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Weeds pose a major threat to world agriculture by reducing detrimentally crop yield and quality. However, at the same time, weeds are major interacting components of the agroecosystems. Abundance and diversity of weeds vary significantly among the several communities. In order to evaluate each community's structure and the interactions among them, several population indices are used as key tools. In parallel, various cultivation and land management strategies, such as tillage and fertilization, are commonly used in terms of integrated weed management. Estimating the response of weed species on those practices is crucial for both biodiversity maintenance and alternative weed control methods. Many experiments have confirmed the fundamental role of tillage intensity and nutrition supply in weed species' abundance and diversity. For instance, in some studies, the abundance of perennial weeds was doubled under reduced tillage intensity. In addition, higher values of Shannon-Weiner and Pielou indices were reported in the PK fertilization treatment compared to the control and NK fertilization treatments. The objective of this paper is to provide a brief overview of the key results of these experiments and summarize the part of the literature related to the effect of tillage systems and fertilization on weed species abundance and diversity. Such knowledge could contribute to the sound design and implementation of integrated weed management programs which in turn may lead to a decrease in the density of serious and noxious weeds and an increase in the overall balance of agroecosystems.
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INTRODUCTION

Since the beginning of crop production weeds have represented a serious constraint to worldwide agriculture, as when left uncontrolled they can cause over 80% yield loss (Cousens and Mortimer, 1995). Agricultural practice has demonstrated that the basic principles of integrated management used for insect control also ought to be adopted for weed control (Labrada, 2003). Opposed to more pest management tactics, establishing integrated weed management programs focused on diverse weed species with different life history attributes can be particularly complicated. As a result, stable systems that stand in need of ecological awareness outside the scope of individual species are deemed necessary (Mortensen et al., 2000).

A community can be described as a group of interacting species populations occurring together in space (Stroud et al., 2015). Abundance is defined as “the measure of the number or frequency of individuals of the same species,” whereas diversity demonstrates the “number of species present (species richness) and their abundance (species evenness) in an area or in a community” (Booth et al., 2003). The correlation between species diversity and community stability stresses the need to preserve the greatest richness among biological communities (Rafferty, 2011). The biodiversity of weed communities in a cropland can be influenced by tillage systems and fertilization treatments. In addition, the influence of environmental conditions should also be taken into account (Fried et al., 2008; Pinke et al., 2012). When studying a weed community, the choice of the appropriate indices is crucial. Changes in crop management are likely to act as filters on the weed community by removing or limiting species that lack specific traits or combinations of them (Storkey et al., 2010). Weed abundance and diversity should be intensively studied as key aspects of both biodiversity conservation within agroecosystems (Marshall et al., 2003; Gibson et al., 2006; Power, 2010; Rassam et al., 2011) and integrated weed management (Maxwell and O'Donovan, 2007; Smith et al., 2010; Travlos, I., 2013).

Each agricultural practice has a higher or lower potential to influence the abundance and diversity of weed species in a crop field. Both positive and negative effects of reduced tillage intensity on weed diversity have been reported. In general, conservation tillage systems usually increase weed abundance (Travlos and Economou, 2010; Melander et al., 2013), while the trends regarding weed diversity are less clear and they are usually dependent on the basis (long-term or mid-term) of the relevant evaluations (Hernandez Plaza et al., 2011; Bilalis et al., 2012b; Santín-Montanyá et al., 2013). In many cases, annual broadleaf species tend to be more abundant in frequently disturbed conventional tillage systems (Streit et al., 2003), while perennial weeds are favored by the absence of disturbance (Buhler, 1995). However, in vegetable fields in California, reduced tillage increased the density of weeds like the annual broadleaf Capsella bursa-pastoris in the top 15 cm of soil compared to conventional tillage (Fennimore and Jackson, 2003).

Differentiation in the concentration and availability of plant nutrients may also affect weed populations (Murphy and Lemerle, 2006). Several studies have reported that fertilization has a strong impact on weed species' abundance and diversity (Banks et al., 1976; Nie et al., 2009; Cheimona et al., 2016). In particular, quite a few experiments have demonstrated that high level of nitrogen (N) fertilization results in decrease of weed species richness (Pyšek and Lepš, 1991; Inouye and Tilman, 1995) and change of the weed species composition, since specific species are favored (Mahn, 1988; Gu et al., 2007; Huang et al., 2013). Moreover, Storkey et al. (2010) found that several rare and endangered weed species were further reduced due to the added nitrogen. Previous studies have shown that the abundance of several weeds was also greatly influenced by added phosphorus (P) (Blackshaw et al., 2004), while dandelion abundance was greatly dependent on potassium (K) fertilization (Tilman et al., 1999).

The traditional approach to the study of weeds is to examine their control or management rather than study their effect on the community. However, the main objective of this paper is to display some of the changes in weed abundance, diversity and community composition, under conservation and conventional tillage systems and different fertilization patterns, as they are expressed by means of various indices. Despite the space limitations of this condensed review that make the detailed presentation of all the relative studies exceptionally difficult, this paper aims to improve our ability to understand species' responses to human-induced land-use change.

ESTIMATING SPECIES ABUNDANCE AND DIVERSITY

Species abundance describes the number of individuals on the same sample plot (Kent, 2012). There are quite a few different indices (frequency, density, cover and biomass) for measuring abundance depending among the others on the target species, the habitat type, the aim of the study and the economic resources (Kraehmer, 2016). Frequency, usually expressed as a percentage, is “the proportion of sampling units (e.g. quadrats) that contains the target species” (Booth et al., 2003). It is an easy and quick method which is considerably affected by the size and the shape of the sampling units.
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Frequency is a useful index for monitoring and comparing plant community changes over time (Bonham, 2013). Frequency reflects both a species' presence or absence and how much it is distributed within a community. Relative frequency, also expressed as a percentage, is the degree of dispersion of target species in the sampling unit in relation to the number of all the species occurred.

[image: image]

Density measures the number of target species per given area (e.g. square meter or hectare). Brix and Andreasen (2000) proposed the McCullagh model for prediction of the mean weed density from the frequency data by calibration.
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The ability of individuals to be separated is a prerequisite for measuring the density of each species. However, individuals of weed species are often difficult to be distinguished, especially in early growth stages. In addition, age, growth stage, biotype or environment may affect the morphological appearance or at least particular morphological traits of the same weed species (Booth et al., 2010; Travlos and Giannopolitis, 2010; Travlos, I. S., 2013). Consequently, in many cases it is preferable to use frequency and density measurements in uniform size vegetation in order to avoid underestimation of individuals' abundance. In general, relative density expresses the numerical strength of a target species in relation to the total number of individuals of all the species occurred.

[image: image]

Furthermore, coverage and biomass are used instead of frequency and density when size or weight differentiation of individuals is needed. Coverage is “the percentage of the surface area of the sample plot covered by a given species” and consists a commonly used measure of abundance because it is not limited by the size or distribution of individuals (Floyd and Anderson, 1987). It is usually estimated visually from the above by using several scales for cover classes (Krajina, 1933; Evans and Dahl, 1955; Daubenmire, 1959; Barkman et al., 1964; Braun-Blanquet, 1964). However, visual under- or overestimations may occur (Kercher et al., 2003). Precise measurements of vegetation coverage are available by using various software and different applications. In addition, total vegetation coverage is feasible to be measured, based on various vegetation indices such as NDVI, NDRE or NGRDI (Travlos et al., 2017; Van Evert et al., 2017). The influence of plant distribution should be also taken into consideration on the estimation of a population's density, cover and frequency. Bilalis et al. (2009) introduced the MDR index as an indicator of weed volume for each weed species with the following equation:
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Biomass is expressed as “the dry-matter weight of individual species per unit area.” It is a reliable and accurate index; however, it is a method requiring time and destructive sampling. Biomass is determined by collecting the above-ground and/or the below-ground part of a plant species. When collecting, the plant can also be divided into roots, stems, leaves and reproductive structures.

Species diversity, usually described by two basic constituents (richness and evenness), represents the different species within a community. Species richness is the number of species present, whereas evenness reveals how the community is dominated by the existing species or whether these species are represented by approximately equal numbers (Nkoa et al., 2015). Species diversity is divided in the within community diversity [α- (alpha-) diversity] and between community diversity [β- (beta-) diversity]. The most widely used indices for the estimation of α-diversity are the following: Margalef, Shannon-Weiner and the Simpson. However, measuring β-diversity gives the opportunity to determine differences among the communities as well as the effect of putative environmental factors on species composition (Booth et al., 2003). The most widely used indices for the estimation of β-diversity are the following three: Whittaker's statistic, Jaccard's, and Sorensen and Steinhaus' coefficients of similarity. In Table 1, the main differences among them are presented; however, this review paper will focus on α-diversity comparison studies.


Table 1. Comparing the scale, sophistication, biases and limitations of diversity measures discussed above (modified from Booth et al., 2003, 2010).
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The Margalef diversity index (Margalef, 1958) (DMg) can be easily determined by the following equation:
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where S is the number of species, and N is the total number of individuals in the sample. As previously commented by Magurran (2004), this index is highly sensitive to sample size although it is intended as a counterbalance to sampling effects. However, in another study it was mentioned that if a density data set is inserted in place of absolute numbers, a sub estimation of the index may occur (Gamito, 2010).

The Shannon-Weiner diversity index (Shannon and Weaver, 1963) (H′) is calculated by the following equation:
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where pi is the proportion of individuals belonging to the ith species and Sis the total number of species. The values of this index range between 1.5 and 3.5 (MacDonald, 2003).

The evenness of a community can be represented by the index (J′) that Pielou (1969) proposed with the following equation:
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where H′ is the number derived from the Shannon diversity index and H′max is the maximum possible value of H' (if every species was equally present), equal to:
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where S is the total number of species.

The Simpson index was introduced by Simpson (1949) in order to measure the degree of dominance of individuals weed species, according to the following equation:
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where pi is the proportion of individuals belonging to the ith species and S is the total number of species.

A separate measure of evenness can be calculated by dividing the reciprocal form of the Simpson index by the number of species in the sample (Smith and Wilson, 1996).
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The values for that measure range from 0 to 1.

There are several methods for measuring β-diversity. Herein, only some of the most frequently used examples of the relative indices will be presented. One of the best methods is called Whittaker's statistic (βW) (Whittaker, 1960) and is calculated by the following equation:
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where γ is the number of species in an entire study area and α is the number of species per plot within the study area. This measure examines the difference among areas of α-diversity in relation to the total species richness (γ-diversity) (Kraehmer, 2016).

There are more than 20 binary similarity measures in the literature (Cheetham and Hazel, 1969) and they have been reviewed by Clifford and Stephenson (1975), and Romesburg (1984). Below, two of the indices that are most frequently used are presented

Jaccard's Index of similarity (Jaccard, 1908) is given as follows:
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where α is the total number of species present in both samples, b is the number of species present only in the one sample and c is the number of species in the second sample.

Sørensen's index is calculated by means of the following equation:
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where c is the number of species shared by both plots and α is the mean number of species in each plot. Binary measures are appropriate for data sets where variables can only take the values “1” or “0,” such as presence/absence data sets.

Steinhaus coefficient (SA) is another common index:
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where W is the sum of the lower of the two abundances of each species of the community, A the total number of individuals in population A and B the total number of individuals in population B (Nkoa et al., 2015). This asymmetric coefficient also accounts for the quantitative differences in species' communities. If applied to binary data, this is equivalent to the Sørensen coefficient. The one-complement of this coefficient is the popular Bray-Curtis dissimilarity measure (Bray and Curtis, 1957).

It is apparent that the selection of the appropriate index has to be carefully performed by the researchers in order to meet the requirements of each specific study and particular requirements. In studies where rare and abundant weed species are expected to be equally significant, diversity could be appropriately measured by the Shannon-Weiner index. However, when dominant species are supposed to be more significant, Simpson index could be more suitable (Morris et al., 2014).

TILLAGE EFFECT ON WEED ABUNDANCE AND DIVERSITY

Tillage systems are often but not solely classified to several types depending on the amount of residues left on the soil surface (Magdoff and van Es, 2000). Particularly, conventional tillage includes all tillage treatments that leave less than 15% of crop residues on the soil surface after planting the next crop, or less than 1,100 kg/ha of small grain residues throughout a critical erosion period. In general, such tillage techniques involve plowing or intensive tillage (Koller, 2003). Conservation tillage retains an amount of about 30% or greater of soil surface covered by crop residues and it includes four main types: mulch tillage, ridge tillage, zone tillage, and no-tillage (Carter, 2005).

Crop management strongly affects the abundance and diversity of weeds and changes in tillage are likely to have a clear effect on the community structure (Nichols et al., 2015). Such changes in tillage may result in weed species shifts (Coffman and Frank, 1992; Buhler et al., 1994; Swanton et al., 1999; Tuesca et al., 2001; Bilalis et al., 2003). In parallel, some studies revealed a direct correlation between the presence of specific weed species and the tillage system (Buhler, 1992). In the study of Thomas et al. (2017) perennial species such as Cirsium arvense and Sonchus arvensis were associated with reduced- and zero-tillage systems, while annual species were associated with a range of tillage systems. The study carried out by Grey et al. (2017) showed that tillage alone can effectively control the potential invasive napiergrass (Pennisetum purpureum) within a range from 12 to 33%. However, invasive weeds are inclined to recover rapidly when tillage is interrupted (Sheley et al., 2011). Shifts in plant communities are usually described or quantified by means of the various existing abundance and diversity indices.

Armengot et al. (2016) observed an increasing trend in weed richness under reduced tillage compared with conventional tillage. However, crop type was recognized as the main driver of the shifts in the functional composition of weed communities. Armengot et al. (2015) also found that total weed coverage was higher under reduced tillage, though this result was not consistent fordifferent crops. In particular, average abundance of perennials almost doubled overtime under reduced tillage, while yields did not show any difference between the different treatments. Higher weed abundance and density under conservation tillage have been also confirmed by other studies (Peigné et al., 2007; Gruber and Claupein, 2009). Cardina et al. (2002) reported that in moldboard plow plots the densities of Amaranthus retroflexus and Veronica arvensis were both lower compared to no-tillage plots.

Kakabouki et al. (2015) indicated that weed biomass and density in quinoa crop were influenced by the different fertilization and tillage treatments with tillage effects being species dependent. Similarly, total weed coverage and perennial coverage in reduced tillage treatments were two to three times greater compared with conventional treatments (Sans et al., 2011). Weed biomass in barley showed also higher rates in the conservation compared to the conventional tillage treatment (Vakali et al., 2011). On the contrary, other researchers like Demjanová et al. (2009) suggested that mouldboard plowing was connected with significantly lower weed biomass compared to reduced soil tillage.

Santín-Montanyá et al. (2013) reported that the abundance, diversity and evenness of the weed community in a wheat field, were greatly increased in no-tillage systems. Mulugeta et al. (2001) also confirmed that species richness was higher in long-term no-tilled fields than in tilled or short-term no-tilled fields. Furthermore, it is noted that less important weeds often become dominant after a period of no-tillage in which weed seeds are retained near the soil surface (Soane et al., 2012). Counter results were found by Shrestha et al. (2002), revealing higher weed densities in the conventional tillage than in the no-tillage systems, while in other studies perennial weeds and overwintering weed species increased with reduced tillage compared to plowing in autumn or spring (Tørresen et al., 2003).

On the other hand, Amuri et al. (2010) suggested no-tillage and high residues' level as contributors to the suppression of many weed species in terms of crop management. Consistent with that outcome is the study that Bilalis et al. (2012a) carried out which highlights the suppressive role of wheat residues in weed abundance under no-tillage conditions in an organic flax crop. In particular, the highest density of competitive weeds was mentioned under minimum and conventional tillage systems, whereas the lowest density was found in no-tillage plots. Similarly, the lowest population of weeds like Echinochloa colona and Digera arvensis was found in zero tillage-raised bed conditions over a four-year study (Sepat et al., 2017). With regard to weed species diversity, the percentage of rare species was enhanced under no-tillage treatment (Gill and Arshad, 1995).

While current knowledge suggests that weed community composition will change in response to different tillage systems, the alterations in weed diversity of the community remain less clear. Bilalis et al. (2001) used both Simpson's and Shannon-Weiner's indices to verify the impact of three different tillage amendments on shifts in weed flora in a 3-year crop-rotation treatment. In all crops, apart from cotton, significant differences were found among the tillage systems. Three annual species prevailed in the conventional and minimum tillage systems (Sinapis arvensis, Solanum nigrum and Tribulus terrestris), while one perennial species (Malva sp.) prevailed in the no-tillage system. Mas and Verdú (2003) reported that the highest values of Shannon-Wiener diversity index were noted under no-till conditions.

Sans et al. (2011) suggested that tillage had no significant impacts on species diversity in wheat and spelt crops. However, low evenness values and high dominance of Stellaria media demonstrated a decrease in weed diversity in reduced tillage plots of sunflower. On the contrary, Shannon's diversity and evenness indices were higher under the conservation than in the conventional tillage system (Dorado and Lopez-Fando, 2006). Conservation tillage systems resulted in increased weed diversity compared with conventional mouldboard plow-based tillage systems. Some species, such as Capsella bursa-pastoris and Torilis nodosa, were dominant in the reduced tillage systems (no tillage, no-tillage with paraplow and minimum tillage), while two different weed species (Polygonum aviculare and Phalaris paradoxa) were the dominant ones in the conventional system.

In addition, Menalled et al. (2001) reported that aboveground weed biomass, species density, and diversity lowest values were obtained under conventional tillage system, intermediate values under no-tillage system, and highest values under low-input and organic systems. Moreover, it was observed that annual grass species, such as Digitaria sanguinalis and Panicum dichotomiforum dominated the no-tillage system. It is noteworthy to mention that different diversity pattern with regards to tillage among crops suggests that other agronomic practices and environmental factors may interact in a complex way with tillage and affect the weed diversity within communities (Légère et al., 2005). A summary of the above-mentioned responses of weed abundance and diversity to different tillage is given in Table 2.


Table 2. Indicative response of conservation and conventional tillage practices on weed abundance and diversity.
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FERTILIZATION EFFECT ON WEED ABUNDANCE AND DIVERSITY

Fertilization affects soil fertility and nutrient uptake, thus resulting inincreasing agricultural yields, as well as in modifications of weed communities (Allan et al., 2015). Weed communities tend to be more diversified in low than in high input systems (Gough et al., 2000; Suding et al., 2005; Bilalis et al., 2010), while Santín-Montanyá et al. (2013) did not observeany significant effect of fertilization on weed abundance and diversity. The kind of fertility inputs varies between conventionally and organically-managed systems and weed species richness and abundance are considered to be strongly related to organic compared with conventional farming (Hyvönen et al., 2003). In many cases, organic farming usually increases species richness, having on average 30% higher species richness than conventional farming systems (Bengtsson et al., 2005) and also favors the existence of habitats for rare weed species (van Elsen, 2000). Finally, it has been proposed that at higher nitrogen level of soils, invasive annual grasses can be reproduced better compared to native species (Vasquez et al., 2008).

Blackshaw et al. (2005) confirmed that compost tends to contain relatively high numbers of weed seeds which can contribute to the soil seed bank. In addition, Sweeney et al. (2008) reported that weeds' biomass was higher with added nitrogen, whereas Berner et al. (2008) suggested that slower release of nitrogen by solid farmyard manures appears to benefit weeds more than early nitrogen demanding crops. At the same time, soil N fertility was considered to have effects on weed seed mortality for some specific weed species, such as Abutilon theophrasti, Ambrosia trifida, and Eriochloa villosa (Davis, 2017). On the other hand, Kakabouki et al. (2015) mentioned an increase in total weed density and biomass under either manure application or inorganic fertilization.

Cover crops and intercropping are considered to be practices that improve soil fertility with adverse effects on weed communities (Bilalis et al., 2009; Travlos, 2010). As mentioned by Bilalis et al. (2012a), differences in nitrogen availability posed a significant effect on weed density of many competitive weeds with the lowest weed density found in the plots treated with compost. Similarly, the lowest value of Shannon's index was also found in the same plots.

It is reported that increased nutrients level increased the dry matter of weeds (Mohammaddoust-e-Chamanadad et al., 2006). In particular, Pyšek and Lepš (1991) noted that a high rate of nitrogen fertilization enhanced tall and erect weed species, an outcome which is in full agreement with the hypothesis of light limitation in weed communities. Blackshaw and Brandt (2008) reported that the competitiveness of Lolium persicum (low N-responsive) was not influenced by nitrogen added. On the contrary, the competitive ability of Amaranthus retroflexus (high N responsive) increased with higher levels of nitrogen. In the case of Avena ludoviciana the added N increased the negative effect on wheat grain yield (Lack et al., 2011).

Previous studies had shown that soil enrichment significantly reduced the richness of native species in grassy woodland ecosystems (McIntyre and Martin, 2001). In addition, species richness was negatively correlated with phosphorus, and species evenness was negatively correlated with the ratio of organic carbon to total nitrogen in soil according to the study of Ma (2005). Blackshaw and Brandt (2009) also mentioned that P-responsive species were more competitive as added P increased. On the contrary, Freyman et al. (1989) mentioned that P had a small effect and K had no effect on weed communities without any significant interactions.

Hyvönen and Salonen (2002) suggested that cropping without herbicide application and with lower nitrogen supply resulted in greater weed species diversity than conventional cropping with a higher nitrogen supply and herbicides did. In another study, Digitaria ischaemum was found to be the dominant species under NK and non-fertilized treatments, Cyperus rotundus dominated under phosphorus PK treatment, while more weed species and higher Shannon' s diversity values were detected in the balanced fertilization treatment (Yin et al., 2006). Wan et al. (2012) evaluated the influence of different fertilization on weed diversity in rice paddy fields. Five fertilization treatments (no fertilization or NOF, PK, NP, NK, and NPK) were applied and according to the results the following models were occurred: PK > NOF > NK > NP > NPK, PK > NOF > NK > NP > NPK, NPK > NP > NK > NOF > PK and PK > NOF > NK > NP > NPK for species richness, species diversity, dominance and evenness of community, respectively.

Than et al. (2017) studied the effect of different fertilizer treatments on weed densities and richness indices. The results showed that the N and P fertilizer application had a more significant impact on weed community compared to the K application. In another study, the growth responses of common crops and weeds with addition of composted poultry manure (CPM) were compared (Little et al., 2015). The results indicated that weed growth response to CPM was not explained by K or N added (with the exception of velvetleaf). In another study, Ugen et al. (2002) evaluated dry bean's competitiveness against the following annual weeds: Solanum nigrum, Bidens pilosa and Galinsoga parviflora. The results revealed that the weed nutrient uptake and growth was increased with N and P application, whereas the relative competitiveness of bean was increased further to K application.

Tang et al. (2014) reported that the density and diversity of weed community was enhanced after PK fertilization. The highest values of Shannon-Weiner and Pielou indices were obtained in the PK treatment compared to the control and NK treatments, while in the latter treatments the Simpson index was lower compared with the NP and NPK treatments. The same authors reported that the PK treatment favored weed density, shoot biomass and diversity compared to N plus P fertilizer treatments. The number of weed species in the N1/2PK treatment was the same as in the PK treatment (Tang et al., 2013).

CONCLUSIONS

Weed community composition and structure can be greatly influenced by different management practices, such as tillage, and fertilization. Weed species abundance and diversity can be incorporated into numerous population indices. This article cites only a few of the most commonly used indices. Choosing the accurate index with regard to the aims and context of each study should be a priority for species' abundance and diversity estimations. In general, conservation of tillage systems seems to be associated with higher weed richness and diversity, as the elimination of tillage creates more enhancing conditions for some weed species. However, there are cases where reduced tillage systems led to less diverse weed communities compared to more intensive tillage systems.

Similarly, various results about the influence of different fertilization patterns were shown in the carried out experiments. There is a common trend that weed abundance and richness are positively affected by organic farming. Furthermore, diversity of weed species seems to be enhanced under low-input conditions, while low N fertilization level enhanced the effective control of weeds. On the other hand, demands of weeds on nutrients are quite often proved to be species dependant. It is noteworthy that, at field level, predicting weed flora species responses to management filters, such as tillage or fertilization, remains a difficult task due to the environmental conditions which vary in time and space.

This overview of the numerous experiments that determine the effect of tillage systems and fertilization on the composition and abundance of weed species in crop fields can be helpful in understanding how particular weed species increase or decrease, in terms of numbers and diversity, and how crop management can contribute to the suppression of weeds. Another aim of this review is to raise awareness on the importance of conserving weeds biodiversity as an integral part of balanced agroecosystems. Further research is essential in order to understand the complex relationships of weed species and how they are affected by different tillage amendments and fertilization patterns.
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