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Abstract. The differences between the cultivation of conventional and organic fields can result in
changes in weed flora. Although herbicides do not affect all weed species equally, their use can have
long-term effects on weeds and may prevent their emergence for weeks after treatment. On the other
hand, the common mechanical weed control of organic farms is not selective, but weeds can reappear
immediately after the treatment. Nonchemical techniques of weed control are not only used under organic
conditions, but also in conventional fields, because of the increasing demands for the restricted use of
chemicals in food production. The main aim of our research is to see how different weed control practices
result in different weed populations, and how these populations change during the growing season of
maize. This work was based on data from 93 conventional and organic maize fields in south-eastern
Hungary surveyed between 2007 and 2011. The studied fields were divided into four groups, according to
the farming system employed and the season of the survey (conventional in spring, conventional in
summer, organic in spring, organic in summer). The aim was to explore the seasonal change of weed flora
and the differences between farming systems. Our analysis, which included a comparison of the main
weed species, shows that fields managed conventionally and organically are different in terms of both
their early and late vegetation. Conventional fields in spring were the most distinct from the other three
field groups, as they were not well characterized by any weed species. All the other field groups had
dominant species present.
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Introduction

The organic approach differs from conventional farming in many of its attributes.
Systems may be quite diverse in their cultivation structure: for example, the use of
pesticides and fertilizers is not permitted in every system. Synthetic chemicals can be
used in integrated and conventional systems, yet their use is forbidden in organic
farming (EC 834/2007).

In organic farming, cultural, mechanical, physical, and biological methods are all
important in weed control, and crop rotation is a generally used technique. The rotation
of crops produces a yearly change of ecological conditions, and decreases the seed bank
and weed biomass in fields (Brainard et al., 2008). The management of soil outside of
the growing period, and the use of cultivars that compete better with weeds, can also
serve as elements of prevention (Bond and Grundy, 2011).

The organic approach differs from conventional farming in many ways. An idealistic
industrial approach has appeared in intensive agricultural production, whose aim is to
become independent from the environment, obtain absolute human control, and to
replace natural resources by artificial ones (Angyan and Lérinczi, 2003).
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Controlled organic farming has been present in Hungary since 1986, and has become
a dynamically developing part of Hungarian agriculture over the last twenty-five years.
The total area employing the system increased to over 120,000 hectares by 2004, and
the value has been constant since then (Roszik et al., 2012; Kovacs, 2012). Organic
farming can be regarded as a system of improving vegetable quality (Kolbe et al., 1995,
Weibel et al., 2004), and it has become an increasingly popular way of adding extra
value to farm products (Dobbs and Smolik, 1996)

In this way, organic farming has become a factor that supports the maintenance of
the environment, produces healthy food, carries out agricultural structure reform, uses
environment friendly methods of production, and gains social acceptance for agriculture
(Bedo, 20006).

The structure of Hungarian farms differs somewhat from the Western European
average. While most area is utilized by medium-sized farms in Western Europe,
Hungarian acreage is dominated by large farms (Eurostat, 2009). This difference is also
visible in organic farming. Although most organic farms are small, organic farming can
also be practices on a large scale, though for this to succeed, particular attention needs
to be paid to the application of high-level technologies with respect for the environment
and knowledge of local conditions. Apart from the many small organic farms, numerous
large (many-hundred hectare), long-standing organic farms exist in Hungary, for
example the Koros-Maros Biofarm, the Kishantos Ecological Model Farm, and the
Galgafarm Co-operative.

Numerous well-known types of organic farming have been developed based on the
environmental systems approach. (Bedd, 2006). The use of organic farming has been
shown to produce benefit for the environment (Chamberlain et al., 1999; Reganold et
al.,, 2001). When conventional and biodynamic cereals are compared, earthworm casts
and weed seedlings are found more frequently in the biodynamic plot. The
disaggregation of soil particles in the conventional plots leads to a smoother soil surface
(Méder et al., 2002).

Additionally, one crucial part of the crop protection of organic fields is weed control.
Weeds are major factors in yield losses, as they use the water and nutrient reserves of
the soil, suppress crop plants, may be reservoirs of crop diseases, and can serve as
hiding places for pests. They can increase production costs, cause yield loss, and
decrease the value of the product. On the other hand, it is necessary to employ some
useful properties of weeds if the unity of the environment is to be maintained. For
example, they can decrease wind and water deflation, may be employed as ingredients
of pesticides and conditioning agents, and can be used as green manure. Weeds can also
help to preserve biodiversity (Radics et al., 2004). Avoiding the use of pesticides and
fertilizers has also been shown to lead to changes in weed flora (Pimentel et al., 1997;
Gabriel et al., 2006, Szentes et al. 2012).

Additionally, weed flora is affected by the intensity of cultivation. Some segetal
species need, to a certain extent, yearly cultivation. The disturbance can create the
possibility of beginning a succession, and in this way, annual species can become
dominant in the first few years, to be followed by biennial species, and then by
perennial. Finally, in some cases, woody species take over the main role of the plant
association (Bornkamm, 1985; Tatoni and Roche, 1994). In contrast, Bonet and Pausas
(2004) found that annuals were dominant in the first ten years. The structure of pioneer
succession is chiefly affected by the crop and by the time of the last cultivation (Hiippe
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and Hofmeister, 1990). These pioneer successions are present in the fields as weed
flora.

During the intensive use of landscape, natural ecosystems turn to agroecosystems,
and the living spaces became sectioned significantly. This process results in a change in
the botanical composition and diversity of the natural habitats, and in the number of
species. Inevitably, diversity decreases in the habitats (Edwards et al., 2007).

Additionally, the weed composition does not remain constant during the growing
season, with the greatest difference being on account of the annuals. While winter
annuals germinate in autumn, or sometimes in early spring, and disappear by summer,
summer annuals prefer high temperatures and germinate in spring or summer, finishing
seed production by autumn. The frequency of perennials is also higher in summer
(Hakansson, 2003).

Material and methods
Research circumstances

During our research, the weed species present were identified and classified, and the
weed cover and weed structure of both organic and conventional fields were surveyed at
different stages.

The aim of our research was to characterize the weed flora of organic and
conventional maize fields in the Fehér-Koros River area, and to find differences in weed
flora between the different approaches (organic and conventional) used on farms.
Surveys were made on an organic farm of more than 2500 hectares (Kords-Maros
Biofarm), and at neighbouring conventional farms in the Fehér-Kords River region, near
the town of Gyula in southeast Hungary, between 2007 and 2011.

The organic fields were controlled for weeds by harrowing twice (within a week after
seeding, and between the 1 and 3 leaf stages of maize) and by use of an inter-row
cultivator once or twice. The fields with most weeds were also hoed for weed control.
Conventional fields were treated by pre-emergent or early post-emergent herbicides and
by inter-row cultivator, and were treated between the 6 and 9 maize leaf stages.

All of the organic fields studied were managed conventionally with intensive use of
herbicide prior to the early 1990s.

A total of 93 fields were surveyed in the study. These fields were divided into four
groups, according to the farming system used and the season of the survey
(conventional in spring, conventional in summer, organic in spring, and organic in
summer). The spring surveys were carried out at the end of April and in May, while the
summer surveys were performed between the middle of June and August.

We attempted to answer the following questions during our work on the fields of
both farming systems: (a) Which weed species are most typical of conventional and
organic maize in the region, and what is the extent of their cover? (b) Does the weed
flora of the previously conventionally managed organic fields differ from that of the
neighbouring continuously conventional fields? (c) Can weed control without herbicides
keep weeds to an acceptable level in maize? (d) Which weed species are the most
dangerous and problematic in organic farming? (e) Are there any differences between
the organic and conventional systems in terms of weed structure? (f) How do the weed-
species structures of spring (April-May) and summer (June—July) vegetation on organic
and conventional fields differ?
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The rate of cover of individual weed species was recorded by direct covering
percentage (Németh and Sarfalvi, 1998). The weed cover of each field was estimated
based on the mean values of four replicates. Species found only outside the sampling
areas were registered as contributing 0.1 percent cover value (Zalai et al., 2012). Weed
species were classified as winter annuals, summer annuals, biennials, creeping
perennials, or stationary perennials according to Hakansson (2003).

Statistical analysis based on the structure of weed species

Prior to the analysis, the cover of each weed species was normalized by dividing it
by the total weed cover of each field, to show the relative incidence of weed species per
field. For preanalysis, one-way MANOVA (Wilks’ lambda test) was used to test the
difference between groups (Krzanowski, 1988). The main analysis was carried out using
linear discriminant analysis (LDA), with the relative incidences of weed species as
structure coefficients for the four field groups (conventional in spring, conventional in
summer, organic in spring, and organic in summer) (Ripley, 1996; Venables and Ripley
2002). Weeds with lower total cover than 0.5% of the 93 studied fields were excluded
from the analysis. In the figures, for clarity, only the 15 weed species with the highest
effects on the model are represented. Linear discriminant number 1 (LD1) with LD2, as
well as LD1 with LD3, was also used, on account of the relatively high trace of LD3.
All statistical analyses were carried using R (R Development Core Team, 2011).

Results
Weed flora of conventional maize in spring

The weed flora of conventional maize fields mainly included creeping perennial and
summer annual species in the spring surveys (Table I).

Convolvulus arvensis and Cirsium arvense were the most frequent perennial species.
This is unsurprising, as these species are problematic in most spring-seeded crops in
Hungary. They are also important in the Fifth National Weed Survey (Novék et al.,
2009), although they were not the most common weed in the Survey.

Table 1. Most frequent weeds of conventional maize in spring

OD* Weed species* Cover[%]
1. Convolvulus arvensis 0.38
2. Cirsium arvense 0.31
3. Stellaria media 0.14
4. Echinochloa crus-galli 0.10
5. Capsella bursa-pastoris 0.09
6-7. Fallopia convolvulus 0.04
6-7. Persicaria lapathifolia 0.04
8-10. Helianthus annuus 0.03
8-10. Setaria pumila 0.03
8-10. Setaria viridis 0.03
other 0.30
TOTAL 1.49

*OD order of dominance
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Summer annuals were also significant, and these species accounted for
approximately half of the total coverage. Both monocotyledonous (such as Echinochloa
crus-galli and Setaria spp.) and dicotyledonous species were frequent.

The coverage of winter annuals was low, but Stellaria media and Capsella bursa-
pastoris took the third and fifth places, respectively, in the order of dominance.

The total weed cover was low.

Weed flora of conventional maize in summer

By summer, the creeping perennial species (Convolvulus arvensis, Cirsium arvense)
managed to only slightly increase their coverage in conventional maize (7able 2).

The increase in the coverage of summer annuals was more intense. The order of
dominance of these species changed, but Echinochloa crus-galli remained most
frequent. Apart from this, other grassy weeds (such as Setaria pumila) and broad-leaved
weeds (like Hibiscus trionum) were significant.

A stationary perennial plant (Cichorium intybus) was also present among the top
weeds, but the frequency of this group was low.

The total weed coverage increased until late summer, but remained on a tolerable
level.

Table 2. Most frequent weeds of conventional maize in summer

OD* Weed species Cover|[%]
1. Echinochloa crus-galli 1.13
2. Hibiscus trionum 0.68
3. Convolvulus arvensis 0.44
4. Cirsium arvense 0.34
5. Persicaria lapathifolia 0.22
6. Chenopodium hybridum 0.18
7. Setaria pumila 0.11
8. Abutilon theophrasti 0.08
9. Cichorium intybus 0.06

10. Digitaria sanguinalis 0.04
other 0.20
TOTAL 3.48

*OD order of dominance

Weed flora of organic maize in spring

In the spring survey, Cirsium arvense was the most frequent weed in organic fields.
This species was also important for conventional areas, but its coverage was many times
greater in organic farming. Conversely, the coverage of Convolvulus arvensis (also a
creeping perennial) differed only slightly from its value on conventional fields (7able
3).

The summer annual weeds were also significant. Echinochloa crus-galli was the first
of these, with more than 1%. Beside this, only one monocotyledon was frequent
(Setaria pumila). The number of dicotyledonous annuals was high, and all of the other
top species came from this group (including Xanthium strumarium and Abutilon
theophrasti).
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The total weed coverage was less than 10%. This is still a tolerable value, but is
much higher than for conventional maize.

Table 3. Most frequent weeds of organic maize in spring

OD* Weed species Cover|[%]
1. Cirsium arvense 1.30
2. Echinochloa crus-galli 1.09
3. Xanthium strumarium 0.47
4. Abutilon theophrasti 0.42
5. Persicaria lapathifolia 0.41
6. Convolvulus arvensis 0.40
7. Chenopodium album 0.29
8. Amaranthus retroflexus 0.28
9. Setaria pumila 0.23

10. Ambrosia artemisiifolia 0.18
other 1.79
TOTAL 6.86

*OD order of dominance

Weed flora of organic maize in summer

By summer, monocotyledonous annuals had taken the lead in terms of their coverage
of organic fields. Echinochloa crus-galli had the highest coverage, as with conventional
fields, while Setaria pumila was also important (7able 4).

From the dicotyledonous annual group, Hibiscus trionum showed the greatest
coverage. This is the same as on conventional farm, which shows that, just like grassy
weeds, Hibiscus trionum is an important species in the studied region. Its high incidence
is significant only in late summer.

However, the coverage of perennials (Cirsium arvense and Convolvulus arvensis)
multiplied by early summer, and although their incidence was significantly higher than
on conventional farms, it was not so high as to allow them to play the main role for
organic maize in summer.

Table 4. Most frequent weeds of organic fields in summer

OD* Weed species Cover|[%]
1 Echinochloa crus-galli 6.92
2 Setaria pumila 3.52
3 Cirsium arvense 3.08
4 Hibiscus trionum 2.72
5 Convolvulus arvensis 1.78
6 Amaranthus retroflexus 1.29
7 Chenopodium album 1.28
8 Abutilon theophrasti 0.68
9 Ambrosia artemisiifolia 0.51

10 Datura stramonium 0.33
other 2.52
TOTAL 24.63

*OD order of dominance
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The total weed coverage was close to one quarter of the total area. This is higher than
the damage limit value, in spite of the employment of continuous weed management.

Weed structure of organic and conventional maize fields

According to linear discriminant analysis with LD1 with LD2 (79.08% of the total
trace), conventional fields in spring differ significantly from the other field groups (Fig.
I). Conventional and organic fields differ more in spring, and this difference was no
longer significant by summer. The change in the structure of the weed flora was greater
in conventional fields than in organic fields from spring until summer.
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Figure 1. Discrimination of organic and conventional fields in spring and in summer by weed
structure according to LD1 and LD?2 (0 conventional in spring, © conventional in summer,
A organic in spring, + organic in summer)

Using LD1 with LD3 shows the same difference between conventional fields in
spring and the other field groups (Fig. 2). The position of the organic fields
interchanged from spring to summer, meaning that conventional and organic fields also
differed significantly in summer. The weed structure of the organic fields in spring did
not differ significantly from that of conventional fields in summer. Organic fields in
different seasons did not vary, regardless of whether LD1 with LD2 or LD1 with LD3
was used.

On the basis of LD1 with LD2, most impact species can be classified into four
groups. Weed group 1 includes the winter annual species (such as Capsella bursa-
pastoris and Lamium spp.) that were present mainly on organic fields in spring. These
are wintering or early spring germinating annual plants, and are less typical in maize
than they are in cereals. Their cover was also low on organic fields in spring, but almost
no winter annuals were present in the other field groups (Fig. 3).
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Figure 2. Discrimination of organic and conventional fields in spring and in summer by weed
structure according to LD1 and LD3 (O conventional in spring, © conventional in summer,
A organic in spring, + organic in summer)
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Figure 3. Discriminating species and they effect on the model according to LDI1 and LD2
(O conventional in spring, © conventional in summer, /\ organic in spring, + organic in
summer, ABUTH Abutilon theophrasti, AMARE Amaranthus retroflexus, CAPBU Capsella
bursa-pastoris, CICIN Cichorium intybus, CONAR Convolvulus arvensis, DIGSA Digitaria
sanguinalis, ECHCR Echinochloa crus-galli, ERICA Conyza canadensis, HIBTR Hibiscus
trionum, LAMAM Lamium amplexicaule, LAMPU Lamium purpureum, SETGL Setaria
pumila, STAAN Stachys annua, STEME Stellaria media, VERPE Veronica persica.)
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The weeds in group 2 (Cichorium intybus, Conyza canadensis, and Digitaria
sanguinalis) described conventional fields in summer, while those of group 4 (4butilon
theophrasti, Amaranthus retroflexus, and Stachys annua) described organic fields in
summer. The members of groups 2 and 3, except for Cichorium intybus, are summer
annuals that appear in early summer and flower continuously until late summer. These
are common in maize fields (Novak et al., 2009; Téth et al., 2011a, 2011b; Penksza et
al., 2010).

The species of weed group 3 are typical of both farming systems in the summer. One
of these (Convolvulus arvensis) is a perennial, while the other species (Echinochloa
crus-galli, Hibiscus trionum, and Setaria pumila) are summer annuals whose incidence
is nonetheless common in the same period. These species are also characteristic of
Hungarian arable lands during summer (Novak et al., 2009).

No important species characterized conventional fields in spring, as the weed cover
and the number of weed species were low in these fields, and frequently weeds also
varied between fields. On the other hand, Convolvulus arvensis (the most frequent weed
in these fields) continued to increase in frequency until summer. Cirsium arvense (the
second most frequent weed) was common in both farming systems and in both seasons,
and so was not able to characterize the ‘conventional in spring’ group.

The structure coefficients show slight differences, according to LD1 with LD3 and
LD1 with LD2 (Fig. 4).
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Figure 4. Discriminating species and they effect on the model according to LDI and LD3
(O conventional in spring, © conventional in summer, /\ organic in spring, + organic in
summer, ABUTH Abutilon theophrasti, AMARE Amaranthus retroflexus, CAPBU Capsella
bursa-pastoris, CICIN Cichorium intybus, CONAR Convolvulus arvensis, DIGSA Digitaria
sanguinalis, ECHCR Echinochloa crus-galli, ERICA Conyza canadensis, HIBTR Hibiscus
trionum, LAMAM Lamium amplexicaule, LAMPU Lamium purpureum, SETGL Setaria
pumila, STAAN Stachys annua, STEME Stellaria media, VERPE Veronica persica.)

The species of groups 3 and 4 are not distinguished, and describe only the organic
fields in summer, not the conventional fields in summer.
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From group 2, Cichorium intybus and Digitaria sanguinalis describe conventional
fields well in summer, while Conyza canadensis is among the worst descriptors.

The species of group 1 are mainly characteristic of organic fields in spring. The
analysis using LD1 with LD2 was more effective than the analysis using LD1 and LD3
in characterizing both group 1 and the two species Digitaria sanguinalis and Cichorium
intybus taken together. It was also superior in segregating organic fields in spring from
conventional fields in summer.

Conclusions and suggestions

The evidence of the surveys conducted between 2007 and 2011 is that the organic
and conventional areas differ according to many parameters.

The weed species of the summer annual and creeping perennial types are present to a
greatest extend in both organic and conventional maize fields, during both survey
periods. The cover of species of both types decrease during the growing period of
maize. The size of the increase is greater in the case of the summer annuals than with
the perennials.

Among summer annual monocotyledons, Echinochloa crus-galli and the Setaria
species were common. Other monocot annuals were present only rarely. Organic and
conventional fields differed completely in terms of dicotyledonous weeds. Amaranthus
retroflexus and Hibiscus trionum had high cover on organic fields in all years. The
presence of volunteer Helianthus annuus was common only in conventional fields
because of the differences between crop rotations. In addition, the Chenopodium and
Persicaria species, as well as Abutilon theophrasti, were frequent in both farming
systems. The most common perennials were Cirsium arvense and Convolvulus arvensis,
which were found in both farming systems.

Interestingly, the allergenic Ambrosia artemisiifolia was not prominent in either
organic or conventional maize fields, although it is common generally in maize fields in
Hungary (Novék et al., 2009).

The total weed coverage was higher on organic fields than on conventionals in both
periods, and this total coverage could increase during the growing season in both
farming systems.

Apart from weed coverage, the structure of the weeds also differed in the two
farming systems. Organic fields are characterized by Abutilon theophrasti, Amaranthus
retroflexus, and Stachys annua; conventional fields by Digitaria sanguinalis and
Cichorium intybus in summer. On organic fields, winter annual species (such as Galium
aparine, Lamium spp, Stellaria media, and Veronica persica) were frequent in spring.
Conventional spring fields are not characterized by any species, because the weeds that
were frequent in such fields were also important in the other field groups.
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