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6'" WORKSHOP OF THE EWRS WORKING GROUP:
PHYSICAL AND CULTURAL WEED CONTROL

Lillehammer, Norway
8-10 March 2004

Sunday 7 March
17.00 Registration
19.00 Welcome drink

Monday 8 March
08.00 Registration
08.30 Opening address

Bo Melander, Coordinator of the working group
Jan Netland, Local organising committee
Johan Ascard, Scientific organising committee

Session 1 - Cultural and physical weed control

08.50

09.10

09.30

Chair: Paolo Barberi (IT)

Development of a Decision Support System (DSS) for weed management in organic
winter wheat production.
Ken Davies (UK) & Daniel NeuhoOff (DE).........cc..cccoueeiiiieviiieiiieeiiee e 11

Row distance as a key to efficient weed management in organic sugar beets
Jan Wevers & Lammert Bastiaans (NL).............cccccooeiiiieiiiieiiiieiiiieeiieeee e 12

Physical weed control in organic carrot production
Andrea Peruzzi, Michele Raffaelli, Marco Ginanni & Manuele Borelli (IT) ................ 13




09.50

10.00

General discussion

Coffee

Session 2 - Mechanical weed control

10.30

10.50

11.10

11.30

11.50

12.00

13.00

Chair: Ilse Rasmussen (DK)

Defining optimal conditions for weed harrowing in winter cereal on Papaver rhoeas and
other dicotyledoneous weeds

Alicia Cirujeda & Andreau Taberner (ES)...........cccoooiiiiiiiiiiiiiiiiiiieieeeeee e, 14
The effect of blind harrowing using a flex-tine harrow or a rotary hoe combined with
manure amendment on bread wheat yield

Maryse L. Leblanc & Daniel C. Cloutier (CA)...........ccceeoeeiiiiiiaiieiieiieeeeeeeeee 15

Modelling the effectiveness and selectivity of mechanical weeding.
Dirk KUFSTIENS (INL) .......oooeeeeiieee et 16

Are we making significant progress in mechanical weed control research?
Jesper RasmuSSen (DK) ...........cccooiiiiiiiiiiiiiii ettt 17

General discussion

Lunch

Poster session incl. coffee (see list of posters below)

Session 3 - Engineering in physical weed control

15.00

15.20

15.40

16.00

16.10

Chair: Fredrik Fogelberg (SE)

Comparison of alternative interrow weeder steering systems.
David W. M. Pullen & Peter A. Cowell (UK)..........cccccccomiiiiiiiiiiiiiieeiieee e 18

Different strategies to improve mechanical intra-row weed control in bulb onions.
Pieter Bleeker, David A. van der Schans & Rommie van der Weide (NL)..................... 19

Analysis and definition of the close-to-crop area in relation to robotic weeding.
Michael Norremark & Hans Werner Griepentrog (DK).............cccccooeviivoinciniinccnnnene. 20

General discussion

Short break



Session 4 - Thermal weed control

16.20

16.40

17.00

17.20

17.30

Chair: Johan Ascard (SE)

Recent results in the development of band steaming for intra-row weed control
Bo Melander, Martin Heide Jorgensen & L. Elsgaard (DK)..............cccccovvvivvuveennnn. 21

Thermal weed control by steaming in vegetable crops.
Helge Sjursen & Jan Netland (NO)..............cccoccviiviiioiiiiiniiiiiiiiiieeeeetee e 22

A device to kill weed seeds captured during crop harvesting
John Matthews, Paul Harris & Darryl Miegel (AU) ...........cccooveveeeeieeeciniaieeeiieeenen 23

General discussion

End of session

17.30-19.00 EWRS General Assembly, Paolo Barberi et al. (IT)

19.00

Dinner

Tuesday 9 March

Session 5 - Control of perennial weeds

08.00

08.20

08.40

09.00

09.10

Chair: Mette Goul Thomsen (NO)
Effect of crop rotation and tillage on infestation of Cirsium arvense in organic farming
systems

Arnd Verschwele & Andreas Hausler (DE) .............ccccoooceeeiiiiiiiiiieiieeeie e 24

Response of Sonchus arvensis to mechanical and cultural weed control
Petri Vanhala, Timo Lotionen & Jukka Salonen (FI) .............ccccoccoovveiiiinoiiiiiaiienn. 25

Participatory organic weed management: Rumex spp. control - a farmer perspective
Becky Turner & W. BORA (UK) .......c..oooouiiiiiieeiee e 26

General discussion

Poster session (continued) incl. coffee



10.00 Round-table discussions (three parallel sessions)
1. Guidelines for physical weed control research
Organisers: Petri Vanhala (FI) & Dirk Kurstjens (NL)
2. Can computer models be used to simulate long-term population dynamics of annual
weeds?
Organiser: Ilse Rasmussen (DK)
3. Organic plant production without livestock - combining weed control and nutrient
supply
Organisers.: Anne-Kristin Loes, Lars Olav Brandsceter & Hugh Riley (NO)
12.00 Lunch
Excursion
13.00 Departure from Qyer
14.15 Welcome to Hedmark College
14.30 Research on organic farming in Norway
By Ragnar Eltun, Norwegian Crop Research Institute
15.30 Coftfee
15.45 The OkoTek project - a link between science and farmers.
By project leader Mats Tobiasson
16.15 Machinery exhibition
18.00 Departure from Hedmark College
19.00 Dinner at a local place
Wednesday 10 March

Session 6 - Tillage systems and cultural weed control

08.00

08.20

08.40

09.00

Chair: Jan Netland (NO)

Population dynamics of weeds affected by time and type of tillage
Kirsten Semb Torresen (NO) ............ccooouiiiiiiiiiiiiiiiiieee et 27

Spot ploughing and population dynamics of weeds
KOGCHT SHOJI (JP)..cieeiie e ettt 28

Weed population dynamics by influence of crop rotation in 40 years period
LiviJa Zarina (LV) c...ccoceeeeeeeee ettt 29

General discussion



09.10

09.40

09.40

09.55

10.10

10.25

10.35

Coffee

Reports from round-table discussions (plenary session)
Chair: Daniel Cloutier (CA)

Guidelines in physical weed control.
Petri Vanhala (FI) & Dirk Kurstjens (NL)

Computer models and weed population dynamics.
Ilse Rasmussen (DK)

Weed control and nutrient supply.
Anne-Kristin Loes, Lars Olav Brandsceter & Hugh Riley (NO)

General discussion

Short break

Session 7. Information from other working groups

10.40

11.00

11.20

11.40

12.00

12.45

Chair: Bo Melander (DK)

Combining physical and cultural weed control with biological methods - prospects for
integrated non-chemical weed management strategies

Paul Hatcher (UK) & Bo Melander (DK), EWRS working groups 'Biological control of
weeds' and 'Physical and Cultural weed control'...................cccccooveiviiiiiiniiinieiee. 30

EWRS Working Group: Germination & Early Growth - An overview of working group
activities and opportunities
Andrea Grundy (UK)...........ccocooioiiiiiiieee ettt 31

Crop-weed interaction research; its link with physical and cultural weed control
Lammert BastiQans (INL) ...........ccccooouieiiiieeiie ettt ieeenaeeens 32

Presentation of the new EWRS Working Group 'Education and Training'
Daniel Baumann (CH), Daniel Cloutier (CA) & Paolo Barberi (IT) ............c..cccc....... 33

Concluding remarks and working group affairs
(future plans, web site, next workshop etc)
Bo Melander et al (DK)

Lunch

End of workshop



Posters

Introduction to three Round table discussions

Guidelines for physical weed control research: flame weeding, weed harrowing and intra-
row cultivation

Petri Vanhala (FI), Dirk Kurstjens (NL), Johan Ascard (SE), Andreas Bertram (DE), Daniel
Cloutier (CA), Andrew Mead (UK), Michele Raffaelli (IT), Jesper Rasmussen (DK) .......... 34

Computer model for simulating the long-term dynamics of annual weeds
llse A Rasmussen & Niels HOISt (DK) ..........cccooviiiiiiiiiiiiii et 35

Designing crop rotations for organic plant production with low livestock density, combining
weed control and nutrient supply
Anne Kristin Loes, Lars Olav Brandsceter & Hugh Riley (NO) ............ccccovevevvevcveenceeannnn. 36

Mechanical weed control and engineering

Crop growth stage susceptibility to rotary hoe cultivation in narrow row and wide row
soyabean cropping systems
Daniel C Cloutier & Maryse L Leblanc (CA) ........cccccoovoveiiiiiiiiiiiiiiiieeet e 37

Criteria for optimised weed harrowing in cereals including development of experimental
equipment for weed harrowing trials
Kjell Mangerud, Lars Olav Brandsceter & Jan Netland (NO) .............ccccovveeeevveeiiinennnnn, 38

The Swiss pocket knife concept for crop nursing
Regula Bauermeister (CH), René Total (CH), Pieter Bleeker (NL), Daniel T Baumann (CH)

............................................................................................................................................... 39
Techniques for green manure cutting: energy requirement and ley recovery.

Mats Tobiasson & Goran Danielsberg (NO) .............ccooceeiieiiieiieeiieiieee e 40
Water-jet cutting of potato tops - some experiences from Sweden 2003

Fredrik FOGEIDErZ (SE) ......ccuoviiieeiieeeee ettt 41

Achieving an optimal balance between machine vision capability and weed treatment
effectiveness using competition models.
Andrea C Grundy, Christine M Onyango, Kath Phelps, Richard Reader & John A Marchant

(UK) ettt 42
Seed mapping of sugar beet to guide weeding robots

Hans-Werner Griepentrog & Michael Norremark (DK)...............cccoveevvveiiieiniiienieeeieeen, 43
The design of an autonomous weeding robot

Tijmen Bakker, C.J. van Asselt, J. Bontsema, J. Miiller & G. van Straten (NL)................... 44
Lay-down working cart improves efficacy of hand weeding

Petri Leinonen & Virpi NAVKKT (F1I) ..........ccccoooooiiiiiiieiiieeeiee e 45

Finger weeder for cabbage and lettuce cultures
Petri Leinonen, Anne Saastamoinen & Juha Vilmunen (FI) ...........c..ccccccoovvvviviiiinciinennnan, 46
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Thermal weed control

Steaming soil in narrow strips for intra-row weed control in sugar beet
David Hansson & Sven-Erik SVensson (SE) .........ccoooioieiiiioiiiieeie e 47

Thermal weed control by water steam in bulb onions
Algimantas Sirvydas, Petras Lazauskas, Regina Vasinauskiene, Sigitas Cekanauskas &
Paulius KerpausSkas (LT) ...........ccocoooooiiiiiiiieiie ettt 48

Thermal desinfection of soil by steam
Algimantas Sirvydas, Aloyzas Stepanas & Paulius Kerpauskas (LT).............c..cccccoeuveuen... 49

Weed seeds control by steam and substances in exothermic reaction
Andrea Peruzzi, Manuele Borelli, Michele Raffaelli, Marco Ginanni, Marco Mazzoncini,
PaOLO BATDEFT (IT).....cc.veeeeeeeeeeeee ettt et e et e eareeeaaae s 50

Flaming for intra-row weed control in Globe Artichoke
Michele Raffaelli, Ferruccio Filippi, Andrea Peruzzi, Alberto Graifenberg (IT)................. 51

Control of perennial weeds

Terminating ley with mid-summer bare fallow controls Elymus repens
Sanna Kakriainen-Rouhiainen, Jaana Vdisdnen, Petri Vanhala & Timo Lotjonen (FI)...... 52

Temporal sensitivity of Cirsium arvense in relation to competition, and simulated
premechanical treatment
Mette Goul Thomsen, Lars Olav Brandsceter and Haldor Fykse (NO) ...........cccccccveveennnn... 53

Puccinia punctiformis as mycoherbicide on Cirsium arvense
Soren SOrensen (NO)............cccciiiiiiiiiiiiie ettt 54

Weed control in organic farming systems

Cover crops in cauliflower production: Implications for weeds, insects, beneficial arthropods
and yield.

Wendy Hall, Lars Olav Brandsceter, Tor Arvid Breland & Richard Meadow (NO) ............ 55
Mulching compared to other weed control measures in organically grown vegetables

Hugh Riley, Lars Olav Brandsceter & Goran Danielsberg (NO) ............ccccoeoveevveeecenennnn.. 56
The effects of different cover crops on weed control and yield in organic potato and tomato
production

Cristina Mirabelli, Roberto Paolini, Fabio Faustini, Francesco Saccardo (IT).................. 57

Physical weed control in organic spinach production
Andrea Peruzzi, Michele Raffaelli, Marco Ginanni & Manuele Borelli (IT) ....................... 58

Pre-planting and tree row treatments in organic apple production.
Lars Olav Brandsceter & Dag Roen (NO)............cccccoouvuiiiiiiiiiaiiiiiieie e 59



Integrated weed management

Destruction of Orobanche ramosa seeds with a new soil drench and control of emergence by
herbicides

John Matthews & Darryl E. Miegel (AU) ..........ccocoviioiiiiiiiiiiiiiiiiieseit et 60
Integrated weed control methods in winter and spring sown lentil (Lens culinaris)
Hassan M. Alizadeh, Hassan K. Mojni and Nasser M. Hosseini (IR) ...........ccccccceeveeuen... 61

Cultural weed control and crop weed interactions

Composition of weed floras in different agricultural management systems within the
European climatic gradient.
LaszIlo Radics (HU), Michael Glemnitz (DE), Jorg Hoffmann (DE) & Gyula Czimber (HU)

............................................................................................................................................... 62
Do control technologies substantially alter the large-scale patterns of weed occurrence?
Clarissa M Hammond & Ed C LUSCREi (US).........cccoeevouiieiiiiiiiiiieeieeeeee e 63
Competitive ability, a cultural tool for weed management in wheat

HOSSCIN NAJAST (IR) ..ottt et 64

Cultural weed control in organic pigeon bean (Vicia faba, var. minor) through optimisation
of crop spatial arrangement

Paolo Barberi, Paola Belloni, Daniele Cerrai, Marco Fontanelli, Anna-Camilla Moonen &
Michele RAMFACIIT (IT) ............ccoueiieiiiiiiiie ettt 65

Effects of plant density and nitrogen fertilizer on the competitive ability of canola (Brassica
napus) with weeds.

Nasser M. Hosseini, Hassan M. Alizadeh & Homaun M. Ahmadi (IR) ............ccccccovvevueenn. 66

First results on the competitive ability of lentil (Lens culinaris) genotypes
Fabio Faustini, Roberto Paolini, Francesco Saccardo, Paola Crino & Cristina Mirabelli
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Development of a Decision Support System (DSS) for weed management in
organic winter wheat production

D. H. Ken Davies' & D. Neuhoff’
! Scottish Agricultural College, West Mains Road, Edinburgh EH9 3 JG, United Kingdom, k.davies@ed.sac.ac.uk
? Institute of Organic Agriculture, Prof. Dr. U. Képke, Katzenburgweg 3, 53115 Bonn, Germany, d.neuhoff@uni-
bonn.de

Within the framework of the EU-funded project 'Strategies of Weed control in Organic Farming' (WECOF,
Internet: http://www.wecof.uni-bonn.de/), various methods of cultural weed control in organic winter wheat are
investigated and evaluated over different sites in Europe (UK, Germany, Poland and Spain). The experimental
programme includes trials on competitive ability, mechanical control, photocontrol and allelopathy. Results from the
experiments will be complemented by expert knowledge and literature reviews and integrated within a Decision
Support System (DSS) that assists advisers and farmers in selecting site specific strategies for effective weed
management. The DSS is based on a Java script compiler able to produce internet pages within which the inquiry and
the subsequent evaluation are carried out. The main features of the DSS are a critical evaluation of current individual
weed management practices utilised, and suggestions for their improvement mainly based on if / then decisions. A
farmer’s data input on weed flora, site conditions and management practices will be analysed resulting in a list of
recommendation. The primary output consists of an estimation as to whether or not weed pressure is expected to be
controllable by indirect methods, e.g. improved crop competition, rotation, or whether direct methods, in particular
mechanical, control should be applied as well. By categorising weeds with respect to their main germination period, the
expected critical periods of weed competition can be determined to allow specification of varietal choice in terms of
shading characteristics. Furthermore the DSS user is able to get detailed encyclopaedic and practical information on
main weed species occurring in winter wheat, helping to select appropriate control measures. Apart from variety choice,
further approaches on how to increase the competitive ability of the crop are evaluated, dependent on the data entered
by the farmer. These options include crop spacing, fertility management, soil tillage, seed quality and other factors
expected to promote crop growth and shading ability. For example, the analysis of site conditions may result in
recommending the use of specific mechanical control measures. Crop rotation plays a key role in preventing high weed
pressure in Organic Farming Systems. Therefore an analysis of the farmer’s crop rotation (crop types and their
sequence) with respect to weed management will be carried out by the DSS. Competitive crops also need a sufficient
supply with nutrients. Based on the farmer’s data input, e.g. on livestock units, manuring and crop rotation, an overall
estimation of the fertility status of the farm/ field will be calculated, producing a practical recommendation for
appropriate improved fertilisation strategies. The overall aim of the DSS in providing the farmer with the best current
knowledge on weed control in organic/ ecological farming systems is expected to result in an improved weed
management and higher revenues.

Literature:

DAVIES, K. & D.TAYLOR (2003):‘Selecting cereals’. Organic Farming, Spring 2003, 76

DREWS, S., D. NEUHOFF, P. JUROSZEK & U. KOPKE (2002): Competitiveness of winter wheat stands against wheats:
effects of cultivar choice, row distance and drilling direction. In: Proceedings of the 12" EWRS - Symposium,
Wageningen 24 — 27. June 2002, 282 — 283.

GAWRONSKI S.W. (2003): Allelopathy as a strategy for weed control in organic farming. Acta Physiol. Plantarum, 25, 3,
supplement p. 25.
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Row distance as a key to efficient weed management in organic sugar beets

J.D.A.Wevers' & L. Bastiaans®
'IRS, P.O.Box 32, 4600 AA, Bergen op Zoom, the Netherlands (wevers@irs.nl)
2 Wageningen University, P.O. Box 430, 6700 AK Wageningen, the Netherlands

In sugar beet growing, as well as in most other crop production systems, weed control is essential to obtain
profitable yields. At the same time, the costs related to achieving an effective weed control reduce this profit. In The
Netherlands, the opportunity to process organically grown sugar beets separate from conventionally produced sugar
beets has considerably raised the interest of organic growers in this particular crop. In organic sugar beet growing
mechanical weeding in between the rows, hand weeding in the row and suppression of the weeds by the crop are the
main means of weed control. Currently, farmers perceive that the labour required to obtain an effective weed control,
which is mainly related to the amount of hand weeding, is far too large. The question arose whether an adaptation of the
standard row distance, which currently in The Netherlands is put at 0.50 m, can contribute to a more effective weed
control.

Two directions were explored. A decreased row distance will result in a more homogeneous distribution of crop
plants and consequently the competitiveness of the crop is expected to increase, reducing the late development of
weeds. Another option would be to increase the row distance, as this will reduce the total length of crop rows per unit
area. As a result, the need for hand labour will decrease, as hand weeding is mainly needed to control the weeds in a
small band in and alongside the sugar beet rows. Between the rows weeds can be controlled rather easily by mechanical
means.

In 2002 and 2003, the effects of row distance on weed growth, crop competitiveness and sugar beet yields were
studied in a number of field experiments in the Netherlands, both at Wageningen UR (WUR) and IRS. In the trials, row
distances were varied between 0.30 m — 0.80 m. In some of the WUR trials, the drilling distance was kept constant
independent of row distance, which led to a lower plant number with greater row distance. In other WUR trials, plant
number was kept constant by decreasing the drilling distance with increasing row distance. Also in the IRS trials the
drilling distance was decreased with increasing row distance. In these trials, plant density was not exactly constant, but
the obtained plant number was between 60,000 and 90,000 per hectare. From earlier trials it is known that plant
numbers in this range hardly affect sugar beet yield and quality.

From the trials it can be concluded that row distance and drilling distance hardly affected the number of weed
plants per meter of row length. This means that increasing the row distance will reduce the amount of weeds per hectare
and thus the labour requirement for hand weeding. An additional advantage of a larger row distance was that the weed
seedlings present in the crop row were growing slower, due to the smaller drilling distance. For the row distances used
in the current trials, no significant differences in yield and quality characteristics were observed, as long as plant
number was maintained. Only in the situation were the larger row distance of the sugar beet crop was not compensated
through a reduced drilling distance a reduction in yield was observed at the widest row distance. This means that within
a reasonable range, the sugar beet crop can compensate largely for row distance provided that plant number is kept at
the same level and not lower than about 60,000 plants per hectare.

Based on these results it is concluded that an increased row distance offers good opportunities for a more effective
weed management in organically grown sugar beets. Increasing the row distance from 0.50 to 0.75 m means a reduction
of the total row length, and thus a reduction in hand labour requirement for weeding, with one third. As these
adjustments do not have a negative effect on yield and quality of the product, it is not surprising that organic growers
have already shown great interest in adopting larger row distances.
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Physical weed control in organic carrot production.

A. Peruzzil, M. Raffaelli', M. Ginanniz, M. Borelli'
! Sezione Meccanica Agraria e Meccanizzazione Agricola - DAGA - University of Pisa - Italy
? Centro Interdipartimentale di Ricerche Agroambientali “E. Avanzi” - University of Pisa - Italy

A four years experiment (2000-2003) was carried out on the possibility to perform the physical weed control of
carrot in the typical cultural and environmental condition of the Fucino Valley (that is the most important area of carrot
production in Italy), in order to obtain a “biological” product.

Firstly, the strategy of physical weed control of carrot in the Fucino Valley was defined and included the
realization of the false seed-bed technique, a flame treatment before crop emergence and one or more mechanical
(precision hoeing) and manual interventions in post-emergence.

False seed-bed technique was performed by means of a specific spring tine harrow two meters wide, while flaming
was performed by means of an operative machine equipped with four “open flame” rod burners 50 cm wide.

A specific precision hoe with eleven units (inter-row of about 18 c¢cm) was built, tested, improved and set up to
perform weed control both between (by means of a rigid tine supporting a 9 cm wide orizontal blade) and in rows (by
means of vibrating teeth or torsion weeders).

During the testing period the evolution of weed flora (both presence and biomass) was monitored and carrot root
yield was recorded. Moreover work chains characteristics, manpower use and physical weed control cost were
determined.

The results were quite good and put in evidence that physical weed control in biological carrot cultivated in the
Fucino Valley can be performed, obtaining relevant and high quality yields, without the need of too many hours of
manual labour and with fully acceptable costs, taking also into account that in Italy the market price of “biological”
carrot is quite high.
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Defining optimal conditions for weed harrowing in winter cereals on Papaver
rhoeas and other dicotyledoneous weeds

Alicia Cirujeda' & Andreu Taberner 1.2

1 Departament d’Hortofructicultura, Botanica i Jardineria, Universitat de Lleida, Spain.
2 Plant Health Service, Weed Science, Lleida, Generalitat de Catalunya, Spain.

Thirteen field trials have been conducted in Catalonia between 1998 and 2003 on different winter cereal fields
highly-infested with Papaver rhoeas L. or, in two cases, with mixed dicotyledoneous weeds. The tine-harrow was used
in a single pass as the only weed control method. Different climatic characteristics, state of the soil, size of the weeds
and development of the crop were compared with weed control efficacy. Highest efficacy (>85%) was obtained in those
trials with sunshine during and some time after the treatment and where no rainfall occurred at least 15 days afterwards.
Efficacy was generally higher with P. rhoeas plants having a diameter less than 5 cm even if good results were also
found for bigger plants provided that the crop was well-developed and showing competitive capacity. Another
observation was that similar final efficacy values were achieved starting with different initial efficacy values. Initially
low efficacy increased due to weed mortality caused by non-favourable climatic conditions for the weeds during the
cropping cycle after harrowing or by strong crop competition. Initially high efficacy decreased in some cases due to
new germination stimulated by the harrowing. The results observed for P. rhoeas were very similar for other tap-rooted
dicotiledoneous weeds as Lamium amplexicaule, Daucus carota, Anthemis arvensis, Lactuca serriola and Capsella
bursa-pastoris, frequent at two of the trials.

After confirming and defining the potential use of the harrow in the present conditions the next step is to combine
this tool with cultural or other preventive methods as sowing delay, soil ploughing, crop density modification or crop
rotations, this is, using the tool within all the crop management practices.
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The effect of blind harrowing using a flex-tine harrow or a rotary hoe combined
with manure amendment on bread wheat yield

M.L. Leblanc! & D.C. Cloutier?

'Institut de recherche et de développement en agroenvironnement, Saint-Hyacinthe, QC, Canada
’Institut de malherbologie, Ste-Anne-de-Bellevue, QC, Canada

The first part of this research project was conducted to assess bread wheat susceptibility to mechanical weeding
using a flex-tine harrow and a rotary hoe in a weed-free situation. The bread wheat was systematically cultivated at 7
growth stages, from pre-emergence to leaf erect stage. Two and three cultivations were done on a combination of
growth stages. Wheat population decreased when cultivated with the flex-tine harrow at the 2- and 3-leaf stages and
when more than a single cultivation was done. Wheat yield decreased in the treatments receiving 2 or 3 cultivations
when including the 2-leaf stage treatment. After two years of field experimentation, the 2-leaf stage was identified as
being the most sensitive stage to flex-tine harrowing. The rotary hoe did not reduce yield at any wheat growth stage and
no sensitive stage was identified.

The second part of this study was to determine the effect of the type of nitrogen amendment (organic (pig slurry,
cow manure) or mineral) on weed populations combined with blind harrowing in bread wheat. There was no significant
interaction between cultivation and fertilization treatments. As expected, the treatment with the flex-tine harrow done at
the 2-leaf stage and at the second tiller stage was the most aggressive treatment in decreasing weed density, wheat
population and yield. Also, weed development was greatest in the space that was left after wheat plants were removed
by the cultivator. The control with the lowest weed density and biomass was the treatment with the rotary hoe done at
the 2-leaf stage and at the second tiller stage compared to the conventional herbicide treatment. There was no significant
difference between fertilization treatments.

Cultivations with the flex-tine harrow reduced final wheat population at harvest by 22 to 35% compared to the
treatment that was not cultivated. Cultivations with the flex-tine harrow done at the 2-leaf stage and at the second tiller
stages reduced yield by 8 % compared to the treatment that was not cultivated. The final wheat population was not
affected by the type of fertilization. Pig slurry application increased yield by 7 % compared to the conventional mineral
application. Yield decreased by 12 % without fertilization compared to the conventional
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Modelling the effectiveness and selectivity of mechanical weeding

D.A.G. Kurstjens
Wageningen University, Soil Technology group, Box 17, 6700 AA Wageningen, The Netherlands

After many years of field experiments with available mechanical weeders, their possibilities and limitations are
roughly known. To compensate for the limited selectivity in young sensitive crops, the limited effectiveness on
established weeds and limited workability in spells of wet weather, current research emphasises more on the integration
of multiple complementary tactics. Combining mechanical weeding with adapted planting times, false seedbeds,
flaming, cover crops, tillage and other tactics is expected to increase non-chemical weed control reliability, reduce
herbicide use or the need for manual weeding in organic farming.

Choosing appropriate combinations of tactics and mastering them in variable conditions requires considerable
knowledge and skill. Models could be useful tools to derive practical guidelines, train farmers in making complex
decisions and test how well the interactions between several weed management tactics are understood. Existing
population dynamics models generally use fixed values for mechanical weeding effectiveness. Although the effect of
varying effectiveness on long-term weed population dynamics could be approximated, these models are probably not
sensitive enough to account for interactions between individual control measures. More sensitive approaches need to be
developed because mechanical weeding effectiveness is very time-sensitive and highly influenced by environmental
conditions and the way cultivations are carried out.

Detailed assessments and common field studies revealed that models should account for within-population
variability in weed sensitivity arising from species- and weather-related emergence patterns and larger weeds escaping
control. Models should also account for differences in working intensity of the implement as related to type, adjustment
and soil conditions. It might as well be desirable to account for weather conditions that influence plant recovery after
cultivation. This paper proposes a model to predict the selectivity and effectiveness of mechanical weeding that takes
account of these factors and time-dependent phenomena.

The core of the envisioned model is a database containing a large number of crop and weed plants and their
individual attributes at various times (e.g. biomass, anchorage force, height, flexibility, type of damage, desiccation
status, position, growth stage). Various modules adapt these attributes by simulating continuous dynamic processes (e.g.
plant growth, desiccation of uprooted plants), switching plant status at discrete (but individual-dependent) times (e.g.
from “seed” into “white thread” and “emerged”), applying empirical relationships (e.g. between plant mass and
sensitivity to uprooting), or other state transitions. This framework allows a flexible exchange of modules (e.g.
replacing an empirical by a mechanistic model) and including various processes (e.g. competition, seed displacement)
without major implications for the data structure.

The prospects of this approach are demonstrated by a dynamic spreadsheet model that links 1) crop and weed
emergence patterns in time, 2) assumptions on early growth, 3) empirical species-, soil- and weeder-specific
relationships between plant biomass and the probability of being buried and/or uprooted assessed in field experiments,
and 4) assumptions on plant mortality resulting from uprooting and growth delay induced by burial. The model predicts
weed control and crop damage (both density and biomass reduction) induced by multiple cultivations, accounting for
population heterogeneity. If emergence patterns, growth rates and recovery of damaged plants are related to weather
conditions, this model could predict effects of cultivation timing. When combined with workability predictions, the
model could help assess weather dependency and evaluate solutions to weak spots in weed management systems before
testing them in long-term experiments.
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Are we making significant progress in mechanical weed control research?

J. Rasmussen
Department of Agricultural Science, The Royal and Veterinary and Agricultural University, Hajbakkegard Allé 13, DK-
2630 Taastrup, Denmark

This study investigates whether researchers’ perceptions of good research are in agreement with current research
practice as reflected in Weed Research. A high degree of agreement is assumed to indicate progress.

The instrument used to survey researchers perceptions was a questionnaire consisting of 28 items related to (1)
research methodologies, (2) research priorities, (3) quality of publications, (4) future developments in technology and
agriculture and (5) general attitudes to alternative and conventional agriculture. Questions about gender and personal
research engagement were also laid down in the questionnaire. The questionnaire was sent out by e-mail to about 140
researchers on the mailing list of the EWRS — Physical and Cultural Weed Control Group and 60 questionnaires were
completed and returned. An analysis of all Weed Research publications in the period 1998-2003 investigated current
research practices.

The questionnaire showed that researchers in the working group are not specialized. Of the respondents, only 4
researchers (7%) used 50% or more of their research hours on mechanical weed control but a total of 44 researchers
(73%) were active within this area.

Views on research and agriculture varied significantly within the group and two counter paradigms were identified
often refereed to as alternative and dominant. The alternative paradigm was connected with organic farming and the
dominant paradigm was connected with conventional agriculture. Alternative paradigmatic positions prevailed among
the respondents although strong dominant positions were also represented. Females (N=15) held more alternative
positions than males (P < 0.01) and researchers engaged in herbicide technology (N=13) held more dominant positions
than the rest (P < 0.05).

By using an alternative-dominant scale, it was evident that respondents’ perceptions of good research was linked
to basic values and beliefs that determine the overall understanding of how agriculture works and should be developed.
Alternative perceptions of good research, however, seemed to be inconsistent with the current research practice as
reflected in Weed Research. Consistency between ideals and reality should result in (1) more multidisciplinary studies
to facilitate broader perspectives on weed control, (2) more studies carried out on working farms, (3) more system
approaches that include whole agro-ecosystems with farmers and other stakeholders, (4) value inquiries, (5)
participative research and (6) reflective approaches. Papers published in Weed Research clearly demonstrate, that
alternative research in the ideal is different from research in reality. The main difference between alternative and
dominant research is in what gets studied, not in how it is studied.

In conclusion, research in physical and cultural weed control may be evaluated successful in a dominant
paradigmatic perspective but progress is very limited in an alternative paradigmatic perspective. There seems to exist a
mismatch between ideals and reality in weed research, which challenges ideals as well as practice.
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Comparison of alternative interrow weeder steering systems

D.W.M. Pullen' & P.A. Cowell’
'Cranfield University at Silsoe, Silsoe, Bedford MK45 4DT, UK Email: d.pullen@cranfield.ac.uk
Consultant, formerly with Cranfield Univesity at Silsoe

The success of interrow weeding depends on being able to quickly and accurately guide the weeder along the
rows. This can only be done by automatically guiding the weeder. Any automatic weeder steering system requires a
sensor/s to provide an error or guidance signal and a mechanism to move the hoes to the correct lateral position at the
correct time in response to this error signal. Many different guidance sensors have been developed for this application
and much is known about their different characteristics (Jahns, 1976; Tillett, 1991). However, little has been reported
about the steering system design.

This paper describes the different methods of mounting weeders onto the tractor and discusses in detail the
alternative commercial steering designs used on rear-mounted weeders. It also describes the development and
validation of a mathematical modelling technique that can be used to predict the behaviour of a tractor and weeder
(Pullen & Cowell 2000). Three different steering techniques, ie sliding the weeding blades from side to side, steering by
changing the weeding blade direction and using steered wheels, in response to an error signal were evaluated using the
theory.

Results of the study show the modelling technique was accurate. The amplitude of the predicted weeder path was
within 2% and the phase angle within 2 degrees of the actual value. The study also suggests fitting steered wheels,
whose position moved proportionally with the error signal was overall the most suitable method of steering the weeder.
For this steering system the model shows the critical parameters affecting overall performance were the steering gain
and hoe position. The tractor type (ICR position), the sensing position, the steered wheel position and steered wheel
axle position did not significantly influence performance. However, positioning the steered wheels behind the headstock
but in front of the weeding blades would be better practically.

References:
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Different strategies to improve mechanical intra-row weed control in bulb
onions

P.O. Bleeker, D.A. van der Schans and R.Y. van der Weide
Applied Plant Research, P.O. Box 430, 8200 AK Lelystad, The Netherlands
Email: pieter.bleeker@wur.nl; david.vanderschans@wur.nl; rommie.vanderweide@wur.nl

Objective

In organic farming weed control involves a lot of hand labour to remove the escaped weeds. From 2000 till 2002
research with new intra-row weeders showed the possibilities to improve farmers strategies. Reduction of manual
weeding by 40 till 70 % was achieved. Most years crop yield reduction was less than 2 to 3 %.

In onions the period between sowing and emergence is mostly very long, 4 — 6 weeks. In this period a lot of weeds
are emerging. In organic farming flame weeding is common practice. This is a standard strategy for organic farmers to
start with a weed free crop of onions. An important disadvantage of flame weeding is the energy consumption. The
question arises how important the strategy of weed-control before emergence of the onion is, for the way weeds can be
controlled afterwards. Possibilities to improve mechanical weed control after emergence of onions was investigated as
well.

Method

In a field experiment the effect of flaming or harrowing before emergence of the onions and the combination with
different options for the mechanical weed control after emergence of the onions were tested.

In another trial at the same field the importance of the steering precision was tested for the finger- and the torsion
weeder. The treatments in the trial were combinations of different; working depth, overlap and the position of the
intrarow weeders compared to crop row position. The beds in the trial had five rows and the three rows in the middle of
the bed were used for the observations. Also this experiment had 4 replicates.

Results and discussion

Before emergence of the onions the treatments with the harrow were treated twice. Harrowing was done by a
flexible chain harrow, which was turned upside down, working depth was about 1 cm. The last time of harrowing the
onions were about 0,5 cm below the soil surface. In one of the treatments the harrow was covered by black plastic and a
canvas plaid, to prevent new emergence of weeds. The effect of this measure was neglectable. Flaming when the first
onions emerged resulted in more weed reduction than harrowing prior to emergence.

The yield at the harrowed plots was much lower (about 10%) than at the flame weeded plots. Probably weed
competition (density and the size of the weeds) were the reason of this lower yield. The treatments after crop emergence
showed that mechanical intra-row weeding starting when the onions had 2 leaves was possible. Weed population
decreased by 50 to 60 %. The other trial demonstrated that working depth and overlap of torsion- and the finger weeder
determined plant loss and weed control to an importand extand. The steering precision was more important when using
the torsion weeders than with the finger weeders.

To improve efficacy of mechanical weed control, innovations should focus sensoring techniques, to determine
position of crop rows and plants, and accurate steering devices for weeding equipment.
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Analysis and definition of the close-to-crop area in relation to robotic weeding

M. Norremark & H.W. Griepentrog

The Royal Veterinary and Agricultural University,
Department of Agricultural Sciences/AgroTechnology, Copenhagen, Denmark

The objective of our contribution to the workshop is to get further input for the analysis and definition of the field
conditions close to the crop plants of sugar beet (Beta vulgaris L.). The aim of the contribution is to focus on the choice
and development of new physical weeding methods to target weeds at individual plant scale level. So far, we have
reached a definition of the close to crop area for sugar beet based on a description of; i) the above and below ground
properties for both sugar beet and weed plants, ii) crop and weed establishment factors, iii) crop and weed tolerance to
physical interactions, and iv) the sugar beet:weed competition with focus on neighbourhood effects. It was found that
the close to crop area is like a ring structure, comprising an area between an inner- and outer-circle around the sugar
beet seedling. Physical weeding should not be applied to the area within the inner circle. The radius of the inner circle
increases with the appearance of young beet leaves during the growth season. It was also found, that no weeds were
germinating within 1 cm around individual sugar beet seedlings. Therefore this distance should be added to the radius of
the inner circle. The space between the inner and outer circle is termed the close to crop area where physical weeding
should be applied. The size of this area is defined by the developmental stage of the sugar beet fibrous root system and
foliage. Thus, the determination of the growth stage of individual crop plants is necessary before any physical weeding
can take place in the close to crop area.

Uprooting, cutting between stem and root or damage of main shoot can do the physical control of most weed
species located in the close to crop area. However, the targeting of weeds from above and from different angels above
ground is limited in the close to crop area. This is caused by the fact that sugar beet leaves do not leave much space
between leaves and ground and that our own study indicate that 26.4% of sugar beet plants at the 4-6 leaf stage are
covering the main shoot of weeds. The most problematic weeds are the species, which have their main shoot and leaves
located close to ground level. These species can either be controlled by damage of the main shoot or with a combination
of shallow surface cutting and burial.

Discrimination between weed species is beneficial under certain circumstances. First, the efficiency of the physical
control of individual weed species is depending on the timing. Secondly some weeds species do not have significant
negative impact on the yield, but instead leaving these species uncontrolled could benefit to an increased bio-diversity
and reduced time and energy input for a physical weeding process. This paper is contributing to the ongoing Danish
research project Robotic Weeding.
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Recent results in the development of band steaming for intra-row weed control

B. Melander', M.H. Jﬂrgensen2 & L. Elsgaard3
'Danish Institute of Agricultural Sciences (DIAS), Department of Crop Protection,
Research Centre Flakkebjerg, DK-4200 Slagelse, Denmark, bo.melander@agrsci.dk
*Department of Agricultural Engineering (DIAS)
*Department of Agroecology (DIAS)

The idea of band steaming for intra-row weed control in row crops was introduced at the 5™ workshop on Physical
and Cultural Weed Control in Pisa 2002. The work on band steaming has been continued since then, and new results on
technical and biological aspects have been produced.

The biological studies have shown that soil type, soil moisture content and soil structure (aggregate size) influence
the lethal effect of soil steaming when the maximum soil temperatures are below 70°C. Steaming was more effective in
a sandy soil than in a loamy soil, and increasing soil moisture content generally increased the susceptibility of weed
seeds. More weed seeds survived the lethal effect of steam in soil containing many large aggregates as compared with
soil having fewer large aggregates, presumably due to poorer steam penetration of the large aggregates. However, all
the factors mentioned no longer had any effect when maximum soil temperature reached more than 70°C.

Studies of sowing crop seeds immediately after steaming showed that seeds of sugar beets, maize, leek, onion and
partly carrots were surprisingly tolerant to the heat. This implies that crop sowing might be integrated with steaming so
that steaming and sowing can be done in the same pass provided that crop sowing is done after steaming.

Technical studies have focussed on ways to distribute the steam as evenly as possible in the soil volume to be
steamed with the aim to reach the desired maximum soil temperature all over the volume. Test-driving with a prototype
band steamer in the field revealed that this might be difficult to achieve in the very topsoil layer and that technical
modifications were necessary for further improvements. The test-driving also showed that a maximum soil temperature
of 90°C was necessary in the field situation for sufficient weed control and that a fuel consumption of approx. 350 litres
of fuel oil ha"' was necessary to achieve that temperature.

A major concern about steaming the soil is the lethal effects on other soil organisms than weed seeds. Thus, many
non-target organisms are most likely killed, and the time it takes for the soil to recover is not known. Some of these
aspects were studied in 2003, and the results indicated that the recovery process is rather slow. Bacteria responsible for
oxidation of ammonium-N were significantly inhibited and the population had not recovered after 90 days. Also fungi
and enzyme activities were reduced significantly, but physical and chemical soil conditions such as water content, pH,
nitrate content, water-soluble carbon and in situ respiration activity were not affected. However, it is not clear whether
these effects will affect crop growth negatively or whether some may even be beneficial. Thus, further studies are
needed to describe the effects of steaming on soil organisms and other soil properties and how it may affect crop
growth.

For further information and references please contact Bo Melander (DIAS).
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Thermal weed control by steaming in vegetable crops

H. Sjursen & J. Netland
The Norwegian Crop Research Institute, Plant Protection Centre
Email: helge.sjursen@planteforsk.no & jan.netland@planteforsk.no

Thermal weed control by steaming was performed in two different series of experiments in vegetable crops in
2001-2003.

The first series of experiments was deep steaming down to about 20-30 cm soil depth in carrots. The steam,
delivered by a separate aggregate via a drag pipe, was injected by vacuum into the soil by a new prototype of tractor-
mounted equipment. One of the objectives was testing the weed effect of the new technology.

The second series of experiments was shallow steaming, by a self propelled machine, called ‘Regero’, injecting the
steam by pressure down to about 7 cm soil depth in different kinds of lettuce. The objective was testing of a technology
already on the market. To optimise the use under Norwegian conditions five different steaming intensities were
compared.

The results show that deep steaming (6 minutes or more at 99-100) significantly reduced both the density (to about
5,3 % of untreated) and the percent cover (3,3 %) of weeds, and the seed bank (to about 9,0%) in the soil compared with
untreated area. The yield increase was not consistent. At 10 cm soil depth the attained temperature was minimum 70 C
in 6-9 minutes. At 20 cm soil depth the temperature not always was satisfied.

Shallow steaming in different salads and Chinese cabbage (about 2 minutes or more at 99-100 C) significantly
reduced the weed density (4,0%) and the seed bank (to about 1% of untreated). The yield was significantly increased.
At 2 cm soil depth it was achieved 70 C or more in minimum 10 minutes. At 5 cm soil depth only a few times the
temperature was not satisfied.

According to the literature the letal temperature for weed seeds is about 60-80 C (Melander et al., 2002; Mariska et
al., 2003). The experiments showed that it is possible to save fuel on the steaming machines, and still get significant
weed control.
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A device to kill weed seeds captured during crop harvesting.

J. Matthews', P. Harris and D. E. Miegel
"University of Adelaide Roseworthy 5371 South Australia
CRC for Australian Weed Management
Email: john.matthews@adelaide.edu.au

The harvesting of annual crops provides an opportunity to remove or kill the seed of weed species when mature
and within the crop canopy. Petzold 1956, discussed the dispersal of seeds by modern harvesters and concluded that the
harvesting process would distribute several important weed species more widely. Crops that are either direct headed or
windrowed before harvest have possibilities for destruction of remaining weed seed at harvest. Lolium rigidum (annual
ryegrass) is the major weed of interest in Australia because of widespread herbicide resistance. Management of such
ryegrass depends upon physical and non-selective chemical control methods.

A device has been developed to kill seeds by utilising the waste heat from the exhaust gases of the harvester
motor. An Australian provisional patent application number 2003905285 has been granted.

Table 1. Germination of ryegrass from seedkilling treatment, mean of 10 replicates.

treatment Germination % (SD)
Treated ryegrass 0.8% (1.09)
Untreated ryegrass 86% (1.41)

The device consists of an enclosed steel cylindrical cyclone into which the exhaust gases are introduced via a
tangentially located inlet duct at one end. The device was tested in a standing wheat crop infested with annual ryegrass.
Ten replicate samples of treated seed were collected from the field. The germination of the treated ryegrass was almost
completely inhibited by exposure to the hot exhaust gas Table 1. Limiting seed return to the soil is a potential method
to reduce both population size and spread of weeds within a field. In field trials with seed removal, seed return was
reduced by 86% in barley crops and by 78% in wheat crop (Matthews 1992). Another positive outcome of non-
herbicide methods of ryegrass control is the tendency for regression or loss of herbicide resistance from resistant
populations when selective herbicide use is stopped (Matthews 2002). There is potential to kill nearly all weed and
retained crop seed during the harvesting process.
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Effect of crop rotation and tillage on infestation of
Cirsium arvense in organic farming systems

A. Verschwele & A. Hausler

Institute for Weed Research, Federal Biological Research Centre,
Messeweg 11/12, D-38104 Braunschweig, Germany. E-mail: a.verschwele@bba.de

Canada thistle (Cirsium arvense) is still difficult to control in organic farming systems. Since low competitiveness
of most of the crops and limited possibilities for direct control measures, C. arvense is stated as a main problem by
organic farmers.

Therefore, it was the aim of a two-year-project to survey the recent situation on organic farms in Germany. In
2003 detailed interviews of 156 organic farmers were run throughout Germany sampling data on weed infestation,
cultivation practices and measures of weed control. Most of the farmers (93%) stated to have problems with C. arvense.
On average, 33% of the arable area grown organically is highly infested but farmers appraised that the problem will not
arise in the next future. Evaluation of the data clearly shows that low abundance of C. arvense is correlated to a high
portion of mulching crops, especially clover-grass or alfalfa-grass mixture. A moderate control effect is achieved by
winter annual crops whereas undersown or row crops do not have any influence. According to the survey a high portion
of cereals within the crop rotation is intensifying problems with C. arvense.

As a result of the survey soil tillage is widely based on turnover soil tillage by a conventional plough, probably
because of its well-known beneficial weed control effects. The most common equipment for stubble tillage is the wing
share cultivator followed by the disc harrow and other types of cultivators. There is no clear farmer’s estimation on the
control effect of these machines. The so called Arado plough appears to reduce Cirsium populations but it is very rarely
used in practice. Obviously the control of C. arvense does not depend on the type of the equipment but is more affected
by the time and frequency of treatment. Finally the site- and time-specific use of the equipment combined with high
competitive crop rotation plays an important role in weed management.

In addition field experiments on effects of crop rotation and soil tillage have been conducted at the BBA trial area
for organic farming. Since conversion to organic farming in 1996 C. arvense has spread continuously over almost this
field. This increase was mainly caused by growing summer crops in the first years and reduced frequency of stubble
tillage. Since changing the experimental design in 2001 by separating the area into 8 plots with a more mixed crop
rotation the spatial distribution could be decelerated. Growing and frequently mulching of grass-clover showed good
control of C. arvense. Using a wing share cultivator 2-3 times could also reduce the density of C arvense, especially
when tillage follows a crop with high competitiveness. These findings show the clear interactions between crop and
tillage management and the need to use both tools for effective control of C. arvense.

Due to current economic conditions there might even be an increasing force for reducing soil tillage or more
simplified crop rotations. This possible development of organic farming systems is not compliant to the needs of a
preventive weed control. Therefore farms with a cereal-based crop rotation should use also other options to increase
crop competition, e.g. cultivar choice, sowing methods or fertilizing practice.
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Response of Sonchus arvensis to mechanical and cultural weed control

P. Vanhala', T. Létjonen’ & J. Salonen'
'MTT Agrifood Research Finland, Plant Protection, FIN-31600 Jokioinen, Finland
*MTT Agrifood Research Finland Agricultural Engineering, FIN-03400 Vihti, Finland

Perennial weeds are an increasing problem in Finland, particularly in organic farming. Sonchus arvensis L.
(perennial sowthistle) is among the most common and harmful perennial weeds. Controlling it using physical weed
control methods is not an easy task. However, crop competition and cultural practices like mowing, hoeing and bare
fallowing provide some possibilities for management of S. arvensis.

In order to study the biology and physical control of S. arvensis, a 3-year field experiment was established in 2001
at Vihti, southern Finland. The experiment was sown on a clay soil (containing 6—12% organic matter) field under
organic production, infested heavily with S. arvensis. The experimental design was randomised blocks with five
replicates. The experimental field was fertilized with pig slurry (plant available N 60-100 kg ha™) at cereal sowing
time.

The treatments consisted of various crop plants and cultural practices, including fibre hemp, spring cereal (barley
in 2001, oats in 2002) with or without inter-row hoeing, bare fallow and ley (timothy + red clover) with mowing. In
2003 the whole field was sown with spring wheat. Prior to cereal harvest, plant samples from two 0.5 m x 0.5 m
quadrats were cut at the soil surface. The growth stage and height of each Sonchus shoot were assessed, as well as the
number of shoots and dry mass per quadrat.

Statistical analyses were performed with the SAS statistical package. The plot-wise pooled numbers of S. arvensis
shoots were square root transformed and the biomass log-transformed before subjecting to statistical tests with the
MIXED procedure with the Tukey adjustment.

In 2001 S. arvensis was most abundant in fibre hemp and first year’s timothy + red clover ley, and rather abundant
also in cereals without inter-row hoeing. Bare fallowing reduced the density and dry mass of S. arvensis most. Also
inter-row hoeing reduced S. arvensis density compared to hemp or ley. Highest S. arvensis dry mass was observed in
hemp plots. Fibre hemp is known to be a competitive plant, but in this field it grew poorly in both years.

Also in 2002 the density and dry mass of S. arvensis were highest in hemp plots and in oats plots with no
mechanical weed control. The density and dry mass of S. arvensis were lowest in the bare fallow treatments. In plots
where oats was grown after previous summer’s bare fallow, the dry mass of S. arvensis was significantly smaller than in
hemp, oats, or hoed oats plots.

The rating of the treatments according to the control effect was: bare fallow > ley > cereal with inter-row hoeing >
cereal > fibre hemp.

The results suggest that the following measures could be implemented in order to suppress S. arvensis infestation:
A crop which is competitive in the conditions of the given field should be chosen. Bare fallow is an effective way to
reduce S. arvensis, but it’s a costly method which may impair soil structure, in case of ample precipitation. Mowing the
ley seems to have effect on S. arvensis; it would be profitable to have a perennial, regularly mown green fallow or
silage ley included in crop rotation.

Mechanical control in crop stand is also possible; inter-row hoeing in cereals seems to impede S. arvensis, if it is
done 2-3 times during the growing season. Inter-row hoeing is effective between cereal rows, but it can’t control the
weeds within the crop rows. The subsequent effect of different treatments, assessed in spring wheat in 2003, will be
published later.
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Participatory organic weed management: Rumex spp. control a
farmer perspective

R.J. Turner & W. Bond
HDRA, Coventry, CV8 3LG, UK
Email: bturner@hdra.org.uk

A new DEFRA funded project began in August 2002, taking a new approach to weed management in the UK. This
is a participatory project where farmers, researchers and other organic stakeholders identify, prioritise, trial and develop
solutions to weed problems. Organic farmers were surveyed and asked ‘What are your main weed management
problems?’ and over 60% (n=152) responded that docks caused them the greatest concern. An open meeting was held in
December 2002 where interested parties met and discussed organic weed management. Problems were prioritised and
the project will focus on three main topics ‘Perennials’, ‘Systems approaches to weed management’ and ‘Knowledge
collation and dissemination’. The research direction is steered by focus groups comprised of farmers, researchers and
advisors.

In terms of Rumex spp. (docks) this project is aiming to collate all published literature both ‘scientific’ and ‘grey’
information on organic dock control and also document current farmer management practice. Farmer weed management
interviews have been undertaken and written into case study information from different farming systems. Some basic
monitoring of dock populations has been undertaken on 12 farms. These populations will be monitored over the course
of the four-year trial to quantify the efficacy of different control methods. Research trials will be established to compare
control techniques. Work is also underway to investigate the potential of biological control with the beetle Gastrophysa
viridula.

Information will be presented here from the literature review of dock management and the current farmer opinions
and practice in the UK. Dock management trials that farmers are taking part in will also be discussed.
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Population dynamics of weeds affected by time and type of tillage

K.S. Torresen
The Norwegian Crop Research Institute, Plant Protection Centre, Hogskoleveien 7, N-1432 As, Norway

Introduction

Type and time of tillage can affect different stages of a weed’s life cycle: dormancy status of the seeds,
germination, emergence, control of established plants and thus the seed production. As a part of two projects concerning
tillage and plant protection in spring cereal production financed by the Royal Ministry of Agriculture, one field
experiment was conducted at As from 1994 to 2000. The aims were to study the population dynamics of certain weed
species with various tillage systems and to develop population dynamic models for each species.

Materials and methods

Four tillage treatments were performed: Mouldboard ploughing (simulated by hand spade) to 18 cm in autumn or
spring, or harrowing (by rotary cultivator) in autumn (6-8 cm depth) or spring prior to sowing (ca. 5 cm depth). Plots
with ploughing or autumn harrowing were harrowed in spring too. No herbicides were applied. To ensure establishment
of eight weed species, including the four species mentioned in this study, seedlings were transplanted to the field after
emergence of the cereals at start in spring 1994. The spring cereals grown in all years were barley, except for oats in
1995 and 1999. From start in 1994 for Galeopsis tetrahit, Matricaria perforata and Sonchus asper and from 1998 for
Chenopodium album the number of weed plants and seed production during the growing season, and the seedbank
before tillage in the autumn were assessed each year. Twenty soil samples per plot, 2.5 cm in diameter, were taken to 18
cm depth, bulked and the seedbank estimated by a one-year greenhouse germination procedure as described by Terresen
(1998). The number of plants when the cereals had 3-4 leaves and the seedbank were assessed for all species present.

Results and discussion

During the experimental period the total number of weeds and the seedbank in the upper 18 cm soil depth
increased in harrowed plots compared to ploughed plots. Only a few percentage of the total seedbank emerged to new
plants.

There was a good correspondence between number of plants in early summer, seed production and the weed
seedbank for M. perforata and C. album. M. perforata had most plants, largest seed production and seedbank with
harrowing in autumn or spring. C. al/bum had most plants and seeds produced in plots with harrowing in autumn. C.
album had more plants and larger seedbank than the three other species on ploughed plots. The number of plants, seed
production and the seedbank of G. fetrahit and S. asper were little compared with those of M. perforata and C. album.
The emergence of G. tetrahit was favoured by spring ploughing.

These data were used to develop simple population dynamic models of the species. We plan to validate the models
with independent data from an adjacent field experiment conducted in 1994-2000.
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Spot ploughing and population dynamics of weeds

K. Shoji
Faculty of Agriculture, Kobe University, 657-8501 Japan

A tillage practice of ‘complete inversion’ of soil i.e. overturning of the soil block in 180° was defined and
proposed, a simulation was conducted to evaluate its effect on weed control, and a ‘spot plough’ was developed and
tested to accomplish such specific task. A simple linear matrix model of population dynamics of annual weeds was
employed for the simulation, where four layers were set to describe the population of weed seeds, and the tillage
practices were expressed by probability matrices of the complete inversion with the spot plough and ‘complete mixing’
with a rotary harrow. The simulation showed that alternately changing the depth of ploughing year by year had
significant effect on weed control, and the effect was greater when a lower survival rate of the seeds was assumed. The
spot plough was designed as a tool for the complete inversion that was accompanied by least lateral displacement of
soil. It had the working width and depth of 360 mm and 100 - 180 mm, respectively, and was designed to operate at a
speed of 1.9 m s-1 to utilise the inertia of the soil slice to securely rotate itself. A field experiment of the spot plough
was conducted in a fallow land to evaluate its performance. The complete spot inversion required an operating speed of
at least 1.6 m s-1; setting the speed lower than that resulted in a portion the soil block left half-inverted, and further
reduction led to considerable lateral displacement of soil. The displacement in forward direction was also minimal (50
— 90 mm) as well as in lateral direction, implying that the spot ploughing is suitable for potential application and
verification of the demographical model in the field basis.

28



Weed population dynamics by influence of crop rotation in 40 years period
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Weed population size and diversity of their communities are shaped by a number of biotic, abiotic and
anthropogenic factors. Agricultural cropping systems, which are typical anthropogenic factor, incompletely utilize
resources for growth and reproduction available in those habitats. These unused resources are a “niche-vacuum” within
which weeds have adapted over short and long time periods.

Properly planed crop rotations offer benefits to the soil, allow weed control and promote biodiversity. Crop
rotations are central to the holistic approach to crop production, which provides opportunities to implement
management strategies that enhance diversity: they limit the buildup of weed populations and prevent major weed
species shifts.

To verify adjudgements published in scientifical literature in the beginning of 20 th century and to find optimal
indices for local agroecological conditions there were in the oldest in Latvia Plant breeding Station (Priekuli) in 1958 a
long term crop rotation experiments established. Since beginning of experiments one of the main task was to find
manners that promotes the health and vigour of the crop plants to reduce weed pressure without using of pesticide.
Acquired dates lets to deduce of dynamic of weed populations in a long-term period.

The experiment is located on a soddy podzolic light loam with the following characteristics in the year of
establishing: organic matter content 2.1 %, soil pHyc 5.8 to 6.1, P,Os 80-100 mg kg'l,