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Vegetative Regeneration Capacities of Five Ornamental 

Plant Invaders After Shredding 

 

Abstract 
Vegetation management often involves shredding to 

dispose of cut plant material or to destroy the 

vegetation itself. In the case of invasive plants, this 

can represent an environmental risk if the shredded 

material exhibit vegetative regeneration capacities. 

We tested the effect of shredding on aboveground 

and below-ground vegetative material of five 

ornamental widespread invaders in Western Europe 

that are likely to be managed by cutting and 

shredding techniques: Buddleja davidii (butterfly 

bush, Scrophulariaceae), Fallopia japonica (Japanese 

knotweed, Polygonaceae), Spiraea x billardii 

Hérincq (Billard's bridewort, Rosaceae), Solidago 

gigantea (giant goldenrod, Asteraceae)  and Rhus 

typhina L. (staghorn sumac, Anacardiaceae). We 

looked at signs of vegetative regeneration and 

biomass production, and analyzed the data with 

respect to the season of plant cutting (spring vs 

summer), the type of plant material (aboveground vs 

below-ground) and the shredding treatment 

(shredded vs control). All species were capable of 

vegetative regeneration, especially the below-ground 

material. We found differences among species, but 

the regeneration potential was generally still present 

after shredding despite a reduction of growth rates.  

Although it should not be excluded in all cases (e.g. 

destruction of giant goldenrod and staghorn sumac 

aboveground material) the use of a shredder to 

destroy woody alien plant material cannot be 

considered as a general management option without 

significant environmental risk.  

 

Keywords : roadside  management, green waste, 

biological invasions, clonal growth, bud bank, 

crushing, mulching.  

 

 

Introduction 

Alien plants invasions represent an increasing 

problem for green spaces (Gelbard and Belnap 

2003). For an increasing number of species, 

eradication is no longer realistic (Rejmánek and 

Pitcairn 2002) and other management options, 

such as repeated cutting, are considered in order 

to limit the development of existing populations 

(Wittenberg and Cock 2001).  Whereas cutting 

methods have been reported to successfully 

hamper invasions (Delbart et al. 2012; 

Wittenberg and Cock 2001; Levy et al. 2011), 

they harvest substantial amounts of invasive 

plant material. In species capable of vegetative 

reproduction, plant fragments represent 

vegetative propagules that can establish new 

populations and enhance invasion (Bímová et al. 

2003; Eriksson 1993; Weber 2011). In this 

context, it is important to consider the fate of the 

plant material harvested in cutting campaigns 

and that land managers need a disposal method 

that is legal, cost effective and efficient in 

reducing further invasions (De Waal 2001). One 

option is to destroy the harvested plant material 

by the use of a mower and/or shredder, in situ.  

This technique is considered efficient on the 

invasive herbaceous Ambrosia artemisiifolia L. 

(Chauvel and Martinez 2013). On the other 

hand, De Waal   reported that cutting and 

shredding was used in control campaigns of 

Japanese knotweed in the UK, but was 

abandoned due to vegetative growth from 

shredded material. To our knowledge, no data is 

available about the uses and the limits of this 

technique on other invasive plants.  
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In addition, vegetation mowing and shredding 

can be used by green space managers along 

roads and railways, as well as in parks and 

flowerbeds (Kohlhepp et al. 1995). The shredded 

material can then be used as an on-site produced 

mulch, which has the advantages of reducing 

weed development (Lanphear and Spangler 

1996) and water evaporation (Mulumba and Lal 

2008) and limiting the need for plant material 

transportation.  Many green spaces have become 

novel ecosystems (Seastedt et al. 2008), 

including a significant proportion of alien plants 

escaped from gardens (Kowarik 2011; Dehnen-

Schmutz et al. 2007). In places where adaptive 

management has not yet been implemented, it is 

likely that invasive plants are shredded with the 

rest of the vegetation (Luken and Thieret 1997) . 

However, despite the number of ornamental 

plant invaders found along roads and railways, 

as well as in other places commonly managed by 

mowing and shredding, little is known about the 

vegetative regeneration capacity of shredded 

invasive plant material, and the risk it represents 

for the environment (but see De Waal 2001; 

Song et al. 2013).   

Rhizomatous and/or woody ornamental plants 

often show good vegetative reproduction 

(Davies et al. 1994).The vegetative fragment 

size and the cutting period may have 

considerable impact on vegetative regeneration 

capacity (De Waal 2001; Cordazzo and Davy 

1999; Weber 2011; Lin et al. 2012).  In the 

present study, we focused on five ornamental 

widespread invaders in Western Europe that are 

likely to be managed by cutting techniques 

(Levy et al. 2011) and have woody tissues that 

can technically be shredded and used as mulch: 

Buddleja davidii (Franch.)(butterfly bush, 

Scrophulariaceae); Fallopia japonica (Houtt.) 

Ronse Decraene var. japonica (Japanese 

knotweed, Polygonaceae); Spiraea x billardii 

Hérincq (Billard's bridewort, Rosaceae, 

supposedly an hybrid between Spiraea alba and 

Spiraea douglasii); Solidago gigantea Ait. (giant 

goldenrod, Asteraceae);  and Rhus typhina L. 

(staghorn sumac, Anacardiaceae).   We 

addressed the following questions: i) After 

passage through a garden shredder, are 

aboveground and below-ground plant material 

capable of regenerating new clones if placed on 

a favorable substrate?; ii) If so, does shredding 

alter the vigor (i.e. vegetative growth) of new 

clones?; and iii) Do the vegetative regeneration 

capacity and vigor of new clones depend on the 

cutting period, i.e. spring or summer? 

 

Material and methods   

Study species 

The butterfly bush B. davidii is a multi-stemmed 

shrub, native to Central and Western China.  

Since its first introduction in Europe in 1869 

(Tallent-Halsell and Watt 2009), it has been 

cultivated as an ornamental and has become 

invasive in many parts of Europe (Tallent-

Halsell and Watt 2009). The species is mainly 

found in disturbed areas, such as roadsides and 

railways (Randall and Marinelli 1996). Its 

vegetative reproduction from stems, stumps and 

roots is documented (Tallent-Halsell and Watt 

2009). The Japanese knotweed F. japonica is a 

rhizomatous perennial geophyte that was 

introduced from Japan to Europe in the mid 

nineteenth century as an ornamental plant and 

for fodder production (Beerling et al. 1994).  It 

has rapidly spread throughout Europe through 

vegetative reproduction (Tiébré et al. 2007). 

Fragments of rhizomes, stems and leaves have 

been observed to produced new clones (Brabec 

1997; Bímová et al. 2003; De Waal 2001) and 

eradication of this species is considered 

particularly difficult (Delbart et al. 2012).  The 

giant goldenrod S. gigantea is a rhizomatous 

perennial herb that produces annual 

aboveground shoots (Weber and Jakobs 2005). 

Native to North America, it has been introduced 

in Europe in the eighteenth century as an 

ornamental plant (Weber 1998). Once 

established in an area, giant goldenrod is likely 

to gain dominance due to its clonal growth and 

high competitive ability (Weber and Jakobs 

2005). The Billard's bridewort S. x billardii  is a 

sterile horticultural hybrid between S. alba et S. 

douglasii, both of which are native to North 

America (Verloove 2006). It grows mainly in 

ruderal areas and in riparian habitats, where it 

reproduces clonally from rhizomes and stem 

fragments (pers. obs.). The staghorn sumac R. 

typhina L. was deliberately introduced from 
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Eastern North America to Europe in the late 

nineteenth century for its ornamental qualities 

(Verloove 2006). It was then found to be a good 

colonizer of dry disturbed spaces such as 

roadsides and wastelands.  Its reproduction in 

Europe can be both sexual and asexual (suckers 

growing from the roots).  

 

Plant material collection  

Plant material from the five species was 

collected in Southern Belgium. Three 

populations of each species, with a minimum 

distance of five kilometers between populations, 

were sampled from July 2012 to September 2012 

(henceforth referred to as summer). In each 

population, approximately ten kilograms of 

aboveground plant material, i.e. branches and 

leaves;  and approximately ten kilograms of 

below-ground plant material, i.e. roots and/or 

rhizomes, were harvested. In May 2013 (referred 

to as spring), a similar plant material collection 

was performed.  

 

Glasshouse experiments 
At both seasons, one half of the aboveground 

and of below-ground plant material collected in 

each population was shredded using a Saelens 

Couguar shredder (Saelens, Belgium, Tienen). 

This professional green waste shredder is 

composed of hammers and blades, and crushes 

plant material in pieces typically ranging from 5 

to 40 mm. The plant material was passed once in 

the shredder. Between each shredding operation 

the shredder was cleaned by shredding native 

woody plant material. The other half of the 

collected plant material served as a control. In 

both seasons, aboveground and below-ground 

shredded and control plant material from each 

population was potted in two-liter plastic pots, 

with five replicates (for each season, five species 

times three populations, times two types of plant 

material, times two shredding treatments, times 

five replicates, totals three hundred pots). For the 

control plant material, one fragment of ten to 

fourteen centimeters without obvious damage 

was planted per pot, with one liter of compost 

(Terreau universel, La Plaine Chassart, 

Belgium). Fragments were placed horizontally at 

a depth of 1 to 2 cm. Aboveground control 

fragments typically had one node, but sometimes 

up to three nodes. Belowground control 

fragments had at least one ramification. For the 

shredded material, one liter of plant material was 

mixed with one liter of the same compost. One 

liter of shredded material represents more plant 

material than the control fragments, but a part of 

it was likely buried too deep to allow 

regeneration, as it was mixed to the compost. 

Shredding and potting were performed within 

twenty-four hours after plant material collection. 

Pots were placed in an unheated glasshouse, then 

watered and randomized weekly. Every two to 

three days, the presence of vegetative 

regeneration was assessed in all pots. Two 

months after the first regeneration signs were 

observed in a pot, the aboveground material was 

collected and the dry biomass was measured 

after drying at fifty degrees Celsius during 

twenty-four hours in a drying oven. Pots without 

observed regeneration were kept in the 

glasshouse and monitored during three 

additional months.   

 

Data analyses 
Each species was analyzed separately. In order to 

analyze the effects of season, plant material, 

shredding and the interactions thereof on 

vegetative regeneration (binary variable), we 

fitted a generalized linear mixed effect model to 

our data with a binomial error distribution and a 

logit link function. The random factor population 

was included in the grouping structure of the 

model. Chi-square statistics were used to 

calculate the predictor significance.  

The dry biomass data were analyzed with a 

generalized linear mixed effect model followed 

by a three-way ANOVA, with shredding, plant 

material and season as crossed fixed factors. The 

random factor population was included in the 

grouping structure of the model. When no 

vegetative regeneration was observed, dry 

biomass was treated as zero. Dry biomass data 

were transformed as y=log (x+1) to meet the 

assumption of the statistical analysis. All 

analyses were performed in R (R Core Team 

2014) using the ‘lme4’ package (Bates et al. 

2014). 
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Results 

For all five species considered in this study, 

vegetative regeneration capacity was observed 

for control below-ground material, at both 

seasons (Fig. 1). Except for the butterfly bush, 

below-ground plant material showed 

significantly higher regeneration capacity and 

biomass production than aboveground material 

(Table 2, Fig.1).  All butterfly bush plant 

material showed comparable vegetative 

regeneration capacity (Fig. 1 A), but shredding 

reduced biomass production of both 

aboveground and below-ground material (Fig. 1 

B). The season of plant material collection had 

no effect on vegetative regeneration or biomass 

production in this species. For Japanese 

knotweed, shredding strongly reduced vegetative 

regeneration capacity (Fig. 1 C) and biomass 

production (Fig. 1 D), although it did not prevent 

it.  In terms of biomass production, below-

ground plant material was more affected by 

shredding than the aboveground material. The 

aboveground material collected in spring was 

not able of regeneration, be it shredded or not. 

The aboveground material of the giant goldenrod 

did not exhibit regeneration capacity, be it 

shredded or not, even after five months of 

observation (Fig. 1 E). For the below-ground 

material collected in spring, shredding prevented  

regeneration. In contrast the below-ground 

material collected in summer, shredded or not, w 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

as able of vegetative regeneration. Though, 

shredding reduced biomass production (Fig. 1 

F). All Billard's bridewort plant material showed 

important vegetative regeneration capacity (Fig. 

1 G). The effect of shredding on vegetative 

regeneration depended on the season, reducing 

the regeneration capacity of the material 

collected in spring only.  The biomass produced 

by the shredded material was lower than the 

controls (Fig. 1 H). The aboveground material of 

the staghorn sumac, shredded or not, was not 

able of regeneration (Fig. 1 I, J). 

 

Discussion  
Clonality is a common feature in woody alien 

plants (Pyšek and Richardson 2007). The present 

study illustrates the potential for vegetative 

regeneration of rhizomatous and/or woody 

ornamental alien plant material, even after 

shredding. The use of a garden shredder to 

destroy the plant material harvested in alien 

plant control campaigns, or more generally the 

mowing/crushing of vegetations that include 

such species, cannot therefore be seen as a 

general management option without significant 

environmental risk. However, our results 

indicate a lower regeneration potential for 

aboveground plant material, which is the main 

object of vegetation management. The vegetative 

development of a new ramet requires 

simultaneous or closely subsequent formation of 
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accessory shoot meristems and adventitious root 

primordia (Jeník 1994). These two types of 

meristems can be present in most parts of woody 

plants, including stems, leaves, roots, rhizomes, 

wound callus, etc. (Jeník 1994). However, bud 

development may vary according to the location 

of meristems. Harper (1977) defined the bud 

bank as the hidden populations of dormant 

meristems. The crucial role of the bud bank in 

regeneration after disturbances has been 

documented in various environments (Latzel et 

al. 2008; Klimes˘ová and Klimeš 2007). 

Vegetative regeneration from the bud bank can 

vary with the vertical distribution of buds, the 

type of plant organ, the phenological stage, the 

nutrient availability, and the severity of 

disturbances (Martínková et al. 2004; 

Klimes˘ová and Klimeš 2007).  

Our results also showed that growth rates were 

substantially reduced after passage through the 

shredder, as compared to control fragments. As 

far as shredding does not lead to a higher 

dispersal of propagules (e.g. if neatly made on 

site), this method can still be relevant in a more 

general management program. In this case, the 

method seems applicable at any time during the 

vegetation season, except seed set (Delbart et al. 

2010). Most alien woody ornamentals indeed 

produce viable seeds that are not likely to be 

efficiently destroyed by shredding. In addition, it 

is necessary to primarily identify which species 

are present in the vegetation, since 

recommendations vary according to the species.  

Pure staghorn sumac stands can be controlled by 

repeated cuttings (Wu et al. 2007), ideally 

followed by the pulling out of roots (Levy et al. 

2011). Our results indicate that the aboveground 

material is not able of massive regeneration and 

that shredding can help with below-ground 

material disposal without high environmental 

risk. The shredded material could even be used 

to cover the controlled area, in order to prevent 

the germination of seeds that is favored by an 

increase in light (Luken et al. 1991). Repeated 

cuttings also represent a relevant control 

technique for the giant goldenrod (Pasquier 

2011; Levy et al. 2011; Pasche 2007). As far as 

only the aboveground part of the vegetation is 

targeted, our study shows that the harvested 

aboveground material can be left on site and/or 

shredded and used as mulch  (as recommended 

by Pasquier 2011). Pulling out is also 

documented as an eradication method for small 

populations (Pasche 2007). In this case the 

belowground material can represent an 

environmental risk, particularly late in the 

season.  

The case of the Japanese knotweed is a little 

more complex. Despite the fact that shredding 

considerably reduces vegetative growth from 

plant fragments, it does not prevent new clones 

from establishing from the shredded material. If 

dispersed in the environment, the shredded 

material may eventually produce as many or 

more clones as piled stems after a sufficient 

period of time. In addition it was shown that 

repeated cuttings, although able to reduce the 

size and vigor of the clones, did not lead to clone 

eradication (Delbart et al. 2012; Child and Wade 

2000). Seeing this, the utility of shredding 

Japanese knotweed plant material, and Asian 

knotweeds in general, is questionable. In our 

opinion it should only be considered for 

reducing the volume and vegetative regeneration 

vigor of the harvest of cutting campaigns, if the 

risk of dispersal in the environment is managed 

properly. Mowing and crushing of knotweed 

stands along roads and railways should always 

be avoided, especially after spring.  

Both the butterfly bush and Billard's bridewort 

exhibited a high vegetative regeneration capacity 

from all types of vegetative parts, be it shredded 

or not. This is not surprising, since cuttings are 

known to be used in horticultural propagation of 

these species. The use of a shredder in the 

management of those species is therefore 

irrelevant, and represents a potential risk of 

further dispersal in the environment. The 

mowing and crushing of vegetations where those 

species are present should be avoided.  

For butterfly bush, alternative management 

options have been proposed in the literature 

(Tallent-Halsell and Watt 2009). Young plants 

may be hand-picked, but attention should be 

paid to prevent re-invasion of managed sites 

(Binggeli et al. 1998). Good results were 

reported after herbicide treatments after cutting 

the plants down and treating the stumps with  
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herbicides (Starr et al. 2003; Tallent-Halsell and 

Watt 2009).  However, this is not possible in all 

habitats due to present restrictions in pesticide 

use. For Billard's bridewort, we found no 

management tests in the literature. Further 

research is needed to properly manage this 

particular species and woody aliens in general.  

Vegetation managers, notably in urban and 

suburban areas, will increasingly be faced with 

alien woody species escaped from gardens 

(Halford et al. 2011; Halford et al. 2014). 

Although limited to five species among the 

invasive flora of Western Europe, the present 

study suggests that attention should be paid to 

adapt management techniques in order to 

prevent vegetative propagule dispersal and 

further spread of invasive plants.  
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