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Summary
Project Rationale
Japanese knotweed has a damaging impact on the environment in terms of biodiversity and
urban development. A review of non-native invasive species conducted in 2003 by Defra
estimated the cost of a Japanese knotweed eradication programme in Great Britain to be
approximately £1.56 billion using current techniques. Such a programme would not be
realistic in practical or financial terms. Cornwall in particular, a county in the throes of
rebuilding its economy after the demise of the mining industries, is aware of the significant
economic implications that control and eradication of this invader has, having taken a strong
hold over the landscape, especially in areas which are a prime focus for regeneration. A
study evaluating the impacts of knotweed contamination by exploring individual components
of knotweed control and ultimately eradication management is highly relevant.
This report is the result of a collaborative partnership between Duchy College, Rosewarne,
Cornwall Knotweed Forum, Cornwall County Council and an industrial steering group.

Perceived benefits of the project
This report provides practitioners with a management resource that can be used alongside
the Environment Agency’s Code of Practice and The Japanese Knotweed manual (Child &
Wade, 2000). It aims to provide a greater understanding of knotweed physiology and inform
cost effective, standardised, best practice guidelines for effective knotweed control.
Project Scope
The specific aims of the project were to:
•

Form a project steering group

•

Conduct a desk study to identify relevant research and collaborators and establish a
databaseof published work

•

Review knotweed distribution in Cornwall

•

Explore economic impacts of knotweed contamination

•

Review legislation governing invasive species and contaminated land policy

•

Evaluate current practice for disposal of waste material and economic implications

•

Quantify rhizome viability experiments to establish optimum conditions (temp/time)
for regeneration.
Duchy College, Rosewarne, August 2007
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•

Investigate plant response to stress factors including salt irrigation, hypoxia,
mechanical wounding investigated.

•

Scoping experiments conducted to establish how fragment size effects regeneration
in relation to soil screening.

•

Domestic herbicide pot trial commenced

•

Separation techniques explored

Summary of findings

•

Knotweed management has a substantial economic cost

•

Level of recording and distribution knowledge in Cornwall is exemplary and other
counties could benefit from their experience

•

Current legislation does not cover the spread of associated species and ambiguous
definitions within existing legislation makes enforcement problematic for Japanese
knotweed.

•

Current legislation does not have a provision for control or eradication

•

There is a lack of clarification where the responsibility lies to initiate proscecution, as
a consequence there are few recorded prosecutions.

•

There is not a strategy for non native invasive species within The UK Biodiversity
Action Plan

•

There is lack of published literature on how Japanese knotweed affects biodiversity

•

Glyphosate herbicide products most effective and preferred treatment, with spray
application being the most economic method.

•

Control of above ground material can be achieved by a single yearly treatment at the
onset of senescence in autumn. Research indicates that this may take between 4-5
yearsr

•

Viability of rhizome can usually be assessed within two days if incubated between
21-22 °C

•

Rhizome regeneration is unaffected by pH and able to survive extended periods of
submergence.

•

Growth is temporarily inhibited by sodium chloride

•

A combination of growth competition from a natural secondary coloniser such as
Miscanthus and NaClcould be used as a long term control method to reduce spread
of Japanese knotweed
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•

Treatment of knotweed should be carried out in situ where at all possible

•

Current practice of waste disposal of below ground material includes on-site burial,
stock piling and treatment with herbicide or excavation and removal to a licensed
landfill.

•

Knotweed is a pollutant and can qualify for Landfill tax Exemption in some cases.

•

Techniques that involve screening, shredding and pulverising may prove to be an
effective on site eradication and disposal options but require further development.

•

Combining screening, shredding and pulverising with stress factors could also be
effective but again require further development

Suggestions for Further Work
•

Obtain supplementary monitoring data sets

•

Material and format to be decided for best practice guide

•

Forum to organise ownership of website and create a weblog page for Q&As and
message board

•

Follow up viability test by narrowing down optimum conditions and investigating
staining options

•

Continuation with shredding experiments

•

Pursue the pulverisation techniques

•

Devise viability test for which a staining technique shows great promise

•

To develop training courses that cover both the practical and functional areas of
knotweed management

•

Produce a Code of Conduct leaflet for services that encounter knotweed and may be
at risk of dispersing it.

•

Improve our knowledge of the effects on biodiversity through survey and monitoring
to include invertebrates, flora, avian and small mammals

Outputs from the project
•

Progress dissemination to Knotweed Forum

02/2006
03/2006
05/07/2006
01/11/2006
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•

Progress dissemination to steering group

05/04/2006
15/11/2006

•

•

•

Integrating work with teaching provision
FdSc Horticulture students

29/03/006

FdSc Conservation students

15/01/2007

Poster presentation:University of Exeter Research Conference

20/09/2006

Invasive Weeds Symposium, Eden

26/10/2006

Duchy College Rosewarne Open day

24/06/2006

Paper presentation: Effective Control of Japanese knotweed Conference
University of Exeter

21/03/2007

AMETH News, Duchy College, Rosewarne
09/05/2006

Proposed Future Outputs
•

Conference proceedings

•

Best Practice Guide

•

Trade and press articles

•

Training courses
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Foreword
This Best Practice Guide is the culmination of nearly 10 years work for the Cornwall
Knotweed Forum and we are grateful to Duchy College for making it possible. The Forum
was formed in November 1997 as a response to increasing concern about the problems
associated with non-native invasive species in general and Japanese knotweed in
particular. The problems were based primarily around biodiversity, land management and
property damage issues.
As a result of the work of the Forum Cornwall is seen by many as being at the forefront of
invasive species issues in the UK. Why has this happened? Well there are a number of
reasons:
• Being on the end of a peninsula we often feel isolated from the rest of the UK so
have developed a ‘let’s do it ourselves’ attitude;
• Cornwall has a strong association with many of the great plant collectors and our
gardens were often the first homes for these early introductions:
• Our mild climate is well suited to many invasive species which have established and
flourished. We can be seen as a ‘test bed’ for what is to come for the rest of the UK
• Our industrial past has left a legacy of disturbed landscapes which have been targets
for fly-tipping and spread by disturbance
Despite the amount of disturbed land Cornwall has a rich biodiversity, in fact, the old
metaliferous mining sites support important communities, particularly lower plants. The
Cornwall Biodiversity Action Plan therefore saw invasive species and Japanese knotweed in
particular as major threats to this heritage. Through the pioneering partnership approach of
the Forum, priorities were agreed and many organisations joined together to tackle the
issue focussing on Japanese knotweed. Our work targeted four main areas:
• Publicity – if people are not aware of the problem how can they be expected to do
anything about it? Public engagement and co-operation has been key to the success
of the Forum
• Survey – it is important to know where the problem is.
• Advice – once the problem is identified how should it be tackled?
• Research – basic information about the plant (Know your enemy) and effective
methods of treatment. This is vital to inform the advice.
This Guide pulls together the research undertaken locally and elsewhere to provide the
advice to aid decision making for dealing with knotweed whether that be control,
containment, disposal or even eradication (always use the ‘e-word’ with caution).
I hope that you will find the Guide of interest and will help your decision making process. It
may also raise further questions that need to be addressed. The Forum would welcome
feedback so that we can continue to develop new or hone existing techniques.
Our thanks go to all those who have helped to contribute to this guide.
Colin Hawke
Secretary, Cornwall Knotweed Forum
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Chapter one

Introduction
1.1 Background
Japanese knotweed (Fallopia japonica) was introduced into the British Isles around
the mid nineteenth century as an ornamental garden plant (Beerling et al, 1994; Child and
Wade, 2000). The history of its introduction is documented by Bailey and Conolly (2000)
who traced its initial popularity as a gold medal winner, awarded by the society of
Agriculture and Horticulture, to its subsequent demise and proscription in the 1981 Wildlife
& Countryside Act. Japanese knotweed has followed a pattern of exponential spread since
its introduction (Pysek & Prach, 1993), facilitated through dispersal of vegetative material
only (Hollingsworth & Bailey, 2000) primarily as a result of human activities such as
flytipping, earth removal during construction and development, but also from the action of
water.
As a consequence it is commonly found growing in areas of disturbance, especially on
waste industrial sites (Child et al,1998) and along linear landscape corridors e.g. railway
embankments, roadside verges and watercourses.
Its distributional range is somewhat impressive given that RAPD (random amplified
polymorphic DNA) profiles indicate that the British Fallopia japonica population is a single
female clone with no capacity for perpetuation by seed within the species (Hollingsworth &
Bailey, 2000), however hybridisation is taking place. Fallopia x bohemica (Chrtek &
Chrtkova) J. P. Bailey), a hybrid between Fallopia japonica var japonica and the related
male introduced species, Giant knotweed (Fallopia sachalinensis ) F. Schmidt ex Maxim.)
Ronse Decraene is now common throughout the UK (Hollingsworth & Bailey, 2000). The
hybrids possess the same invasive attributes as Fallopia japonica var japonica (Bailey,
1988) and the capacity to backcross (Hollingsworth & Bailey, 2000).
Vegetative reproduction of knotweed species can occur from both rhizome (Beerling, 1990;
Brock & Wade, 1992) and the intact or split nodes of stem fragments (Brock et al, 1995;
Child, 1999; de Waal, 2001). Regeneration even from fallen leaf material has been
observed (Brabec, 1997). Bímová et al (2003) observed higher rates of regeneration from
rhizome when in soil as opposed to water yet the reverse to be true of stem material,
regenerating more successfully in water. These findings support the theory that soil
disturbance and watercourses are important routes for dispersal with only the smallest
Duchy College, Rosewarne, August 2007
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amount required to give rise to a new plant. Brock & Wade (1992) recorded growth from a
0.7g rhizome fragment but there are reports that as little as 0.04g of rhizome can support
new growth (J Macfarlane,Vegetation Officer Cornwall County Council pers. comm. 2006).
An absolute minimum size or weight of material that is capable of generating a new plant
remains to be established.
Once a plant has become established rhizome has been found to create a vast
underground network, extending up to 7m laterally and to depths of 3m (Wade et al, 1996)
from a parent plant. How definitive these measurements are is unclear from published
studies and can vary considerably dependant on the age and establishment of the stand
(Wade et al, 1996)..
Knotweed has such a vigorous growth habit, if viable rhizome is buried beneath engineered
structures, it can exploit weaknesses and expansion joints pushing shoots up through
cracks in concrete and tarmac. It commonly occurs along watercourses and can damage
flood defences, increasing the risk of breach and subsequent flooding (Child & Wade,
2000). Established plants form a dense thicket of canes often reaching 3m in height
restricting public access, reducing visibility and causing structural damage, all of which have
economic, social and implications for potential building development
It is understandable that a plant so damaging to both the urban environment and
biodiversity is now referred to as the ‘UK’s most pernicious weed’ (Mabey, 1998. Such
invasive and destructive qualities require adequate control strategies. DEFRA (2003)
estimate a cost in excess of £1.56 billion to eradicate Japanese knotweed in Britain. To date
methods have been reliant on herbicide spray application but this is costly and requires a
number of years to be effective. There is a growing interest and demand from a number of
parties (Smith, 2007) including landowners, developers, councils, environmental groups and
contractors to establish a suite of methods for eradication/control applicable to different
scenarios.

1.2 Control techniques
Mechanical and manual control methods such as cutting (Beerling & Palmer, 1994) pulling
and flailing have proved inadequate, unless conducted over many years to deplete rhizome
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reserves (Green, 2003). Brabec & Pysek (2000) investigated traditional management
techniques comparing mowing twice a year with grazing at different intensities, using either
sheep or goats, but concluded that, while these methods may prevent possible invasion
they would not be sufficient to control the plant after establishment. Seiger & Merchant
(1997) explored the effects of cutting using regression analysis to determine that a minimum
of four cuts during one growing season would be required to cause depletion in below
ground biomass, irrespective of timing, as long as carried out seven weeks prior to
senescence.
Knotweed is susceptible to chemical control using selective or non-selective systemic
herbicides such as Glyphosate, 2,4-D amine, Picloram and Triclopyr over several years
(Beerling, 1991; Child & Wade, 2000; Soll, 2004). Which product used will depend on the
nature and location of the site, persistent herbicides have restricted usage near water
courses and non-selective herbicide such as glyphosate can cause destabilisation (Green,
2003).
Timing of application is also critical. Studies have revealed that photoassimilate exported to
the rhizome was highest during September suggesting that maximum uptake of the
translocated herbicide glyphosate occurs from application towards the end of the growing
season (Price et al, 2002). Alternative methods of herbicide application are being developed
that allow for a more selective approach targeting desired vegetation. The cut and drench
method has proved successful in areas of Cornwall (Ford, 2005) and a cut and inject
method in Oregon USA (Soll, 2004) under experimental permits.
Combining techniques can be economical and obtain faster results. Child et al. (1998) found
that treatment time and costs were reduced by digging and spraying re-growth with
glyphosate followed by a second application, achieving control in 18 months. Bimovà et al
(2001) also obtained results combining cutting and spraying and digging and spraying
treatments.
Immediate eradication can only be achieved by excavation. Preferably material should be
disposed of on site using geosynthetic textile barriers to encase and bury the excavated
material or remove to an area on site where it can be set aside for treatment at a later date.
Alternatively this material can be received by a registered landfill site (Environment Agency,
2006).

Duchy College, Rosewarne, August 2007
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This is invariably a costly option given the extensive underground growth. If the findings of
Wade et al., (1996) are used as the parameters necessary for excavation (7m laterally from
crown material and to a depth of 3m) the volume to be sent to landfill increases
substantially. Landfill charges can vary according to availability. Table 1 provides estimates
of some of the costs likely to be encountered by a developer.
Table 1. Costs incurred for excavation and landfill (United Mines, SITA, Cornwall & J
Macfarlane, pers. comm.2006)
ITEM
Plant hire & labour
Transport
Tipping charges
Refill excavation

COST
£300/day
£300/day
£100 m3
£5.00 m3

Even a small area of knotweed 1m2 could require excavating a volume of 500 cubic meters
if rhizome extended laterally 7m from the peripheral crown material and 3m downwards
(Wade et al, 1996), resulting in a tipping charge alone in excess of £50000.
In an attempt to provide a long term, sustainable solution to the knotweed problem,
research is in progress exploring biological control options. Host specific agents from the
home range in Japan are being screened amongst which a Mycosphaerella leafspot is a
possible consideration, but studies are on-going. A drawback, should an agent be identified
in the near future, is a lack of specific legislation in place to regulate such a release.
(Kurose et al, 2006; Shaw, CABI. pers. comm. 2006).
Given the nature of the problem it comes as no surprise that there is a wealth of
organisations dedicating efforts to conducting discreet research projects but these remain
uncoordinated and there still remains a lack of robust data available to evaluate control
methodologies. A recent evaluation of the efficacy of Japanese knotweed eradication
techniques (Kabat et al., 2006) produced limited results, highlighting a lack of robust data,
reporting that in some instances only grey literature sources and anecdotal information was
available.

1.3 Project aims
This project could not be more timely for Cornwall as it is envisaged that the study will adopt
a strategic approach and draw together disparate strands of research. It will collate and
coordinate, assess progress to date, identify remaining gaps in knowledge and enhance
Duchy College, Rosewarne, August 2007
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where possible with further research or highlight for future work. This report will inform cost
effective, standardised, best practice guidelines for effective knotweed control.
The specific aims of the work were to:
i)

Explore the economic impact of knotweed contamination within Cornwall.

ii)

Understand the physiology of knotweed resilience to eradication measures

iii)

Identify cost-effective control measures that can be implemented for site
decontamination and disposal.

These aims have been broken down into a series of objectives and work packages and are
detailed in Appendix 1.

Duchy College, Rosewarne, August 2007
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Chapter Two

Evaluation of the knotweed problem in Cornwall
2.1 Introduction
Japanese knotweed has become invasive in the UK and has aggressively displaced
native flora. The extent of infestation in Cornwall was examined for both the economic and
biodiversity impacts.

2.2 Materials & Methods

2.2.1 Project initiation meeting 5 April 2006
Steering group members were informed of the project objectives and agreement gained on
actions required for fulfilment of the project objectives. Subsequently, meetings were held
biannually to discuss progress to date and how to carry the project forward. The steering
group was constructed to broadly represent the different sectors involved in control
management and were able to provide expertise on the invasive knotweed problem and
contribute to the formulation of this report.

2.2.2 Review of the Knotweed Problem
A review of Japanese knotweed literature, distribution and economic impact was carried out
by using a range of resources including scientific journals, web resources and practitioner
reports to gain familiarity with the issue and to identify key workers and collaborators.
Cornwall County Council and Environmental Records Centre for Cornwall and the Isles of
Scilly (ERCCIS) provided data to help with the assessment of knotweed distribution in the
county.

2.3 Results

2.3.1 Resources/Literature
A comprehensive knotweed information database constructed in Microsoft Excel has been
established with the following entries:
•

scientific papers

•

practitioners articles

Duchy College, Rosewarne, August 2007
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•

media records

2.3.2 Knotweed Distribution
Time sliced maps (Fig. 1) supplied by the Botanical Institute of the British Isles (BSBI)
provide a snapshot through the ages of the level of recording of Japanese knotweed, not
necessarily the same as the historical distribution. However, for alien species it can be a
useful tool to indicate spread if the date of introduction is known. One of the first reports of
naturalized knotweed dates back to Storrie in 1886, sixty one years after its reported
introduction (Conolly, 1977).

Pre 1930

1930-1969

1987-1999

2000-

Key

-1930

1930-1969

1970-1986

1970-1986

combined layers
1987-1999

2000-

Fig. 1 Hectad distribution maps of Fallopia japonica in Britain and Ireland (BSBI, 2007).

Duchy College, Rosewarne, August 2007

19

The maps indicate that over a hundred year period, following introduction, knotweed spread
throughout the south, particularly in the southwest and areas of London. In contrast to the
south, spread in the north and eastern areas of UK would appear to have been more
gradual or it may be that the increase in records, to some extent, was a result of increasing
awareness of this particular species, formerly regarded as garden escapee.
The level of recording in Cornwall would appear to have been relatively consistent from the
mid 1900’s to the present day. The first reference to Japanese knotweed held by ERCCIS,
dates back to 1908/9 where a handful of sightings were recorded by Davey in Flora of
Cornwall (1909). On closer inspection there are no further recordings until 1939, detailing
four new sites. Recording lapsed again until 1950 presumably as a result of World War II,
after which regular additions to the records were made almost on a yearly basis.
Towards the end of the 1980’s the number of observations began to rise from an average of
5 records per year well into the hundreds. This level of recording was maintained
throughout the 1990s with 760 observations listed in 1998. Figure 2. provides a more
detailed look at knotweed recording in Cornwall, highlighting the level of recording that has
taken place. The oldest records overlay the more recent ones in an attempt to better
illustrate spread, but again this may not be an accurate historical representation.

2.3.3 Facts and Figures
The total area of the county of Cornwall, excluding the Isles of Scilly is 354,628 ha
(Cornwall Statistics, 2006). The land is spread over 3953 one kilometre squares of which
knotweed species have been observed in 39% (1528 one kilometre squares).
At the beginning of 2007 a total of 3,713 records featured on the GIS database maintained
by Cornwall County Council. The majority of these recordings have been verified and
digitised to create polygons of the individual areas covered by each knotweed stand on the
GIS system, equating to a coverage of approximately 100ha (0.03% of the county).
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Fig. 2 Japanese knotweed (Fallopia japonica) records for Cornwall (ERCCIS, 2007)

Fig. 3 Distribution of Japanese knotweed (Fallopia japonica) in Cornwall resolution 1km
squares (Cornwall County Council, 2007).
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The Council supports an inclusive recording system investigating and mapping all sightings,
even if they are on private land and fall outside the councils remit for treatment. The GIS
database serves as an historical record logging the status of each stand, and allows for
treatment programmes to be monitored. Even if eradication has proved successful there will
be a permanent record of an infestation, as no record is deleted.
Table 2. details the relative abundance of each knotweed genotype in the county, Fallopia
japonica being by far the most prevalent.
Table 2. Abundance of knotweed genotypes (Cornwall County Council, 2007).
Area (m2)

No of sites

Fallopia japonica

967496

3574

Fallopia x bohemica

20208

63

Fallopia sachalinensis

1546

21

Knotweed species

Fallopia x bohemica & Fallopia
sachalinensis
Unidentified sp.

1
993
14181

63

The GIS mapping system allows for certain descriptive fields to be allocated to each
recording, in terms of species, area, position, recorded treatment etc. Fig. 4 details the
relative coverage of knotweed genotypes by location/habitat category. The largest category
is hedge/boundary features which include watercourses and rail tracks; these are followed
by verges and then waste ground. In fact knotweed in close proximity to a watercourses
accounts for nearly 23% of all recorded sites. The plants vigour and regenerative capacity
then exploits these dispersal corridors often having established as a result of fly-tipping or
soil disturbance from construction. Large areas of derelict and industrial wasteland, a legacy
of Cornwall’s mineral extraction industry, stretch inland along the north coast and correlate
closely with knotweed distribution as do the county’s watercourses.
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Knotweed distribution in Cornwall
Unspecified
Waste ground
Woodland
Agricultural land
Cornish hedge
Built environment
Garden
Boundary features
Verge
0.00

10.00

20.00

30.00

40.00

50.00

Area (hectares)

Fig. 4 Presence of knotweed species per habitat category, recorded by Cornwall County

Council (A. Willingale, Cornwall County Council, 2007)
To our knowledge, the effort, detail and accessibility of recording taking place in Cornwall
appears to be unparalleled by any other county, only in Swansea City do they hold such
extensive records. A brief survey of eleven biological recording centres around the country
highlighted that few specifically record Japanese knotweed and often used this as a generic
term for associated species and hybrids, the most common resolution for recording being
2km (tetrads). Few centres actively shared records with council authorities, providing
information only when required by planning/developers. Ecologists/countryside officers
contacted were often unaware of the extent of coverage of the plant within their county often
commenting that it was not a problem. Few Councils actively control the plant, most adopt a
reactionary approach. It became apparent from discussions with record centres that
guidance would be welcome on recording invasive species and that it would also be useful
for record centres to have Japanese knotweed information/guidance to pass on to
developers and consultants, a practice that has been happening in Cornwall for some time.
This proactive approach has been aided by the dedication of certain enthusiasts who took
an interest in monitoring the plant’s progress. Extensive records alerted people to its ability
to thrive in the Cornish climate and the potential problems faced by this highly invasive plant
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and a clear need for action to control its spread. Cornwall‘s attitude to the knotweed
problem in terms of awareness and action should be capitalised on and highlighted as best
practice nationally for all record centres and authorities.

2.3.4 Distribution of Fallopia sachalinensis (giant knotweed) and hybrid Fallopia x

bohemica

a) Fallopia Sachalinensis

Key

-1930

b) Fallopia x bohemica

1930-1969

1970-1986

1987-1999

2000-

Fig. 5 Hectad distribution map of a) Fallopia sachalinensis and b) Fallopia x bohemica

(BSBI, 2007).

2.4 Economic Impacts

It remains difficult to quantify the economic implications of knotweed infestations as it would
be impossible to adopt a unified treatment programme across the county. Each programme
must be tailored to the site and will depend on a number of factors, the obvious ones being
accessibility in terms of ownership and topography, if near to a watercourse, value of
surrounding vegetation, timescales available, time of year/growing season. But for the
purpose of providing some form of bench mark, if all recorded infestations (1004426 m2)
were treated uniformly with a glyphosate based herbicide, the cost for labour and material
would be in excess of £300000/year based on a rate between 50-30p/m2 (J. Macfarlane,
Duchy College, Rosewarne, August 2007
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Vegetation Officer, Cornwall Count Council. pers. comm. 2007) This figure excludes
additional labour for site preparation, travelling costs and further reaching economic impacts
in terms of disruption, penalty clauses etc. Often a treatment programme can last a number
of years until the rhizome system is exhausted. Data collected from a study of Council land
in Kerrier District, Cornwall suggest a minimum of 5 years is required to control above
ground material (Patton; Webber, 2000).
Similarly, it would cost in excess of £20 million if all knotweed infestations were to be
disposed of by licensed landfill (tipping charge for total excavated waste including soil and
rhizome material £92.4/m3 or £57.75/tonne) This excludes the cost to excavate,
transportation and refill and does not include excavation of a buffer zone to ensure
complete removal of the extensive underground rhizome network, often extending up to 7m
laterally from peripheral crown material and 3m downwards (Wade et al., 1996). It is
noteworthy also that this charge can vary on the availability of landfill and it may not always
be possible to tip locally therefore increasing transport and possibly tipping charges.
At the time of writing a new policy was due to be implemented whereby all soils/waste for landfill
must be tested for the presence of heavy metals, an additional cost in the region of £300 but there
is a lack of clarity as to what volume this applies to e.g. per site or lorry load.

2.5 Biodiversity Impact

There remains a lack of scientific literature to support the instinctive claims that biodiversity
is reduced by the presence of knotweed, images of vast knotweed stands out-competing
native flora along watercourses and hedges are common place often presenting as a
monoculture.
Evidence of the effects knotweed has on ecosystems in terms of nutrient cycling,
community structure and function has received little research. Studies carried out in
Cornwall (Joy 2000; Patton 2000) monitored the re-establishment of floral diversity post
treatment but no attempts have been made to quantify the effects on other wildlife. An
American study (Maerz et al, 2005) concerned with the reduction of amphibian populations,
investigated whether non-native plant species contribute to this decline through degradation
of terrestrial habitats surrounding wetlands, which are important sites for food and
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overwintering. The study suggested that Japanese knotweed reduces foraging success of
Green frogs (Maerz et al, 2005).
Other responses to a knotweed invasion may include river bank erosion, releasing more
sediment into the water and causing broader, shallower, and warmer waterways (Soll,
2006). Such events may change the composition of an ecosystem, possibly reducing both
floral and aquatic biodiversity. The loss of detritivore species diversity may result in lower
breakdown rates of Japanese knotweed as highlighted in a Dutch study (Dangles et al,
2002). It is therefore essential to understand the complex interplay between species within
an ecosystem to inform management practice.
As information available on the effects knotweed has on our living environment is scant, a
cost effective way to explore potential biodiversity correlations could be to utilise existing
resources in the first instance by coincidence mapping selected species with knotweed
distribution to highlight possible areas for further research.
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Summary

•

Level of recording and distribution knowledge in Cornwall is exemplary

•

Biological Record Centres nationwide could benefit from Cornwall’s best practice

•

3,713 knotweed sites present in Cornwall at beginning of 2007

•

Knotweed species present in 39% of 1 km squares in county

•

Total knotweed coverage (all species) in Cornwall is 1004426 m2

•

Distribution – predominant in hedge/boundary features (includes watercourses and
rail tracks), verges and waste ground.

•

Treatment with glyphosate herbicide circa £300,000/year based on a rate of 3050p/m2 or in excess of £20 million to send to landfill based on tipping charge
£100/m3 (J Macfarlane Vegetation Officer, Cornwall County Council pers. comm.)

•

Research indicates minimum of 5 years to remove above ground material

•

Lack of published literature to support reduced biodiversity threat
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Chapter Three
Part One

Review of legislative guidelines
3.1 Introduction

The purpose of this objective is to assess the relevant legal instruments and identify
possible areas where improvements could be made to ensure tighter control on spread and
also identify provisions for management strategies on sites already infected.

3.1.1 Materials & Methods

A desk study review of legislation concerned with Japanese knotweed was performed using
publications, reports and web resources. Other legal instruments thought to be relevant to
knotweed control were also investigated.

3.1.2 Results

3.1.2.1 National Legal Framework

UK law has evolved from both common law and statutes. Common law is based on
precedents established in previous cases while statutes are designed to address specific
policy issues (Old House Group, 2003).

3.1.2.2 Wildlife and Countryside Act 1981

Section 14 (2) of the Wildlife and Countryside Act 1981 (WCA 1981) is the main piece of
legislation regulating the release and spread of non native invasive species. This states that
it is an offence to “plant or otherwise cause to grow in the wild” any plant in schedule 9 Part
II. Fallopia japonica is one of two vascular plants on a list of thirteen species. Unfortunately
associated species e.g. Fallopia sachalinensis or the potentially more vigorous hybrid
Fallopia x bohemica are not cited in this schedule and fall outside legislation. Therefore
restriction of their spread is not enforceable under current legislation.
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Maximum penalties for a section 14 offence have been updated and amended by the
Countryside and Rights of Way (CROW) Act 2000 in England and Wales only. A magistrate
court can impose a maximum fine of £5000 and a maximum prison sentence of 6 months,
while a Crown Court can impose an unlimited fine with a maximum prison sentence of two
years (DEFRA 2003) yet there remain few recorded prosecutions. This may be due to:
•

a lack of clarification where the responsibility lies to initiate prosecution - there is no
single agency responsible in terms of policing and law enforcement.

•

ambiguity of terms used to define the legislation creating loopholes e.g. “in the wild”

•

traceability of the offence

3.1.2.3 Environmental Protection Act 1990

The Environmental Protection Act 1990 (EPA) is the key piece of legislation which
underpins the regulation of waste and provides support to limit the spread of Japanese
knotweed. Soil and waste containing Japanese knotweed is considered to have the
potential to cause ecological harm and is controlled waste (Controlled Waste Regulations
1991) the term controlled waste was superseded by ‘Directive Waste’ in the Waste
Management Licensing Regulations 1994 but remains widely used. Section 34 of the
Environmental Protection Act 1990 places a duty of care on any person who imports,
produces, carries, keeps, treats or disposes of controlled waste (DEFRA 2003). Their duty
is to ensure that:
•

No-one else disposes of the waste unlawfully or in a manner likely to cause pollution
of the environment or harm to human health.

•

It does not escape.

•

That the waste is only transported by a carrier that is either registered or exempt

from registration by the Controlled Waste Regulations 1991 to an authorised person.
•

A written description of the waste is transferred with it to enable that person to deal
with it appropriately.

Breach of Duty of Care is a criminal offence for which the Environment Agency is
responsible for enforcement.

There is no provision however within either the WCA or the EPA to provide
control/eradication on a site where knotweed species are already established. Both

instruments are in place to prevent further spread.
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3.1.2.4 Landfill Tax (Contaminated Land) Order 1996 (Finance Act 1996)

Japanese Knotweed is considered to be a pollutant (P Coster, HM Revenue and Customs

pers. Comm..2007) and may qualify for a 'Landfill Tax Exemption' for polluted soil under the
Landfill Tax (Contaminated Land) Order 1996 from HM Revenue and Customs. To qualify

for the exemption, waste must come from the reclamation of land that has been
contaminated by past industrial or other activity, and meet certain other conditions.
Information on conditions and how to apply for a contaminated land certificate is contained

in HMRC Reference:Notice LFT2 Reclamation of Contaminated Land.

The Government is currently reviewing if it is appropriate to extend land remediation relief

providing 150% corporation tax relief to cover expenditure on removing Japanese knotweed
and related strains. The consultation document ‘Tax incentives for development of

Brownfield land: a consultation’ (HM Treasury, 2007) suggests that this would replace
landfill tax exemption.

3.1.2.5 Hazardous Waste Regulations 2005

Waste that have been treated with a herbicide that persists in soil for extended periods with

the possibility of leaching and causing harm to the surrounding environment or excavated
knotweed waste that includes soil contaminated with high levels of heavy metals could

potentially be categorised as hazardous waste under the Hazardous Waste Regulations
2005 and must be disposed of at a licensed hazardous waste landfill.

3.1.2.6 Nuisance

Local authorities

“Any premises in such a state as to be harmful to health or a nuisance”
Where a local authority is satisfied that a statutory nuisance exists or is likely to occur it is

able to serve an abatement notice on the person responsible under Part III s.79 of the
Environmental Protection Act 1990. An appeal must be received within 21 days otherwise

non-compliance may lead to prosecution in a Magistrates’ Court.

Individuals
The common law of Private Nuisance is defined in Read v Lyons and Co. Ltd (1945) as an

“unlawful interference with a person’s use or enjoyment of land, or some right over, or in
connection with it”. This allows landowners or tenants of leasehold properties to bring an
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action against the person responsible. In addition the rule of Rylands v Fletcher 1868
relates to strict liability for foreseeable damage caused by escapes resulting from non

natural uses of land
The Environmental Protection Act 1990 also offers some support to private individuals.

Under Part III, section 82 of the Act, an individual can make a complaint to a magistrates
court, under statutory nuisance, requesting an order against a particular individual to abate
the nuisance. Prior to applying for an order they have to write to the individual and give

them notice that they are going to make such an application. Individuals who have
successfully obtained a nuisance order from a magistrate court are entitled as of right to

their costs, if the nuisance existed at the time that they initiated the proceedings.

In 1995 a private landowner took legal action against Wigan council due to the spread of
Japanese knotweed from council owned land. The council had to pay compensation and

take remedial action along the boundary and were ordered to undertake a herbicide spray
plan for a further three years in addition to paying all legal costs.

3.1.3 Codes of Practice

In addition to existing legislation there are codes of practice and directives which provide
guidance concerning Japanese knotweed.
•

The Knotweed Code of Practice, EA 2006 aimed at providing advice for managing
knotweed on development sites.

•

The Horticulture Code of Practice launched in 2005 to help prevent the spread of
invasive non-native species

3.1.4 International Legal Framework

3.1.4.1 Convention on Biological Diversity

As a signatory to the 1992 Rio Earth Summit, Convention on Biological Diversity (CBD) the
UK has an obligation under Article 8(h) to prevent the introduction of, control and eradicate
non-native species which threaten ecosystems, habitats and species.
Methods for implementing this Article are not prescribed but left to national governments
(Glowka et al 1994). The World Conservation Union, IUCN (2000) produced guidelines to
assist signatories to give effect to this Article, the intention of which is to prevent further
losses of biological diversity due to the deleterious effects of alien species.
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The only UK instrument for delivering CBD obligations is The UK Biodiversity Action Plan
(Anon. 1994). Delivery of this is facilitated by priority habitat and species action plans but
does not include a plan specifically addressing non-native/invasive species at a national
level, only in some areas has a local plan been produced (Swansea City Council adopted a
Japanese knotweed control action plan in 1997 as part of their Local Biodiversity Action
Plan).
On this evidence it would appear that there are insufficient legislative tools and policies to
deliver CBD obligations especially in relation to control or eradicate non native species that
are already established.
A review by DEFRA (2003) also highlights the inadequacies of current legislation and in turn
has prompted the establishment of a working group to develop a national strategy on non
native/invasive species which will address the management of species already established.
A report summarising the responses to the public consultation is expected by late summer
2007 and the final GB Invasive Non-native Species Framework Strategy by autumn 2007
(NNSS, 2007).

3.1.4.2 Water Framework Directive

The Water Framework Directive recognises Japanese knotweed as a pressure on
catchment management but currently makes no provision to control/eradicate. It does not
include Japanese knotweed in the high impact list of species in the 2004 risk assessment.
The presence of Japanese knotweed prevents an area from achieving high ecological
status. UK (and other Member States) are considering how Alien Species are best
managed above and beyond existing legislation. All river basin plans need to have been
produced by 2009 and work completed by 2015. This should be an opportune time to
incorporate management of invasive species within these plans.

3.1.4.3 Environmental Liability Directive

This European Directive was adopted on 21 April 2004. It aims to establish a framework

that would prevent 'significant environmental damage' or rectify damage after it has
occurred, with particular reference to biodiversity, waters covered by the Water Framework

Directive and human health (including land contamination when it is a threat to human
health). It reinforces the “polluter pays” principle into European legislation and sets
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requirements for the prevention and remediation of environmental damage. How this is
encompassed into the national scheme is under scrutiny, with the second consultation

concerning legislation due to commence in August 2007. Future legislation could help
strengthen control of spread and help focus how knotweed is managed on development

sites.

3.1.5 Possibilities for improvement

•

Tightening up current legislation. A review of the Wildlife and Countryside Act was
included in the National Environment and Rural Communities Act 2006. A number of
amendments were suggested during the consultation process but were lost during
the various readings of the original Bill, missing the opportunity to clarify the
ambiguous wording of the Wildlife and Countryside Act. It has been suggested that
there is potential for inclusion of knotweed species in the Weeds Act 1959 to provide
a legislative mechanism for control (Defra, 2003). Under this Act the Secretary of
State may serve a notice on an occupier of land on which a featured weed is growing
in order to prevent its spread. The Act permits Defra officials to enter land to inspect
whether an enforcement notice is complied with. If an occupier unreasonably fails to
comply with the notice he or she may be found guilty of an offence and on conviction
liable to a fine. The Act also contains powers which enable the Secretary of State to
take action to arrange for the weeds to be cleared and for recovery of the cost,
through the courts if necessary, from the occupier.

•

Enforcement of existing legislation is generally weak as there is no single enforcing
body.

•

A Government funding provision for management/control (Federal government in US
provides funds to eradicate noxious weeds). Alternatively, economic incentives could
encourage control management, for example linking into agricultural subsidies. A
possible route could be implementation of a boundary/hedgerow restoration category
with subsidies for knotweed removal. It would be necessary to provide clear and
definite methods of control management to protect surrounding sensitive flora.

•

Funding availability for research to provide robust data. This must be on a project
basis, with full consideration of timescales required for monitoring. Projects often fail
to provide valuable results as they are only funded for an initial time period and
require re-application only to find that resources have been diverted elsewhere. This
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would require a coordinating body which would also have the benefit of preventing
duplication of research.
•

Endorsement of codes of practice by relevant parties and introduction of certification
(kite mark) scheme.

•

Local authorities could adopt a Japanese knotweed management plan. This could
take the form of a supplementary planning document and form part of the Local
Development Framework in line with the Planning and Compulsory Purchase Act
2004. Japanese knotweed impacts on multiple departments within local government
e.g. Highways, Planning, Legal and Property Services. The introduction of a
Japanese knotweed management plan could provide guidance for all sectors leading
towards a coordinated approach for tighter control and the scope for dealing with
infestations before they become problematic.

3.1.5.1 Case Study- Devaluation of Property

A Right to Buy case involving Wigan and Leigh Homes illustrates how knotweed
can devalue land/property. Due to a knotweed infestation a district valuer
recommended reducing the value of a property by a sum in excess of £50,000 as
the only solution for eradication was to dig and dump. This apparently was the
first case of its kind with no precedent in place allowing for the sum to be renegotiated with the buyer based on an alternative treatment method. This
resulted in a smaller reduction but included a compensation payment to the
purchaser for the risk and inconvenience. (Wigan Council, 2007)

Swansea City Council include control and management of Japanese knotweed in
their land management strategies and currently operate a system whereby, a
Japanese knotweed officer checks the weekly planning application list against a
database to see if knotweed has been recorded on the land. They advise the
planning department to place a knotweed management condition on the application.
The developer then needs to draw up a suitable method statement to control the
knotweed. This is presented to the knotweed officer and if acceptable discharged by
the relevant planning officer. The planning officers can also place a knotweed
condition where they see the plant present. It is not possible to do any
monitoring/follow-up work as an application can be 'live' for up to three years without
work being carried out. Therefore outstanding method statements are not followed up
(S Hathaway, Swansea City Council, pers. comm.)
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Unfortunately there are insufficient resources to follow up each site and the level of
expertise to evaluate if the method statement has been implemented or is
appropriate for the site in question may not be available. Without constant
inspection/supervision it may not be possible to enforce implementation and feel
confident that the condition has been met legitimately and not just masked. It should
be made clear that the local authority does not endorse any management
programme, liability should fall to the contractor.
•

An Environmental Impact Assessment is compulsory for Schedule 1 projects and at
the discretion of the local authority for schedule 2 projects. A knotweed management
plan could form part of the Environmental Statement.

•

Incorporate a Non Native Invasive Action Plan into the UK Biodiversity Action Plan
with each county following suit with inclusion of a specific Japanese knotweed action
plan within their Local Biodiversity Action Plan. This could detail specific targets,
deadlines and identify the lead partners to take action.

•

Planning Regulations homebuyer packs
o Under the Housing Act 2004 a Home Information Pack (HIP) will be
compulsory from August 2007. This could provide a route for enforcing
control/eradication measures by including a knotweed category into Section G
(Grounds Boundary Walls outbuildings and common facilities) of the Home
Condition Report. There is currently a provision to report on trees impacting
on property/grounds. Home Inspectors qualifying under the certification
scheme approved by the Secretary of State could be trained in identification of
knotweed species. If present, an eradication programme would need to be
entered into either before a sale could proceed or a retention clause be
inserted for the buyer.

•

Production of an educative code of conduct, endorsed by government and targeted
at service providers who may encounter Japanese knotweed such as police, vehicle
recovery, network rail, recycling schemes, telecommunication companies or
environmental consultants.
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Summary

Legal and Guidance

•

Section 14 (2) of the Wildlife and Countryside Act 1981 is the main piece of
legislation regulating the release and spread of non native invasive species
but associated species fall outside of legislation.

•

The Environmental Protection Act 1990 primarily regulates waste disposal
and provides support to limit spread.

•

Few recorded prosecutions. Lack of clarification where the responsibility lies
to initiate prosecution - there is no single body responsible for policing and
law enforcement this is compounded by the ambiguity of terms used to
define the legislation which creates loopholes e.g. “in the wild”

•

No legislation concerning control/eradication a requirement of CBD, Rio
1992

•

Codes of practice and directives to prevent spread lack a certification
/endorsement system
o The Knotweed Code of Practice, EA 2006
o The Horticulture Code of Practice launched in 2005
o The Water Framework Directive recognises Japanese knotweed as a
pressure on catchment management but currently makes no provision
for control/eradication and omits Japanese knotweed from the list of
high impact of species in the 2004 risk assessment.

•

The UK Biodiversity Action Plan (Anon. 1994) does not include nonnative/invasive species only in some areas at a local level have plans been
produced.

•

A Working group has been established to develop a national strategy on non
native/invasive species which will address the management of species
already established.
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Possible Improvements

•

Establish a single enforcing body

•

Endorsement of codes of practice

•

Produce a Japanese knotweed management plan for Inclusion in Local
Development framework i.e. Town Planning and Environmental Impact
Assessment process and Home Information Packs

•

Economic instruments to encourage control (subsidy payments)

•

Production of an educative code of conduct, endorsed by government and
targeted at service providers i.e. police, vehicle recovery, network rail,
recycling schemes, Telecommunication companies, Environmental
consultants

•

Develop National and local Japanese knotweed Action Plan

•

Government funding for research and management. Coordinating body so
that duplication of research is avoided

•

Weed Act 1959 Possible inclusion as an injurious weed

•

Provision of subsidies for eradication e.g. Hedgerows and boundary
features
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Chapter Three
Part Two

Review Consultancy Practice
3.2 Contractors

Contractors offer a range of treatment options for knotweed eradication. Most provide
a management plan tailored specific to the site and in some cases a guarantee of up to 10
years to cover costs of re treatment should growth occur. The prospect of lucrative gains
from a successful eradication remedy has resulted in a growing industry that lacks
transparency. Detailed information concerning types of treatment offered is scant, with new
methods often remaining confidential during a patent pending period and are not published
there after.
There are claims that the plant can be eradicated in one growing season but there is little
scientific evidence to support this and no current procedure in place for peer review of
experimental design and data. With no regulatory body the land owner is vulnerable and
susceptible to unsubstantiated claims.
Indemnity guarantees are now being offered by contractors to treat re-growth, but in theory,
proving that the knotweed is re growth and not imported or from adjoining land could be
problematic. In addition, some treatment methods could induce dormancy, as a
consequence re growth may not occur for a few years, should the guarantee not have
expired, it again becomes difficult to prove that is from existing material.
Some types of guarantee may be invalid should the contractor cease to trade.
From web conducted research it was apparent that Government agency logos are often
used to imply endorsement and accreditation of contractor’s methods and abilities but it is
not common practice for agencies e.g. Environment Agency to endorse a company, method
or product these are therefore misleading. A summary of information provided by
contractors on their associated websites is provided in Table 23. Appendix 4.
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Chapter Four
Part 1

Plant Physiological Response to Eradication Treatments
4.1 Introduction

A review of previous work was carried out using scientific databases and by
investigating local knowledge, to establish what research had taken place and identify
where further work may be valuable to increase out knowledge of the plants physiology.
After consultation with steering group members a series of experiments was devised to
develop our understanding of plant physiology in particular to determine rhizome viability
and plant response to stress factors. Assessment of rhizome viability remains a stumbling
block when attempting to establish if a management/eradication treatment has been
successful, relying on above ground regeneration as the indicator. A study to determine the
most effective temperature to initiate rhizomal shoot/root production could cut down the
waiting period.

4.2 Materials & Methods

4.2 1 Standard Material Preparation

Under ground rhizome material was collected from the field during the winter for three
knotweed genotypes, with the help of Cornwall County Council and Environment Agency
approval.
Fallopia japonica SW 7007 4358 2nd site SW 6197 4055
Fallopia x bohemica SW 9528 4096
Fallopia sachalinensis SW 7092 4357
Material was cleaned and a cross sample selected for viability tests after which it was
stored under refrigerated conditions at approx. 4°C until required.

4.2.2 Rhizome Viability Test
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Expanding on work by Child and Wade (2000) viability tests were carried out on the three
knotweed genotypes at different temperatures to investigate optimum temperature for
regeneration with a view to establishing an efficient protocol for testing rhizome viability.
Cleaned rhizome sections were placed in individual bags, lying on a moist towel, wetted
with 15ml water and the bags loosely closed. Five replicates per genotype were incubated
at 4°C,14°C and 24°C and monitored for regeneration. The temperature range was then
expanded (21 – 40 °C) to establish the optimum using Fallopia japonica rhizome only.

4.2.3 Rhizome response to hypoxic conditions

Ten 10cm rhizome sections were placed in a net bag and submerged in a container of
water, weighted down and sealed. Five replicates were produced. The containers were
stacked on top of each other and covered in three black low density polythene bags to
prevent light penetration and placed in a glass house with day and night vent set points of
17°C and 14°C.
Every two weeks a single rhizome section from each replicate box was removed and
incubated at 24°C in a polythene bag using a moist towel to prevent the rhizome from drying
out. Each rhizome section was checked every 2 days for signs of regeneration over a four
week incubation period.
4.2.4 Rhizome response to pH

Treatment solutions were prepared ranging between pH 3-10 using dilutions of 1M stock
NaOH and HCL solutions plus buffer to minimise acidification of atmospheric CO2. The
accuracy of the solution was established using a calibrated pH probe (Jenway Ion Meter
3345). An absorbent paper sheet was immersed in 20ml of solute and a 10cm rhizome
section wrapped in the paper and placed in a polythene bag and loosely closed. This was
replicated five times per pH solution and all treatments incubated at 24°C.
Each rhizome section was checked daily for signs of regeneration.

4.2.5 Rhizome response to salt stress

Cleaned rhizome sections were placed in individual bags, lying on a moist towel, wetted
with 15ml NaCl solution and loosely closed. Five replicates per genotype were incubated at
4°C, 14°C and 24°C and monitored for regeneration.

4.2.6 Plant response to salt stress
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A study investigating whether fast growing rhizomatous grasses could be used to control
Japanese knotweed began in 2003 (Mulholland & Wilkins). Researchers found that
Miscanthus, a secondary coloniser and growth competitor for knotweed in its native habitat,
negatively impacted on knotweed performance and that the application of NaCl was
beneficial to Miscanthus growth. Further study sought to establish what concentration of
NaCl would be deleterious to knotweed and thus give natural growth competitors such as
Miscanthus an advantage in terms of controlling knotweed spread. What was not known
was how effective salt would be at controlling all three genotypes used in the work
described here.
Washed rhizome was prepared by removing all growth and cut into 10cm sections. Plants
were propagated by planting one rhizome section per 2-L pot in peat based compost
supplemented with 6g of Osmocote Exact (Scotts UK). Plants were allowed to establish in a
glasshouse at average temperature with day and night vent set points of 17°C and 14°C
respectively. 70 days after propagating, five replicates per genotype were randomly
assigned to five NaCl treatment groups and arranged in a computer generated split plot
design. Spare plants were placed around the outside to alleviate edge effect.
Salt concentrations were selected to reflect the minor salinity level found in intertidal
seawater which ranges between 290 – 810mM with open ocean being approximately
480mM. Salt solutions were mixed in 20L batches using storage tank water pH 6.8
Table 4. Sodium chloride solutions and conductivity

Treatment mM NaCl (gL-1) NaCl g (20L-1) EC dS m-1
0
0
0
0.27
210
12.27
254.4
21.9
240
14.03
280.6
23.6
270
15.78
315.6
25.9
300
17.53
350.6
28.0

Each treatment group was irrigated manually by applying 300ml of the assigned salt
solutions to the root media daily for 7days. This was followed by 7 days irrigation with
storage water. The irrigation regime was then repeated a second time. Leaf measurements
were taken as detailed below.
A destructive harvest was performed on day 30. Leaf (juvenile and mature), stem and root
material was separated, weighed and dried in a fan assisted oven at 85°C over 48 hours for
above ground and root material (Mulholland, 2003) and 72 hours for rhizomes.
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4.2.6.1 Measurements

Leaf area analysis
The youngest expanded leaf was tagged with cotton and the leaf blade measured with a
ruler on the first day of the experiment prior to irrigation and subsequently every three days
until carrying out a destructive harvest. The ratio of fresh weight to area for subsampled
leaf discs was used to estimate lamina area for whole leaves.

Water potential measurements
The second youngest fully expanded leaflets from each plant were selected to determine
water potential. These were taken at the beginning of the trial prior to irrigation and 21day
using a pressure chamber (SKMP 1400 Skye Instruments Ltd., UK).

Ion/mineral analysis
The dried juvenile and mature leaves for each treatment regime were ground using a pestle
and mortar and analysed for ion content.

4.3 Results

4.3.1 Rhizome Viability Testing

Rhizome regenerated consistently on moist tissue without the addition of nutrients.
Primordial root regeneration was obtained within 2 days for all three species irrespective of
temperature. In general, it was observed that root development preceded shoot
development.
Primordial shoot regeneration was observed after 2 days from all three genotypes at 24ºC
and continued to develop into shoots producing leaves. At 4ºC and 14ºC further growth was
retarded.
Table 5. Time taken for shoot/root to emerge during incubation at different temperatures
4ºC
Genotype

Root

Temperature
14 ºC
No of days of incubation for organ emergence
Shoot
Root
Shoot
Root
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Shoot
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Fallopia
japonica
Fallopia x
bohemica
Fallopia
sachalinensis

2

9

2

2

2

2

2

7

2

4

2

2

2

9

2

7

2

2

Further experimentation, using Fallopia japonica rhizome only, to establish the optimum
temperature and time needed for regeneration indicates that most rhizome material will
produce re growth within 96 hours if placed in temperatures between 18 – 35 ºC. However,
at 21/22 ºC re growth was obtained within 24 hours. Therefore 21ºC is recommended as a
standard for viability testing to obtain the quickest response. Even though re growth was
observed within 24 hours, not all rhizome responded within this period, therefore this
method of testing viability should be used with caution. Rhizomes that do not regenerate in
this time period should be left longer, may be up to 1 month. It is possible that rhizome from
plants that have been previously treated with herbicide may respond differently or have
even entered a dormant growth phase and not provide a reliable result.
Regeneration was inhibited at temperatures in excess of 37ºC. This may be a response to
fungal contamination or increased temperature inhibiting enzyme function.

Plate 1. Viable Fallopia japonica rhizome exhibiting re growth after 72hrs incubation at 21ºC
Table 6. Regeneration of Fallopia japonica when incubated at different temperatures (n=5).

Time
18
(hours)
24
48
72
96

0%
0%
20%
60%

20

21

Temperature °C
22
25
30

35

37

38

40

0%
0%
20%
80%

40%
80%
100%
100%

40%
80%
100%
100%

20%
40%
80%
80%

0%
*0%
*0%
*0%

0%
*0%
*0%
*0%

*0%
*0%
*0%
*0%

0%
10%
10%
10%

0%
20%
30%
30%

Duchy College, Rosewarne, August 2007

43

* fungal contamination.

4.3.2 Rhizome response to hypoxic condition

Regeneration was obtained from rhizome sections throughout the trial period, even after
immersion for 24 weeks. This would imply that rhizome fragments are capable of surviving
extensive periods underwater, an attribute that has contributed to the plants ability to spread
along waterways. For the purpose of this study, regeneration from just one section out of
five was taken as positive indicator for rhizome viability but it is noteworthy that not all
sections regenerated, indicating that size or age may be a contributing factor.
Table 7. Presence or absence of regeneration during a four week incubation period at 24 ºC

following water emersion.
Time submerged (weeks)

2
4
6
8
10
12
14
16
18
20
22
24
Av DO2Over 24 wks mg/L

Rhizome regeneration after number of weeks submerged
Tank
% regeneration (n=5)
1
2
3
4
5
40
x
x
√
√
x
80
√
√
√
√
x
40
x
x
x
√
√
20
x
x
x
√
x
40
x
x
x
√
√
20
x
x
x
√
x
20
√
x
x
x
x
40
x
√
x
√
x
20
x
x
x
√
x
0
x
x
x
x
x
20
x
x
x
x
√
40
√
x
x
x
√
5.98

7.84

8.93

1.13

6.15

Dissolved oxygen readings were taken from the tanks on a regular basis. Note that
regeneration was obtained from rhizomes submerged for 18 weeks in tank 4 where O2
levels did not exceed 1.13mg/l.
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Plate 2. Re growth on Fallopia japonica rhizome after 19 day incubation at 24ºC following

16 weeks water immersion.

4.3.3 Rhizome response to pH

Regeneration was obtained from rhizome sections incubated in pH solutions across the test
spectrum from pH 3 to pH 10 within 5 days. The trial was stopped after this period as
regeneration was experienced at both ends of pH.

a)

b)

c)

Plate 3. Re growth on Fallopia japonica rhizome sections incubated at 21ºC in solution a)

pH3 b) pH7 c) pH10

4.3.4 Rhizome response to salt stress

Primodial roots and shoots were observed after 2days of incubation but further development
was inhibited by 300mm NaCl solution, with no further regeneration at 4ºC and a delayed
response at temperatures 14ºC and 24ºC of between 4-11days.
This indicates that rhizome is still capable of regenerating in saline conditions but is
inhibited at cool temperatures
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Table 8. Rhizome regeneration under salt stress (NaCl 300mM) at different temperature

regimes.
Temperature
14 ºC
No of Days of incubation for organ emergence
shoot
root
shoot
root

4ºC
Genotype
root
Fallopia
X
japonica
Fallopia x
X
bohemica
Fallopia
X
sachalinensis
NB. No regeneration = X

24 ºC
shoot

X

X

X

X

4

X

X

9

X

X

X

X

X

11

4

.
4.3.5 Pot trials - salt stress

Leaf expansion
Leaf expansion proved to be a sensitive indicator stress and is reduced in each genotype
when plants are irrigated with 300mM NaCl. This response is more marked in Fallopia x
bohemica
Sachalinensis
Japonica
250

0 mM NaCl

150

300 mM NaCl

100

50
0

3

6

9

12

15

18

21

24

27

Leaf Length (mm)

Leaf Length (mm)

250

200
200

0 mM NaCl

150

300 mM NaCl

100

200

0 Mm NaCl

150

300 mM NaCl

100

50

50
0

Days

Leaf length (mm)

Bohemica

250

3

6

9

12

15

18

21

24

27

0

Days

3

6

9

12

15

18

21

24

27

Days

Fig. 6 Leaf expansion when irrigated with 0 and 300 mM NaCl

Water potential
Water potential becomes more negative with irrigation of NaCl for all genotypes.
The response was less marked for Fallopia japonica between 240mM and 300mM as
shown in Fig 7. The data indicates that water was less available to growing leaf tissue as
salt concentration increased. All species accumulated NaCl within their tissue which
affected water relations similarily.
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Leaf water potential
0
0

240

300

-0.5
MPa

fallopia japonica

Fallopia x bohemica

-1

Fallopia sachalinensis
-1.5
-2
Treatment NaCl mM

Fig. 7 Leaf water potential of Fallopia sp. irrigated with 0, 240 and 300mM NaCl

Biomass
Figure 8 indicates that root:shoot ratio was impaired with applied salt treatment in both
Fallopia japonica and Fallopia sachalinensis but an increase was observed in Fallopia x
bohemica suggesting that root biomass was affected more severely by salt when compared
with shoot growth.

root:shoot & leaf ratio

Dry weight ratio (excluding rhizome)
0.7
0.6
0.5

japonica

0.4
0.3

Bohemica

sacha

0.2
0.1
0
0

240

300

NaCl (mM)

Fig. 8 The impact of NaCl application on the root:shoot ratio of Fallopia sp. After irrigation

with NaCl

Root density
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Plate 4 Root density after irrigation with 0mM, 210mM, 240mM, 270mM and 300mM

sodium chloride working from the far left for Fallopia x bohemica (top row), Fallopia
sachalinensis (middle row) and Fallopia japonica (bottom row).

Mineral Analysis
Concentration of Na+ and Cl -ions increased in both immature and mature leaves with
applied NaCl for each genotype, indicating that knotweed species do not have a mechanism
to block NaCl entry at the roots.The accumulation of both ions was greater in mature leaves
than juvenile and reinforces observations made of mature chlorotic leaves being shed in
favour of juvenile non-chlorotic leaves. Fallopia sachalinensis maintained a relatively
consistent level of Na+ and Cl- ions in the immature leaves while the concentration in mature
leaves increased with increased NaCl concentration. Fallopia sachalinensis also appears to
have far less retention of Na+ and C-l ions leaf than Fallopia japonica or Fallopia x
bohemica, suggesting that Fallopia sachalinensis may have a physiological adaptation
whereby it is able to translocate/partition excessive ions to other organs in addition to the
mature leaves.

b) Fallopia x bohemica

juvenile
mature

240

juvenile

mature

0

300

1a)

40000

juvenile
mature

20000
0
240

Cl- mg/kg

60000

0

juvenile
mature

0

c)F allopia sachalinensis

juvenile

mature

0

300

300

1c)

80000
70000
60000
50000
40000
30000
20000
10000
0
240

80000
70000
60000
50000
40000
30000
20000
10000
0

300

2b)

juvenile
mature

0

240

300

NaCl mM

NaCl mM

NaCl mM

240
NaCl mM

b) Fallopia x bohemica

80000

Cl - mg/kg

300

1b)

a) Fallopia japonica

2a)

240

40000
35000
30000
25000
20000
15000
10000
5000
0

NaCl mM

NaCl mM

Cl- mg/kg

0

c) Fallopia sachalinensis

40000
35000
30000
25000
20000
15000
10000
5000
0

Na mg/kg

40000
35000
30000
25000
20000
15000
10000
5000
0

Na mg/kg

Na mg/kg

a) Fallopia japonica

2c)

Fig. 9 Sodium (1) and chloride (2) concentration in mature and juvenile leaves when

irrigated with salt a) Fallopia japonica, b) Fallopia x bohemica and C) Fallopia sachalinensis
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Nitrogen concentration in both mature and immature leaves increased with increased NaCl
concentration. Little fluctuation in potassium levels was observed in either mature or
immature leaves.
Refer to Appendix 2 for details of mineral analysis.
While the application of NaCl had deleterious effects on knotweed species at 300mM it is
worth noting that after treatment ceased rhizomes produced new shoots. It would therefore
be necessary to continue irrigation to suppress new growth until competition from fast
growing rhizomatous grasses was well established. Even at this point it is not possible to
determine if out competed knotweed rhizome would produce growth at a later date due to
possible disturbance.
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Chapter Four
Part 2

Herbicide Treatment Field Trials
4.4 Introduction

Methods of application, timing, concentration and herbicide products have been
trialled to develop our knowledge of treatment options for Japanese knotweed. The
following case studies provide summaries of field trials to underpin and highlight best
practice.
4.4.1Case Study extract taken from conservationevidence.com
Cut and inject herbicide control of Japanese Knotweed Fallopia japonica at Rocky

Valley, Cornwall, England
Author Ford S, 2005

Location: Rocky Valley, Cornwall, England.
Method National Trust wardens commenced work in early September 1999. One person

cut the knotweed stems just below the first node (usually about 8 to 10 cm above ground
level) using loppers and was followed up by another person with a spot-gun applicator. Five
to 10 ml of Roundup Pro-Biactive herbicide solution (5 parts water, 1 part herbicide) was
applied into the hollow stem. A dye was added to the herbicide which stained each treated
stem, thus ensuring that none were missed. Two people could cut and treat a solid patch of
Japanese knotweed measuring approximately 25 m x 25 m, on rough ground in one day.
The cut knotweed debris was stacked on polythene to prevent propagation (as new plants
may arise even from small stem fragments scattered on the ground) on site, allowed to dry
and burnt about six weeks later.
Results
Effectiveness of cut and inject treatment: The site was re-visited in the spring 2000 to

look for signs of Japanese knotweed re-growth. It was estimated that in some of the larger
stands, approximately 90% had not re-grown at all. On many of the treated patches where
there had been only occasional stems of knotweed, none were evident. It was noticeable
that where the soils were thin, the kill was even more effective. Any re-growth tended to be
distorted with a red tinge, and leaves were narrower and arrow-shaped, compared with the
typically broader leaves of healthy plants. The stems were also much thinner and lower
growing than prior to treatment.
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Re-growth treatment: Re-growth was allowed to grow to provide a good leaf area and was

then carefully spot sprayed with Roundup Pro-Biactive - the thin re-growth stems prevented
further injection. Since 1999, the site has been checked for knotweed annually, and any
new growth is spot treated. There are unfortunately areas upstream where the landowners
do not wish to control the knotweed, which therefore provides a source of re- infestation.
Re-establishment of native flora: The treated patches, which were virtually devoid of plant

life, now have a flora similar to that outside the infestation. There tends to be more
woodland species and Cock’s-foot (Dactylis glomerata) in early years. In the spring
following initial treatment, native Bluebells (Hyacinthoides non-scripta), Herb Robert
(Geranium robertianum)and Campion (Silene spp.) were beginning to grow between the
dead knotweed crowns.
Annual monitoring and control: The knotweed cannot claim to have been eradicated from

Rocky Valley, but at least 99% of the south side of the gorge is now clear. The National
Trust Management Plan for the property requires an annual check and control as
necessary.

4.4.2 Case Study
Reworked from - Development of good practice for the use of the injection method of

herbicide application to control Japanese knotweed (Fallopia japonica)
Location: Cornwall, between summer 1999 and spring 2002.

Fallopia x bohemica sites: Alldays Field SX116 511 and Covington woods SX117 510
Fallopia japonica sites: Cot Valley SW356 308 - SW362 306, Kenidjack
SW361 324 - SW364 323, Trencrom Hill SW514 362 - SW517 359.
Aim: investigate effects of ‘cut and inject’ method of herbicide application using range of

herbicides.
Programme of action:

Plots of 15m2, with a buffer of 10m, were marked out at the trial sites. Each plot was divided
into1m2 quadrats. Five random samples were surveyed recording the following data.
•

Percentage cover of Japanese knotweed as a measure of establishment.

•

Percentage covers of other plant species as an indication of knotweed competition.
(This is of importance when considering the possible effect of herbicides on other
species.)

•

Number of other species/ species diversity
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•

Number of crown and stems of Japanese knotweed.

•

Height and width of Japanese knotweed stems. (min, max and mean) The reduction
in height may increase competition by other species

A baseline survey was carried out between July and August 1999 with the follow-up surveys
in May and June 2000, May-June 2001 and spring 2002 on the surviving twenty plots.
The following herbicides were trialled using the cut and inject method and administered
once a year
Table 9. Herbicides trialled
Herbicide

Roundup pro
biactive
(watercourses)
Dormone
(Watercourse)
Garlon 4
Tordon 22K
Asulox
Reglone
Arsenal 50

Volume Concentration
injected
10ml
(360g/l)

10ml

(465g/l)

10ml
10ml
10ml
10ml
10ml

(480g/l)

N.B. Concentration for each herbicide was 10 times greater than that recommended foliar
spray concentration.

Results:

Several plots were not surveyed or treated in the second or third years due to either a
change in ‘ownership’, ‘time constraints’ and ‘poor weather conditions’, reducing the number
from twenty six to twenty. The trial implies that at least two or three years of treatment are
required to control Japanese knotweed sufficiently to allow a regeneration of other native
species. After the initial year the |National Trust decided that three of the herbicides,
Dormone, Garlon 4 and Asulox should be discarded because they ‘did not perform’ as well
as Roundup Pro-biactive or the non–water course herbicide Tordon 22K. At Kenidjack the
herbicide Reglone (diquat) would replace Dormone at K4 and Asulox at K1, while Arsenal
50 would replace Asulox at Fairbury (B1). All other sites were treated with Roundup Probiactive or abandoned. Therefore only Roundup Pro-biactive was continued through the
entire three year study and a single Tordon site B2, while all other herbicides were clumped
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together and recorded as ‘Other herbicides’ in the results section as it was not possible to
draw observations from an amalgam of herbicide applications.

Roundup
With the exception of the sites at Crantock and a single site at Kenidjack (K6) Roundup
succeeded in reducing the number of stems and crowns of Knotweed, on occasion to less
than 1% while encouraging high degrees of regeneration. It was the only herbicide used
through all the whole study.
Tables 10- 17 Percentage change in number of stems/crowns and species diversity for
each herbicide product used in trial. Reworked from Joy (2002)
Table 10
Site

% Change of stems % Change of crowns % Change other species.

A1a. Crantock

+60.71

+114.2

-44.44

A1b. Crantock

+614.28

+328.57

C1. Cot Valley

-99.65

-99.31

+42.44

C2. Cot Valley

-98.41

-98.09

+43.47

C3. Cot Valley

-99.45

-99.04

+81.04

C4. Cot Valley

-99.60

-98.93

+68.44

C5. Cot Valley

-99.11

-97.16

+68

K2. Kenidjack

-74.07

-87.59

+12.8

K5. Kenidjack

+54.68

+154.68

+48.86

K6. Kenidjack

-89.91

-87.22

-94.8

T2. Trencrom

-95.26

-94.44

+60

NB. Both sites at Crantock showed an increase in stem & crown numbers post treatment

but there were only two results 1999 & 2000 for A1a.
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•

K2 Kenidjack increased in number of stem & crowns after the first application
and fell in the final year, while K5 increased throughout the trial. Only K6 saw
a decrease in stem and crown growth.

Tordon
Tordon treatment was abandoned at Trencrom (T3) after the initial application in favour of
Roundup bioactive because of the reduction in native species (two hawthorn trees died
possibly as a result of Tordon and a mistake in dosing leading to higher concentration being
applied than intended). The results above are from 1999-2000 study.
Table 11.
Site % Change of stems % Change of crowns % Change other species.
B2
-33.5
-22.86
+47
T3
-96.6
-93.8
-57.89

Garlon 4 Only
Garlon 4 produced mixed results with the reduction of crowns and stems on one site (T4)
while there was an increase on F1. T4 show a marked increase in both knotweed and other
species. This herbicide was discarded in favour of Roundup.
Table 12.
Site % Change of stems % Change of crowns % Change other species.
F1
+63.3
+169.2
+50.5
T4
-42.4
-4
+176.9

Dormone Only
Dormone results were variable. The number of crowns and stems were reduced in some
cases while increased in others. The results for the recover of other species varied in
particular R4 & K4 which showed an increase in crowns, stems and other species. However
Site K3 saw a reduction across the board. It was discontinued after the initial year or
replaced by Reglone.
Table 13.

Site % Change of stems % Change of crowns % Change other species.
R2
-82.2
-81.25
+33.45
R4
+220
+344.4
+76.2
K3
-70
-40
-75.0
K4
+12.5
+50
+77.0
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Asulox Only
Asulox was discontinued after the first year.
Table 14.
Site
B1
K1
T1

% Change of stems % Change of crowns % Change other species.

+10
0
-68.25

+12.5
0
-33.3

-20.41
+32.2
+49.35

Reglone (diquat)
Reglone was only used in the second year on two plots in the Kenidjack Valley one had
been treated with Dormone (K4) and the other Asulox (K1). The Asulox: Reglone showed
an increase in crowns but not stems and with a good percentage change in other species,
while site K4 saw an increase in all three measurements.
Table 15.
Site % Change of stems % Change of crowns % Change other species.
K1
0
+66.6
+69.1
K4
+77.7
+33.33
+89.31

Arsenal 50
Arsenal 50 was used at a single site which followed an application of Asulox. It showed a
good reduction of knotweed with a small initial increase of other species coverage.
Table 16.
Site % Change of stems % Change of crowns % Change other species.
B1
-59.4
-48.8
+23.7
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Table 17. Multiple herbicide products

Site

Combined
herbicide

% Change
stem

% Change
crowns

% Change other
species.

B1
F1
K1
K4
T1
T3

Asulox> Arsenal 50
Garlon 4>Roundup
Asulox> Reglone
Dormone> Reglone
Asulox> Roundup
Tordon 22>
Roundup
Garlon 4>Roundup

-63.5
+705
0
+100
-42.8

-42.5
+1964
+66
+50
+33.3

+32.72
+685.7
+223.8
+89.3
+184.6

-62.5

-25

+80

-55

-25

+71.42

T4

Three of the herbicides were abandoned after the first year while four other applications
were changed for Roundup. The results are varied and there are some concerns about data
collection e.g. Site T1 has a reduction in stem numbers but an increase in crowns.
Results indicate that Roundup produced the best results but it was the only herbicide to be
studied continuously through the entire trial on several sites. (Tordon also continued but
only for a single site.) Alternative herbicide treatments produced variable results which may
have been down to recording inconsistencies and different characteristics between the
knotweed stands e.g. density and maturity. Benefits of this treatment include the general
increase in number of ground cover species which replace the knotweed stands
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4.4.3 Stem filling technique methodology (J. Macfarlane, 2003)

Based on research conducted by Camborne School of Mines under an Experimental
Permission from the Pesticides Safety Directorate (Joy, 2002) a stem filling technique has
been formalised. They have confirmed that the technique, when using the specific herbicide
detailed below at a concentration not exceeding that specified is covered by the general
label provisions of the product and does not require a Specific Off Label Approval. This
approval relates to use in Great Britain. Elsewhere checks should be made with the
appropriate authorities responsible for the regulation of pesticides.
Equipment

Spot gun applicator and reservoir capable of delivering a measured dose of 10ml to 20 ml
suitable for use with herbicide and fitted with solid cone nozzle.
Long handled cutters or secateurs
Screwdriver with minimum 225 mm shaft
Measuring cylinder between 1000ml and 250ml in 10 ml stages dependent on dilute
container size
Protective clothing

Nitrile gloves, coverall, face shield, rubber boots.
Materials

Herbicide Roundup pro Biactive.
Appropriate approved dye
Adequate source of clean, preferably mains, water
Dilution rate

1:5
Timing

After mid August but before leaf fall.
Minimum stem size for treatment

8 mm diameter
Target

All stems cleanly cut. All stems more than 8mm in external diameter treated with 10 ml of
diluted herbicide.
Cut stumps to be treated within 15 minutes of cutting.
Technique

Methodology will be dependent on the scale of operations.
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When dealing with large areas, it is preferable to have two people working together, one
cutting and setting cane aside, one injecting.
Plan the work so as to deal with corridors 1.2 metres wide
Start at one end and work logically
Work uphill rather than along a slope.
When working in a situation where the cut stems cannot be put back on cut stems and thus
out of contact with the soil e.g. on a Cornish Hedge, the stems should be kept clear of the
ground ideally at right angles to the corrugations on corrugated sheets so that they will dry
out.
Operator 1
Erects signs to inform of the work in progress, where necessary. Cuts all stems at
approximately 200mm above base of cane, preferably approximately 40mm above a node
(this should limit any potential shattering of the stem) puts them to the left and, with all
stems more than 8 mm in diameter, ruptures the septum within the stem with the
screwdriver down to make contact with solid tissue in the crown. Following the herbicide
application, he/she then works up the next 1.2m laying the material from the second corridor
over the first. When on a slope, work should be started again from the bottom and the
process repeated until the area is completed. The first cane to be cut should be laid back on
the material from which it was cut, resulting in a double layer on the first strip. This will
mean that the last corridor is not covered down. Where there is public access try to work so
as to cover over the cut stems in closest proximity to where the public are anticipated.
Operator 2
Mixes the herbicide at the correct concentration with the addition of an approved dye. The
dye is used in order to ensure both that all stems are treated and that stems do not receive
duplicate treatment. Preferred technique is to treat the stems furthest away first and to work
back towards the operator. The nozzle should be inserted into the stem to below the level of
the ruptured septum before the dose is delivered. The face should be kept out of line with
the stem to avoid contact in the unlikely event of liquid splashing back.

Follow up work

In subsequent years, it is likely that stems will not be sufficiently large to inject. Spot
application of glyphosate, using an appropriate spray, rather than solid jet, nozzle. Use of a
weed wiper may be an appropriate alternative.
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Sub lethal doses of herbicide may induce dormancy. Treatment sites should be inspected
during the growing season for at least three years after the last material above ground is
observed. Even after this period, disturbance may result in renewed growth.

Notes

Operators should be appropriately qualified in the use of pesticides.
Appropriate Health and Safety assessment should be carried out. Site conditions may, for
example, require the use of a smaller amount of dilute herbicide in the container than usual
Environment Agency approval is needed before treatment near watercourses

4.4.4 Case study extract taken from conservationevidence.com
Stem injection control of invasive Japanese knotweed species along the Clackamas

River, Oregon, USA
Author Soll et al, 2007
Method: Two sites, each with 30 patches of knotweed, were selected for treatment.

Direct stem injection involves poking a 2mm hole through both sides of a knotweed stem
below the first or second node. The undiluted herbicide (glyphosate) was injected
downwards into the stem with a 14 gauge needle and a 60 ml syringe. Stems of 15mm
diameter were injected with 1.5 ml, those of 25mm with 3 ml, and stems of 30mm with 5 ml.
In the 5ml + spray group, stems < 25mm dia were foliar sprayed to “just wet” with 5% v/v
solution of Rodeo herbicide with 1% Li-700 surfactant.
The first site was treated in July 2003, and the second was treated in September 2003. All
treatment sites were re-visited in September 2004, and all remaining regrowth stems in the
test plot were foliar sprayed using a tank mix of 8% v/v Rodeotm herbicide with 1% LI-700.
Comprehensive follow-up treatment and data collection was performed through August
2005, and spot follow-up, including excavation of two sites, was performed in 2006.
Data collected at each site included: stem number, typical stem diameters, typical height,
patch sizes, shading, general soil type, and photographs. Patches were stratified by stem
number then randomly assigned to one of four treatment groups (1.5 ml, 3 ml, 5 ml, or 5 ml
stem injection plus foliar spray) or a control group.

Duchy College, Rosewarne, August 2007

59

All stem injection and foliar spray treatments dramatically reduced the stem number,
diameter, height, and spread of knotweed patches between 2003 and 2005.
Results
Effect of treatment date: Treatment date (July vs. September) had no significant effect on

stem reduction at any level of treatment (P = 0.80). However, stem counts in 2006 were
slightly higher than the preceding two years, suggesting that patches that were not
eradicated might be slowly recovering. Excavation of two sites unearthed dead knotweed
rhizomes at one site, and living knotweed rhizomes that had survived treatment at depths of
5-30cm at the second site. This indicates that monitoring of aboveground biomass alone
may not be a sufficient measure of the effectiveness of knotweed treatments.
Effect of application method: Two years after treatment, stem injection with glyphosate

effectively reduced stem number in all treatment groups (ANOVA, P<0.0001). Treatment
group mean stem reductions ranged between 88.6% (± 28.2%) in the 5 ml group and 99.0%
(± 1.6%) in the 5 ml + foliar spray group. Although the 5 ml + foliar spray had the highest
mean reduction in stem number in both years, the four treatment groups were not
significantly different from each other.
In addition, new stems growing from treated patches were greatly reduced in diameter and
height compared to control patches. Dose per stem had no clear effect on the height or
diameter of the next summer’s stems. However, stems in the 5 ml + foliar spray treatment
were the most consistently small, with no stems greater than 0.5 m in height or 5mm in
diameter.
In 2005, new stems grew less than a metre beyond the 2003 patch boundaries in 23.4% of
treated patches, while control patches had grown so that original boundaries were
impossible to determine. In some cases, untreated patches adjacent to the target patches
displayed reduced and/or abnormal growth following treatment.
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4.4.5 Case Study extract taken from conservationevidence.com
Comparison of manual and herbicide control methods for Japanese, giant, and

bohemian knotweeds (Fallopia japonica, F. sachalinense and F. X bohemicum) in the
Sandy River Watershed, Oregon, USA

Author Soll et al 2006
Method: In April 2000, 45 individual knotweed patches were identified within a 0.5 square

mile area. Each patch contained between 20 and 239 stems. Patches were numbered,
permanently marked and their locations were recorded using a global positioning system.
Each patch was randomly assigned to one of 15 treatment groups. Two sites were replaced
in June, and 6 sites (summer treatments) were added in August 2000, for a total of 51 plots
and 17 treatments.
During May 2000 – June 2003, 17 treatment combinations were used and compared for
controlling Japanese and giant knotweed. Treatments were: manual control, 2 herbicides
(glyphosate and triclopyr), 2 application methods (foliar spray and wick), 3 application
timings (spring and autumn, summer only, autumn only), in combinations of manual
treatment with herbicides (spring cut and autumn herbicide, early autumn cut and herbicide
treatment of resprouting stems, late autumn cutting and wicking, and late autumn cutting to
1.5 m tall and foliar herbicide.
For manual control, each stem was cut monthly, at the top of root crown using loppers or
pruning shears. For foliar spray application, upper leaf surfaces were sprayed using a lowpressure spray unit to "just wet" with a 5% solution of either glyphosate (Rodeo) or triclopyr
(Garlon 3a, reduced to 3% after year 1.) A non-ionic surfactant (R-11 for Glyphosate in
2000 and 2001, Li-700 in 2002), Hasten for Garlon3a) was added at a rate of 1 ounce per
gallon. A small amount of herbicide dye was also added to highlight areas that had been
treated. For cut-stem (wicking) application, a 50% solution of triclopyr or glyphosate in water
was applied to the stem surface immediately following cutting, using a weed wand (Ben
Meadows) in 2000 and a hand type plant mister in 2001 and 2002.

Results

For the reasonably small patches that were tested, knotweed can be effectively controlled
within two field seasons of foliar spray treatment with Garlon 3a, but may require three or
more seasons of treatment with Rodeo. These conclusions have been born out by
additional field trials over several years with the following additional caveats. Patches with
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initial stem counts > 50 appear to be unlikely to be eradicated with glyphosate treatment
alone even with 3 or 4 years of treatment. Garlon used at rate of 2% rather than 5%
appears to perform slightly better at achieving full eradication of both smaller and larger
patches, but also appears to rarely provide full eradication of patches with initial stem
numbers > 500;
Although wicking type, cut-stem treatments can provide effective control, they are less
effective and more time consuming than foliar type applications, and do not appear to
completely control knotweed, even after three field seasons;
Late summer/ early autumn foliar herbicide treatment can be combined with spring manual
control without loss of treatment effectiveness, as compared to two herbicide treatments.
For Rodeo herbicide, a late season cutting to 1.5 m followed by foliar spray can deliver
effective control if repeated for several seasons.
Successful control based on cutting alone appears to require more than 3 years, and/ or
involve cutting stems more than monthly. Three years of monthly cutting resulted in 80%
stem reduction. It was a useful method for small patches with easy access.
Timing of herbicide treatment is important. The failure of the spring- autumn foliar herbicide
treatment to deliver benefits beyond manual/herbicide combination is not surprising, since
translocated herbicides generally do not give good control of deep-rooted perennial plants
when applied during the early phase of rapid spring growth;
The success of some of the cut-stem (wicking) treatment offers a middle ground for
individuals with particularly strong objections to herbicide spraying, or for sites where
herbicide spraying is not appropriate (i.e. presence of rare or sensitive species).
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4.4.6 Case Study
Reworked from The White River Japanese knotweed treatment trials (Brown, 1999)

Location: White River, Cornwall. 1998-1999
Aim: investigate application methods of Glyphosate Pro-biactive
method

Two continuous 200m stretches of Knotweed along the White River at Menagwins Sewage
treatment plant and Levalsa Moor were marked out and divided into eight 25m plots.
Herbicide applications focused on the central eleven metres to reduce influence from
adjacent knotweed rhizomes.
Herbicide was administered to two plots per site using the following regimes.
1. August/September (long lance) spraying uncut mature stems with no subsequent
cutting/flailing. (Environment Agency)
2. *Early cutting June/July and subsequently spraying of re-growth during August/
September when it reached 1-1.5m in height (Environment Agency).
3. **August/ September cut and treatment of exposed cut canes with a drench gun at
concentrations 2-1 (National Trust)
4. **August/ September cut and treatment of exposed cut canes with a drench gun at
concentration 5-1 (National Trust)
* Cut wasn’t performed until the first week of August and the spray in the last week of
August
**All cut canes were placed on plastic sheets and sprayed with herbicide and left to
desiccate.
The following information was recorded prior to treatment and then the subsequent year.
•

No of stems

•

Number of crowns

•

Species diversity/coverage
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Results:
Table 18. Percentage change in stem, crown and species diversity
Menagwins Sewage Treatment Works
Treatment

Decrease of
stems

No cut, long lance spray
Aug
Cut June & knapsack spray
Aug

Decrease of
crowns

86.07%

Increase species
diversity.

43.03%

56.80%

82.32%

22.53%

60.00%

Cut & drench gun. (dil-2:1)

58.47%

50.49%

22.90%

Cut & drench gun. (dil-5:1)

66.91%

40.90%

30.4% *

*Plot 4 data removed due to reduction of 53.8%

Table 19. Percentage change in stem, crown and species diversity
Levalsa Moor
Treatment

Decrease of
stems

Decrease of
crowns

Increase species
diversity.

No cut, long lance
spray,

96%

94%

22%

Cut & knapsack spray

66%

75%

32%

69%

60%

41%

49%

53%

22%

Cut & drench gun. (dil2:1)
Cut & drench gun. (dil5:1)

Table 20. Percentage change in stem, crown and species diversity
Overall Performance
Decrease of
stems

Decrease of
crowns

Increase in species
diversity

Long lance, no cut

91%

86%

32%

Early cut, late spray

73%

66%

27%

70%

55%

32%

58%

47%

35%

Summer cut, drench gun.
2:1dilution
Summer cut, drench gun.
5:1dilution
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Reduction of Japanese knotweed

The results indicate that the most successful treatment to reduce both stems (90% average
decrease) and crowns (85.65% average decrease) was achieved by spraying mature stems
in August without prior cutting in early summer. The second most successful treatment was
also a spray treatment in Aug but on new re-growth. If the cut had been performed earlier in
the growing season, maximising foliage for herbicide take up, the results may have shown
an even greater reduction in re-growth.
Spot application using a drench gun on cut canes produced approx 50% reduction in
knotweed stems and crowns with little difference between concentrations.
A final vegetation survey was carried out in May 2003, but casual observation has recorded
an apparent increase of Petasites fragrans (Winter heliotrope) on the site in areas where
the number of above ground stems of knotweed has decreased (Macfarlane pers. comm.)

4.4.7 Case Study

Reworked from Effects of Timing and Frequency of Herbicide Application on Fallopia
japonica (Misselbrook 2000).
Location: Heamoor, Cornwall, grid ref: SW 461322.

Aims:To assess the effects of the following spray regimes using Roundup Pro Biactive,

•

autumn only spray

•

spring and summer spray

•

spring, summer and autumn spray.

Method

Each treatment plot (24 x 8m) was divided into 4m2 quadrats consisting of 2 rows of 6
Baseline data was collected prior to treatment in mid May 2000. The site was then resurveyed in 2001 & 2002 recording the following measurements. Data were unavailable for
2003
•

No. of stems

•

Average stem width

•

Maximum stem width

•

Maximum stem height

•

Percentage cover using DOMIN score.
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Results

The number of stems reduced significantly in the first year for plots treated with two and
three spray regimes. The average number of stems actually increased on the site treated
once in the autumn. However after the second year of treatment there was significant
reduction in stem numbers for all regimes. However there is no significant reduction
between the regimes, therefore a single autumn spray is just as effective as a number of
sprays and there are no advantages to a spring spray where it is not required to reduce
vegetation.
Mean number of Fallopia japonica Stems
300

250

200
autumn

spring summer autumn

150

spring summer
100

50

0
base

2001

2002

Fig. 10. Mean number of Fallopa japonica stems following treatment with glyphosate in

spring, summer and autumn, spring and summer and autumn only. Reworked from
Misslebrook (2000)
Stem characteristics - mean width, maximum width and maximum height -showed
significant reductions in all treatments, the result of the dwarfism effect of the herbicide.

Effects on native flora

After two years of treatment the single spray regime showed a significant increase in the
number of native species re-establishing, with a mean of 19 compared to the mean number
of species of12 for two sprays and 11 for three.
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Floristic tables were produced for each plot.

4.4.8 Case Study
Reworked from -The effectiveness of chemical treatment of Japanese Knotweed on

Local Authority sites in West Cornwall (Patton, 1999; Webber, 1999)
Location West Cornwall

Aim: investigate the efficiency of a variety of herbicide regimes using the ‘cut and drop’

method control
Method

A selection of sites managed over a number of years by Cornwall Highways and Kerrier
District Council were selected for survey. Each organisation uses a different method of
management.
Cornwall Highways cut stems early in the summer. These are left in situ and laid on top of
the cut stems to desiccate. Subsequent re-growth is sprayed with herbicide in autumn using
either a knapsack or long lance sprayer. Treatment repeated on a yearly basis.
Kerrier District Council spray without a cut earlier in the season.
The following information was collated for each site and linear regression analysis applied
to extrapolate measurements to zero.
•

number of crowns/stems

•

maximum stem diameter/height

•

associated plant species
o Number of species
o abundance (Abundant = 75-100%,Common = 50-75%, Present < 50)

Results:

Linear Regression Analysis predicts that eradication is achieved within 41/2 to 5 years of
treatment or between 4 & 5 applications based on analysis of each individual measurement.
This compares with manufacturers recommended three year treatment plan and by all but
one site that had received six years of treatment. It is noteworthy that there are many
variables within the data used e.g. a number of different herbicide products are included
together with different timings of treatments.
There were an increased number of crowns on sites managed by cutting and dropping only
when compared to sites with no management and generally an increase in crowns on sites
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managed using the Cornwall Highways approach of cutting and dropping followed by a late
spray when compared to just spraying, practice adopted by Kerrier District Council. But
unless comparable sites are specifically monitored throughout the course of a treatment
regime, starting with baseline data it is difficult to assess if these results are significant as
one site may have started off with more crown material.
Species diversity
Few plant species were observed growing amongst established and untreated stands the
most frequent being Rubus fruticosus, Hedera helix and Calystegia sepium. Diversity was
greater on treated stands but establishment is dependent on many factors e.g. soil type,
climate, existing seed bank etc.
The following list records the ten most common species found:
Rubus fruticosus

Epilobium montanum

Calystegia sepium

Hedera helix

Plantago lanceolata

Rumex acetosa

Trifolium pratense &T. repens

Heracleum sphondylium

Urtica dioica

Ranunculus repens.

The coverage of each species was less than 50% with the exception of Hedera helix which
was common (50-75%) in 8 out of 49 quadrats over 28 sites and abundant (75-100%
coverage) in 1 quadrat and Rubus fruticosus which was abundant in only one quadrat.
The study areas were due to be re-surveyed in 2003 but this information was unavailable.
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4.4.9 Domestic herbicide trials

Introduction

A pot trial investigating a selection of domestically available herbicides was set up in
September 2006 at Duchy College. It is envisaged that this trial will be continued by the
college to provide information on which products are most efficient at eradicating knotweed
in gardens.
Method

Washed rhizome was prepared by removing all growth and cut into 10cm sections. Plants
were propagated by planting one rhizome section per 2-L pot in peat based compost
supplemented with 6g of Osmocote Exact (Scotts UK). Plants were allowed to establish. A
range of herbicides, varying in strength and widely available for the domestic market were
selected for trial. Plants were sprayed as per the product label, coating both sides of the leaf
until the point of ‘run-off’. Five replicates per treatment were arranged in a randomised split
plot design off the ground on a pallet covered in polythene sheeting and placed outdoors.
The pallet was surrounded with spare untreated pot plants (not knotweed) to reduce edge
effect.
Note that three of the products (Weedol, Roundup 7 and B&Q) were premixed. Roundup
Ultra and Roundup 120 were mixed as per label instruction to give concentration of 20ml/L
(5ml in 250ml) and at 40ml/L (10ml in 250ml) respectively.
Re growth was monitored making the following observations
•

No of stems

•

Height of stem
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Plate 6. Herbicide products under trial

Plate 7. Domestic herbicide pot trial following

initial treatment

Table 21. Product information for herbicides used in domestic product trial

Brand name

Active
herbicide

Reference

Concentration

Roundup Ultra

Glyphosate

R360

360g/l

Roundup 120

Glyphosate

R120

120g/l

Roundup 7

Glyphosate

R7

7.2g/l

Weedol Gun

Diquat
Dibromide

W1

1.87g/l

B&Q complete
weed killer

Glyphosate

B&Q

8g/l

Results

Trials have only been in place for one year and are on going. However, initial data indicates
that there is a reduction in mean stem height between pots that have not been treated with
herbicide and pots treated with glyphosate based herbicides. This difference is a more
marked reduction for plants administered with Round up ultra. Plants administered with
Weedol, a non-glyphosate based herbicide (active ingredient Diquat Dibromide), show an
increase in mean stem length when compared with all other treatments.
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Mean stem height of Fallopia japonica 1 year after treatment

40

35

30

Mean height (cms)

No herbicide

Weedol

25

Roundup 7g/l

BQ 8g/l

20

Roundup 120g/l

Roundup Ultra 360g/l

15

10

5

0
1
Domestic herbicide products

Fig. 11 Mean stem lengths of Fallopia japonica 1 year after treatment with a range of

domestic herbicide products

4.4.10 Additional trials in progress with no published data

Killivose, Camborne (GR SW 642 389)
This site was cleared of infected topsoil, reinstated and covered over with geotextile layer
and topsoil. Cane has subsequently arisen from a small point at which damage occurred. In
view of the continued presence of rhizome without the expression of material above ground
over the majority of the area and the known history of the site, this area may prove useful in
the longer term to determine the length of time that rhizome may remain viable.

Veryan (GR SW 952 409)
This coastal site was planted by the then landowner with the hybrid Fallopia x bohemica to
stabilise soil after a summer cliff fire in 1959. The principal objective is to provide baseline
data as to the time required for exhaustion of established rhizome using disturbance
techniques. Additional areas of enquiry include vegetative regeneration on the site and the
possibility of reducing the period for which residual materials remain active.

University of Exeter (CSM)
Work is progressing on a test to provide rapid and consistent assessment of the
regenerative capability of rhizome.
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Penryn
Work is being carried out by Nomix Chipman on a Carrick District Council owned site,
largely focusing on the use of picloram.

Jillpool
This former County Council chipping depot is being used to assess the effectiveness of
extraction and desiccation techniques followed by herbicide follow up. Work started in
February 2001.

West Penwith
A small trial of control by pulling stems is being carried out, having started in 2000.

Biological control
A proposal to trial classical biological control has been put forward by Cornwall County
Council, DEFRA and the Welsh Development Agency. CABI Bioscience (formerly the
International Institute of Biological Control) has been contracted to carry out the work. The
object of this is to identify specific co-evolved species which predate Japanese knotweed in
its native range, to verify that they are totally specific to the target species and to introduce
them to debilitate the plant and thus make any subsequent control easier. Preliminary work
has identified a number of insects and pathogens which may have potential for the purpose.
Any such introduction will require trials in quarantine conditions for at least four years and, if
successful, permission for the release of the selected organism. Further information is
available on the website www.cabi.org
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Chapter Four
Part 3

Separation & Disposal
4.5 Introduction

Research has begun into techniques that could be employed to minimise the amount
of contaminated waste destined for land fill or on site burial.

4.5.1 Case Study
Reworked from - Composting as a disposal technique for Japanese knotweed

(Morris, 1999)
Location Cornwall
Aim: To investigate the possibility of composting Japanese knotweed stems as an

alternative form of disposal.

Materials & Method

Compost trial
Above ground green material was shredded and placed in a mature (thermophilic phase)
compost heap in bags at ratios of 100% Fallopia japonica, 75% Fallopia japonica, 50%
Fallopia japonica, 25% Fallopia japonica, 0% Fallopia japonica. Once a week samples were
removed and monitored for regeneration.

Laboratory trial
Laboratory tests were conducted alongside the composting experiment to assess if stem
length effects regeneration under normal conditions and if physical damage to the stem
nodes prevents regeneration.

Stem length
Samples of stem were cut into 5cm, 3cm, 2cm &1cm pieces. Five samples floated in water
and 5 planted in compost. Every third day the water was changed and any growth recorded.
The trial lasted 30 days.
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Node damage
Samples were cut 1cm either side of the node. Five samples had the node sliced in half,
five were quartered and five remained complete as control. Samples were floated on water
others planted in growing compost. Every third day the water was changed and any growth
recorded. The trial lasted 30 days.

Rhizome response to heat
Rhizome sections, no smaller than 1cm, were incubated at 40oC, 50oC, 60oC and 70oC for
periods of 1-6 hours and then monitored for regeneration over a 30 day period.

Results:

Temperature reached by the shredded samples placed in the mature compost heap was
influenced by the ratio of knotweed to compost within the netted bags. The sample with
100% knotweed sample generated the least heat, approximately 10oC below that of the
mature compost heap. All samples irrespective of knotweed/compost ratio reached
temperatures in excess of 60oC and did not regenerate when subjected to growth trials.
It is unclear if the temperature alone prevents regeneration or if this is reliant on shredding
all nodal material. The laboratory tests suggest that damaging nodes prevents regeneration,
but it is possible that intact nodes were present in the compost trial material due to the size
of shredder.
The results of the rhizome heat test indicate that regeneration is prevented when rhizome
material is exposed to temperatures exceeding 60oC for time periods of 1 hour and longer.
Also noteworthy is that rhizome fragments left at room temperature became contaminated
by fungus and failed to regenerate but it is unclear whether this was due to fungal growth or
other factors.

4.5.2 Effects of chipping/shredding on rhizome regeneration potential (Rennocks,
2006)

Location Duchy College Cornwall
Aim: to investigate the effects of tissue wounding and screening on rhizome regeneration
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It is hypothesised that the mechanical action of either chipping / shredding will sufficiently
damage cell structure, increasing its susceptibility to infection and thus prevent
regeneration.
Materials & Methods
Chipping experiment

Knotweed rhizome and small crown material (not species specific) was subjected to the
following treatment regimes using a Crary ‘Bear cat’ model 70380
•

Single chipped - Material passed through a chipper once

•

Double chipped - Material passed through a chipper twice

•

Chip and crush - Material passed through chipper once and then place between a

folded tarpaulin on a tarmac surface and a field roller passed over twice.
Each treatment was then screened through 10mm and 2mm. 60g of treated material was
sown in seedling trays onto 700g of compost and then covered with a 1cm layer of compost.
This procedure was replicated three times per treatment. Each tray was labelled with the
relevant treatment and arranged in a random spilt plot design within ebb and flow units and
placed in a computer controlled glasshouse compartment, with day and night vent set to 17
and 14°C respectively. The units were irrigated periodically to prevent drying out and
checked for signs of regeneration.

a)

b)

c)

Plate 8. Chipping procedure (a Crary ‘Bear cat’ model 70380, b chipped material crushed c,

screened material sown).

Shredding experiment

Excavated Japanese knotweed rhizome was passed through a shredder without prior
cleaning. The fragmented material was screened using a 10mm and 5mm sieve. The
sieving procedure was carried out to standardise the material and limit the effects of micro
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climates forming between varying fragment sizes. Four replicates of each of the three
fragment sizes plus a control (unsieved) were measured and prepared for viability analysis.
The volume used for each treatment is detailed in Table 22.
Table 22. Volume of shredded rhizome material per sample
Treatment

Shredded
Chipped

Control
(unsorted)
90cm3
90cm3

< 5mm

5-10mm

>10mm

60cm3
60cm3

90cm3
90cm3

120cm3
120cm3

Viability trials were conducted by placing a strip of wet capillary matting wrapped in a paper
towel to avoid the material getting stuck in fibres (field capacity) into a polythene bag. Each
bag was then filled with a specific volume of material using the ratio 1:1.5:2 respectively for
each fragment size to ensure that there were a sufficient number of fragments per sample.
4 replicates per size were measured. Bags were placed in an incubator set to 21°C and
checked on a regular basis for regeneration.

Results

Chipping experiment
Only one fragment regenerated (plate). This was obtained from material which had passed
through a chipping machine once and screened using 10mm sieve. The wet weight of
rhizome fragment that regenerated was 0.48g, dimensions 20 x 8mm.

D

Plate 9 Rhizome fragment and shoot

No regeneration was observed from 10mm screened material chipped twice or from 2mm
screened material chipped once or twice
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Shredding experiment
Plate 10 show relative fragment sizes and extent of fungal contamination after one week

a)

b)

c)

d)

Plate 10. Fallopia japonica fragments and extent of fungal contamination after one week of

incubation a) Unscreened, b) >10mm, c) 5-10mm d) <5mm.
•
•
•
•
•

No regeneration from screened material <5mm or 5-10mm
Regeneration from unscreened (control) and >10mm
But regenerative growth died.
No growth present by week 6 of incubation (time of sowing)
No growth after 2 weeks in compost

Plate 11. Fallopia japonica callus tissue

Plate 12. Fallopia japonica callus and shoot

regeneration
All sample sizes had signs of fungal contamination after one week. The smaller the
fragment size the more compacted and higher percentage of contamination.
Unscreened and >10mm samples had large callus formations breaking out all over the
rhizome surface, not just at node areas (Plate 11 & 12). Some callus tissue differentiated to
produce shoots. Undifferentiated callus material continued to grow during the incubation
period, but after two weeks, new shoots had started to wither and overcome by fungal
growth. Fungal growth remains unclassified. Observations of soil mites, nematodes and
emergence of sciarid fly were noted.

Duchy College, Rosewarne, August 2007

77

Summary

Physiology

Rhizome Viability Test

Rhizome sections consistently regenerated within 2 days of incubation between 20- 24°C

Rhizome response to hypoxic condition

Rhizome is able to survive extended periods of submergence in water in excess of 24
weeks at reduced oxygen levels.

Rhizome response to pH

Rhizome regeneration is unaffected by extreme pH and can produce new growth
between pH3 and 10.

Rhizome response to salt stress

Regeneration is inhibited by 300mM NaCl but does not affect capacity of rhizome to
regenerate when stress factor is removed.

Pot trials - salt stress

NaCl 300mM inhibits plant growth.
Genotypes differ in their susceptibility
No mechanism to block NaCl at the roots
NaCl partitioned in mature leaves
Re-growth occurs when salt tress is removed but could be used to allow salt tolerant
species e.g. Miscanthus to gain a competitive advantage.
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Summary

Herbicide treatment
Field trials

•

Round up pro bioactive most effective and preferred herbicide for knotweed
management. It is suitable for sites near watercourses and allows for
establishment of flora.

•

Spray application is most economic and effective but for areas of
conservational value cut and inject technique achieves satisfactory results.

•

Best results are achieved by a single spray after the plant has flowered but
before the onset of senescence towards end of August beginning September
in Cornwall. This is when the most herbicide is translocated to the rhizome

•

If the stand is particularly large or tall then a cut during late spring followed
by spray in late August is recommended.

•

There is no benefit to multiple sprays, a single one in late August has the
same effect.

•

Herbicide should be applied to all surfaces of the plant to the point just
before run off although there is no trial to support this

•

Results indicate 4-5 years of spray treatment to control above ground
material but this may not be sufficient to kill rhizome, they may have gone
into a dormant phase.

•

Cut and Inject protocol produced, requires minimum stem diameter of 8mm

•

Dilution rate 5 parts water 1 part herbicide

•

Cutting canes and leaving them in situ results in increased crown material
and not an effective form of treatment

Domestic herbicide product trials

•

Ongoing trial

•

Preliminary results indicate that Round up Ultra is most effective at reducing
growth
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Summary
Disposal

•

Work is still in its infancy but preliminary results indicate that
shredding and screening both above and below ground material may
reduce the amount sent to landfill.

•

No regeneration observed from material which passed through a
10mm screen.

•

Shredded material susceptible to fungal contamination preventing regrowth
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Chapter Five

Review of Waste Material Disposal
5.1 Introduction

The highly regenerative properties of both knotweed stem and rhizome means that
great care must be taken when disposing of the material, as a consequence it is
recommended to treat knotweed in its original location keeping the amount of excavated
material to a minimum and waste material dealt with on site. This however is not always
possible and landfill may be the only option involving expensive licensed haulage and
tipping costs. Investigation into the economic implications and methods available has been
conducted along with research into novel eradication techniques mentioned in the previous
chapter.

5.2 Results

5.2.1 In-situ Disposal of Waste

Knotweed stands can be treated in situ with herbicide. The above ground material from the
previous years growth or cut canes from new growth, if using stem injection/filling methods
of herbicide application, should be allowed to dry out fully until dark brown. Canes should be
laid on an appropriate surface or membrane to avoid any contact with the ground and thus
prevent re-establishment (Environment Agency, 2006). Alternatively canes can be stacked
horizontally across the cut stumps to prevent contact with the ground. Material can then be
burnt on site once desiccated.

5.2.2 Off-site Disposal of Waste

Excavated soil containing knotweed material (above and below ground) is controlled waste
and eligible for disposal at a licensed landfill unless dealt with on site. Waste should be
transported by an authorised or exempt carrier in accordance with The Controlled Waste
(Registration of Carriers and Seizure of Vehicles) Regulations 1991 under the Control of
Pollution Act (Amendment) 1989. It should be accompanied by a waste transfer note
describing the waste and any special handling requirements so that the licensed receiver is
able to dispose of it legally and in accordance with their own duty of care. The landfill
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operator’s acceptance will depend on availability of an appropriate burial site. There is no
specific waste management legislation controlling how knotweed waste is handled at
landfill other than complying with Controlled Waste Regulations 1992 and Landfill
Regulations (Amendment) 2005. The Code of Practice (Environment Agency, 2006) is
considered to provide sufficient guidance in relation to handling and depth of burial (D.
Evans, Environment Agency pers. comm. 2007).
This states that
•

Material must be buried to a depth of at least 5m.

•

At least 7m from the margins of the site or any engineering features e.g. drains or
bunds, of the site.

•

At least 3m above the base/liner of the site.

At the time of writing there are only two sites in Cornwall that are licensed to receive
knotweed contaminated soils one United Mines Landfill, St Day and the other Connon
Bridge Landfill, near Liskeard.

5.3 Additional Waste Disposal Considerations

Contractors can be required to have waste soils tested prior to landfill for dangerous
substances e.g. heavy metals and pesticides. If any of these components is sufficiently
high, the leachate may be classified as hazardous (Environment Agency, 2005) and can
only be accepted by a landfill site classified for such purpose.
In the event of a traffic accident, knotweed contaminated with a significant amount of oil
would be termed as a ‘mirror waste’ and classified as hazardous. There are however, no
specific guidelines nor is it stipulated by the licensed landfill operator when to have
knotweed contaminated waste tested for hazardous substances but the owner of the waste
must operate in accordance with the Duty of Care Regulations. Random testing does occur
on landfills to police the Duty of Care system but it is unlikely that knotweed would be one of
the considerations (C. Brewer, Environment Agency pers. comm. 2007).
With reference to herbicide persistency, if the compounds are classified as very toxic or
highly carcinogenic the features giving the lowest thresholds for Hazardous Waste
Classifications is a concentration of =or > 0.1% (w/w) would render a waste stream
hazardous (C. Brewer, Environment Agency pers. comm. 2007). The concentration levels
would be dependant on the proximity of the test sample in relation to the stand. If taken
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from the periphery of the buffer zone the levels may be negligible and conversely relatively
high if from close proximity, either could provide a misleading result which may result in
extra costs for developers. This situation could be remedied by the introduction of
guidelines stipulating where testing should take place and the number of tests e.g. per site,
per consignment or per tonne. Little information is available about the possible leaching of
harmful herbicides from plant material and subsequent effects but in general it is thought
that the passage of time usually results in lowering the level of active ingredients.
Currently there is no licensed facility in Cornwall the closest option to dispose of hazardous
waste is Swindon, increasing haulage costs for local developers.

Estimate for Excavation and landfill

A 1m2 stand of visible knotweed could require soil to be excavated up to a 7m radius from
the peripheral crown material and to a depth of 3m to ensure removal of rhizome. This
would increase the volume of soil excavated to 530m3 (Pi x7.5m2x3m). Landfill charges for
disposal are currently £57.75 per tonne (United Mines, Sita ,Cornwall Ltd) or £92.40 per m3
(inc. tax). Assuming 1m3 equates approximately to 1.6 tonnes it could cost circa £48,000 in
landfill charges alone to dispose of 1m2 of visible knotweed.
Table 23. Estimate to excavate and landfill a 1m2 knotweed infestation
ITEM
Excavation
Transport 530/15m3 per lorry
~36 loads
Tipping charges
Refill hole

CALCULATION
£300/day
£300/day
18 days (2 trips per day)
£92.40.00/m3 x 530
530m3x £5
TOTAL

COST
£300.00

£5400.00
£48,972.00
£2,650.00
£57322.00

NB. Japanese Knotweed is considered a pollutant (HM Revenue and Customs, 2007).

Developers may be eligible for Landfill Tax Exemption for polluted soil by applying to HM
Revenue and Customs (an application form can be viewed in appendix 6). See page 30 for
further information.

Duchy College, Rosewarne, August 2007

83

5.4.1 Separation & Disposal Techniques

Given the excessive costs to dispose of knotweed contaminated soil at landfill it is essential
that alternative options are sought to either minimise or prevent the amount of waste
removed off site. Currently these include, on site burial, removal to an area for herbicide
treatment at a later date and soil screening during excavation to establish the limit of
rhizome spread (not all stands extend 7m laterally and to depths of 3m especially if newly
established).

5.4.2 Alternative Techniques
5.4.2.1 Soil washing and Screening

A screening technique which tumbles excavated waste in water to remove soil and separate
out the heavier, solid particles to leave a solid and liquid fraction. The liquid fraction must be
sieved for any suspended fragments of knotweed material. Refer to Appendix 5 for details
of A & G Milieutechniek technology provided by Cleanfield Ltd. A dry variation on the above
technique, where by excavated waste is rotated and passed through a screen thus
removing a specified grade/size of material that it is no longer capable of regenerating.

5.4.2.2 Crushing and Screening

Passing excavated waste through a crushing/shredding machine followed by screening may
further reduce the volume of waste for burial on two accounts:
•

Larger fraction of mineral material broken down and capable of passing through
screening.

•

Crushing action may damage rhizome sufficiently so that certain sized fragments are
not capable of regeneration

Investigations to assess how fragment size affects viability have begun to establish the level
of screening required to prevent regeneration. In addition research that combines screening
with chipping/crushing of vegetative material is underway to see if this process is sufficient
to damage tissue so no longer viable. Details of this research can be found on pages 73-76

5.4.2.3 Pulverising

Combining some of the above processes by adapting mineral extraction machinery to
pulverise excavated waste to reduce all vegetative matter to a pulp could in theory remove
the need for a screening process.
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5.4.2.4 Thermal Treatment Cleanfield Ltd

The Mobile Injection Treatment Process (MITU) is marketed as an in situ or ex situ (stock
pile) remediation system capable of eradicating knotweed using low temperature thermal
desorption, operating at a maximum temperature of 450ºC and capable of penetrating to
depths up to10m in-situ and ex-situ on stockpiles up to 3m above ground . This system may
have limited application due to it being non-specific, in effect it is sterilising/roasting the soil,
therefore denaturing it and is reliant on relatively flat topography if used in situ. There would
be a need to sample rhizome throughout the treated soil to assess is efficiency. Machine
specifications can be viewed in Appendix 5 within the Cleanfield Ltd brochure.

5.4.2.5 Composting

Studies by Morris (1999) found that shredded stem material failed to regenerate after
removal from a mature compost heap reaching temperatures between 60-70 ºC for 7days.
However some rhizome fragments showed capability for regrowth even at 60ºC.
Composting of woody rhizome material using controlled incubators also indicates that
regeneration capacity of relatively large rhizome sections (approx 10-15cms) can cease
once incubated at 55ºC for 7days (Ward, 2003). These results suggest that both above and
below ground material may be susceptible to the degree of heat that a well maintained
compost heap is capable of generating but it is unlikely that the number of variables
required to create such conditions within a domestic situation could be controlled to such an
extent. This technique may be more appropriate for commercial operations where composts
exceed these temperatures.
Groundwork East Lancashire Trust appear to be building on this knowledge and is currently
developing a controlled in-vessel knotweed composting technique. Research laboratory
trials have begun in collaboration with their academic partner, Myerscough College and
Accelerated Compost, but the methodology is subject to confidentiality agreements.
Progress of this project should be monitored.
Acceleration of the composting process by shredding rhizome material to damage the outer
tissues and therefore increase the possibility for microbe/ fungal contamination has been
commenced by Duchy College (2007) with initial findings indicating that shredded rhizome
material is unable to regenerate after a 6 week incubation period at 21 ºC (a temperature
which usually facilitates regeneration) see pages 73-76
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5.5 Recommendations

Funding for future work to continue the research on shredded material should be sought as
combining shredding with composting could provide a sustainable on/off site solution to
waste disposal with minimum energy input requirement. Further work would help determine
if screening shredded material is necessary or the level required to produce waste no longer
capable of regeneration.
There is a clear need to establish what size of screening is required to produce non viable
material if this technique is employed either solely or combined with shredding/crushing to
minimise waste for landfill. The screening procedure must be successful irrespective of
tissue type i.e. nodal. Once established the economic viability of such a process in terms of
reduction of bulk needs to be quantified alongside costs and availability of appropriate
machinery.
Funding should also be sought to further explore pulverising excavated knotweed waste, a
methodology in principle that could have great potential for clearance of large sites.

.
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Summary

•

Treat knotweed in situ where at all possible

•

Above and below ground knotweed material is controlled waste

•

Owners have a Duty of Care when handling controlled waste

•

Stem material should be allowed to desiccate preventing contact
with ground

•

Current practice of waste disposal of below ground material
o On-site burial, stock piling and landfill

•

Two licensed landfill sites in Cornwall to receive knotweed
contaminated soils

•

No licensed landfill sites in Cornwall to receive hazardous waste

•

No specific guidelines for handling knotweed at landfill

•

Lack of policing at landfill

•

Unclear when classified as hazardous.

•

Removal of a m2 stand could cost up to £48000 in landfill charges

•

Knotweed is a pollutant and could qualify for Landfill tax
Exemption

•

Alternative Techniques to pursue
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Appendix 1

Project Information
Milestones and Work Packages
milestones

Work package

Beg

End

Evaluate the current knotweed

Desk study, literature and data review, construct database of previous work,

Nov

June

problem

identify key workers and collaborators

2005

2007

Review current legislative

Liaise with consultancy practitioners. Review range and costs of disposal.

Dec

May

guidelines for knotweed

Identify from

2005

2006

Quantify knotweed responses to

Explore plant functional responses to applied treatments. Conduct field and

Feb

May

eradication treatments

lab studies

2006

2007

Explore cost effective and safe

Jan

May

disposal of knotweed material

2007

2007

To establish guidelines for

May

Ep

effective eradication

2007

2007

eradication

Minutes for meeting held on 05/04/2006
15/11/2006
27/05/2007

Duchy College, Rosewarne, August 2007

93

Action Minutes

Meeting of:

JK PROJECT STEERING GROUP

Date:

05 APRIL 2006

Centre / Programme / Unit:

Present:

Start time:

Chaired by:

BARRY MULHOLLAND

13:00

Finish time: 16.30

DUCHY COLLEGE ROSEWARNE

BARRY MULHOLLAND (CC)

LISA RENNOCKS (CC)

LOVEDAY JENKIN (CCC)

SUE McDONALD (CC)

DEAN EVANS (EA)

ROBERT LAWRENCE (CC)

MATTHEW BUTTON (CC)

GREG MORGAN (absent)

CAROL WILLIAMS (absent)

COLIN HAWKE (CCC)

KIM-MARIE CLOTHIER (WA)

NIGEL SHAPLAND (NHBC)

JAMES MACFARLANE (CCC)

Circulate to Attendees

Agenda

Total Number of Pages:

Topic Title / Decisions

Item

1
2

3

By Date

Colin Hawke

ASAP

BARRY MULHOLLAND (BM) Chair welcome note
apologizes from Greg Morgan

BH gave project introduction, rational and R & D funding of mechanism detailing project milestones, timescales and
steering group function/decision making. Overview of previous experimental work carried out at Duchy testing competition
in presence of salt.
Question of intellectual property- legal documentation to be chased

4

Agreed Action
By Whom

SUE McDonald (SM) introduced match funding. Explanation of paperwork and specified that standard pay rates apply.
Only applicable to those whose post is NOT funded by EU. Forms to be returned to LR once she has forwarded postal
details. Sue is able to contact each employer to establish rate for individual.
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SM
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5

LR introduced project activities and achievements to date (research, creation of reference data base, review of present
management techniques, waste disposal and legislative process. Gaps in knowledge were highlighted and the
recommendations for further research from the EA Draft Code of Practice were circulated to the steering group for
discussion on which areas should be pursued scientifically including both domestic and professional herbicide use. It was
agreed that domestic use should be based on scientific data but not necessary to experiment further with professional
application of existing products.
James Macfarlane (JM) briefly explained possibility of involvement of new herbicide trial from Dow chemicals.

JM to chase

CH explained the foam/steam process originally from NZ (waipuna system) but was decided that it was not a suitable
eradication method. Council would be willing to have demonstration if contacted.
LR proposed the testing of different surfactants

Discussion on the use of geotextiles. Questions rose about permeability, pore size and potential of gas build up. Concern
raised as to whether they offer a long or short term solution. The lack of product information in the Draft EA Code of
Practice was highlighted.
LR suggested possibility of exploring different barrier techniques in terms of pressure exerted, rhizome response to vertical
barrier. Rhizome extension capacity is unknown.
Kim-Marie Clothier (KMC) and Nigel Shapland (NS) would both welcome training events /leaflets tailored to specific
situations. Most developers are interested in removal and not burial therefore investigation into separation techniques to
reduce waste would be beneficial. KMC mentioned Barrie O’Connell working at the Wheal Jane site would be happy to
assist. Issues raised in relation to soil compaction

KMC to discuss with
Barry O’Connel

w/c 10/04

LR raised rhizome viability after burial. How is it affected by depth/compaction/O2 levels/anoxia/water table. Proposed
some type of core sampling for long term investigation.
•

LR asked for thoughts on what the final products of the project should be. All agreed to best practice guidelines
rather than a ‘code of practice’ but which supplemented the EA’s code.

•

BM asked about the direction of publishing, would it be an up dated ‘knotweed manual’ and CH and JM suggested
that the author would be happy to be involved. Any new material should lean heavily in favour of science, best
technique and away from conflicting advice and hear say. KMC would like to see endorsement by Defra or other
agencies. Should include factors important to domestic, industrial and agriculture users which could then be taken
as targeted factfiles?
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BH requested that the group recap on options and begin to hone down.
JM Suggested the testing of domestic applications of JK. There is a niche for domestic users as yet untapped?
NS suggestion of an investigation into rhizome penetration strength with regard to geotextiles barriers, concrete and
tarmac.
Loveday Jenkin (LJ) Suggestion of phototropic responses of rhizomes.

Chair returned to the milestones and timescale of any experimentation.
KMC & NS noted that what the construction industry wants is a method that is cheap and cheerful eg separation/ deep
burial that reduces cost of biological/biohazard removal. An on-site technique that could reduce the volume of soil removed
would certainly reduce costs. Separation on-site or at an organised site. ‘Ross Fischer’ (who/ where?)experienced in waste
separation.
CH asked what size of rhizome could be collected? Could the organic material be burned on-site after crushing/cutting?
And what sort of temperature would be needed for what period?

Chair: are we all agreed that we are investigating the rhizome and not the above ground vegetation? Most ‘successes’ in
JK eradication focus on the visible above ground greenery.
All agreed that research would focus on rhizome
Chair reviews possible avenues for research
•

Combined salt/O2

•

pH a factor? Will liming help?

•

CH would crushing increase fungi pathogen activity improve the efficiency of composting?

•

CH Investigation into separation techniques and viability of JK fragments post separation.

•

Geotextiles CH suggested
o

Efficiency at differing levels

o

Problems of hydrology

o

Proof of failure of commercial geotextiles.

o

JM pressure of shoot strength.
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Chair put aside the geotextiles avenue as there are already more then enough possibilities of scientific research.

JM

Suggested that JM continue with geotextiles.

Further discussion of separation and on-site disposal, involving crushing/ and burning, could use 45 gallon drum.
6

7

Final list of possible avenues for further research
•

Proof of viability after separation

•

Testing domestic products

•

The effects of crushing and cutting on dehydration rates(thermal/burning) Establish critical moisture content

•

Physiological responses to stress eg anoxia/compaction, pH, NaCl

•

Establish pressure exerted from growing shoot

•

Do rhizomes have seasonal response eg extension

LJ highlighted the intention to hold an international scientific conference. The suggested venue being Tremough Campus,
Combined university Cornwall. Dates available during march 2007 except 28-30th. Provide alternative to EMAPI being held
in western Australia. Accommodation needs to arranged as not available on campus. LR has standard hire fees but are we
able to obtain internal rates? Can we use internal organisation facilities or do we require an event organiser? BM- Duchy
college is happy to do some of the work. All agreed that it should promote the science for the forums work.

Duchy to review
feasibility and
experiment design

ASAP

Research sub group

ASAP

LR will circulate
dates

w/c 10/04

A title of the conference is yet to be confirmed but the conference focus is terrestrial invasive species and should
incorporate/integrate science- good practice
The programme should be confirmed and the first call for papers made before summer 2006 via forum
site/ Exeter university site. Matt to put on once decision finalised

8

BM suggested two meetings a year. Next in October following The West County Rivers Trust invasive species conference
taking place at The Eden project in September for approval along with the minutes.
LR to meet with Rob Lawrence to discuss pesticide experiment
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Action Minutes
Meeting of: JK PROJECT STEERING GROUP
Chaired by: LISA RENNOCKS
Date: 15 NOVEMBER 2006
Start time: 13:00
Finish Time: 17:00
Centre/Programme/unit: DUCHY COLLEGE ROSEWARNE
Present:
LISA RENNOCKS (CC)
LOVEDAY JENKIN (CCC)
DEAN EVANS (EA)
JAMES MACFARLANE (CCC) MATTHEW BUTTON (CC)
Apologies:
BARRY MULHOLLAND (CC) NIGEL SHAPLAND (NHBC)
ROBERT LAWRENCE (CC)
CAROL WILLIAMS (NE)
KIM-MARIE CLOTHIER (WA)
Circulate to attendees
Item

1
2

3
4
5
6
7

8
9

12

COLIN HAWKE (CCC)
MATTHEW BROWN (CC)

Total Number of Pages. 5

Topic title/decisions

Action

LISA RENNOCKS (LR) chair welcome note
LR obtained completion of match funding forms.
Apologies from GREG MORGAN, BARRY MULHOLLAND, MATTHEW BROWN, KIM-MARIE CLOTHIER, NIGEL
SHAPLAND
LR asked whether COLIN HAWKE (CH) had followed up on the question of intellectual property from the last meeting. An
email answer had been circulated but LR hadn’t received it. CH promised to forward it.
Conference details were announced for the benefit of DE
JM updated group on the progress of new herbicide trial to be conducted by Ian Thompson (DOW) advising that
registration had not been completed.
LR advised that involvement from Kim-Marie and Barrie had not moved forward since the initial meeting at Rosewarne
concerning separation techniques trials and that it was unlikely to do given that WA are unable to dedicate any further
time. Alternative screening machines at Downs Farm and Tory canyon were mentioned. LR provided specification details
for Doppstadt machinery. JM believed that Tory canyon was a viable option due to on-site contamination and reducing
concerns of machine cleaning.
Screening/separation would tie in with work being done in France. JM updated group on his visit to meet Mireille Boyer in
France and showed pictures of JCB adapted for crushing. It was agreed that it would be worth exploring
Presentation by LR on progress in relation to the project objectives and highlighted the aims and investigative work that
had taken place so far. Categories included
Rhizome viability
o
• Optimum regeneration achieved during incubator at 24 C.
o
LJ suggested further sampling around the temp range of 24 C.
Salt irrigation
• Salt not blocked at roots
• Plants dropped leaves when irrigated with 300mM.NaCl.

Duchy College, Rosewarne, August 2007

CH to forward

JM to arrange
JM to follow

LR

98

JM asked whether the material will regenerate the following season. LR advised that shoots were observed when plants
were harvested. General consensus was yes it would. JM and LOVEDAY JENKIN (LJ) pointed out that Knotweed grows
on the edge of dunes in areas of high salt concentration with little effect.
LR advised that intertidal ranged between 290-810mM
LR asked the forum to decide whether this course of experimentation warranted further investigation.
JM and DEAN EVANS (DE) briefly discussed the validity of salt as a more friendly treatment and in relation to labelling,
i.e.classified as herbicide or fertilizer?
pH scoping
• Regeneration obtained at both ends of the scale (pH3 and 10)
Possibility of expanding on scoping exercise was discussed, LJ repeated the point that Knotweed grows on dunes so not
worth repeating.
Anoxia
• Regeneration of rhizome submerged for 8weeks
• No regeneration at 10 weeks to date
LJ expressed concern if a ‘true’ anoxic environment had been achieved and that it would be worth testing with an O2
probe before proceeding with further research.
LR suggested using SEM to produce images of aerenchyma cells.
Chipping
Regeneration obtained from chipped x1 and 10mm sieved material (fragment dry weight 0.173g)
No regeneration observed from chipped x2 or chipped x1 and rollered either from sieved 10mm or 2mm material.
Discussion on combining treatments for future work
• crushing combine with anoxia
• crushing combine with composting
10

MB presented background info on composting possibilities and highlighted drawbacks in relation to creating a perfect
environment for regeneration. Group concluded not to proceed with any trials in light of previous work and trials by
Groundworks. DE proposed that if knotweed could be separated by some means then burning would be an easier option
but realised this moved away from the aim of environmentally sustainable solution.

11

LR instigated a discussion on what format the final document/products to be produced should take. The EA Code of
Practice was reviewed alongside Lois Child’s Knotweed Manual with a view to determining what niche the steering group
wished to fill.
The EA CoD targets development sites and therefore a document that covers a broader application is called for covering
different case scenarios.
LR asked for specific guidelines on format - a ‘best practice guide’ where the chapters follow the same structure as the
project aims was decided eg
Legislation • response to eradication treatments (with scientific evidence where at all possible) • waste disposal.
A large proportion of the case study work remains anecdotal and would take time to get published in scientific journals
(still a large body of CSM undergraduate work to be written up) therefore condensed versions could form part of an
appendix. Also, alongside the guide, a review article detailing ‘progress to date’ could at least highlight work that has
been carried out even if it hasn’t been published yet.

Duchy College, Rosewarne, August 2007

99

12

CH would like to have a review of legislation that could be used as a lobbying tool, highlighting gaps in the water
framework directive, planning regulations, home buyers pack and the need for guidelines targeted at different industries ie
horticulture and motor recovery industries. This could be incorporated into the review article.

13

LR read out input from BM expressing his views on the final document
A working title was agreed after deliberation of the word eradication
CONTROL & ERADICATION OF JAPANESE KNOTWEED – A Best Practice Guide

14

Discussion on which experimental options should be pursued.
• Salt irrigation work completed
• Compaction experiment rejected as measurements would not be meaningful (rhizome/crown size generates
variable shoot size and therefore strength).
• Burial trials to investigate anecdotal evidence on depth and viability were thought to be unnecessary
Conclude that the best use of time left would be further investigations into rhizome separation and establish the domestic
herbicide trials should JM have enough green material.
Domestic products trial
LR to find treatment site at Duchy for domestic pot trial.
Treatment to begin immediately with assessment of regrowth in spring. LR suggested the possibility of it forming a student
project for follow-on years to get meaningful data.
Spray application method decided in line with product label (possibility in future to trial cut/inject method but need to mirror
label at this stage). Herbicides selected for trial Roundup Ultra (360g/l)’, Roundup GC (120g/l), ‘Roundup fastaction
(7.2g/l), ‘Weedol’ and ‘BQ complete weed killer’
Separation
In addition to using machinery at Tory Canyon, LR to try and arrange meeting with WA between JM, LJ, KMC and BO. LJ
to approach Steve Barber SGS.

LR to action
JM to check

LR to contact WA
LJ to contact SGS

Anoxia/hypoxia trails will continue as before.
15

16

17

AOB (DE and MB left at 16:00 )
LR suggested that the Cornwall Knotweed Forum website host a News page accessible and updateable by all to post
details of research and events in an attempt to aid transparency and reduce duplicity. LR raised issues concerning
control of website and its fragmentation suggested it to be a single site with forum ownership. This will be taken forward
by management board and then they will advise how to get the project database live.
LR asked the steering group what duties the technician should undertake in the absence of experimental procedures. It
was decided that Matt would be able to assist with writing, data research and propagating new material and possible
website work.

Forum
JM to forward
Propogation
protocol

Further discussion on domestic trial methodology and LJ raised concerns about time allocation left for write up and offered
th
assistance after 25 Nov further
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Action Minutes
Meeting of: JK PROJECT STEERING GROUP
Chaired by: DR BARRY MULHOLLAND
Date: 25 MAY 2007
Start time: 09:30
Finish Time: 14:00
Centre/Programme/unit: TRURO COUNCIL OFFICE
Present:
LISA RENNOCKS (CC)
LOVEDAY JENKIN (CCC)
DEAN EVANS (EA)
JAMES MACFARLANE (CCC) BARRY MULHOLLAND (CC) NIGEL SHAPLAND (NHBC)
Apologies:
ROBERT LAWRENCE (CC)
KIM-MARIE CLOTHIER (WA)
Circulate to attendees
Item

1
2
3

4

08

COLIN HAWKE (CCC)
MATTHEW BUTTON (CC)

Total Number of Pages. 05

Topic title/decisions
BARRY MULHOLLAND (BM) chair welcome
LISA RENNOCKS (LR) obtained completion of match funding forms
Apologies from KIM-MARIE CLOTHIER, ROBERT LAWRENCE
Minutes reviewed
• JAMES MACFARLANE (JM) gave some feedback from the conference for DEAN EVANS (EA) & NIGEL SHAPLAND. In
particular the work in Clarke County, US.
• LR raised the problems collecting papers from the participants of the conference and wished to double check with COLIN
HAWKE (CH) about the Invasive email. CH nothing arrive as of that morning.
• LR had sent out a reminder and the extension of a week. LOVEDAY JENKIN (LJ) clarified that all participants had been
sent the guidelines for reports/papers and new deadlines. It was suggested that the PowerPoint presentation be put up
on the net to spur on the participants and keep some momentum.
• BM-Perhaps everyone is busy and the new deadline should be after the academic year has finished.
• Group discussed the format and pricing. Should it be a book, article or a summary of the conference? It was decided that
this would depend on the number of responses.
• Shorter communication could be an abstract perhaps with a graph but with no peer review. LJ believes that peer review
is important for validation
• BM- An abstract can be simply improved with a graph. Does the council have any fund for a pamphlet? Is there an inhouse publisher at the council? Is there library of work? Who is the intended audience? Could it be kept as a PDF file on
the home pages? We could use the Rosewarne format as a template which could be sent out for participants.
• Final decision Four A4 pages plus figures/graphs.
 Font 11.0 Arial
 Space 1.5
Decision made.
CH suggested keeping the template and the Pdf’s on the invasive homepages. JM offered to call around before forwarding
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CH would
check the
price of
publishing’

JM to contact
all
participants
by phone
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format and to let them know ‘we now in the final process of formatting’.
Review of the ‘Knotweed Control: Implications for Biodiversity and Economic Regeneration in Cornwall’ by LR.
BM-this is the time for input. Although emailed by LR no one had had the opportunity to read the report.
Introduction-based on the literature review and tailored towards control techniques/cost/economical impact etc
Objective One Evaluation of the knotweed problem in Cornwall• Facts and figures. Questions over the value given in the report for the treatment of an infected site. Discussion on tipping
costs and theoretical treatment costs. LD suggested adding more detailed digging and dumping costs. And JM
suggested starting with brown-fill sites with a variety of different methods, but this was rejected.
• It should be amended from four-five to ‘remove’ not eradicate relating to herbicide treatment.
• CH suggested checking to see what the number of recording since the birth of the forum. This may have some bearing
and may be used to show Cornwall’s best practice.
• What is the history of the forum? Why was there so much information and interest in Cornwall? Long ‘Good biology
records’ LR suggested that a portion of the history could be used in the best practice forward. CH-Perhaps in an ‘it could
happen to you’ for other areas and urban redevelopment. I.e. Thames.
• NS asked if Knotweed could create cracks in concrete itself. Group- exploit and existing weaknesses, if buried it will grow
around and only requires a fragment of light.
• LR noted that there is very little information about biodiversity. What there is focuses on flora with almost no
investigations on fauna -‘Gaps in knowledge’. This should be linked into the recording effort/council knowledge.

Objective two- review legislative guidelines.
• DE suggested that soils should be have a bio-analysis as well as a heavy metals analysis but concluded ‘there are other
complicated factors to take into account with’
• CH wondered whether this issue could be brought into the building regulations.
• LR had planned to suggest the tightening of planning but recent government announcements planned to loosen them
(only environmental impact assessments for major schemes e.g. town planning.)
• BM suggested that the best practice guide could be forwarded to ministers and discussed in the Houses of Parliament to
highlight gaps in the planning regs/ environmental planning.
• LD–local development framework to inform planners, could it go along with the regional planning guidance? Could the
local development frame work be linked into the Forums red flagged knotweed map?
• BM suggested final boxes or bullet points at the end of each section to highlight gaps in knowledge which in turn could
be developed into a future action plan to supplement planning guidance.
• What does Sean Hathaway (Environment department, Swansea) do and how does he relate it to his
planning/development.
Objective three- monitor knotweed responses to eradicate treatments
• LR presently just ‘the bare bones’ of the scientific study done. Could it/should it be more scientific? Should the case
studies be presented in this section or later? Eventually the section will be much larger. After a discussion it was agreed
that ALL functional traits/ physiology research etc would be presented in this section. All the chipping, shredding and
composting would be here while the separation techniques will be presented in the next section.
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5

6

Objective four- Evaluate waste material disposal
• This section it was decided would retain the information on separation techniques while the other scientific work would
be transferred to the previous section.
• DS had a question about the issues of testing for heavy metals and their longevity. As well as the restrictions/testing of
residual herbicide applications. Do these count as ‘hazardous waste’ and what is the legality of it? Also raised question
about the ‘landfill tax quota’.
Objective five- Establish guidelines for effective eradication
• ‘Gaps in knowledge’- a summary distilled down to 20 ‘gaps’ in knowledge.
• A focus group should meet and decide what goes into this section. NS suggested an end user summary leaflet.
BM- Practitioners Course, the next level up from spray course. Aimed at surveyors and architects etc. Perhaps it could be linked
to professionals CPD (continued personal development) a one/two day course theory/practical/case study/essay. It should
achieve a theory of good practice, perhaps as a module of the BSc third year and hopefully national (RICS) accreditation. It could
generate funding to continue the forum. Possibilities of Reading, Exeter or Plymouth accreditation.
BM said it would probably have to be Plymouth. Hopefully the module will be approved soon.
MB left
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Appendix 2

Mineral Analysis of Leaf Material after Salt Irrigation
Mineral concentration in leaves mg/kg
Fallopia japonica
Na

Fallopia x bohemica

Fallopia sachalinensis

Immature

mature

Total

Immature

mature

Total

Immature

mature

Total

1092

1556

2648

1708

2883

4591

3191

3755

6946

210mM

19806

31219

51025

23768

30409

54177

7521

16986

24507

240mM

15520

25181

40701

12597

30673

43270

8305

14870

23175

270mM

32895

29390

62285

15582

30111

45693

8268

19466

27734

300mM

21537

27142

48679

26139

34225

60364

8783

20567

29350

9300

13700

23000

16700

25600

42300

21100

26600

47700

210mM

39500

61300

100800

46300

75300

121600

24100

45000

69100

240mM

30800

46600

77400

27000

68400

95400

25900

45700

71600

270mM

50000

54700

104700

32600

62900

95500

25300

44100

69400

300mM

39700

46100

85800

51500

68700

120200

24000

42600

66600

0mM

4065

3084

7149

4008

3352

7360

4881

3709

8590

210mM

4629

2986

7615

2698

4102

6800

5513

3714

9227

240mM

4627

2956

7583

4892

4145

9037

5414

4320

9734

270mM

4317

3157

7474

5426

4547

9973

5381

3267

8648

300mM

3923

3330

7253

5242

5606

10848

5666

3777

9443

0mM

24699

21834

46533

25961

26012

51973

30673

25709

56382

210mM

27099

27680

54779

21853

32996

54849

33248

33218

66466

240mM

26386

24592

50978

27534

33750

61284

37480

34308

71788

270mM

26370

26085

52455

27404

31731

59135

35122

34842

69964

300mM

26859

26802

53661

28078

32312

60390

31612

32910

64522

14

36.8

50.8

8.8

15.9

24.7

79.4

76.7

156.1

210mM

27.8

60.9

88.7

192

66.5

258.5

57.3

103

160.3

240mM

32.4

79.4

111.8

116

99.6

215.6

171

405

576

270mM

62.7

147

209.7

46.3

75.1

121.4

181

328

509

300mM

50.4

74.7

125.1

45.3

154

199.3

96.2

336

432.2

0mM

Cl
0mM

P

K

N
0mM
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Appendix 3

Media articles
http://new.edp24.co.uk/content/news/story.aspx?brand=EDPOnline&category=News&tBrand=edponline&tCat
egory=news&itemid=NOED29+Dec+2006+17%3A52%3A22%3A933

Major plan to remove marsh knotweed
30 December 2006 08:00
A major operation to remove 7,500 tonnes of contaminated soil from a section of north Suffolk marshes is to
be launched after a public outcry.
The Environment Agency (EA) has agreed to take drastic action after admitting its contractors dumped the
soil, contaminated with destructive Japanese Knotweed, on Reydon Marshes, near Southwold.
As reported in the EDP last month, furious landowners feared the fast-spreading weed, the planting of which is
an offence under the Wildlife and Countryside Act 1981, would cause havoc on the marshes and surrounding
area.
Initially, it appeared the EA would leave the contaminated soil, brought in to construct a flood defence bank,
on site and carry out a treatment programme to stop it spreading.
However, a spokesman last night confirmed the huge task or removing the soil from the site would now take
place, although he was unable to say how much the project would cost.
Richard Woollard said: "We will be removing it, but that's all we can say at this stage. The soil needs to be
carefully disposed of using the proper authorities."
While the removal of the soil has been demanded by landowners, their representative fears the action might
not be enough to prevent knotweed taking root and spreading in the long-term.
Sam Jennings, who works for land agents Strutt and Parker in Ipswich, said his clients wanted a long-term
commitment from the EA to treat any future outbreaks of the weed in the area.
Mr Jennings, who represents clients including Southwold Town Council, St Felix School and Southwold
Fishing Club, added: "Even though they are going to remove the soil, I don't think it's the end of the problems.
How do they know it will remove everything?"
Landowners had threatened the EA with legal action if it did not remove the soil while it also emerged the EA,
which usually investigates breaches of environmental law, faced the possibility of prosecution itself.
Mr Jennings added: "If knotweed suddenly appeared on land belonging to the town council or the fishing club,
the Environment Agency would come down on them like a tonne of bricks, with enforcement notices. In five to
10 years' time everyone will have forgotten what has happened now."
Resident Clyde Camburn, who lives by the marshes, said: "I think it is good news. It's what we wanted, but
they need to ensure there are procedures in place to manage the potential spread of knotweed. It's very easy
for the stuff to spread and I'm anxious to make sure they don't just remove it and walk away."
Japanese Knotweed was introduced to the UK as an ornamental plant during the 1800s and forms dense
clumps up to three metres in height. It shades out native plants by producing a dense canopy of leaves and
creates a poor habitat for native birds, insects and mammals. It can also grow through roads and within cavity
walls in properties.
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A spokesman for the Government-funded watchdog Natural England last night said there were no plans to at
present to carry out a prosecution.
No-one from the EA's contractors, Van Oord, was available for comment.

Company must remove soil after losing second appeal

Author:
Indeg Jones
Date published: 7-Dec-2006
japanese, knotweed, prosecutions
Keywords:

Following a two-day hearing at Cardiff Crown Court on 23/24 November a Rumney-based company have lost
their appeal against a Notice from Environment Agency Wales, requiring them to remove soil containing
Japanese Knotweed from their site.
Neal Soil Suppliers Limited of Ty To Maen, Newton Road were appealing against an Enforcement Notice
served on them by Environment Agency Wales under Section 59(1)(a) of the Environmental Protection Act
1990.
The company was ordered to pay full costs of £4,100 to the Agency. They have until 31 March 2007 to
remove the waste from their site.
The company had had an earlier appeal dismissed following a two-day hearing at Cardiff Magistrates’ Court
on 18/19 September this year. Following this appeal costs of £9,075 were ordered to be paid to Environment
Agency Wales.
The case arose as a result of Neal Soils removing soils contaminated with Japanese Knotweed from the
Grove Park development in Llanishen, Cardiff in early April 2004. Soil was collected from that site and
deposited on the Newton Road site despite the fact that it did not benefit from a relevant waste management
licence.
The Notice required the removal of Japanese Knotweed contaminated soils, classified as controlled waste,
from the site within 28 days. This has now been modified to allow a period of three months, agreed between
the two parties. It is estimated that this will cost the company in excess of £100,000.
The Wildlife and Countryside Act 1981 makes it an offence to plant or cause Japanese Knotweed to grow in
the wild. During the appeal hearing, it was suggested by the company that the soil could be best treated for
the eradication of the Knotweed at their Ty To Maen site. However, the presiding judge expressed in summary
that to treat the soils on an unlicensed facility would be authorising an illegal waste management activity.
Therefore the appeal was dismissed.
Bob James, Agency Environmental Crime Officer said: ‘We hope that the result of this second appeal will
serve as a warning to the waste industry as a whole. The Agency will stringently enforce environmental
legislation against any company or individual seeking to operate outside the regulatory regime.’
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Appendix 4
Contractors Information
Table 24. Summary of information on knotweed contractor websites detailing services nd claims
Contractors
tcm

Japanese
Knotweed
Solutions

Phlorum
environment
al consultanc
y

Knotweed
Control Ltd

Type of treatments
4 offered:
TM
-Unique HIT system (Holistic
Integrated Treatment) for
invasive weed control in 1
growing season using
chemical and cultural
techniques.
-Dig and dump
-Integrated on-site treatment =
stockpile and treat herbicide
next growing season
-Standard herbicide treatment

Guarantee
Yes underwritten
by specific
Professional
Indemnity
insurance (with
Lloyds) up to £2m
per annum.

Length guarantee
About 4 years from
eradication, subject
to survey and strict
TM
adherence to HIT
methodology.

Track record
Success for 10
organisations listed.

Case histories

Claims
Unique level of warranty.
Complete eradication in
one growing season.
Unrivalled practical
experience in its
eradication.

Chemical – 2 offered:
-Non residual, trans-located
herbicides
-Residual herbicides
Foliar applied and direct
injection system
Excavation – on/ off-site
Combination

Yes, tailored to
client site with
quarterly site visits
st
in 1 year, then
annual & reports
Co. has
Professional
Indemnity and
Public Liability
cover to £2m.

10 year insurance
backed warranty free for contracts
over £10k.

Several testimonials
from EA spokesmen
& developers.
Trusted contractor for
Environment Agency,
British Waterways
and major
construction and
development
companies in UK.

3 success reports
illustrating different
developments and
treatments –
Superstore, Housing
Devpt. and Flood
Alleviation scheme.

Leading specialist in UK.
Specialise exclusively in
Japanese Knotweed.
Industry leader in
chemical spraying.
First UK company to offer
direct injection.
Longest track record of
completed projects.

- Reduced volume excavations
- Mechanical sorting
- Use of membranes and root
barriers
- Range of chemical
treatments.

‘Work can be
guaranteed by
1
collateral
warranties

Does not say

15 client logos on
website.

McCarthy & Stone
residential development
sites

Complete and guaranteed
eradication of Jk from
development sites.
At least 50% reduction in
volumes waste created by
jk eradication works.

-Spraying with Herbicides
-Spraying and Digging
-Removal of all soil waste.

Nothing mentioned.

Over 10 years of
satisfied customers
up and down the
country.

Recent projects page –
‘currently being
updated’ – no info.when
site last accessed –
12/07/07.

Permanent removal of
Japanese Knotweed fully versed in the various
options available.
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Contractors
Complete
Weed
Control

Type of treatments
No. of methods of control:
-herbicides & specialist
knotweed products
one type herbicide near water
if herbicide not an option due
to time constraints:
large areas -excavate and
remove to designated waste
site
smaller clumps - dug out, put
in sealed bags & incinerated.
Site trials shown combined
digging and spraying is most
effective way of reducing time
required for chemical control.

Guarantee
‘Our work is
covered by a
guarantee to meet
your expectations.
We re-treat free of
charge if we do not
achieve our goals.’

Length guarantee
‘no one can give a
long term
guarantee against
its return.’

Track record
ISO 9002 compliant
and quality assured.
Company has a
combined total of 500
years experience
tackling Japanese
Knotweed
All operators NPTC
certificated.

Case histories
Working with the
National Trust to map,
then eradicate, areas of
Knotweed.

Claims
‘A focus on research and
development has meant
that CWC are at the
cutting edge of new
technology in the industry
and have achieved award
winning status for their
environmentally friendly
methods of weed control.’
State of the art techniques
Cost-effective solutions
Qualified and fully trained
operatives
Techniques fully compliant
with legislative
requirements.

1

Collateral Warranty - When two parties have a contract, e.g. a developer and contractor, a collateral warranty gives rights to a third party, e.g. funder or purchaser, who otherwise
would have no redress, as warranties are generally valid only between parties having a contract.
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Appendix 5

Products and Equipment
Screening equipment suppliers
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http://www.allu.net/
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Mobile Injection treatment Unit

Duchy College, Rosewarne, August 2007

118

http://www.cbaenvironmental.com/mitu12.htm
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http://www.cbaenvironmental.com/mitulvr.htm
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Stem Injection Products
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Appendix 6
Landfill Tax Exemption Information
Confimation that Knotweed is considered a pollutant
Copy of email from HM Revenue &Customs
Date: 23 August 2007
Reference: C 10171

Dear Ms Rennocks
Reclamation of contaminated land - Japanese Knotweed
Thank you for your e-mail sent on 21 August 2007 concerning the exemption of
landfill tax in relation to Japanese Knotweed.
Japanese Knotweed is considered to be a pollutant as in most cases it is found to
cause harm or have the potential to cause harm. Although it is not toxic to
humans, animals or other plants, it offers a poor habitat for native insects,
birds and mammals. Moreover, due to its aggressive nature of growth, caused by
its extensive underground root (rhizome) network, if left on development sites,
it can cause structural damage to buildings and as such is considered to be a
pollutant.
Therefore, depending upon the site to be cleared and the nature of the
development under construction, HM Revenue & Customs will consider the evidence
to support the individual application and where relevant issue a certificate of
exemption under reclamation of contaminated land.
I hope the above information is satisfactory, but if you have any further queries
regarding this matter, please do not hesitate to contact the address shown above
quoting our reference number.
Yours sincerely

Pat Coster (Mrs)
Written Enquiries Officer
All further e-mail correspondence sent to HM Revenue &Customs should be directed
to the main e-mail address for this region, enquiries.estn@hmrc.gsi.gov.uk. No
e-mails should be redirected back to the officer regarding any future
correspondence. This is to ensure that any absences from the office by staff do
not delay prompt answers to any future enquiries.
Copies of all our Notices are available from the National Advice Service on 0845
010 9000 or from our Internet website address at www.hmce.gov.uk
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Application form for Landfill Tax exemption
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