enumeration. Additionally, lower branches can grow adventitious roots and look 

similar to sprouts. Efforts were taken to pull any branches that were rooted, but it is possible that 

some were missed and counted as sprouts. Salisbury (2013) also noted the difficulty in counting 

sprouts before and after treatment, leading to potential errors.  

This study would benefit from longer term monitoring. None of the stem injected trees were 

dead after one year, but many were in decline. At the time of monitoring, it could not be 

determined if the declining trees would continue to decline or have the ability to recover from 

the crown dieback. 

6.0 Management Recommendations 
Currently in Canada, glyphosate is the only herbicide approved for stem injection. Salisbury 

(2013) found that stem injection with imazapyr was effective at killing English holly trees. 

Monitoring herbicide products approved for use in Canada is recommended for future potential 

of using these products.  

Longer monitoring for trees with cut surface + herbicide application would also be required to 

determine if the stems regrow and are able to produce berries. Although berry production was 

not recorded or quantified, all treatment methods appeared to reduce berry production. These 

treatments could be used to reduce English holly populations, but may not result in eradication. 

In sensitive areas where herbicide use is restricted, cutting plants is recommended to reduce 

large, berry producing trees. Trees can start producing berries after 2 years, but do not reach 

their full berry production until 15-20 years therefore removing these trees will slow the spread 

(Olmsted 2006).  

In addition to longer monitoring, implementing treatments for stem injection and cut surface + 

herbicide application annually would be beneficial to determine if additional treatments lead to 

increased mortality of English holly trees.  

Time taken for each treatment was not recorded, however stem injection was less time intensive 

than cut or cut surface + herbicide application. Salisbury (2013) recorded time taken for 

treatments and found that the average time per tree was 17 seconds (n=76) and 2 minutes 15 

seconds (n=155) for stem injection and cut stump + herbicide application respectively. If future 

studies show stem injection to be an effective management method, it would have the benefit 

of being the quickest to implement while also leaving the trees standing contributing to 

horizontal structural diversity within the forest.   
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8.0 Appendix I – Photographs 

 

Figure 5. Diamondback Herbicide shell injected into English holly stem for English holly treatment 
comparison study in Surrey, British Columbia, Canada from May 2020 to June 2021. 



13 
 

 

Figure 6. Cut stump + herbicide application for English holly treatment comparison study in Surrey, 
British Columbia, Canada from May 2020 to June 2021. 
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Figure 7. Example of notice of herbicide use signage for English holly treatment comparison study in 
Surrey, British Columbia, Canada from May 2020 to June 2021. 
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Figure 8. Example of dead sprouts after treatment for English holly treatment comparison study in 
Surrey, British Columbia, Canada from May 2020 to June 2021. 
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Figure 9. Example of crown dieback of an English holly tree that was stem injected with Diamondback 
herbicide shells for English holly treatment comparison study in Surrey, British Columbia, Canada from 
May 2020 to June 2021. 
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Figure 10. Epicormic growth on an English holly stump that was in the cut stump + herbicide application 
plot for English holly treatment comparison study in Surrey, British Columbia, Canada from May 2020 to 
June 2021. 


