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Abstract 

Wild chervil (Anthriscus sylvestris) is an invasive plant and a member of the Carrot family 

(Apiaceae). This species concerns natural resource managers because it reduces hay forage 

quality and adversely alters terrestrial ecosystems. Metro Vancouver was interested in the 

effectiveness of two treatment methods to reduce wild chervil productivity in Regional Parks. 

Identification of a pasture grass, or combination thereof, best able to restore habitat conditions to 

traditionally-managed ‘old-field’ mostly free of wild chervil and fit for hay production was also 

of interest. Thus, efficacy of two treatment types (tilling and herbicide) and two application 

periods (late spring and summer 2016) on high and low density sites were examined through a 

Randomized Complete Block Design with five blocks located in Campbell Valley Regional 

Park. A second experiment tested restoration productivity of seeded pasture grass using timothy 

(Phleum pretense), tall fescue (Festuca arundinacea) and orchardgrass (Dactylis glomerata). 

There was a significant difference in mean wild chervil biomass among herbicide, tilling and 

controls. However, no significant difference was detected in biomass of regenerated wild chervil 

between tilling and herbicide treatments; but both treatments significantly reduced biomass of 

wild chervil compared to controls. Herbicide was found to significantly decrease wild chervil 

productivity yet only when coupled with seeding, seeding did not benefit tilling-only treatments 

to the same extent. Analysis of variance revealed no significant differences in biomass of post-

treatment seeded grass used in restoration; all species effectively established themselves 

outcompeting wild chervil re-growth following treatment. A blended approach of pre-bloom 

cutting followed by early spring and drought season tilling, post-treatment grass seeding, along 

with herbicide application for spot-treatment or inaccessible areas was recommended.  
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Introduction 

Wild chervil (Anthriscus sylvestris) is an invasive plant which belongs to the Carrot 

family (Apiaceae); it was introduced from Europe and is suspected to have arrived to North 

America in wild flower seed mixes (Lilley and Page, 2010). This species has become widespread 

from Newfoundland to Ontario and is now found in the Pacific Northwest (Lilley and Page, 

2010). The range of this invasive plant continues to expand, wild chervil is becoming more 

prevalent in BC’s lower mainland; it is now found throughout Metro Vancouver and within some 

of its Regional Parks.  

Wild chervil is listed as a regional noxious weed in the Fraser Valley Regional District 

(FVRD) under the B.C. Weed Control Act (Lilley and Page, 2010). A “noxious weed” is a weed 

listed in Part I of Schedule A of the British Columbia Weed Control Regulation (2011); it 

includes the noxious weed itself, as well as weed seeds. Because of its listing within the act, land 

owners within the FVRD are obligated to control wild chervil and protect surrounding 

agricultural areas from the adverse impacts of this plant. However, Lilley and Page (2010), 

recognized that wild chervil is not currently listed as a noxious weed within Metro Vancouver.  

Several infested fields in Metro Vancouver’s Regional Parks are leased or licensed to 

farmers for hay production and there is increasing worry about the presence of wild chervil 

reducing hay and forage quality. Wild chervil is low-quality forage for grazing cattle, it also 

reduces growth potential of other crop species and outcompetes native herbs, shrubs and grasses 

for light, water and nutrients (van Mierlo and van Groenendael, 1991). Metro Vancouver’s 

Regional Parks Department would like to treat and control wild chervil because of its effects on 

hay production, field management, and damage caused to terrestrial ecosystems (Lilley and 

Page, 2010).  
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Wild chervil can be monocarpic (produces fruit once) with a varied life history depending 

on the local soil moisture and nutrient regime (edaphic properties) and climatic conditions 

(Darbyshire et al., 1999). However, Darbyshire et al. (1999) have also noted that wild chervil can 

be an annual, a biennial, or a short-lived polycarpic perennial; polycarpic plants are those able to 

flower and produce fruit more than once in successive years or seasons. The variability in life 

history caused by local environmental conditions (geography, soil type, soil profile, soil texture 

and range in edaphic properties) likely influences wild chervil’s resistance to, and resilience 

against, a range of treatment and control options (Darbyshire et al., 1999).  

Wild chervil has a substantial tap root which can be up to 2 m long; it has a flowering 

stem approximately 0.3 to 1.5 m tall. The stem is branched, hollow and deeply furrowed, with a 

fringe of hairs (Darbyshire et al., 1999). The leaves have triangular blades which can reach 0.3 m 

long; they are two-to three-times pinnately compound (Figure 1A). Pinnately compound leaf 

morphologies are those in which leaf blades have two or more sub-leaflets formed on either side 

of a stalk that joins a leaf to the stem (“Pinnately compound”, 2018). The inflorescence is a 

compound umbel which is 20 to 60 cm in diameter. The umbel (Figure 1B) is terminal and 

axillary; it is found on second to fourth order branches (Darbyshire et al., 1999). Compound 

umbels are clusters of flowers which arise off a main axis, branched from a common point; 

umbels appear visually to be about the same level. Other common names for wild chervil 

include: ‘wild parsley’ and ‘cow-parsley’. 
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Figure 1. (A) Triangular-bladed leaves of wild chervil and (B) Inflorescence of wild chervil 
(compound umbel), June 2015 by Kevin Shantz in Campbell Valley Regional Park; Langley, 
British Columbia. 

 

 

 

 

 

 

 

 

 

 

Because wild chervil can degrade existing terrestrial ecosystems, reduce local biological 

diversity, or negatively impact crop production, there is an increased interest in studying the 

treatment and control of this plant. Van Mierlo and van Groenendael (1991) investigated the 

effects of various cutting regimes on reducing wild chervil reproduction in the Netherlands, with 

a particular emphasis on the pattern of allocation between sexual and clonal reproduction. Wild 

chervil’s life cycle was also studied to determine the cause of this plant’s dominance and to 

identify practical control strategies. Their study examined a population-dynamic approach to 

wild chervil; it included germination and both juvenile and adult growth experiments. The 

germination experiments occurred independent of cutting, while adult growth experiments 

incorporated cutting adult plants six centimetres above ground level.   

Clonal propagation was found to be more important to population growth than sexual 

reproduction (van Mierlo and van Groenendael, 1991); however this likely depends on 

environmental conditions as noted earlier.  

 

 A  B 
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Van Mierlo and van Groenendael (1991) also found that cutting can stimulate vegetative 

spread and enhance problems caused by dominance of this species. The authors noted that a 

popular regime for invasive plant-management involved cutting plants in late June but this 

treatment actually stimulated vegetative spread within populations, thereby making the problem 

worse. While the research conducted by Van Mierlo and van Groenendael (1991) highlighted the 

ineffectiveness of cutting as a treatment, other researchers have explored systemic herbicides as 

potential treatment options for wild chervil.  

Systemic herbicides are ‘shoot active’ translocators’; their constituents disperse through 

phloem tissues in plants during assimilation of food materials. Favorable photosynthetic 

conditions are necessary for translocation to other parts of the plant to be effective, such as 

adequate surface area of foliage and exposure to sunlight. The reproductive stages of plants often 

exhibit more sensitivity to herbicides than the seedling or vegetative stages because plants at 

reproductive stages invest and move considerable resources to support seed production (Boutin 

et al., 2013). 

Research on herbicide translocation conducted on dykes in Nova Scotia found that 

selected herbicide residue was only transferred to the roots of wild chervil sprayed at bloom; 

compounds explored included: aminocyclopyrachlor + metsulfuron-methyl, 

aminocyclopyrachlor + chlorsulfuron, aminopyralid, aminopyralid/metsulfuron- methyl and 

diflufenzopyr/dicamba. Results showed that application at bloom provided more effective long-

term control than the same herbicide applied at other growth stages (Beaton, 2014).  
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Miller and D’Auria (2011) also examined the effects of herbicide, tilling and grass 

seeding on wild chervil in a two-year study using pre-bloom cutting followed by a combination 

of treatments: herbicide; tilling; herbicide with tilling; and herbicide, tilling then grass seeding. 

Their results showed that herbicides accomplished between 50 to 95 percent control after two 

years depending on the compound used. They found that the most effective herbicides were 

Imazapyr (Habitat, Arsenal) which had 95 percent efficacy and Glyphosate (Roundup, 

Aquamaster) which reduced wild chervil productivity by 64 to 83 percent depending on the 

product and constituents (Lilley and Page, 2010). Miller and D’Auria (2011) also found that both 

Imazapyr and Glyphosate were quite effective when combined with tilling, reaching 98 to 100 

percent control. Still, treatment by tilling exclusively was only marginally less effective (Lilley 

and Page, 2010) than the combined approach of herbicide followed by tilling.  

However, Miller and D’Auria (2011) reported from their study at the Black River Unit of 

the Nisqually National Wildlife Refuge (2003-2005) that the various herbicide compounds 

examined did not adequately reduce wild chervil biomass compared to non-treated experimental 

units after one year, though biomass in units treated by Glyphosate was noted to trend lower. 

The treatment and control of wild chervil has been explored throughout Europe and 

eastern Canada. In British Columbia, only one non-replicated and unpublished wild chervil 

demonstration study was identified; cooperators included: B.C. Ministry of Transportation and 

Infrastructure, Fraser Valley Invasive Plant Council, B.C. Ministry of Forests Lands and Natural 

Resource Operations, Drinkwater Environmental Services Ltd. and one private property owner.                   
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No other replicated research was found for the treatment and control of wild chervil by cutting, 

tilling, herbicide, prescribed fire or other mechanical means in British Columbia.   

As such, Metro Vancouver would like to understand whether tilling or herbicide is the 

most effective method for treatment of wild chervil across the park system, by experimentally 

testing the Integrated Pest Management (IPM) approach outlined by Lilley and Page (2010). An 

ancillary objective of identifying a pasture grass species best able to colonize previously treated 

lands, as part of restoration activities, is also of interest. The purpose of this research is to 

evaluate the efficacy of tilling versus herbicide as treatment options to abate wild chervil 

productivity which, in turn, can be used to inform Metro Vancouver’s invasive plant strategy. 

 The test hypothesis is summarized as: no statistically significant difference exists after 12 

months in live plant, dry- biomass (g) of living, healthy, post-treatment wild chervil in 

experimental units treated by tilling only, tilling & seeding, herbicide only and herbicide & 

seeding, untreated (control), and untreated (control) and seeding. 

 

Methods 

 Site Description 

The research site was located in the northern lands of Campbell Valley Regional Park, 

within the Township of Langley, British Columbia. The park is 545 ha in size, it is bound by 20th 

Avenue to the north, 200th Street west, south, to 4th Avenue and east to 216th Street (Figure 2). 
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Figure 2. Map depicting the study site within Langley, British Columbia; the black box 
outlines the site, a 4 ha ‘old-field’ traditionally managed for hay production. February 
2018.   
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The area surrounding the site was characterized by a mix of deciduous and coniferous 

trees and shrubs including: red alder (Alnus rubra), black cottonwood (Populus balsamifera ssp. 

trichocarpa), Douglas-fir (Pseudotsuga menziesii), western redcedar (Thuja plicata), red 

elderberry (Sambucus racemosa) and salmonberry (Rubus spectabilis). In the study site, the pre-

treatment vegetation community within experimental units was dominated by wild chervil, reed 

canarygrass (Phalaris arundinacea), orchardgrass (Dactylis glomerata) and Himalayan 

blackberry (Rubus armeniacus); it is a nutrient-rich and moist site with a high water table.   

Experimental Design 

This wild chervil treatment and control project was based on quantitative experimental 

research, its foundation was deterministic empirical science by way of the scientific method 

(Creswell, 2009). Research hypotheses were formulated and hypothetico-deductive test 

consequences were outlined to test predicted treatment effects. The results of the test 

consequences were used to confirm the suitability and thoroughness of the research hypotheses 

upon completion of the carefully designed and controlled experiment. The study examined the 

relationship between dependent variables (percent cover and live-plant biomass of wild chervil) 

and independent variables, the treatment types: tilling, herbicide and seeding combinations.  

The study site contained varying species compositions and densities which were 

considered to be surrogates for variability in light, soil compaction, soil moisture and nutrients 

(L. Zabek, personal communication, May 08, 2016). Through a Randomized Complete Block 

Design (RCBD), the study site was divided into sampling strata, based on wild chervil density 

and variation in the vegetation community. Blocking and its inclusion within analysis was 

helpful in partitioning the variation. Randomized Complete Block Design, like the one used in 

this study, provides an advantage in that the blocks can be taken into account during statistical 
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analysis to improve chances of identifying differences between the treatments if they exist 

(Townend, 2002).  

Townend (2002) further affirmed that it is often wise to organize an experiment into 

randomized complete blocks, whether or not the final analysis takes them into account, because 

blocking ensures that unwanted variation will affect all treatments equally. Thus, this 

experimental design helped safeguard against pseudoreplication and potential impacts of 

undesirable and unidentified influences (“non-demonic intrusion”; sensu Hurlbert, 1984). 

The goal of the design was to expose all treatments to the same level of influence by site 

variations (Townend, 2002). Randomized Complete Block Design attempts to ensure that all 

experimental treatments are subjected to the same extent by unwanted variations in the 

experimental setting. This experiment had six treatments (i.e. control, control & seeding, tilling, 

tilling & seeding, herbicide, and herbicide and seeding) and five replicates (blocks; Figure 3). 

Each experimental unit of 25 m2 had a one metre tilled perimeter to provide a buffer zone to help 

prevent ingress of vegetation into the plot. Selected experimental units were divided into quad-

plots (four equal sub-units of 6.25 m2 within each experimental unit) to accommodate the 

application of grass seed. Grass seed was comprised of three non-native (but common 

agricultural) pasture grass species and a 33 percent mix of each including: timothy (Phleum 

pretense), tall fescue (Festuca arundinacea) and orchardgrass (Dactylis glomerata).  

The allocation of treatment units within each block were distributed to ensure 

independence, enhance interspersion and random distribution of sampling (Hurlbert, 1984; 

Figure 4). The experimental design controlled for bias and provided a foundation necessary for 

generalization through replication (Creswell, 2009). 
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A B 

Figure 4. (A) Randomly distributed experimental units (5 m by 5 m) and (B) experimental unit with a 
1.5 m tilled vegetation buffer to prevent ingress into the plot. Campbell Valley Regional Park, June 
2016.  

 

Figure 3. Unbalanced - Randomized Complete Block Design for treatment of wild chervil, 

stratified by high (n=3) and low (n=2) density. Treatments included: Control = C, Control 

and Seed = C/S, Till = T, Till and Seed = T/S, Herbicide = H and Herbicide and Seed = 

H/S. Campbell Valley Regional Park, January 2016. 
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Tilling Treatment 

 

The high water table at the study site and surrounding area prevented access for treatment 

preparation until late May. Once dry and accessible, vegetation in till and till followed by seed 

experimental units was cut in early June 2016, to a height of 5 cm using a John Deere 110TLB 

tractor with flail mower attachment; cut vegetation was not removed from experimental units. 

Three weeks after cutting (late June) when wild chervil began to regrow, the first tilling 

treatment (early-season) was applied at a depth of approximately 30 cm using a Barreto (13 hp) 

rear-tine rototiller (1320H Model). The second tilling treatment (drought-season) was conducted 

in the first and second week of August 2016 at the beginning of a forecasted period of prolonged 

hot and dry weather.   

 Herbicide Treatment 

In the fourth week of June, the first of two herbicide treatments was applied by Diamond 

Head Consulting (a licensed pesticide applicator), using a backpack sprayer, while wild chervil 

was in the bloom stage. The herbicide used was Glyphosate (formulated as Vantage XRT), 

presented as dimethylamine salt (480 g/L) applied at the label rate of 4.5 L/ha (rate of active 

ingredient 2 kg/ha) at 10 percent dilution. Vantage XRT is a non-selective water soluble product 

used for weed control in forestry. A follow-up herbicide application at the same rates took place 

in the third week of August 2016 to reinforce efficacy of the initial treatment and ensure missed 

plants were sprayed. The herbicide was applied only during warm, dry periods with minimal 

wind to reduce the possibility of over-spray.       
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Restoration: Pasture Grass Seeding 

 

In addition to examining two wild chervil treatment methods, this research also 

investigated re-vegetating treatment sites to identify the best grasses to initiate recovery. Non-

native pasture grass seed was applied following the second tilling and herbicide treatments to re-

vegetate bare soil, provide competition to germinating wild chervil seedlings, reduce the 

potential for invasion by other invasive plants and to increase yield and quality of the existing 

grass (Lilley and Page, 2010).  

No incorporation of post-seeding disturbance occurred (e.g. raking); therefore, relatively 

small-seeded species which are better surface germinators were used as recommended by Dobb 

and Burton (2013). In grass monocultures, the seed size determines the application rate; as such, 

timothy was applied at 27.5 kg/ha, tall fescue at 45 kg/ha and both orchardgrass and seed mix at 

40 kg/ha (B. Awmack, personal communication, August 28, 2017). 

Prolonged site denudation results in increased soil erosion and competition from invasive 

plants (Dobb and Burton, 2013). Appropriate timing of grass-seed application therefore 

accounted for both time since tilling or herbicide disturbance and seasonal conditions conducive 

for germination (Dobb and Burton, 2013). A combination approach was used in seed timing with 

regard to seasonal conditions. Early fall seeding (September 2016) attempted to ensure that 

vulnerable seedlings avoided high summer temperatures or drought conditions while also 

limiting risk of frost damage in early winter, an approach documented by Dobb and Burton 

(2013).  
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To ensure successful germination against the irregularity of fall precipitation, which is 

essential in situations of insufficient seedbed moisture, spring seeding in March 2017 was also 

used. Spring season application of grass seed was intended to support germination because 

moisture available from snow melt assisted germination and this timing enhanced ability of 

grasses to establish during the growing season (Dobb and Burton, 2013).  

Data Collection and Sampling Procedures  

Measurements were conducted based on principles identified by the BC Government 

(Ministry of Forest, Lands and Natural Resource Operations, 2010); for sampling, a 0.25 m2 

vegetation quadrat was used. Given the recommendations of Watts and Halliwell (1996) the 

sampling quadrat was randomly placed four times within each experimental unit to derive mean 

full square-metre estimates; this approach attempted to ensure representative sampling was 

conducted within each unit given the variability in species composition. There was one pre-

treatment measurement of percent cover and two post-treatment measuring sessions. Post-

treatment measures included percent cover at six and 12 months following treatment and live 

plant dry-biomass (harvest) at 12 months post-treatment.    

Percent Cover 

Percent cover was used as a visual estimation (observed at 1 m height) of the percentage 

of ground within the quadrat covered by the living aerial parts for all species of plant within the 

quadrat (Watts and Halliwell, 1996); height classes were not differentiated.  

Wild chervil’s height and length of branches and leaves often interfered with proper 

quadrat placement; unsuitable placement can result in measurement bias and improper estimation 
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of cover. To properly place the quadrat it was assembled from individual segments underneath 

all vegetation as close to the ground as possible and disassembled following each measurement 

in preparation for the next sample. Percent cover of each species was estimated and it was found 

that the total cover value often exceeded 100 percent, excesses such as this are quite common 

taking into consideration different strata within the forb zone (Watts and Halliwell, 1996). Only 

those plants rooted within the quadrat counted toward the estimate, those rooted outside the 

quadrat were moved aside before the estimate was made.  

Biomass Harvest 

Post-treatment plant dry-weight (g/m2) was used to examine treatment efficacy for 

controlling wild chervil, as well as restoration efforts in subsequent pasture-grass establishment.  

Vegetation composition, based on biomass, is a strong indicator of species dominance 

within a plant community and is a common way to measure primary production in terrestrial 

ecosystems (Bonham, 2013). Bonham (2013) advised that the best and probably the most 

commonly used method for measurement of herbaceous biomass is to clip or harvest total 

standing biomass from a quadrat. Considering both the quadrat and experimental unit size, along 

with growth characteristics of wild chervil, harvesting used pruners with cutting at ground level.  

Vegetation was grouped into three categories at the time of harvest and bagged based on 

whether it was wild chervil, species-specific pasture grass or forbs. The weight of live-wild 

chervil included inter-and intra-cellular water as well as external moisture from vapour 

condensation and precipitation. As such, the weight of freshly harvested plant material was 

highly variable and therefore required drying. The plant material was oven dried within 24 hours 
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Figure 5. (A) Frequency distribution of the transformed wild chervil biomass values;  
(B) scatter plot of wild chervil biomass values, figures verify that the data satisfied the  
ANOVA normality and equal variance assumptions.  
 

 
 

A B 

(to limit fermentation) for three days at 60 degrees Celsius as recommended by Bonham (2013).  

Once dried, weighed and recorded; the raw data was prepared for statistical analysis.   

Statistical Approach 

 

A natural logarithm transformation was used before performing ANOVA to ensure that 

model assumptions were satisfied. The biomass values of the log-transformed model were 

approximately normally distributed (Figure 5A) and showed a constant spread of points centered 

about zero (Figure 5B). This statistical corroboration was carried out using SAS ® statistical 

software version 9.4. 

 

 

 

 

 

 

 

 

 

 

A two-factor analysis of variance (ANOVA) was used with treatment and block as 

factors to determine whether significant differences exist between treatment means within the 

blocks and between the five blocks. The first factor represented six levels of treatment (control, 

control with seed, till, till with seed, herbicide, and herbicide with seed).  
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The second factor was the unbalanced blocks based on wild chervil density. The 

treatment-by-block interaction identified whether the effectiveness of treatments varied 

depending on density of wild chervil.  

The Statistical Package for the Social Sciences (SPSS) was the software used to perform 

data analysis; it was selected based on widespread use and ability to perform complex data 

computations using straight forward instructions.  

Following statistical analysis, the Statistical Consulting Service within the Statistics and 

Actuarial Science Department at Simon Fraser University (SFU) was contracted to authenticate 

and provide independent certification of the experimental design and validate results. The scope 

of work included: providing expert statistical advice, scrutiny of the study design, verification of 

descriptive and inferential techniques and assistance with interpretation.     

The analysis of wild chervil and pasture grass dry-biomass data was carried out as a 

quad-plot design. There were five blocks containing low (n = 2 blocks) and high densities (n = 3 

blocks) of wild chervil. Since there were four quad-plots within each block-density-treatment 

type combination, average biomass scores for each block-density-treatment type were used in the 

analysis to avoid pseudo-replication (Bercovitz, 2017). Treatment type and density were 

attributed as fixed effect factors in the statistical model while blocks were considered a random 

effect factor (Bercovitz, 2017).  

A Post-hoc test using the Tukey-Kramer adjustment was used to identify significant 

differences in mean biomass responses between treatment pairs; differences were considered 

significant if p ≤ 0.05 for all comparisons.  
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Table I 

Comparison of pre- and post-treatment percent cover of vegetation occupying the herb and shrub 

layer in blocks stratified by high and low density of wild chervil. Measured at the study site in 

Campbell Valley Regional Park, Langley, British Colombia. Pre-treatment measurements made 

May 20, 2016; post-treatment measurements in September 2017. 

 

Results 

 

 Overall, percent cover of wild chervil was considerably lower 12 months following 

treatment by both tilling and herbicide with a substantial increase in pasture grass cover as a 

result of seeding. There was also a moderate increase in the abundance of meadow buttercup 

(Ranunculus acris) and common dandelion (Taraxacum officinale), Table I.    
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Figure 6. Mean post-treatment, dry-biomass (g) of wild chervil in experimental units 12 

months after treatment; control versus till and herbicide (n=10). 

(+/- SE) 

 

 Herbicide and tilling reduced the biomass of regenerating wild chervil to 12 and six 

percent, respectively, of control levels (Figure 6). There was a significant difference in mean 

wild chervil biomass among the six treatments (F5, 15 = 15.47, p < 0.01). The post-hoc test was 

not able to detect a significant difference in biomass of regenerated wild chervil between tilling 

and herbicide treatments; however, both these treatments reduced the biomass of wild chervil 

compared to controls. An initial test of between-subject effects also failed to detect a difference 

in wild chervil productivity between seeded and unseeded plots (F1, 1 = 7.32, p = 0.11)       

(Figure 7). However, post-hoc analysis, including blocks as a factor, showed herbicide does 

significantly decrease wild chervil productivity (by 96 percent), only when coupled with seeding, 

but seeding did not benefit tilling to the same extent (91 percent decline in productivity). 
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(+/- SE) 

Figure 7. Mean post-treatment dry-biomass (g) of wild chervil in unseeded and seeded 

treatment units (n=10), 12 months following treatment. 

(+/- 95 % C.I.) 

  

 

 

 

  

 

 

  

 

There was no significant difference detected in wild chervil biomass for block density                

(F1, 3 = 1.67, p = 0.29); also no difference was detected in the interaction between block density 

and treatment method (F5, 15, p = 0.17); Figure 8.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8. Multiple comparison of treatments for mean, post-treatment, dry-biomass (g) of wild 

chervil in high (n = 3) and low (n = 2) density blocks, 12 months following treatment. 
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Figure 9. Mean post-treatment, dry-biomass of seeded pasture grass (orchardgrass, timothy, 

tall fescue, and an equal mix of all three; n = 5) 12 months following treatment. 

(+/- SE) 

 

 

 Finally, dry-weight biomass of seeded grasses ranged from 194.3 g to 136.7 g (Figure 9).  

However, there were no significant differences detected in mean biomass between these grasses 

12 months after treatment (F3, 12 = 1.90, p = 0.18). 

 

 

 

 

  

 

 

 

 

 

 

 

Discussion 

 

 The primary null hypothesis was accepted; there was no significant difference detected in 

post-treatment wild chervil biomass between units that were tilled versus those which received 

herbicide. Thus, both treatment types comparatively reduced wild chervil productivity (by 94 and 

88 percent, respectively) after one year.  
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 There was also no difference detected in post-treatment wild chervil biomass between 

tilled units with or without the application of pasture grass seed. Tilling alone, contrasted with 

tilling then seeding was not different at the 0.05 level of significance; however alpha set to 0.05 

is a common and arbitrary standard, therefore had alpha been established at a slightly lower level 

of confidence a result of 0.05 would have been detected as a significant difference. Yet pasture 

grass growth was observed to be vigorous relative to wild chervil germination or clonal 

propagation in units that were both tilled and seeded.  

 A different hypothesis was rejected in favor of the alternative; in herbicide units, a strong 

difference in wild chervil productivity was found in favor of herbicide with a follow-up 

application of grass seed over those treated with herbicide alone.  

 Seeding after treatment (in the case of herbicide) was more helpful in limiting wild 

chervil productivity than when applied after tilling. The reason for this may be because the loose 

soil caused by tilling may allow for placement of seeds too deep for proper germination. Perhaps 

the grass seed required a firmer seedbed with access to more light and nutrients; it could be that 

following tilling, grass seed germination was hindered more than wild chervil seed by a deep 

planting depth. 

  Literature suggests that grass seed application must be done under appropriate 

circumstances; to illustrate, the timing of seeding following treatment must meet the germination 

and establishment requirements of the seed species. Satisfactory soil moisture and threshold 

temperatures are required. Soil temperatures ranging from 10 to 20° Celsius are optimum for 

germination, though germination can happen at lower temperatures (Dobb and Burton, 2013). 
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 There are three commonly recognized seasons for seeding: spring seeding, early fall 

seeding and late fall or winter seeding (Dobb and Burton, 2013). The successful application of 

grass seed within these times was influential in progressing the vegetation community towards 

‘old-field’ habitat better suited for small mammals and hay production.  

 Other factors also contributed to reducing wild chervil productivity; pre-treatment 

preparation prior to tilling was essential. For example, pre-treatment cutting most likely added to 

the effectiveness of tilling (Miller and D’Auria, 2011) by ensuring that large portions of the 

taproot were exposed to desiccation. The deep tap root, often dense distribution, and areal 

biomass all make effective treatment of wild chervil by mechanical means particularly 

challenging. The taproot also makes wild chervil drought-tolerant and resistant to many 

herbicides (Lilley and Page, 2010). Pre-bloom cutting, followed by a period of subsequent 

desiccation of cut material, allowed tilling equipment to successfully impact the tap root and sub-

surface plant. While cutting alone may slow the expansion of an existing population by 

preventing seed dispersal into healthy areas, it results in stimulated vegetative reproduction 

which has the undesirable effect of strengthening the existing population (van Mierlo and van 

Groenendael, 1991).  

Treatment by tilling or herbicide in this research was not a multi-year regime; therefore, 

wild chervil seed bank potential and abatement of subsequent re-growth through germination is a 

limitation of this study. Existing literature on the viability and germination of wild chervil seeds 

is contradictory. Research suggests that European populations sustain a minimal persistent seed 

bank with most seeds germinating the year following production and few in consecutive years. 

Van Mierlo and van Groenendael (1991) conducted germination experiments in The Netherlands 
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using collected seeds and seedlings which were then planted and exposed to a range of 

temperature gradients, a second experiment examined germination potential through exposure to 

different red/far-red ratios of light. The results of this research showed that wild chervil seeds 

germinate in spring after being formed the previous year, and the seeds do not form a persistent 

seed bank. Results of the germination study also indicated that seed survival to late summer was 

low and even lower during autumn and winter (van Mierlo and van Groenendael, 1991). The 

authors found that most of the seed coats extracted from soil samples were empty, of 142 intact 

seeds only 20 percent were alive and that the possibility of remaining seeds germinating the 

following spring was low. Although the mortality of successfully germinated seeds was lower in 

spring, by summer to September only 6 percent of young plants were still alive (van Mierlo and 

van Groenendael, 1991). Conversely, Roberts (1979), through a five-year study, argued that, in 

British populations, average seed viability was 79 percent when freshly gathered seeds were 

sown in outdoor pots. Inconsistencies in research from these germination studies underscores the 

importance of a sustained annual treatment regime, free from interruption, for several years to 

exhaust any potential wild chervil seed bank.   

Recommendations 

 

Wild chervil is an introduced invasive plant which damages terrestrial ecosystems, 

diminishes biodiversity and adversely impacts agricultural production, there is a need to control 

this plant. The target state is land traditionally managed as ‘old-field’ habitat which is generally 

free of wild chervil and fit for hay production (Lilley and Page, 2010). Since there is no 

significant difference between herbicide and tilling, the latter is preferable as a broad spectrum 

treatment from an environmental perspective (where possible).  
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A blended approach of pre-bloom mowing followed by early spring and drought-season 

tilling, then post-treatment grass seeding (to provide temporary competition), along with 

herbicide application for spot-treatment or inaccessible areas is suggested. While this research 

does not address multi-year control efficacy, it does supplement other findings for treatment and 

control of wild chervil (Darbyshire et al., 1999). Replication of treatments over time is suggested 

to strengthen initial results; and it is recognized that treatments must be applied annually and 

uninterrupted for several years to obtain meaningful results.  

Additionally, a regional approach to treatment of wild chervil is essential to successful 

control of wild chervil. Inefficiencies and ineffectiveness arise in sustaining control of local 

populations when land owners in proximity to previously treated areas are unwilling or unable to 

control infestations. Therefore, Metro Vancouver’s Regional Invasive Plant Task Force should 

consider creating a region-wide inventory, along with a priority mapping and treatment initiative 

in cooperation with the Fraser Valley Regional District. Policy mechanisms which mandate 

action, treatment and restoration approaches should be explored and implemented.     

Alternative biological control techniques using goats for targeted grazing could also be 

examined. Goats have been successful in treating and controlling several invasive plants 

throughout British Columbia, Murphy (2017), including: sulphur cinquefoil (Potentilla recta), 

spotted knapweed (Centaurea biebersteinii), and Canada thistle (Curium arvense). Murphy 

(2017) quantified how well goats consumed sulphur cinquefoil based on seedhead numbers in 

pre- and post-goat browsing treatment. Results indicated significant differences in seedhead 

numbers from both sulphur cinquefoil study sites, and a reduction in the percent cover of other 
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invasive plant species. Her one-year study suggested that goats may be a possible alternative to 

tilling or herbicide treatment of wild chervil, though preparation by cutting would be required.  

 

Supplemental Integrated Pest Management Plan for Wild Chervil in Regional Parks  

 

The initial Integrated Pest Management Plan produced for wild chervil in Campbell 

Valley Regional Park synthesized and assessed best available literature for treatment options to 

2010. The options explored included: cutting / mowing, grazing, prescribed fire, hand 

excavation, tilling, herbicide and natural control agents.  

Evaluation criteria for the various treatment options included: potential efficacy, cost, 

future treatment regime, ecosystem impacts, safety issues, impacts on park visitors and legal or 

administrative requirements. The most pragmatic treatment options for use in a public park 

setting are those which have a high degree of efficacy in achieving the target state with the 

lowest possible safety risk and cost, along with a minimal requirement for subsequent treatment 

(Lilley and Page, 2010).  

Tilling or the application of herbicide are believed to be the most practical treatment 

options but tilling large areas requires farm equipment. However, large farm equipment reduces 

the cost associated with equipment rental and labour making it economically practical to treat 

larger patches. For inaccessible areas or instances of spot-treatment the use of herbicide has 

merit yet there are practical constraints and environmental issues. Nevertheless, both tilling and 

herbicide options satisfy most evaluation criteria and balance management imperatives for 

mitigation of environmental threats and safety concerns while limiting impacts to park visitors 

(Lilley and Page, 2010).  
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Results from this research show that rototilling was effective in reducing wild chervil 

productivity after one year. The cost of rototilling treatment (including equipment and labour) 

was $ 7.76/m2 .Proper safety equipment and observed standard operating procedures ensure that 

safety and environmental risks during tilling are kept low.  

Furthermore, park visitors are accustomed to seeing fields in Langley worked by 

machinery for hay production or as a management technique. As such, the optics, noise and 

temporary area closures associated with a tilling treatment could generally be considered a 

minimal inconvenience to park visitors. Herbicide is also identified as a potential treatment 

method which scores well in many of the evaluation criteria. 

Herbicide treatment of large areas could be expensive since it is difficult to limit cost 

associated with herbicide product and application labor by back-pack. Alternative application 

methods including aerial or tractor mounted boom sprayers could be considered but may not be 

optically realistic within a regional-park setting.  

Treating wild chervil by herbicide also achieved the target objective for reduction in 

biomass with and without the application of grass seed after one year. The cost of herbicide 

product and application by a licensed contractor was $ 4.62/m2 . In either case, both the cost and 

other treatment imperatives must be considered when choosing control by tilling or herbicide. A 

range of costs from selected government and institutional sources for tilling, application of 

herbicide and grass seeding is summarized in Table II.   
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Table II 

Comparison of estimated costs for tilling, herbicide application and grass seeding, sourced from 

selected government and institutional organizations. Values listed in US publications have been 

standardized to Canadian dollars.  

The figures listed below should be compared with caution. The variance in costs may be the result 

of economies of scale in a “typical” farm operation between the two countries, or result from 

international, provincial or state tax structures, influence of subsidies, machinery / labor costs or 

other economic forces.    
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Tilling  

Pre-bloom mowing should be used to prepare the site for tilling treatments; cutting occurs 

prior to seed-set in mid-June (Lilley and Page, 2010). In addition to site preparation, Lilley and 

Page (2010) suggested that early-season mowing may prevent the expansion of an existing 

population through seed dispersal to new areas and thus avoid establishment of new populations. 

The cutting approach as a sole method of treatment is not supported by results in this research; 

moreover, Darbyshire et al., (1999) cautioned that the effectiveness of cutting as a solitary 

treatment method differed in various studies. 

 Removal of surface cuttings may further increase effectiveness of tilling; this is achieved 

by raking or hay baling equipment for larger areas. Cut material is exposed to desiccation and 

disposal could be in situ through burial; once the site is prepared, tilling can commence.    

 Tilling should occur twice per year consisting of both early-season and drought-season 

work. Early-season tilling in June entails plowing the field to work loose soil, increase root 

exposure to solar radiation and break-up the plant in preparation for drought-season tilling. This 

is the primary treatment method recommended for large established populations of wild chervil 

(Lilley and Page, 2010). Drought-season tilling includes both tilling and discing; together, these 

prescriptions may increase the chances of mortality and prevent re-sprouting (Lilley and Page, 

2010). Drought-season tilling should take place in late July or early August. For best results, this 

should be coordinated with weather forecasting for periods of extended hot, dry conditions. The 

timing of drought-season tilling should precede anticipated closures or equipment restrictions 

due to extreme fire weather and legislated requirements.  
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The cutting-tilling treatment regime is repeated for at least three consecutive years. It is 

likely that tilling is required for multiple years to achieve an adequate reduction in the population 

before subsequent spot treatment with herbicide can occur (Lilley and Page, 2010). Sustained 

and uninterrupted control is crucial to ensuring that the seed bank, future germination potential 

or clonal propagation is exhausted through subsequent treatment. In areas where tilling is 

impossible or impractical localized herbicide application is suggested. Effective tilling treatment 

results in bare ground leaving the area open to the proliferation of other invasive plants; 

therefore, restoration of the treated area is essential (Lilley and Page, 2010).  

Restoration: Pasture Grass Seeding 

Both tilling and herbicide treatments are induced disturbances which affect vegetation 

communities and existing soil structure; the resulting conditions require restoration. Pasture grass 

seed should be applied following treatment to speed up succession and introduce desired species 

while also creating ecological conditions necessary for native species to establish themselves 

(Dobb and Burton, 2013). 

A combination approach can be used for timing the application of pasture grass seed; 

seed should be applied in early fall and again in early spring. Seeding in fall protects exposed 

seedlings from harmful summer temperatures and prevents seed mortality caused by winter 

freeze (Dobb and Burton, 2013). Seed is also applied in early spring, the second application is 

intended to further improve the chances of pasture grass establishment by offsetting winter 

mortality.    
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Seed is spread by hand for smaller areas or by broadcast seeding using a hoper mounted 

to a tractor, truck or all-terrain vehicle. Broadcast seeding has a relatively low cost per unit area 

which makes it preferable for larger areas. Unfortunately, propeller-based seed dispersal can 

result in uneven germination and inadequate establishment; seed drift is also a concern (Dobb 

and Burton, 2013). Dobb and Burton (2013) advised that this is especially true for seed mixtures 

because lighter seed is not propelled as far as heavier seed. Care must be taken to ensure even 

seed dispersal and is best achieved by initiating post-seeding disturbance by means of raking or 

harrowing.  

Herbicide  

Once tilling and restoration by pasture grass seeding has achieved the desired reduction 

in wild chervil productivity, herbicide may be used for subsequent spot treatments. Herbicide 

may also be used (prudently) as a primary treatment option in areas where the physical 

complexity of vegetation or landscape prohibits tilling with machinery (Lilley and Page, 2010).  

Individual plants should be treated twice per growing season; Vantage XRT is suggested 

as an appropriate herbicide product. Primary herbicide applications are best conducted at the 

floral bud and bloom growth stages in mid-May to early June (Beaton, 2014).  

Follow up treatments occur in the drought season (August). Many ecosystems in 

Regional Parks where wild chervil has been introduced have been previously modified by 

various types of land use (agriculture or residential development); as such, impacts resulting 

from the application of herbicide are likely less than if treatments are conducted in sensitive 

ecosystems (Lilley and Page, 2010). However, since Vantage XRT is non-selective, care should 
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be taken to reduce the effects on native species. After previously infested lands have been 

reverted to the target state, it is necessary to monitor sites for vegetative re-growth and 

germination of new individuals.  

Monitoring  

Wild Chervil biomass within treated areas should be monitored semi-annually, both pre 

and post- treatment assessments are required. Discoveries of new plants should be inventoried 

and included in an early detection and control program. Treatment is more economical and 

effective if outbreaks are treated while plants are early in their growth stage and prior to 

populations becoming re-established with higher densities.  
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