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Summary

Despite the serious threat which weeds offer to organic

crop production, relatively little attention has so far

been paid to research on weed management in organic

agriculture, an issue that is often approached from a

reductionist perspective. This paper aims to outline why

and how this problem should instead be tackled from a

system perspective. Compared with conventional agri-

culture, in organic agriculture the effects of cultural

practices (e.g. fertilization and direct weed control) on

crop:weed interactions usually manifest themselves more

slowly. It follows that weed management should be

tackled in an extended time domain and needs deep

integration with the other cultural practices, aiming to

optimize the whole cropping system rather than weed

control per se. In this respect, cover crop management is

an important issue because of its implications for soil,

nutrient, pest and weed management. It is stressed that

direct (physical) weed control can only be successful

where preventive and cultural weed management is

applied to reduce weed emergence (e.g. through appro-

priate choice of crop sequence, tillage, smother ⁄cover

crops) and improve crop competitive ability (e.g.

through appropriate choice of crop genotype, sow-

ing ⁄planting pattern and fertilization strategy). Two

examples of system-oriented weed management systems

designed for organic agriculture are illustrated as well as

future perspectives and problems.

Keywords: allelopathy, biodiversity, cover crops, cultural

weed control, system approach, weed prevention.

Introduction

Weeds are often recognized as the most serious threat to

organic crop production (Penfold et al., 1995; Stone-

house et al., 1996; Clark et al., 1998), and fear of

ineffective weed control is often perceived by farmers as

one of the major obstacles to conversion from conven-

tional to organic farming (Beveridge & Naylor, 1999).

Despite this, researchers have so far paid relatively

little attention to weed management-related issues in

organic agriculture. Furthermore, weed management is

often approached from a reductionist perspective, e.g.

focusing only on the comparison between types and

adjustments of implements for mechanical weed control

in a given crop. This �conventional� approach neglects

the systemic (�holistic�) nature of organic agriculture,

which has long been recognized as a pillar for the design

of real, effective organic crop production systems

(Andrews et al., 1990; Lockeretz, 2000). In this respect,

a too narrow view of weed management is questionable,

because of the likely underestimation of interaction

effects among system components and of their carry-

over across growing seasons, and may also result in

information of little practical value to farmers.

The aim of this paper is to outline the reasons for and

the potential benefits of tackling weed management in

organic farming from a system perspective. After a

reasoned analysis of the literature on this subject

published recently, this paper illustrates how some

peculiar features of organic systems suggest the need

to undertake an integrated approach to weed manage-

ment. Cover crop use is then presented as an important

link between soil, crop, pest and weed management in

organic systems. Two examples taken from recently

published literature are reported to show the benefits of

a system approach to weed management, i.e. the

arrangement of a cropping system including an array

of preventive, cultural and direct weed control methods.

Lastly, future problems and perspectives of weed man-

agement in organic agriculture are outlined.
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The present framework

An analysis of the scientific literature published in major

international sources in the period 1995–2000 has been

carried out to reveal current research trends on issues

related to weed management in organic agriculture. This

analysis was based upon the outcome of several Current

Contents (ISI, 2001) Boolean searches made by selecting:

(1) �organic� and �weed�; (2) �allelopathy� and �weed�; (3)

�amendment� and �weed�; (4) �cover crop� and �weed�; (5)

�cultivar� and �weed�; (6) �mulch� and �weed�, and (7) �non-

chemical� and �weed� as keywords.

After clearance of the overlaps among search out-

comes and of the occurrences clearly unrelated to

organic farming, records were divided into �reductionist�
(i.e. those dealing with specific research issues out of a

system framework), �holistic� (i.e. those dealing with

weed management in a system context) and �other� (i.e.

reviews and papers not clearly attributable to either of

the previous groups). To have a clearer picture of the

state of the art, occurrences included in each category

were then classified by subject and crop. In both cases,

the number of occurrences was higher than the actual

number of papers because several papers dealt with

multiple subjects and ⁄or crops. Papers with subjects not

specifically aimed at organic systems but suggesting

potential applications were retained; for example, this

was the case with some of the papers dealing with

allelopathy, biological weed control, and cover crops

and mulches.

A total of 115 papers dealing with weed management

in organic agriculture was published in the period 1995–

2000 (average 19.2 papers year)1). This is quite a low

figure, although the trend in the average number of

papers published per year is increasing (data not shown).

Only about one-third of these papers were clearly

�holistic�, whereas 57% were �reductionist�, and 12%

were classified as �other� (Table 1). Cover crops and

mulches were the most studied subjects (19% of occur-

rences), followed by comparison between organic and

conventional and ⁄or integrated systems (12%) and

allelopathy (8%). However, although the second issue

Table 1 Number of occurrences, divided by subject and typology*, retrieved by a literature search on weed management in organic

agriculture (1995–2000)

Typology of occurrence

Subject �Reductionist� �Holistic� Other� Total

Allelopathy 14 1 2 17

Biodiversity 0 3 1 4

Biological weed control 3 0 0 3

Chemical vs. non-chemical weed control 8 2 0 10

Conventional vs. low-input vs. organic systems 2 23 0 25

Conversion to organic cropping ⁄ farming systems 0 2 0 2

Cover crops and mulches 30 4 4 38

Crop genotype 6 0 2 8

Crop rotation 0 4 3 7

Crop sowing (date, rate, pattern) 2 0 1 3

Crop:weed competition 4 0 3 7

Economics of weed management 0 2 0 2

Energy efficiency of weed management 0 1 0 1

Intercropping 1 1 4 6

Mechanical weed control 6 0 3 9

Soil amendments and fertilisers 7 4 1 12

Soil quality 1 5 0 6

Soil solarization 1 0 1 2

Thermal weed control (e.g. flame weeding) 2 0 1 3

Tillage system 5 0 0 5

Weed population dynamics 3 4 0 7

Weed seedbanks and weed seed germination 3 1 0 4

Weed survey 0 10 0 10

Weeds:insects interactions 1 3 0 4

Weeds:pests:diseases interactions 0 2 1 3

Others 1 1 1 3

Total papers 65 36 14 115

Total occurrences 100 73 28 201

*Based on the Current Contents database (ISI, 2001). Details on the search criteria used are reported in the text.

�Reviews and occurrences not clearly attributable to either �reductionist� or �holistic� categories.

178 P Bàrberi
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was obviously mainly approached from a �holistic�
perspective (92% of occurrences), both cover crops ⁄mul-

ches and allelopathy were mostly approached from a

�reductionist� perspective (79% and 82% of occurrences

respectively), as well as other important subjects such as

soil amendment and fertilization (58%), soil tillage

(100%) and mechanical weed control (67%). Ten

occurrences (5% of total) dealt with weed surveys

conducted in organic cropping and farming systems.

Classification of papers according to crop is shown in

Table 2. Nearly half the papers (49%) involved studies

on field crops, mainly winter cereals (21% of total),

grain maize and sorghum (13%), and rice (8%). About

one-third of the papers (34%) dealt with vegetable

crops, whereas studies on tree crops ⁄ shrubs and fodder

crops represented 12% and 4% of the total respectively.

In all but the last category, most of the studies were

conducted in a reductionist context (> 60% in the case

of vegetable crops and tree crops ⁄ shrubs).

The results of this literature search show that

researchers often tend to separate weed management

and control from the overall context of organic systems

management. The risk of this approach is that several

important interactions among system components may

be downplayed (if not neglected) or misunderstood, thus

rendering the research outcome of little practical value.

The necessity of studying crop:weed
interactions in a long-term system
perspective

There is nowadays an increasing consensus on the idea

that a thorough understanding of complex biological

systems such as agro-ecosystems requires a system

(�holistic�) approach (Conway, 1987; Ikerd, 1993).

Agro-ecosystems are complex entities made up of several

components interacting with one another across space

and time in such a way that their specific effects

Table 2 Number of papers, divided by

cash crop and typology*, retrieved by a

literature search on weed management in

organic agriculture (1995–2000)

Typology of paper

Cash crop �Reductionist� �Holistic� Total

Grain maize and sorghum 5 8 13

Oilseed rape 0 1 1

Peanut 1 0 1

Rice 8 0 8

Soyabean 0 1 1

Sugar beet 2 1 3

Winter cereals (barley, oats, rye, wheat) 11 10 21

Winter rape 0 1 1

Field crops (total) 27 22 49

Bell pepper 3 0 3

Beans (Phaseolus spp.) 2 3 5

Brassica spp. 3 1 4

Carrot 2 0 2

Faba bean 1 0 1

Leek 1 0 1

Onion 4 0 4

Peas (Pisum spp.) 1 1 2

Potato 2 2 4

Strawberry 0 2 2

Tomato 2 4 6

Vegetable crops (total) 21 13 34

Agroforestry systems 1 0 1

Coffee 1 0 1

Hop 0 1 1

Orchards 4 3 7

Tree nurseries 2 0 2

Tree crops ⁄shrubs (total) 8 4 12

Fodder crops (leys and pastures) 1 3 4

Total papers 57 42 99

Total occurrences 113 81 194

*Based on the Current Contents (ISI, 2001) database. Details on the search criteria used are

reported in the text.
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cannot easily be separated from the system itself. As a

consequence, agro-ecosystems are recognized as inde-

pendent dynamic entities possessing a behaviour of their

own (Oberle & Keeney, 1991; Pearson & Ison, 1997).

Compared with conventional systems, organic agro-

ecosystems have some peculiar features that enforce the

need to study their components (including weeds and

their management) in a global framework, i.e. by taking

into account any possible interactions with the other

system components occurring across space and time. In

organic cropping systems, the effects of cultural prac-

tices on crop:weed interactions typically manifest them-

selves more slowly compared with conventional systems,

both in the short (during a crop cycle) and in the long

term (during one or more crop rotation cycles). Conse-

quently, crop and weed management in organic agricul-

ture should be tackled in an extended time domain and

needs to be deeply integrated. Examples on crop

fertilization and direct weed control are reported here-

after to explain why this is necessary.

Crop fertilization

Crop:weed interactions and weed community dynam-

ics can be greatly influenced by crop fertilization

strategy. Organic systems rely upon the use of organic

fertilizers and amendments that typically release nutri-

ents (especially N) at a slower rate compared with

mineral fertilizers (Magdoff, 1995). Nutrient release

rate is largely dependent upon the C:N ratio of the

source, soil properties, climatic conditions and incor-

poration method, which together determine the miner-

alization rate of the organic matter incorporated in

the soil (Bouldin et al., 1984; King, 1984; Maynard,

1993).

Faster nutrient release is often advantageous to

weeds, which are usually able to take up nutrients in

earlier growth stages more quickly and efficiently than

crops (Jørnsgård et al., 1996; Liebman & Davis, 2000),

although this effect seems to turn into a competitive

advantage only when initial weed stand density is high

(Di Tomaso, 1995). Although slower nutrient release

from organic sources should not result in increased weed

competitive ability (Paul & Beauchamp, 1993; Liebman

& Davis, 2000), it may favour the occurrence of late-

season weed emergence flushes that contribute to

seedbank replenishment and consequently to higher

weed seedling recruitment in subsequent years. For

example, such an effect has been observed in the

nitrophile species Stellaria media L. (Bastiaans &

Drenth, 1999). However, McCloskey et al. (1996)

observed a decline in a S. media population over 3 years

of application of poultry manure. The same authors also

observed a negative effect of repeated organic fertiliza-

tion on Sinapis arvensis L., whereas Galium aparine L.

population density increased. In contrast, Stevenson

et al. (1998) did not find any significant effects of

fertilizer type on barley weed populations. Inconsistency

of effects, sometimes also observed for the same species,

suggests that broad generalizations on the effect of

organic fertilizers on weed population dynamics should

be avoided, as they may vary upon: (1) source of organic

matter; (2) pedo-climatic conditions; and (3) relative

species abundance in the weed community.

Additionally, organic amendments and fertilizers

may represent a source of incoming viable weed seeds,

e.g. when farmyard manure, composts or slurry have not

been treated enough before their application to soil

(Sances & Ingham, 1997). Mt Pleasant & Schlater (1994)

observed that 1 kg of cattle manure contained up to 42

viable Chenopodium album L. seeds, and Zimdahl (1993)

reported that, in the same weed species, about 20% of

the seeds ingested by cattle were able to withstand

passage in the rumen and subsequent manure prepar-

ation and storage. The use of composts may alleviate

this problem, because temperatures reached during the

composting phase are usually high enough to kill most

weed seeds (De Luca & De Luca, 1997). Complete loss

of seed viability has been observed in several weed

species after windrow composting of feedlot manure for

4 weeks (Tompkins et al., 1998) or of municipal wastes

for > 3 d (Grundy et al., 1998), with temperatures

ranging from 55 to 65 �C. To achieve a significant

reduction in seed viability, a base temperature above

46 �C seems to be required (Nishida et al., 1998),

whereas the duration of composting appears to be less

important (Ozores-Hampton et al., 1999). Also, storage

of slurry in lagoons for a minimum period of 3 months

can significantly reduce weed seed viability (Sartorato

et al., 2001), and application of composted manure can

substantially reduce weed emergence, especially of small-

seeded species, because of physical and chemical (via the

production of leachates) effects (Ligneau & Watt, 1995).

These leachates can also be produced in the windrow

when the compost is kept constantly moist (Eghball &

Lesoing, 2000). It is worth mentioning that manure can

also be used as a cheap substrate for the field

introduction of fungi (e.g. Trichoderma spp.) used for

biological weed control (Hutchinson, 1999).

Crop:weed competition and weed community dyna-

mics may also be altered by fertilization management.

Appropriate timing of N mineral fertilization has been

proposed in integrated cropping systems as a mean to

unbalance nutrient competition between crop and weeds

to the benefit of the former. In practice, this approach

implies prior knowledge of the weed flora that is likely to

develop in a field: top-dressing N fertilization can

conveniently be anticipated or delayed when late- or
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early-emerging species prevail respectively. Research on

competition effects between sugar beet (Beta vulgaris L.

var. saccharata) and S. arvensis (an early-emerging

species) or C. album (a late-emerging species) demon-

strated the feasibility of this approach (Paolini et al.,

1999). However, preliminary results of studies in which

durum wheat (Triticum durum Desf.) competed with

naturally occurring weed populations showed that this

effect is not systematic but depends on seasonally

variable climatic conditions, which in turn affect nutri-

ent release in the soil and weed community composition

(R Paolini & P Bàrberi, unpubl. obs.). In organic

systems, it is likely that this effect could be even less

systematic, because the composition of organic fertili-

zers and amendments – especially of those produced on

farm – typically varies between seasons, thereby repre-

senting an additional source of variation that influences

nutrient release rates. Carry-over of nutrients from one

growing cycle to the next should also be expected,

especially when organic matter is applied in autumn or

winter, when the mineralization rate of organic matter is

low. As a consequence, the influence of organic fertil-

ization on crop:weed relationships and weed population

dynamics is probably present over a wider time period

compared with mineral fertilization.

Variable composition of organic fertilizers and

amendments makes it difficult to tailor a weed manage-

ment strategy for organic farming using nutrient mani-

pulation to improve crop competitive ability, although an

exception might be represented by injection (side-dress-

ing) of faster nutrient-releasing organic materials (e.g.

slurry) at the sowing of row crops (Rasmussen, 2000).

The necessity of studying crop:weed interactions with

a system approach also stems from the observation that

nutrient management in organic farming is also inter-

twined with tillage system, as some organic amendments

(e.g. manure) usually need to be ploughed down,

whereas others (e.g. cover crops) can also be profitably

managed with reduced tillage. Annual grasses, such as

Alopecurus myosuroides Huds. (Cousens & Moss, 1990)

and Bromus sterilis L. (Froud-Williams, 1983), can be

expected to increase with shallow incorporation of

organic material in soil, because of their reduced seed

dormancy and capability of emerging from only shallow

soil depth. Moreover, small-seeded (e.g. Amaranthus

spp.) and wind-dispersed (e.g. Sonchus spp.) weeds may

find better opportunities to establish in minimum-tilled

soil than in ploughed soil (Zanin et al., 1997; Bàrberi

et al., 1998a). Similarly, reduced soil disturbance may

favour biennial and perennial species, especially when

organic matter is incorporated with PTO-powered

rotary implements that cause fragmentation of vegetat-

ive propagules such as buds, rhizomes and tubers

(Anderson, 1999). Perennial species such as Cirsium

spp. and Elymus repens L. have been cited as trouble-

some weeds in organic farming systems in northern

Europe (Rasmussen et al., 1999; Rydberg & Milberg,

2000). It should remembered that the abundance of

perennial weeds in these countries is also favoured by

the widespread adoption of crop rotations in which the

share of perennial leys (e.g. grass ⁄clover), sometimes

coupled with the use of catch crops, is quite high, usually

above 50% (Olesen et al., 2000). Lack of primary tillage

during the ley and catch crop phases, coupled with

elimination of annual weeds by repeated mowing

(Bulson et al., 1996), probably shifts weed community

composition towards prevalence of vegetatively repro-

ducing species.

Intensification of the studies on nutrient release

dynamics and its relationship to crop management

systems would help to clarify crop:weed interactions

and weed community dynamics, two major steps neces-

sary for the design of successful weed (and crop)

management strategies in organic systems.

Direct weed control

Compared with herbicides, direct physical weed control

(PWC) methods such as harrowing, hoeing or flaming

are usually less effective, both in the short (within a

growing cycle) and long term (across growing cycles).

Lower short-term effectiveness of PWC depends

upon its reduced persistence of action and ⁄or control.

Whereas herbicides can persist in the soil for weeks (if

not months in the case of residual herbicides), PWC may

stimulate further weed emergence (in the case of

mechanical weed control) or allow recovery from

damage (in the case of both mechanical and thermal

weed control, e.g. see Kurstjens & Bleeker, 2000).

Soil disturbance caused by working implements

brings new weed seeds close to the soil surface and

may enhance soil N mineralization (Becker & Böhrnsen,

1994) – both effects are conducive to subsequent weed

emergence flushes. This effect, which is positive in the

false seedbed technique as it helps to deplete the weed

seedbank before crop sowing, is usually negative when it

takes place during the crop cycle, especially when the

crop is already too tall to allow any additional passes of

the tool(s) used for mechanical weed control. Although

recent technological advances such as torsion weeders

(Ascard et al., 1999; Kurstjens & Bleeker, 2000) or self-

steering hoes have shown promising results in both

arable and vegetable crops, intrarow mechanical weed

control remains problematic, leading to reduced overall

effectiveness of PWC. Also, some weed species (e.g.

grasses and other monocots) have morphological traits

(e.g. the protection of the vegetative apex by folded

young leaves) that make them less sensitive to heat
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damage (e.g. by flaming). Consequently, they may

quickly recover from thermal stress, especially if they

are large, thereby decreasing the overall treatment

effectiveness (Ascard, 1994).

Limited effectiveness of PWC is also related to lower

flexibility of non-chemical methods compared with

chemical ones (at least, this holds for those crops for

which herbicide choice is ample). Mechanical weed

control is a viable option only within a certain range of

soil conditions, the amplitude of which varies upon soil

type and implement used (Bowman, 1997). For example,

excessive soil moisture impedes field workability and

may delay mechanical weed control until the crop is too

high or weeds are too well developed. In the case of

spring-tine harrowing, high soil moisture also increases

the risk of crop damage (Peruzzi et al., 1997).

Compared with herbicide use, higher risk of incom-

plete weed control and lower systematicity of outcome

usually results in lower long-term effectiveness of PWC,

also related to a progressive build-up of the weed

seedbank resulting from seed production by surviving or

late-emerging weeds (Bastiaans & Drenth, 1999). Out of

a system context, it can then be expected that herbicides

provide more effective and stable weed control than

physical methods.

For this very reason, it is important not to rely on

PWC as the only means of controlling weeds in organic

systems, but to integrate it in an overall crop and weed

management strategy arranged at the system scale.

Integration of direct weed control with other cultural

practices (crop and cultivar choice, tillage, fertilization,

etc.) in a system context is the creed of integrated weed

management systems (IWMS), which are recognized as

the best approach to tackling weed problems anywhere

(Swanton & Weise, 1991; Zimdahl, 1995). This approach

is even more important in organic systems, where

herbicide use is forbidden.

Building up a good weed management
system

Improvement in the effectiveness of PWC passes

through the adoption of a global approach to weed

problems. In practice, this means that PWC must

necessarily rely on prior application of agronomic

practices aimed to: (1) reduce weed emergence through

the use of preventive methods (crop sequence choice,

primary tillage, false seedbed technique, use of cover

and ⁄or smother crops); and (2) reduce weed competition

through cultural methods that improve crop competitive

ability (use of appropriate crop genotypes, transplants,

sowing ⁄planting pattern, fertilization strategy). Agro-

nomic practices may preferentially exert the first or

second effect or both (Table 3). Thus, theoretically,

organic farmers have an ample arsenal of practices to

include in an IWMS. Obviously, the choice of one

practice instead of another depends upon pedo-climatic

conditions, socio-economic constraints and farmers’ risk

perception (Gunsolus & Buhler, 1999).

Preventive methods

It is not new to say that the foundations of successful

weed management lie in an appropriate cropping system

design. Maximum diversification of the cropping system

(i.e. of crops and associated cultural practices), e.g.

alternation between winter and summer crops, grain and

root crops, nutrient-depleting and nutrient-building

crops, as well as the inclusion of a ley phase, disrupt

the regeneration niches of different typologies of weeds

(annuals, biennials, perennials, obligate seasonal spe-

cies), thereby preventing the establishment of a special-

ized flora and promoting that of a multifaceted weed

community hosting numerous species each present at a

low density (Buhler, 1999). It follows that crop rotations

(in the strict sense) should rather be replaced by crop

sequences without any rigid preplanned scheme in order

to lower as much as possible the risk of weed adaptation

to a repeated cultural regime. In this context, even a

�perfect� crop rotation would need to be modified from

time to time.

Diversification of the crop sequence brings about the

diversification of primary tillage (e.g. alternation bet-

ween ploughing and non-inversion tillage), as well as of

type and timing of seedbed preparation techniques (false

seedbed technique, ridging) and cultivation. Combina-

tion of all these factors, which by themselves represent

additional means of reducing weed emergence during a

crop growing cycle, contributes to the long-term success

of weed management in organic systems (Welsh et al.,

1999).

Among preventive methods, the use of cover crops in

organic systems merits a special mention because of their

contribution to increased agro-ecosystem health (Lal

et al., 1991). Owing to their beneficial effects on soil

conservation, soil nutrient cycles, pest, pathogen and

weed populations, cover crops can represent an ideal

bridge between soil, nutrient, pests and weed manage-

ment in an organic system and, as such, optimization of

their use may be crucial for the success of the system

itself.

Cover crop effects on weeds largely depend upon

cover crop species and management, following cash

crop and weed community composition (Bàrberi &

Mazzoncini, 2001). Prevention of weed emergence is

exerted partly through competition for light, nutrients

and soil moisture during the cover crop growing cycle,

and partly through physico-chemical effects occurring
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when cover crop residues are left on the soil surface or

ploughed down (Mohler & Teasdale, 1993; Teasdale &

Mohler, 1993). For example, interference with weeds,

including competition, physical and allelopathic effects,

is usually higher when species of the Graminaceae and

Cruciferae families are sown than with legume cover

crops (Bodyston & Hang, 1995; Blum et al., 1997), both

in vivo and after cover crop destruction. Interference

from cover crops and their residues is related to their

capacity to occupy ecological niches otherwise available

for weed development. This is mostly caused by the

sequestration (into organic matter) of soil nutrients

(especially N), the release of allelochemicals and mod-

ifications in the soil microenvironment (Gallandt et al.,

1999). For example, rye (Secale cereale L.) has been

shown to possess both great N uptake capacity (Ditsch

et al., 1993) and the potential for releasing allelo-

pathic compounds (Putnam, 1988; Yenish et al., 1995).

Sorghum (Sorghum spp.) contains sorgoleone, a com-

pound that has been proved to reduce weed emergence

(Duke et al., 2000). Glucosinolates contained in living

and dead tissues of kale (Brassica spp.), rocket (Eruca

spp.) and mustard (Sinapis spp.) also have high allelo-

pathic potential (Jimenez-Osornio & Gleissman, 1987;

Angelini et al., 1998). In contrast, the weed-suppressive

ability of annual legumes such as crimson clover

(Trifolium incarnatum L.) and subterranean clover

(Trifolium subterraneum L.) is usually lower; this has

been attributed to the stimulatory effect on weed

emergence of N released from cover crop residues,

especially when they are ploughed down (Blum et al.,

1997). However, Teasdale & Mohler (2000) claimed

that, when cover crop residues are left to decompose on

the soil surface, weed suppression results mostly from

physical effects of the mulch rather than nutrient or

allelochemical effects. In an attempt to model weed

Table 3 Classification of cultural practices potentially applicable in an integrated weed management system for organic farming, based

on their prevailing effect (modified after Bàrberi, 2000)

Cultural practice Prevailing effect Example Main references

Crop rotation Reduction in weed emergence Alternation between winter

and spring–summer crops

Karlen et al. (1994); Buhler

(1999); Welsh et al. (1999)

Primary tillage Reduction in weed emergence Deep ploughing, alternation

between ploughing and

reduced tillage

Froud-Williams (1988);

McCloskey et al. (1996);

Bàrberi et al. (2001)

Seedbed preparation Reduction in weed emergence False ⁄stale-seedbed technique Caldwell & Mohler (2001)

Cultivation Reduction in weed emergence Post-emergence harrowing

or hoeing, ridging

Rasmussen (1992); Bowman

(1997); Kurstjens et al. (2000)

Cover crops Reduction in weed emergence Cover crop grown in-between

two cash crops and used as

green manure or dead mulch

Blum et al. (1997); Liebman &

Davis (2000); Teasdale &

Mohler (2000); Bàrberi

& Mazzoncini (2001)

Intercropping Reduction in weed emergence,

improvement in crop

competitive ability

Cover crop used as living

mulch, intercropped cash crops

Ofori & Stern (1987); Liebman

& Dyck (1993); Baumann et al.

(2000)

Thermal weed

control

Reduction in weed emergence Pre-emergence or localized

post-emergence flame-weeding

Ascard (1994, 1995)

Mulching ⁄soil

solarization

Reduction in weed emergence Use of black or transparent

films (in glasshouse or field)

Horowitz et al. (1983);

Sauerborn et al. (1989)

Crop genotype Improvement in crop

competitive ability

Use of cultivars characterized

by quick emergence, high

growth and soil cover rates in

early stages

Lemerle et al. (1996, 2001);

Rasmussen & Rasmussen

(2000); Olofsdotter (2001)

Sowing ⁄planting Improvement in crop

competitive ability

Use of transplants, higher

seeding rate; lower

inter-row distance; anticipation

of, or delay in

sowing ⁄ transplant date

Mohler (1996); Spandl et al.

(1998); Melander (2000)

Fertilization Reduction in weed emergence,

improvement in crop

competitive ability

Use of slow

nutrient-releasing

organic fertilizers and

amendments; fertilizer

placement

Paolini et al. (1999); Liebman &

Davis (2000); Rasmussen

(2000)

Irrigation Reduction in weed emergence,

improvement in crop

competitive ability

Irrigation placement

(micro ⁄ trickle-irrigation)

Berkowitz (1988)
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emergence as influenced by mulch physical properties,

they showed that weed suppression was directly related

to the mulch area index (mulch area divided by soil unit

area), a parameter that varies considerably with the

mulching material and greatly influences light extinction

through the mulch (and consequently weed seed

germination). The effect on the emergence of selected

weed species was not uniform over a range of mulch

masses: for example, the emergence of A. retroflexus was

stimulated at low mulch masses (<400 g m)2) and

subsequently reduced. Weed species sensitivity to mulch

physical effects seems to be inversely related to seed

mass, an effect also observed for sensitivity to allelo-

chemicals (Liebman & Davis, 2000).

In practice, the inclusion of cover crops in weed

management strategies tailored to organic systems relies

upon a better understanding of the interaction effects

among cover crops features (species, cultivar, growth

pattern) and their management (timing and method of

killing and incorporation in soil, position in the

cropping sequence) in different soil, climate and weed

flora conditions.

In this respect, the importance of studying the

interactions between weeds and other biota should also

be stressed. For example, cover crops may influence

insect population dynamics, e.g. providing a suitable

habitat for the survival and reproduction of beneficial

arthropods or – just like weeds – an alternative food

source for arthropod pests (Norris & Kogan, 2000).

Also, cover crops may promote the establishment of spe-

cific soil biota, e.g. vesicular–arbuscular mychorrhizae,

which, in turn, may drive weed population dynamics by

favouring mychorrhizal plant species to the detriment of

non-mychorrhizal species (Jordan et al., 2000).

Cultural methods

In this context, cultural weed management is referred to

as the use of any methods that directly enhance crop

competitive ability against weeds, i.e. methods applied

during a crop growing cycle.

In this category, a first method is the use of crop

genotypes that possess traits conferring a higher com-

petitive ability against weeds. Usually, these traits are

related to faster seedling emergence and canopy estab-

lishment (Rasmussen & Rasmussen, 2000) and higher

growth rates in early stages. In Australia, a genotype

screening conducted on wheat showed that it is possible

to select cultivars that possess competitive traits against

weeds (e.g. Lolium rigidum Gaud.) while maintaining an

adequate grain yield potential (Lemerle et al., 1996,

2001), although in most of them, the expression of

competitive advantage is strongly influenced by envi-

ronmental conditions (Lemerle et al., 2001). Here, it

should be pointed out that not all traits that give crops a

competitive advantage against weeds may usefully be

exploited in cropping systems; for example, plant height,

which is usually correlated with weed suppression

(Benvenuti & Macchia, 2000), is often negatively

correlated with crop productivity and can also increase

crop sensitivity to lodging, which may lead to severe

yield losses. Higher crop competitive ability can also

arise from the release of allelochemicals that inhibit

weed emergence and growth. A study conducted on rice

(Olofsdotter, 2001) showed that some cultivars are able

to exert considerable allelopathic activity against weeds.

Although the ranking of cultivars based on their

allelopathic effect differed between field and laboratory

trials (Table 4), there is potential for using genotype

Table 4 Weed suppressive ability of rice (Oryza sativa L.) cultivars under field conditions (dry seasons) compared with allelopathy screening

under laboratory conditions (modified after Olofsdotter, 2001)

Field experiments Laboratory screening

Cultivar

Weed

biomass 1995

(g m)2)

Weed

biomass 1996

(g m)2)

Weed tillers in

row 1996

(no. m)1)

Biomass per

weed

(g per plant)

Echinochloa

crus-galli root

length (mm) SE

Rank of whole

data set

Lubang Red 148 188 45 5.4 35.8 2.4 1

YH1 151 230 50 5.8 37.1 2.4 3

Musashikogane 120 166 30 4.8 38.4 2.4 4

Taichung Native 1 129 274 64 5.3 42.6 2.4 5

Kouketsumuchi 144 106 33 2.9 42.8 2.4 6

Takanenishiki 141 126 29 3.9 46.6 2.4 14

AC 1423 116 219 42 7.2 46.8 0.9 15

Tan Gang 134 91 30 2.6 47.0 2.6 17

IR38 (control) 225 301 76 8.2 63.8 2.4 54

No-rice control 289 460 122 12.6 97.0 0.8 111

Mean of all cvs 187 281 57 7.6 58.9 – –

SE 26 49 10 1.5 – – –

CV 28 35 35 40.0 26.0 – –
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choice as a cultural tool in rice weed management

strategies. So far, selection of weed-suppressive geno-

types has mainly been considered as a way of reducing

herbicide rates in integrated cropping systems; however,

it is clear that this approach may be even more

important for organic systems.

In any case, cultural methods are effective if they are

able to maximize the differential of development bet-

ween crop and weeds to the advantage of the former

(Mohler, 1996). In this respect, an additional tool

available to the farmer is the use of crop transplants

instead of seeds, which is particularly important in

vegetable crops that are often poor competitors against

weeds. Besides the enhancement of crop competitive

ability, use of transplants has been proposed in sugar

beet as a mean to increase selectivity (i.e. the ratio

between damage to weeds and crop) of intrarow weed

control by torsion weeders (Melander, 2000). In this

case, mechanical weed control can already be performed

5 d after transplanting, with little damage to the crop.

However, a negative side-effect of transplant use in sugar

beet is excessive root forking, although this may be

overcome by optimizing the seedling raising technique.

In some cases, modification of crop sowing date,

density and pattern may also reduce weed emergence

and ⁄or increase crop competitive ability (Mohler, 1996;

Griepentrog et al., 2000). However, this effect cannot be

generalized, as it is very much dependent upon crop

species and location. For example, Spandl et al. (1998)

observed that, compared with the autumn-sown crop,

control of Setaria viridis (L.) Beauv. in spring-sown

wheat increased because the weed tended to emerge in a

single flush rather than in several flushes, thus becoming

more sensitive to direct weed control methods. Obvi-

ously, in this case, the crop sowing date can be used as a

weed management tool only in those environments

where the farmer can actually choose whether to sow

wheat in autumn or in spring and not, for example, in

Mediterranean-type environments, where wheat can

only be sown in autumn. In vining pea (Pisum

sativum L.), an increase in the seeding rate may turn

into a higher competitive ability, but often to the

detriment of grain yield because of the concurrently

higher intraspecific competition (Lawson & Topham,

1985). Similarly, in potato (Solanum tuberosum L.), a

higher planting density may turn into a crop competitive

advantage but may also decrease tuber quality and

increase crop susceptibility to diseases (Litterick et al.,

1999). In contrast, in crops showing higher phenotypic

plasticity, modification of seeding rates and ⁄or pattern

may have a better chance of being exploited in weed

management strategies. For example, this is probably

the case in pigeon bean (Vicia faba L. var. minor Peterm.

Em. Hartz), a grain legume that is gaining interest in

Mediterranean organic cropping systems as a protein

source for animal feed and a soil fertility-building crop.

Pigeon bean can be sown either in narrowly spaced rows

(c. 15 cm) or in widely spaced rows (up to 70 cm). In the

first case, pod number and grain yield per plant decrease

markedly and height of pod insertion on the stem

increases, which reduces yield losses resulting from

mechanical harvest. In both cases, grain yield per unit

area and seed crude protein content are equally good

(Bonari & Macchia, 1975). Thanks to its phenotypic

plasticity, it is likely that the seeding pattern (and

consequently crop productivity) in organic pigeon

bean may be optimized further, e.g. by sowing the

crop in paired rows and using an inter-row distance

(c. 40–50 cm) that allows hoeing between the rows.

Another tool available to the organic farmer for

increasing crop competitive ability against weeds is

intercropping. Just like cover crops, intercrops increase

the ecological diversity of farms and, by increasing the

use of natural resources by the canopy compared with

monocrops, often deprive weeds of the light, water and

nutrients necessary for their development (Liebman &

Dyck, 1993). Use of intercropping may be seen more

favourably by organic farmers than the use of cover

crops (as living mulches) because, in the first case, all

the component species are cash crops. Recently,

Baumann et al. (2000) showed that, compared with sole

crops, a leek:celery intercrop sown in a row-by-row

replacement design decreased relative soil cover of

weeds by 41% and, in another experiment, reduced

the density and biomass of Senecio vulgaris L. by 58%

and 98%, respectively, mostly thanks to decreased light

transmission through the canopy. Additionally, the

intercrop gave a 10% yield increase compared with

the sum of the yields given by sole crops. Weed

suppression and crop yield increased in cereal:legume

intercrops such as winter wheat:faba bean (Vicia faba

L.) (Haymes & Lee, 1999), winter wheat:pea (Paolini

et al., 1993) and wheat:field beans (Phaseolus vulgaris

L.) (Bulson et al., 1990). It is well known that, as in the

case of living mulches, the success of intercropping

relies upon fulfilling at best the requirements of the

component species for natural resources (e.g. light

interception and soil layers explored by crop root

systems) in order to increase resource use complement-

arity and decrease interspecific competition. In practice,

this means optimizing species spatial arrangement, their

relative plant densities and their relative growth over

time (Ofori & Stern, 1987).

Direct weed control methods

The present boom in organic farming in industrialized

countries has renewed the interest of agricultural
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machinery companies in the development of innovative

tools for physical (especially mechanical and thermal)

weed control. A review of the most notable technical

innovations recently developed for direct weed control is

beyond the scope of this paper. Technical issues related

to mechanical and weed control are exhaustively treated

by Bowman (1997), while in-depth discussion of issues

related to thermal weed control can be found in Ascard

(1995).

Most of the technical innovations developed recently

in physical weed control are related to new equipment

available for intrarow weed control in arable and

vegetable crops. Among these, it is worth mentioning

brush weeders (Melander, 1997; Fogelberg, 1998;

Fogelberg & Dock Gustavsson, 1999), finger weeders

(Ascard & Bellinder, 1996) and torsion weeders (Kurst-

jens & Bleeker, 2000; Melander, 2000). Recent studies

have shown that, in spring-tine harrowing (Kurstjens

et al., 2000; Kurstjens & Kropff, 2001), torsion weeding

(Kurstjens & Bleeker, 2000) and brush weeding (Fogel-

berg & Dock Gustavsson, 1999), weed control is mostly

dependent upon the uprooting of seedlings rather than

their burial with soil. Generally, the effectiveness of

mechanical weed control is very much influenced by soil

type and conditions (especially soil moisture content),

weed species composition and relative growth stage of

crop and weeds (Rasmussen, 1992; Wilson et al., 1993;

Rasmussen & Ascard, 1995). Information on the

suitability of each implement for different crops and

pedo-climatic conditions is still incomplete, although it

is by far the most widespread type of research conducted

on mechanical weed control (see Table 1). However, just

because of this dependency on site-specific conditions,

research aimed only at finding the optimum technical

adjustment of machinery for mechanical or thermal

weed control may not always be of practical value to

organic farmers. For example, it has been shown that

soil, crop and weed conditions consequent to the use of

ploughing or no tillage influenced the effectiveness of

spring-tine harrowing in durum wheat to a much greater

extent than any adjustments in tine angle (Bàrberi et al.,

2000). For organic farming research, it is therefore

strongly advisable to follow an approach aimed first at

optimizing the system and only afterwards, within that

system, to optimize specific cultural practices such as

mechanical weed control.

High-tech solutions for physical weed control, such

as �electroporation� (i.e. the application of electric

pulses to soil; Fogelberg, 2000), CO2 lasers (Heisel

et al., 2001), precision guidance systems (Chamen, 2000)

or crop and weed optical detection methods (Bontsema

et al., 2000; Kielhorn et al., 2000), have already been

developed. However, the enormous costs of some of this

equipment make their widespread use very unlikely in

real farm conditions, even for high-value cash crops. To

date, the most urgent issues to be tackled in organic

systems, at least in developed countries, are (1) to reduce

the time needed for hand-weeding, which is sometimes up

to 400 h ha)1 or more (Vereijken et al., 1998; cited by

Kropff et al., 2000; Van Der Weide & Bleeker, 2000); and

(2) to make implements for direct weed control available

to farmers at a reasonable price (Kropff et al., 2000).

Towards �holistic� weed management

For the reasons outlined previously, fine-tuning of weed

management strategies in organic agriculture must rely

upon increased knowledge of (1) weed (and crop)

ecology in a given agro-ecosystem, and (2) cropping

system influence on weed population dynamics. Both

types of information would allow a better understanding

of those factors driving crop:weed interactions in specific

organic farming systems. It is then germane that crop

and weed management needs to be integrated, making

full use of agro-ecological knowledge (Buhler, 1999). As

a consequence, the concept of weed management per se

becomes fuzzy, as it is not possible to disentangle it from

cropping system management, in contrast to what

usually happens in conventional agriculture. This system

approach, although certainly perceived as important by

weed scientists, is very rarely encountered in research

papers. There are, however, a few notable exceptions,

two of which are reported here to illustrate that weed

management in organic agriculture can be successful

when tackled in a global (�holistic�) context. In these

examples, the physical boundary of the system (and

hence the term �holistic�) is referred to the field (case

study 1) or the farm (case study 2).

Case study 1: winter cereal:row crop 2-year rotation

The first example is taken from Melander & Rasmussen

(2000) and refers to a 2-year rotation between a winter

cereal and a row crop (sugar beet or a vegetable crop).

This system has been developed for either integrated or

organic cropping systems including a poorly competitive

crop (the row crop). The aim of this weed management

system is to stimulate weed emergence as much as

possible (i.e. to deplete the weed seedbank) during the

year in which the highly competitive crop (the cereal) is

grown so that, in the following year, fewer weeds will

emerge within the row in the poorly competitive crop.

Winter wheat or barley is grown in the first year, leaving

25-cm-wide unsown bands in between the cereal rows

(Fig. 1). These bands are repeatedly hoed to stimulate

the emergence of weed seedlings, which are destroyed by

the following pass. In the next year, either sugar beet or

a vegetable crop (e.g. kale, Brassica oleracea L. var.
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acephala DC. subvar. laciniata L., or onion, Allium cepa

L.) is drilled directly on these bands. Lack of soil

ploughing in the second year avoids bringing new weed

seeds up to the soil surface, an effect that would

otherwise counteract the benefits of previous weed

seedbank depletion.

With spring barley, the authors achieved an 81–92%

reduction in weed emergence compared with the previ-

ous year and a further 62–73% reduction in the case of

prevention of seed shedding. However, with winter

wheat, no appreciable weed emergence reduction was

observed, probably because of a less susceptible weed

flora compared with that emerging in spring-sown crops

(barley or vegetable crops). Obviously, reduced in-row

weed emergence in the second year cuts down the costs

related to hand-weeding.

Although this management system is not completely

�holistic� (e.g., it does not involve nutrient management),

it is clear that its strength is to frame the weed

management strategy at the cropping system level by

taking into account the interactions between crop

sequence, soil tillage and weed management. The

authors pointed out that this system needs to be

improved in terms of: (1) the reduction in seed shedding

in the unsown bands, especially from species with highly

mobile seeds (e.g. Cirsium spp., Sonchus spp. and

Taraxacum officinale Weber); and (2) the control of

perennial weeds, which may take advantage of the lack

of primary tillage in the second year.

Case study 2: weed management system

for organic onion production

This second example has been taken from a paper

by Nordell & Nordell (1998) and is based on the work

of two Pennsylvanian vegetable growers (the authors

themselves).

Onion is a crop characterized by slow emergence and

early growth which provides little soil cover and, as

such, is highly sensitive to competition from weeds. It

follows that weed management, especially in organic

production, is usually perceived as highly problematic.

Based on their practical experience, the authors have

developed a cropping system in which several cultural

practices are laid down in the 2-year period between the

harvest of the previous vegetable crop and onion

sowing, with the specific purpose of reducing weed

emergence during the onion growing cycle (Fig. 2).

In the autumn after harvest of the preceding crop, a

cereal cover crop (oats or rye) is sown and mowed

repeatedly until it is ploughed down in the next spring.

Mowing aims to impede seed shedding from annual

Fig. 1 A 2-year cropping system aimed at

reducing in-row weed emergence in row

crops (redrawn after Melander &

Rasmussen, 2000).

Fig. 2 Schematic representation of a 2-year

whole-farm weed management system

aimed at reducing weed emergence in

organically grown onions (after Nordell &

Nordell, 1998).
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weeds and to promote regrowth of the cereal, in order to

achieve a consistent mulch effect over the season that

inhibits weed development further. During the next

summer, the soil is harrowed every 2–3 weeks to deplete

the seedbank and bring propagules of perennial weeds

up to the soil surface, where they are killed by heat and

drought. In the late summer, composted horse manure

produced on farm is incorporated in the soil. The

authors claim that the use of this amendment, compared

with fresh manure or fast nutrient-releasing organic

fertilizers, is less stimulatory to weed emergence. In the

early autumn of the second year, a legume cover crop

(e.g. pea) is sown. This cover crop, besides enhancing

soil fertility, further reduces annual weed growth over

the following winter season. Lastly, this second cover

crop is incorporated in the soil with a disc harrow just

before onion transplanting. According to the authors,

both weed incidence and hours needed for hand-weeding

can be substantially reduced already after two or three

cycles of this cropping system. The land surface yearly

subtracted from cash crop growing using this system can

be reduced by readjusting the crop rotation to limit the

share of farm arable land actually cropped with onions

in a given year.

Although this system is obviously not directly

transferable to different agricultural environments, its

approach could serve as a reference for developing

similar cropping and farming systems elsewhere, based

on the use of on-farm produced manure, locally adapted

cover crop species and mechanical interventions opti-

mized (in terms of type, frequency and timing) according

to local crops and weed species abundance. This

example shows that, where their use is not constrained

by climatic factors, cover crops may represent an

excellent link between soil, crop and weed management

(another example of this kind can be found in Bàrberi

et al., 1998b) and, as such, their inclusion in organic

cropping systems should always be recommended.

Future perspectives

Many organic farmers are aware, at least instinctively,

that successful weed management implies putting into

practice the concept of maximum diversification of their

cropping system, and on-farm experiences like the one

just shown help to pinpoint this feeling. However, this

task is often difficult to achieve, because practical

solutions have to pass through local filters, such as soil

and climate conditions, availability of and accessibility

to external inputs (seeds, crop cultivars, machinery, etc.)

and socio-economic constraints (market, tenure status,

attitude towards entrepreneurial risk, etc.). From an

agronomic viewpoint, it is possible to foresee a few

issues having direct and indirect implications for weed

management that may become important in the near

future because of oncoming legislative constraints or

their promising – yet only partially explored – perspec-

tives for practical application. Three of these issues are

taken as examples and discussed briefly here.

Quality of organic seeds

From 31 December 2003, in the European Union it will

be compulsory to use organically produced seeds for

sowing organic crops. At the moment, however, the

demand for organic seed is much higher than its

availability (Cook & Wolfe, 2000). It can easily be

predicted that weed control will be one of the main

technical problems to be solved in organic seed crops.

To avoid severe competition from weeds, these crops

would require direct (mechanical or thermal) weed

control to be often supplemented by hand-weeding,

both at an early stage (to prevent negative effects on seed

filling and, consequently, on germinability) and before

harvest (to avoid weed seed shedding and consequent

decrease in crop seed purity and increase in seed cleaning

costs). It follows that the cost of organic seeds may

become prohibitive, especially in the case of poorly

competitive vegetable crops that would probably require

more labour for hand-weeding. Besides this, low-quality,

scarcely pure seeds might get to the market at a much

lower cost and, as such, become attractive to farmers.

These seeds would represent a source of weed infesta-

tion, leading to increased weed management problems

for many subsequent years. In this perspective, while

scientists are required to refine technical solutions aimed

at reducing the costs of direct weed control (especially

those related to hand-weeding), all the other actors

involved in organic agricultural production (policy-

makers, organic farming certification bodies, extension

services and farmers themselves) will have to take action

to ensure easy access to good quality seeds at a

reasonable price.

Increasing biodiversity in agro-ecosystems

It has long been recognized that, in agro-ecosystems, an

increase in biodiversity at any level (crops, weeds,

arthropods, soil microbes, etc.) usually results in better

and more stable agro-ecosystem health and productivity

(Andow, 1991; Altieri, 1995). Typically, organic farming

promotes higher biodiversity compared with conven-

tional farming (Soil Association, 2000; Stolton et al.,

2000).

The use of cover crops and organic amendments, via

the promotion of diversity in insect, fungal, bacterial or

mychorrhyzal communities, may alter antagonist or

competitive effects to the benefit of crops and to the
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detriment of weeds (Jordan et al., 2000; Liebman &

Davis, 2000; Norris & Kogan, 2000). Once factors

driving these effects are better understood, it might be

possible to use this knowledge to improve organic weed

management systems locally.

It would also be helpful to find indicators of

�functional� biodiversity, where weed species abundance

is weighted on the role that they have in the agro-

ecosystem (e.g. strong ⁄weak competitors, promoters of

the presence of beneficial arthropods, etc.). For example,

highly competitive species could be assigned a different

weighting than poorly competitive species, so that the

overall diversity value (at the weed community level)

might reflect these differences and consequently be

evaluated from a more practical (i.e. farmer-wise)

perspective.

Allelopathy

Management of allelopathy, defined here as �any pro-

cess that involves secondary metabolites produced by

plants, algae, bacteria, and fungi that influence the

growth and development of biological systems� (IAS,

1996), is another potential tool in the arsenal of the

organic farmer. As mentioned before, several crops

(some of which can be used as cover crops) have been

proved to release allelopathic compounds in the soil

(Inderjit & Keating, 1999), many of which have been

chemically characterized (Inderjit, 1996; Seigler, 1996;

Waller et al., 1999). The idea of exploiting these

compounds as �natural herbicides� is therefore very

appealing (Putnam, 1988; Weston, 1996; Duke et al.,

2000). However, the large majority of the studies carried

out on this topic have referred to �reductionist� trials

carried out in controlled environments (see Table 1),

often with the only aim to extract and characterize

allelochemicals or, at the most, to test the effect of these

compounds on the germination of selected sensitive

species in bioassays. In the case of crop:weed interac-

tions, absolute evidence of the occurrence of allelopathy

in the field is difficult to obtain, mainly because

allelopathic effects are difficult to disentangle from

resource competition and other biotic effects (Qasem &

Hill, 1989; Weidenhamer, 1996; Inderjit & del Moral,

1997). Additionally, the production and release of

allelochemicals depend largely upon environmental

conditions, usually being higher when plants are under

stress, e.g. extreme temperatures, drought, soil nutrient

deficiency, high pest incidence (Einhellig, 1987); also,

the range and concentration of chemicals that a given

species can produce can vary accordingly (Anaya,

1999). Other effects that need to be examined are

allelopathy-mediated weed:weed, weed:crop and

crop:following (or companion) crop interactions. It is

therefore questionable whether allelopathy management

per se would ever represent a consistently effective weed

management tool; however, a better understanding of

allelopathic occurrence in field situations, and of how it

is influenced by cultural practices, would make it

possible to include allelopathic crops in organic crop-

ping systems and use them as a complementary tactic in

a weed management strategy.

Conclusions

It is highly desirable that examples of system-based

approaches to weed management in organic farming

should become more common in the international

scientific literature. One of the main reasons for the

existence of this gap is possibly the conflict between the

need for implementing long-term research (which is

particularly important in an organic context) and the

constraints posed by short-term research funding (Lock-

eretz, 2000). Additionally, researchers need to overcome

their reluctance to carry out long-term studies, only

partly arising from methodological difficulties. Model-

ling crop:weed interactions and weed population

dynamics might help to bridge this gap (Kropff et al.,

2000), but model outputs would always have to be

validated with results coming from ongoing long-term

field experiments.

However, it should be stressed that �reductionist� and

�holistic� research are not mutually exclusive; rather,

they should complement each other. An ideal approach

to weed management in organic farming should be one

that includes two subsequent steps: (1) adjustment of

the cropping system in order to reduce weed emergence

and the abundance of selected troublesome species

(�holistic� step); (2) fine-tuning of direct weed control

methods (harrowing, hoeing, thermal weed control, etc.)

within the scenario set up previously (�reductionist�
step).

Last but not least, it should be kept in mind that,

given the dynamic nature of agro-ecosystems, even

optimized weed management systems would probably

require some readjustment after a period of time;

this is another reason why long-term, system-based

experiments are particularly important in organic

agriculture.
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STEVENSON FC, LÉGÈRE A, SIMARD RR, ANGERS DA, PAGEAU

D & LAFOND J (1998) Manure, tillage, and crop rotation:

effects on residual weed interference in spring barley

cropping systems. Agronomy Journal 90, 496–504.

STOLTON S, GEIER B & MCNEELY JA (2000) Introduction:

the relationship between nature conservation, biodiversity

and organic agriculture. In: Proceedings International

Workshop: the Relationship Between Nature Conservation,

Biodiversity and Organic Agriculture (eds S Stolton,

B Geier & JA McNeely), Vignola, Italy, 5–12. IFOAM,

Tholey, Germany.

STONEHOUSE DP, WEISE SF, SHEARDOWN T, GILL RS &

SWANTON CJ (1996) A case study approach to comparing

weed management strategies under alternative farming

systems in Ontario. Canadian Journal of Agricultural

Economics–Revue Canadienne d’Economie Rurale 44, 81–99.

SWANTON CJ & WEISE SF (1991) Integrated weed management:

the rationale and approach. Weed Technology 5, 657–663.

TEASDALE JR & MOHLER CL (1993) Light transmittance, soil

temperature, and soil moisture under residue of hairy vetch

and rye. Agronomy Journal 85, 673–680.

TEASDALE JR & MOHLER CL (2000) The quantitative

relationship between weed emergence and the physical

properties of mulches. Weed Science 48, 385–392.

TOMPKINS DK, CHAW D & ABIOLA AT (1998) Effect of

windrow composting on weed seed germination and

viability. Compost Science and Utilization 6, 30–34.

VAN DER WEIDE R & BLEEKER P (2000) Status of physical weed

control in arable production and vegetables in The Nether-

lands. In: Proceedings 4th Workshop of the EWRS Working

Group on Physical and Cultural Weed Control, Elspeet, The

Netherlands, 1–2.

VEREIJKEN PH, VISSER RP & KLOEN H (1998) Innovatie van de

EKO–Akkerbouw en Groenteteelt Met 10 Voorhoedebedrijven

(1991–97). Rapport no. 88. AB-DLO, Wageningen, The

Netherlands (in Dutch).

WALLER GR, FENG MC & FUJII Y (1999) Biochemical analysis

of allelopathic compounds: plants, microorganisms, and soil

secondary metabolites. In: Principles and Practices in Plant

Ecology (eds Inderjit, KMM Dakshini & CL Foy), 75–98.

CRC Press, Boca Raton, FL, USA.

WEIDENHAMER JD (1996) Distinguishing resource competition

and chemical interference: overcoming the methodological

impasse. Agronomy Journal 88, 866–875.

WELSH JP, PHILLIPS L, BULSON HAJ & WOLFE M (1999) Weed

control strategies for organic cereal crops. In: Proceedings

1999 Brighton Conference – Weeds, Brighton, UK, 945–950.

WESTON LA (1996) Utilization of allelopathy for weed man-

agement in agroecosystems. Agronomy Journal 88, 860–866.

WILSON BJ, WRIGHT KJ & BUTLER RC (1993) The effect of

different frequencies of harrowing in the autumn or spring

on winter wheat, and on the control of Stellaria media (L.)

Vill., Galium aparine L. and Brassica napus L. Weed

Research 33, 501–506.

YENISH JP, WORSHAM AD & CHILTON WS (1995) Disappear-

ance of DIBOA-glucoside, DIBOA, and BOA from rye

(Secale cereale L.) cover crop residue. Weed Science 43,

18–20.

ZANIN G, OTTO S, RIELLO L & BORIN M (1997) Ecological

interpretation of weed flora dynamics under different tillage

systems. Agriculture Ecosystems and Environment 66,

177–188.

ZIMDAHL RL (1993) Weed biology: reproduction and dispersal.

In: Fundamentals of Weed Science (ed. RL Zimdahl), 59–89.

Academic Press, San Diego, CA, USA.

ZIMDAHL RL (1995) Weed science in sustainable agriculture.

American Journal of Alternative Agriculture 10, 138–142.

Weed management in organic agriculture 193

� European Weed Research Society Weed Research 2002 42, 177–193


