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Abstract

The growing population of the world and the needs related to nutrition and food
supply for human societies has led farmers and crop producers to increase
production and minimize the limiting factors of crop production. Among these,
the management of pests, mainly weeds, is of great importance. One of the
significant limiting factors in agricultural production systems is the presence of
weeds in main crops and especially the sugar beet. Sugar beet, as an inferior
competitor, is very sensitive to biotic and abiotic stresses. Despite all the
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environmental hazards, impact on human health, and challenges related to herbi-
cide residues in the environment, the chemical weed control method is still
considered an effective and promising method for controlling weeds. This chapter
is devoted to discuss about the chemical strategy for weed management in
sugar beet.

Keywords

Environment · Herbicides · Residues · Sugar beet · Weed management

Abbreviation

MS Mass spectrometry

18.1 Introduction

Sugar beet is an important commercial agricultural crop related to sugar production
globally, ranked second in sugar production after sugarcane. One of the most critical
factors affecting the yield of sugar beet and the quality of produced sugar is weed
management. Weeds are one of the leading causes of damage to crops. According to
available data, the damage caused by their existence is not less than for pests and
plant diseases. This amount of damage in developed countries, semi-developed
countries, and developing countries with traditional agricultural systems are 5%,
10%, and 25%, respectively (Harker and O'Donovan 2013). A 50–100% reduction
in sugar beet yield has been reported when weeds were not controlled (Deveikyte
and Seibutis 2006). Sugar beet competes poorly with weeds from emergence until
the leaves shade the ground. To prevent economic damage and reduced yields,
weeds should be entirely controlled within 4 weeks after the emergence of sugar
beet plants in the field. Subsequently, the weed management program should be
continued throughout the growing season (Gerhards et al. 2017).

Sugar beet is very sensitive to weed competition, especially in the early growth
stages (Lobmann et al. 2019). Of all the pests associated with sugar beet, weeds are
the most severe and critical pest for this crop (Abouziena and Haggag 2016). From
the first stages of sugar beet growth, the competition between this plant and the
weeds in the field for water, sunlight, and micronutrients in the soil begins (Bruciene
et al. 2021). Other disadvantages of the presence of weeds in crops include reducing
the quantity and quality of crops, interference in harvest, hosting some pests and
plant diseases, threatening human and animal health and increasing production costs.
Soltani et al. (2018) assessed the economic damage in sugar beet crops due to the
presence of weeds during 2002–2017. They reported an average yield loss of 70%
for this crop with approximately US $1.25 billion in the United States. Manual
weeding and mechanical methods for controlling sugar beet weeds are very
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expensive and may cause damage to sugar beet seedlings. So, the herbicides
application is a more economical practice. Sugar beet cultivated in fields with
minor weed infestation and correct agricultural practices only needed post-
emergence application of herbicides. However, sugar beet grown in fields with
heavy weeds infestation and improper agricultural practices required both the
pre-and post-emergence application of herbicides (Cioni and Maines 2010).

Successful weed control in new agricultural systems requires the development of
a management plan with considering all the factors affecting the crop and weeds.
Critical steps to a successful weed management program are presented in Fig. 18.1.

According to this strategic plan, weed identification and classification is the first
step to achieve a successful management plan and needs sufficient knowledge about
plant biology and the condition of the field and weed population. Therefore,
researchers and farmers should collect, identify, and classify the weeds in the field
and evaluate their characteristics, growth cycle, life cycle, biological needs, and
competitiveness. The second step involves mapping the distribution of weeds in the
field. For this purpose, the field area is divided into smaller sections, and weed
density is recorded in each plot. The preparation of this map will help farmers be
aware of the status of weeds in the field and how their population changes over the
years (Siddiqui et al. 2021; Somerville et al. 2020). Accurate preparation of distri-
bution maps and their monitoring over the growing seasons will help to minimize
weed management costs. In the third step, the target species are identified. The target
species are weeds whose population is high in the field, or their vegetation structure
is the same as the main crop. So, they could cause significant economic damage.
Farmers must have a specific plan to control the population of these species and not
neglect their existence during the growing season. Assessment of economic loss and
critical period of weed competition is one of the other fundamental steps that
researchers and farmers should consider (Gantoli et al. 2013). Accurate

Fig. 18.1 Critical steps to a successful weed management program
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determination of economic damage will determine the severity of the need for
managing weed species. However, this assessment requires scientific data and
research projects. The last step in a successful weed management program is the
integrative selection of the best control methods, including chemical and
non-chemical approaches depending on farmers’ available facilities and financial
ability. Also, the appropriate information on field weed status, growth
characteristics, and their ecological needs (temperature, light, food needs, etc.) are
among the most important factors that will critically accompany farmers’ manage-
ment programs.

Depending on the size of the farm and the area under cultivation, access to the
latest technologies and new cultivars, and the financial strength of farmers, there are
different approaches to weed management in sugar beet. Different methods such as
manual weeding, mechanical, cultural, biological, chemical, and integrated weed
management methods are the most well-known approaches for weed control in sugar
beet and other crops (Mehdizadeh et al. 2018; Hassani et al. 2020). In sugar beet,
weed control is necessary to prevent reduced yields, so herbicides are prevalent in all
sugar beet farms. It is reported that 70% of the pesticides used in this crop are
devoted to herbicides (Marwitz et al. 2012). Due to the risks of excessive use of
herbicides for the environment and human health, and the possibility of weed
resistance, none of these solo methods is sufficient to control sugar beet weeds.
Therefore, it is necessary to implement an integrated weed management system,
primarily using reduced doses of herbicides as an effective control method (Kaya
and Buzluk 2006). However, reduced amounts of herbicides in sugar beet should be
performed when the weeds are most sensitive to herbicides. In most weeds, this stage
is the cotyledon stage (Petersen 2004). Nowadays, herbicide splitting, the combina-
tion of different herbicides, and integrated weed management are the main methods
to reduce the herbicide dose (Cioni and Maines 2010). According to Daneshian et al.
(2013), the application of a mixture of Betanal progress AM and sethoxydim
herbicides along with manual weeding 100% of sugar beet weeds. Ganbari Birgani
et al. (2007) evaluated the control of sugar beet broadleaf weeds in combination with
Betanal progress and Safari herbicides and cultivation. They reported that the
combination of cultivation and herbicides reduced the density of the weeds by
41% as compared to the solo chemical method. Melander et al. (2005) reported
that the application of reduced amounts of herbicides and mechanical methods
reduced total herbicide use and increased the yield of sugar beet in Turkey. This
chapter is devoted to evaluate the chemical strategy for weed management in
sugar beet.

18.2 Problematic Weeds in Sugar Beet

As a short and low-growing crop, sugar beet is highly affected by weeds. For this
reason, weeds are the most critical factor limiting the growth, development, and
yield of this crop in agricultural systems (MacLaren et al. 2020). Numerous plant
species are known as weeds associated with sugar beet production worldwide, the

372 M. Mehdizadeh et al.



most important of which are presented in Table 18.1. The abundance of broadleaf
weeds is higher than other weeds, and they have a more significant share of
competition with sugar beet (Soltani et al. 2018). Weeds cause problems for agricul-
tural products in the following cropping seasons due to the production of abundant
seeds and the distribution of these seeds in arable soils. On the other hand, weeds
pose a severe challenge to the weed management program (Chauhan 2020). A wide
range of weeds can be found in sugar beet products that could be classified in
different ways. One of the best classification factors is based on plant morphology.
Therefore, sugar beet weeds could be divided into broad-leaved and narrow-leaved
(grassy) species. However, more than 70% of problematic weeds in sugar beet is
devoted to broad-leaved weeds (Lobmann et al. 2019).

18.2.1 Broad Leaf Weeds

These kinds of weeds have wide leaves with netlike veins, and their seedlings
emerge with two leaves. More than 70% of the sugar beet weeds are broadleaf
weeds (Heidari et al. 2007). As shown in Table 18.1, the most abundant and
important broadleaf weeds of sugar beet have belonged to Brassicaceae,
Chenopodiaceae, Amaranthaceae, and Asteraceae families. Typically, different
types of control methods can be used for these weeds. However, selective herbicides
are one of the most effective options to manage these plants in products such as sugar
beet (Jhala et al. 2021).

18.2.2 Grasses (Narrow Leaf Weeds)

Although the economic losses associated with narrow-leaved weeds in broadleaf
crops such as sugar beet are not significant, several narrow-leaved species of the
Poaceae family are found on sugar beet farms. One of the challenges associated with
using herbicides to control narrow-leaved weeds is related to the resistance of these
plant species to herbicides. Accordingly, the application of other weed management
methods with an integrated approach can be practical (Storkey et al. 2021).

18.2.3 Parasitic Weeds

A limited group of weeds called parasitic weeds is found in some agricultural
products, such as sugar beet. Due to the severity of economic losses of this group
of weeds, their rapid management is of particular importance. Cuscuta spp. is one of
the most important parasitic weeds in sugar beet fields (Saric-Krsmanovic et al.
2017). Hoseyni et al. (2018) reported 90.63–100% control of Cuscuta campestris in
response to application of Propyzamide herbicide in sugar beet fields. In the case of
these weeds, the use of herbicides along with a combination of other control methods
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Table 18.1 Problematic weeds associated with sugar beet

Scientific name Family name Common name Morphology

Brassica napus Brassicaceae Wild buckwheat Broad-leaved

Chenopodium album Chenopodiaceae Common lambsquarters Broad-leaved

Amaranthus powellii Amaranthaceae Powell amaranth Broad-leaved

Amaranthus retroflexus Amaranthaceae Redroot pigweed Broad-leaved

Kochia scoparia Amaranthaceae Kochia Broad-leaved

Beta vulgaris Chenopodiaceae Sea beet Broad-leaved

Ambrosia artemisiifolia Asteraceae Common ragweed Broad-leaved

Anagallis arvensis Primulaceae Ain el-gamal Broad-leaved

Polygonum lapathifolium Polygonaceae Pale persicaria Broad-leaved

Cirsium arvense Asteraceae Canada thistle Broad-leaved

Convolvulus arvensis Convolvulaceae Field bindweed Broad-leaved

Veronica persica Plantaginaceae Persian speedwell Broad-leaved

Portulaca oleracea Polygonaceae Common purslane Broad-leaved

Galium aparine Rubiaceae Goosegrass Broad-leaved

Helianthus annuus Asteraceae Common sunflower Broad-leaved

Brassica nigra Brassicaceae Kaber mustard Broad-leaved

Chamomilla suaveolens Asteraceae Pineappleweed Broad-leaved

Matricaria chamomilla Asteraceae False chamomile Broad-leaved

Sinapis arvensis Brassicaceae Wild mustard Broad-leaved

Polygonum persicaria Polygonaceae Ladysthumb Broad-leaved

Physalis spp. Solanaceae Groundcherries Broad-leaved

Sonchus arvensis Asteraceae Perennial sow-thistle Broad-leaved

Polygonum aviculare Polygonaceae Knotgrass Broad-leaved

Polygonum spp. Polygonaceae Smartweeds Broad-leaved

Abutilon theophrasti Malvaceae Velvet leaf Broad-leaved

Datura stramonium Solanaceae Jimsonweed Broad-leaved

Lamium purpureum Lamiaceae Red dead-nettle Broad-leaved

Solanum sarachoides Solanaceae Hairy nightshade Broad-leaved

Solanum tuberosum Solanaceae Potato Broad-leaved

Fumaria officinalis Fumariaceae Common fumitory Broad-leaved

Stellaria media Caryophyllaceae Common chickweed Broad-leaved

Viola arvensis Violaceae Field pansy Broad-leaved

Galeopsis tetrahit Lamiaceae Common hemp-nettle Broad-leaved

Matricaria inodora Asteraceae Scentless mayweed Broad-leaved

Thlaspi arvense Brassicaceae Field pennycress Broad-leaved

Vicia sativa Fabaceae Common vetch Broad-leaved

Sisymbrium irio Brassicaceae London rocket Broad-leaved

Helianthus annuus Asteraceae Common sunflower Broad-leaved

Salsola kali Amaranthaceae Saltwort Broad-leaved

Euphorbia helioscopia Euphorbiaceae Libbein Broad-leaved

Cichorium pumilum Asteraceae Shikoria Broad-leaved

Ammi majus Apiaceae Common bishop Broad-leaved

Rumex dentatus Polygonaceae Sheep sorrel Broad-leaved

(continued)
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can lead to successful control of these plants and reduce the severity of field
contamination in next growing seasons.

18.3 Chemical Weed Management

Herbicides today play a pivotal role in weed management and are widely used due to
their high efficiency and economic advantage. One of the most widely used, easily
applicable, flexible, and effective weed management methods in most crops is
chemical method and the use of herbicides or bioherbicides (Kunz et al. 2016;
Mushtaq et al. 2020; Mehdizadeh and Mushtaq 2020). Especially for crops such as
sugar beets that have low competitiveness, the use of herbicides to prevent yield loss
is critical (Jhala et al. 2021). The success of chemical herbicides in controlling weeds
depends mainly on the time of application, application doses, and method of
application. According to the herbicide application time, there are three different
types of herbicides for controlling weeds (Fig. 18.2). The primary purpose of using
herbicides is to reduce production costs and human resources, use labor for more
critical farm affairs, increase the product’s quantity and quality, and improve weed
control and better utilization of agro-ecosystems. One of the other aspects of
chemical weed control is the use of biochemical compounds derived from plants
with allelopathic properties. Dadkhah (2013) assessed the allelopathic impact of
sugar beet on Portulaca oleracea and reported that the seedling growth of this weed
was significantly affected by the extract of sugar beet.

Accordingly, due to the presence of the main crop, there are more restrictions on
the use of appropriate herbicides in the post-emergence application. So that the main
crop should not be damaged while controlling weeds.

18.3.1 Herbicides Used in Sugar Beet

Generally, few selective herbicides such as desmedipham, chloridazon, clopyralid,
phenmedipham, ethofumesate, and metamitron have been introduced to control

Table 18.1 (continued)

Scientific name Family name Common name Morphology

Avena fatua Poaceae Wild-oat Grassy

Echinochloa crus-galli Poaceae Barnyardgrass Grassy

Poa annua Poaceae Annual meadow-grass Grassy

Agropyron repens Poaceae Common couch Grassy

Setaria glauca Poaceae Yellow foxtail Grassy

Setaria faberi Poaceae Giant foxtail Grassy

Setaria spp. Poaceae Foxtail Grassy

Setaria viridis Poaceae Green foxtail Grassy

Sorghum halepense Poaceae Johnsongrass Grassy
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weeds in sugar beet fields (Wilson 1999; Adamczewski et al. 2019). Due to the wide
range of weeds related to the sugar beet plant and, on the other hand, the limitations
of the selective herbicides for this crop, it is common to use a combination of some
herbicides as tank mixes to control sugar beet weeds.

Today’s use of pre-plant herbicides is very restricted due to their high persistence
and toxicity and the negative impacts on human health and the safety of
the agroecosystem (Ayivi et al. 2021; Zimmerman et al. 2021). On the other hand,
the use of pre-emergence herbicides in sugar beet fields is only about 10% of the
herbicides used in this crop, and in fact, the significant share is related to post-
emergence herbicides (Deveikyte et al. 2015). Some circumstances such as rainfall
severity and duration, soil moisture, soil physicochemical properties, and
microorganism’s population in the soil could be affected the efficacy of post-
emergence herbicides. Some successful chemical control cases for weed manage-
ment in sugar beet are presented in Table 18.2.

18.3.1.1 Combination of Herbicides
The combination of herbicides could enhance the control efficacy of a wide range of
weed in different crops. Typically, the combination of different herbicides that are
compatible in terms of mixing can affect a wide range of weeds in cropping systems
due to having several different modes of action. A tank mixture of some different
herbicides was successfully performed for weed management in the United States
(Carlson et al. 2008). Rasha (2010) reported a significant reduction in weed biomass
due to the application of Betanal progress (135 g a.i/fed) combined with Fusilade
Super (94.75 g a.i./fed). Rapparini (2008) evaluated the effect of combined

Fig. 18.2 Herbicides classification based on application time
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herbicides desmedipham + phenmedipham + ethofumesate and found high effi-
ciency (95% control) of this combination on annual dicotyledonous weeds in
sugar beet. Deveikyte and Seibutis (2008) reported significant management of
Chenopodium album L., Tripleurospermum perforatum, Polygonum aviculare L.,
and Thlaspi arvense L. due to the application of
phenmedipham + desmedipham + ethofumesate mixed herbicides. Significant con-
trol of broad-leaved weeds and sugar beet yield improvement was reported by Majidi
et al. (2011).

In some cases, considering genetically modified crops or herbicides-tolerant
varieties reduces the limitations associated with using a tank mixture of some
different herbicides and thus prevents their occurrence of side effects in agricultural
ecosystems. The introduction of sugar beet varieties with high tolerant levels to
glyphosate herbicide was one of these approaches for effective management of
broad-leaved weeds in this crop (Khan 2010). Bezhin et al. (2015) reported 90%
weed control efficacy in sugar beet using the tank mixture of pre-emergence
application of 1.0 L ha�1 Goltix Gold, followed by 2–4 post-emergent applications
of 1 L ha�1 Goltix Gold +1.5 L ha�1 Betanal Expert.

18.3.1.2 Reduced Doses
Given the environmental risks associated with the use of herbicides, it seems
necessary to provide practical tactics to reduce these hazards. In general, a significant
portion of herbicides used to control weeds reaches places other than the herbicide’s
site of action. Accordingly, the concentration of the recommended doses is usually
considered to be higher than the actual required level. From an environmental point
of view, there is no need for maximum weed control to achieve optimal crop yield.
So, the recommended and registered doses of herbicides could be shifted to the
application of reduced doses. One of these strategies is to reduce the dose of
herbicides compared to the recommended doses (Hamill et al. 2004; Benedetti
et al. 2020). In other words, by using reduced doses of herbicides, we can prevent
the adverse effects of herbicide residues while achieving an acceptable level of weed
control (Kudsk 2008). On the other hand, the use of reduced doses of herbicides can
play a role in reducing weed resistance (Beckie and Kirkland 2003; Norsworthy et al.
2012). The essential component in applying reduced doses of herbicides is to prevent
the reduction of herbicide efficiency in the control of target weeds. Kahramanoglu
and Uygur (2010) reported that reducing metribuzin doses from 525 g a.i ha�1

(recommended dose) to 183.7 g a.i ha�1 was still significantly provided 90% wild
mustard control. Bostrom and Fogelfors (2002) reported the satisfactory control of
weeds by reducing 50% recommended herbicide doses. The application of reduced
doses could achieve acceptable results in weeds control if used in combination with
other weed management methods. 70% reduced doses of Atlantis herbicide, and a
combination of sunflower and sorghum water extracts resulted in a 90% reduction in
weed dry weights (Razzaq et al. 2012).
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18.3.2 Herbicide Residues

Monitoring and evaluation of chemical pesticides in the environment are essential
components of sustainable agriculture in agro-ecosystems. The issue of herbicide
residues should be considered in terms of food security, human health, animal and
microorganism’s safety, prevention of the damage to non-target crops, etc.
(Mehdizadeh et al. 2021). One of the most critical approaches to chemical weed
management is maximum weed control without damaging or reducing yield for the
main crop. Generally, different plants have different levels of resistance or tolerance
to herbicides. Based on this, plants can be divided into resistant, tolerant, and
sensitive crops. Resistance level or sensitivity of a plant to a particular herbicide
depends on many factors, including the formulation and chemical composition of the
herbicide, herbicide application time, herbicide half-life and persistence, herbicide
concentration, herbicide mode of action, soil physicochemical properties, plant
biology, etc. Sugar beet crops need extensive use of herbicides to control weeds;
however, it has a relatively high sensitivity to herbicide residues.

Today, various methods such as instrumental analysis (chromatography (GC,
HPLC, TLC), mass spectrometry (MS)), and bioassay methods are used to assess
herbicide residues in agricultural ecosystems (Mehdizadeh 2014; Mehdizadeh et al.
2016; Janaki et al. 2018). Crops such as sugar beet, oil seed rape, and tomato, due to
their high sensitivity to herbicide residues, have a high potential for selection as
biological indicators to track and evaluate the residues of these toxins in agricultural
soils (Mehdizadeh 2016, 2019). Matte et al. (2021) evaluated the mobility and
persistence of pyroxasulfone herbicide in soil by using some sensitive crops such
as lettuce, cucumber, sorghum, sugar beet, and tomato as bioindicators. Very low
concentrations of rimsulfuron herbicide residues were successfully assessed using a
bioassay method using sugar beet as a sensitive crop (Mehdizadeh and Gholami-
Abadan 2018). Mehdizadeh et al. (2017) used a high-performance liquid chroma-
tography along with bioassay methods to evaluate the residues of two sulfonylurea
herbicides and reported appropriate results due to the use of HPLC and bioassay for
analyzing these herbicides residues in different soils.

18.3.3 Sensitivity of Sugar Beet to Persistent Herbicides

Herbicides with high or moderate persistence in the soil environment could
adversely affect sensitive crops in the field or non-target following plants in crop
rotation (Greenland 2003). Typically, these kinds of herbicides have a relatively long
half-life, and the residues from their degradation can affect plants and
microorganisms in the soil (Zaller et al. 2021). There are many factors involved in
herbicide residues and their adverse effects on different plants. However, the most
important influencing factors are the physiochemical properties and concentration of
using the herbicide and the biology of the plant exposed to direct concentrations of
the herbicide or its residues over time. Accordingly, it is not unreasonable to expect
that different crops show different responses to a particular herbicide. Tandon and
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Pal (2021) found no adverse effect of ethofumesate herbicide 2.0 kg ha�1 on sugar
beet. However, this herbicide with different concentrations could influence the other
crops.

Sugar beet is known as one of the most sensitive crops to herbicide residues.
Mehdizadeh and Gholami-Abadan (2018) reported the high susceptibility of sugar
beet to the trace concentration of rimsulfuron herbicide. According to their study, the
root biomass was more sensitive than for shoot. Carneiro et al. (2019) reported a
significant reduction in the yield of sugar beet due to the application of tembotrione
at the rate of 100.8 g a.i ha�1. The total fresh biomass and carotenoid content of
sugar beet were significantly reduced by applying 288 g a.i ha�1 mesotrione (Pintar
et al. 2020). Dale et al. (2006) evaluated the effects of different herbicides on sugar
beet and weed biomass. They reported 44% sugar beet injury due to the application
of Desmedipham + phenmedipham + ethofumesate at the rate of 0.03 kg ha�1.

18.4 Future Prospect

Today, crop producers employ a diversity of weed management techniques such as
chemical, mechanical, cultural, biological, and integrated weed management
(Cheboi et al. 2021). These methods aim to reduce weed damage and to deplete
the weed seed bank in crop ecosystems. Given the critical challenges such as
ensuring human health and the environment, preventing soil degradation and pollu-
tion of water resources, weed resistance, and superweeds creation, the need to review
and innovate in weed management methods in the future is absolutely essential
(Chauhan et al. 2017). Artificial and robotic control techniques with minimum
interference with soil, sensory, computer and information techniques, precision
agriculture approaches, expanding the new effective bio-herbicide formulations,
genetic engineering, and biotechnology, and considering biological method and
allelopathy as environmentally friendly perspective in weed control, could be devel-
oped as new prospects for weed management in agricultural systems (Shaner and
Beckie 2014; Westwood et al. 2018; Dayan 2019; Mehdizadeh and Mushtaq 2020).

18.5 Conclusion

As discussed before, weeds are among the most critical limiting factors in crop
production systems. Damage due to the weed presence in agricultural lands becomes
more severe when the crop has lower competitiveness than weeds. Therefore, weed
control is one of the most fundamental prerequisites required to achieve acceptable
crop yields. Among the various weed management methods, chemical techniques
and the application of herbicides play a pivotal role. They are widely used due to
their high efficiency, flexibility, easily applicable, and economic advantage. Accord-
ingly, various herbicides have been developed for weed management and are
available to farmers worldwide. Despite the relative success of chemical weed
management, several challenges such as threatening human health, animals,
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microorganisms, and the environment, pollution of water and soil resources, and the
emergence of weed resistance phenomena have arisen concerning the increasing use
of herbicides. Therefore, the side effects of herbicides used in agricultural
ecosystems should be evaluated. On the other hand, the researchers should focus
on reducing herbicides by using environmentally friendly alternative methods such
as robotic, sensory, and computer techniques, expanding precision agriculture and
bio-herbicide approaches, biotechnology, and genetic engineering.
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