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ABSTRACT

The significance of sustainable crop production for both global food security
and environmental preservation cannot be overstated. Conservation
agriculture (CA) has garnered widespread recognition for its sustainable
methods, particularly its emphasis on permanent soil cover, minimal soil
disturbance, and integrated weed management. However, weed control still
poses a challenge for the widespread adoption of CA, as the weed ecology
and management practices are vastly different from those in conventional
agriculture. This is because of the reduced tillage of the soil and the diverse
flora that thrives in CA, which affects the effectiveness of traditional herbicides
and mechanical weed control methods. This review focuses on the changing
dynamics of weeds in CA, emphasizing the most efficient and sustainable
weed management strategies, such as modified tillage operations, enhanced
cultural practices, bioherbicides, chemical herbicides, allelopathy, and crop
nutrition. No single strategy can provide complete control, but the effective
combination of these tools can provide results. It also examines the prevalence
of small-seeded and perennial weeds in CA, the impact of herbicide resistance
and herbicide-tolerant crops, and the role of allelopathy and crop nutrition as
modern weed management tools. Additionally, the review delvesinto the weed
responses to fertilizer management options. For successful implementation
of CA, integrated weed management practices must be utilized, tailored to
the cropping patterns and climatic conditions. In the future, efforts should
be directed towards optimizing and integrating these weed management
practices for the best results.

Keywords: Bioherbicides, allelopathy, sustainable production
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2.1 Introduction

Crop production plays a vital role in ensuring global food security and is a
fundamental component of agriculture. The present-day agriculture is in a
tremendous pressure because of declining productivity or yield plateauing of
major food crops (Gaikwad et al. 2022), climate change impacts (Sagar et al.
2022, 2023), deterioration of the quality of natural resources such as soil and
water, pollution of natural resources (Sairam et al. 2023a) and shortage of land
and water. Under such circumstances, there is an urgent need for adoption of
proper improved crop production technologies inclusive of cropping system
which are ecologically friendly and sustainable (Sarkar et al. 2000; Billah et
al. 2021; Nandi et al. 2022; Panda et al. 2022a; Maitra et al. 2022, 2023; Sahoo et
al. 2023a). The foundation of successful crop production lies in effective soil
management, which stands as a core principle in agronomy (Sahoo et al. 2022;
2023a). In contemporary agriculture, conventional tillage is closely linked to
this process (Bajwa, 2014). Conventional tillage refers to a method involving
initial deep primary tilling followed by subsequent secondary tillage, as
defined by Holland (2004). The practice of tillage dates back thousands of
years, originating during the transition from nomadic lifestyles to settled
agricultural communities near rivers such as the Nile, Euphrates, Yangtze,
and Indus (Hillel, 1991). The concept of tillage was notably prevalent in
Mesopotamia around 3000 B.C., as evidenced by research of Hillel (1998) and
Lal (2001). Tillage encompasses the deliberate manipulation of soil to enhance
its structure, leading to the creation of a finely pulverized and optimal seedbed
prior to sowing (Fanigliulo et al. 2021; Wang et al. 2023). Tillage facilitates the
proper emergence of seeds by ensuring optimal placement, thereby providing
adequate access to water, light, and nutrients (Liu ef al. 2021). Moreover, it
guarantees nutrient availability and promotes proper aeration within the soil
layer (Sahoo et al. 2022). Incorporating various soil amendments into the field
is another aspect of tillage (Zhou et al. 2022; Shaukat et al. 2023). Furthermore,
this practice contributes to the control of soil-borne diseases and pests (Panth
et al. 2020; Palojarvi et al. 2020). In the realm of conventional agriculture, tillage
holds indispensable significance. It is utilized for essential tasks such as soil
preparation, integrating crop residues, planting, and incorporating organic
manures and herbicides (Shahane and Shivay, 2021).

In contrast to the favourable aspects, conventional tillage is exerting
detrimental effects on natural landscapes and soil fertility. The widespread
use of heavy tillage machinery within the conventional system often occurs
without proper consideration of soil capabilities and fertility status. Escalating
energy source costs, labour expenses, and input expenditures render this
system financially unviable due to the elevated production expenses.
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Furthermore, the environmental safety and global preservation concerns
associated with this system make it problematic. However, an alternative
solution called conservation agriculture (CA) gained traction, proving suitable
for today’s limited natural resources and changing climate (Zahan et al. 2021;
Manoj et al. 2021; Islam et al. 2023; Bhattacharya et al. 2023). As defined by
FAO (2001), CA involves minimal soil disturbance (such as no-till practices)
and the maintenance of permanent soil cover (mulching), often combined
with crop rotations (Hossain et al. 2021a; Tufa et al. 2023). This relatively recent
agricultural management system is gaining popularity across various regions
globally, particularly semi-arid, tropical and subtropical zones (Hossain et al.
2021b; Sairam et al. 2023b). CA emerges as a pragmatic solution to agricultural
challenges faced by small-scale farming communities, especially in tropical
regions (Francaviglia et al. 2023; Islam et al. 2023). The foundational principles
of CA, which include minimal soil disturbance and permanent soil cover,
are achieved through practices like no-tillage, zero-tillage, minimum tillage/
ridge tillage, reduced tillage, direct seeding, and mulch tillage (Busari et al.
2015). Collectively, these practices are referred to as conservation tillage and
are chosen based on the specific farming system, crop rotation, and prevailing
climatic conditions (Ngoma et al. 2016; Teravest et al. 2019). Zero tillage, for
instance, involves the least amount of soil disturbance during a single tillage
operation to prevent soil degradation (Choudhary et al. 2021; Hussain et
al. 2021). Although it mainly involves the planting process, it also includes
minimal soil manipulation (Astatke et al. 2003). The precise definition of CA
is challenging due to the diverse climatic conditions and varied management
practices worldwide. Its specifics vary based on geographical area and climate
(Lyon et al. 2004).

Weed managementholds a crucial role within the realm of CA and thus requires
dedicated attention (Derrouch et al. 2020). Weeds exhibit varying behaviours
within different environments by competing with crops for available resources
(Horvath et al. 2023). Additionally, weeds can serve as habitats for insects and
disease-causing pests, thereby diminishing crop quality and elevating the risk
of crop damage by pests (Kubiak et al. 2022). The practice of tillage creates
diverse natural and manipulated habitats for weeds. Tillage has proven to
be a significant management option for weeds and it has retained its efficacy
(Cordeau et al. 2020). In the context of CA, specific environmental conditions
influence weed populations. Addressing weed infestations within CA remains
a pivotal concern and a principal reason behind farmers’ cautious approach
toward adopting this system. CA predominantly emphasizes minimal
tillage supplemented by targeted herbicide applications to achieve optimal
weed control (Alhammad et al. 2023). The management of weeds in the CA
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involves a multifaceted approach encompassing diverse tillage methods,
agronomic strategies, engineering techniques, and contemporary crop
establishment technologies (Lafond et al. 2009). Effective weed control within
CA necessitates an integrated approach, thoughtfully tailored and optimized
to suit each unique context. Understanding the ecological, biological, and
social implications associated with weeds within CA system is imperative.
Furthermore, a systematic approach is required to adopt diverse management
options according to the ecological attributes of a specific agroecosystem.
This approach aids in identifying innovative strategies for site-specific weed
management and sustainable control. In the following sections, suitable
options for weed management especially integrated weeds management
(IWM) strategies have been narrated.

2.2 Integrated Weed Management Strategies for CA

The reduction in crop productivity caused by weed presence warrants
the necessity to effectively manage weed infestations. Implementing an
appropriate strategy for effective weed management not only enhances
productivity but also fosters an environment free from pollution. Despite the
advantages of CA, its global adoption has remained limited to approximately
9% of total cultivated land (Friedrich et al. 2012). Global adoption of CA is
hindered by challenges in weed management (Cordeau, 2022). Given the
potential benefits of Integrated Weed Management (IWM), it is imperative to
reevaluate its integration within the CA framework. Regardless of the farming
system, IWM maintains a consistent approach involving diverse tactics, with
economic and environmental considerations forming its core. Nevertheless,
the application of IWM differs between CA and conventional agriculture
due to the constraints posed by limited weed control options. Environmental
safety is the central goal of both IWM and CA. Weed management strategies
in CA are confined to methods aligned with the principles of CA (Lee and
Thierfelder, 2017). For instance, conventional tillage is unsuitable for weed
management in CA (Nichols et al. 2015; Fonteyne et al. 2022). Similarly, the
burning of crop residues is incompatible as they are to be incorporated in CA
as per its principle (Pramanick et al. 2022).

The limitations on weed control in CA lead to an increased reliance on
herbicides, which in turn contributes to the development of weed resistance
(Singh et al. 2015). The persistent nature of certain herbicides poses challenges
for the crop rotation aspect of CA, especially when the herbicide lacks
selectivity for the subsequent crop in the crop rotation (Dash et al. 2020).
This situation creates a compatibility issue among weed control strategies,
given that crop rotation is integral to the weed management tactics within
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CA (Nichols et al. 2015). The strategic implementation of crop rotation
disrupts weed life cycles and enhances crop-specific weed control, leading
to reduced weed persistence and associated difficulties (Fonteyne et al. 2022;
Panda et al. 2022b). The practice of retaining crop residues in CA establishes
an environmental barrier that hampers weed seed germination by limiting
sunlight penetration (Dash et al. 2020). However, the efficacy of pre-emergence
herbicides applied to the soil surface is diminished due to the presence of crop
residues, which interferes with their effectiveness. Moreover, crop residues
can serve as a potential source of weed seeds. Nevertheless, the preventive
weed management and cultural management aspects of IWM can effectively
address this issue. IWM revolves around the management of weeds through
factors like thresholds and critical periods (Harker and O’Donovan, 2013).
IWM operates within the framework of integrated pest management (IPM),
incorporating diverse control strategies by leveraging knowledge about
weeds biology for effective weed management (Riemens et al. 2022). Unlike
aiming for complete eradication, IWM concentrates on diminishing the
competitive advantage of weeds to a level below the economic thresholds
and this highlights the capacity of IWM to ensure a balance between effective
weed management and environmental preservation. IWM does not prioritize
one method over another, but rather encourages the balanced and judicious
use of all available weed control techniques (Harker and O’Donovan, 2013).
IWM serves as a valuable complement to counter the declining effectiveness
of single control methods. Relying solely on a successful pest management
approach without integrating or alternating with other methods eventually
leads to diminished control efficiency. Similarly, an overreliance on herbicides
for weed control results in issues like herbicide resistance, shifts in weed flora,
and environmental pollution (Chhokar et al. 2014). INM proves effective in
cases where single weed management methods fall short. Parasitic weeds, for
instance, can be effectively managed through a combination of cultural weed
control (crop rotation) and biological weed control (using trap crops) (Singh
et al. 2015). Preventive weed control prevents the establishment of weeds in
the subsequent growing season (Barber, 2003), particularly when weeds or
their propagative parts are already present and need to be inhibited from
progressing to the next season. In contrast, preventive weed management
methods prevent the introduction of weeds into a new environment (Monteiro
and Santos, 2022). Considering these distinctions, the following strategies of
weed management could prove beneficial within a CA cropping methodology.

2.3 Preventive Weed Management Method

Preventive weed management involves strategies aimed at stopping the
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introduction and spread of weeds (Sims et al. 2018). These measures are
implemented from the beginning of crop cultivation to mitigate potential weed-
related issues. Planting high-quality, weed-free seeds helps prevent the initial
introduction of weed seeds into the field. Clearing these areas minimizes weed
habitats and prevents the migration of weed seeds into the cultivated area.
Regularly cleaning and sanitizing tools and equipment reduce the chances of
weed seed transfer. Focusing on controlling weeds within smaller sections of
the field or even individual plants (localized weed control), such as through
hand-rouging or removing weeds by hand, helps to prevent the spread of
weeds across the entire field. However, preventive methods are important
because they check weed establishment which is generally easier and more
cost-effective than trying to manage established weed populations.

2.4 Physical Weed Management

Physical weed control includes the use of force, heat or some other physical
forms of energy to break, cut off, destroy, burn or severely injure weeds.
Manual weeding, mechanical weeding, and thermal weeding are examples of
physical weed control. Manual weeding involves hand weeding and the use
of simple hand tools. Mechanical weed control involves the cutting, uprooting,
and burying of weeds (Riemens, 2016) using machinery (Ehi-Eromosele et al.
2013). Mechanical weed control or hand weeding is not cost-effective which
increases cost of cultivation.

2.5 Cultural Weed Management

Cultural weed management pertains to the adjustment of agricultural methods
to promote the thriving of crops while inhibiting weed growth. It employs the
following practices for reduction of weeds population.

2.5.1 Proper Land Levelling

The crop field should always be leveled with a gentle slope. Proper land
levelling ensures even distribution of soil moisture that facilitates a uniform
stand establishment which ultimately reduces the weed growth due to the
uniform crop growth. Land leveling increases rice yield to a large extend
because it improves weed control (IRRI, 2023). Improved water coverage from
better land levelling reduces weeds by up to 40%. This reduction in weeds
results in less time for crop weeding and saves weeding costs in rice. Jat et al.
(2009) recorded a reduced weed population in wheat under precisely levelled
fields compared to the traditional leveled field.
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2.5.2 Optimum Plant Stand and Plant Geometry

Itis a well-established fact that using the appropriate seed rate can significantly
reduce weed infestations. Chauhan (2012) emphasized that in Zero Tillage-
Direct Seeded Rice (ZT-DSR) systems, weed competition with crops can be
minimized by adopting an optimal seed rate and suitable crop geometry. The
recommended seed rate for Direct Seeded Rice (DSR) in the Indo-Gangetic
Plains (IGP) ranges from 20 to 25 kg/ha (Kumar and Ladha, 2011; Gill et al.
2013). However, Chauhan et al. (2011) mentioned that to attain maximum
yields while competing with weeds, inbred varieties require a seeding rate
of 95 to 125 kg/ha, and hybrids should be sown at rates of 83 to 92 kg/ha.
Increasing the seed rate enhances the crop’s competitiveness against weeds,
as suggested by Bhuller et al. (2016). Crop cultivars possessing traits such
as fast germination, quick growth, high biomass, and large leaf area have a
competitive advantage over weeds. Sowing such cultivars has been shown to
suppress weeds in various crops (Sardana et al. 2017). Moreover, narrowing
the spacing between rows is an effective method to suppress weed growth as
observed in wheat (Mahajan and Brar, 2002). Bhullar and Walia (2004) reported
that adopting narrow row spacing (15 cm), a higher seed rate (150 kg/ha), and
reducing the recommended herbicide dose by 25% can significantly reduce
Phalaris minor weed density.

2.5.3 Crop Establishment

Crop establishment methods play a crucial role in weed management
(Pattanayak et al. 2023), specifically, CA method tends to experience higher
weed intensification due to its no-tillage practices (Raj et al. 2022). Kumar et
al. (2013) conducted research indicating that in the absence of effective weed
control measures, weed-induced yield losses reached 90% in Zero Tillage-
Direct Seeded Rice (ZT-DSR), whereas these losses ranged from 35 to 42%
in Zero Tillage-Transplanted Rice (ZT-TPR). ZT-DSR is often favoured for
its labour and water-saving attributes. In Zero Tillage systems, rice can be
established through direct seeding (ZT DSR) or transplanting (ZT-TPR), either
manually or mechanically. Regardless of the method chosen, effective weed
management is essential to prevent yield reduction in CA.

2.5.4 Stale Seed Bed

Weed seeds are typically found in the upper layer of the soil. Any pre-sowing
irrigation or rainfall can create favourable conditions for weed seed germination.
These sudden outbreaks of weeds can be effectively eliminated through the
application of a non-selective herbicide. Recent research demonstrated that
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implementing a stale seedbed technique significantly reduces weed pressure
in Zero Tillage (ZT) crops cultivation under incorporated crop residue
(Shekhawat et al. 2020; Alhammad et al. 2023). To further enhance weed
management strategies in the transition from wheat to rice cultivation, it is
recommended to incorporate a fallow period of 45-60 days between wheat
harvest and rice sowing. This period offers an excellent opportunity to
implement the stale seedbed technique, ensuring that the crop develops in a
weed-free environment and gains a competitive advantage over late-emerging
weed seedlings. In areas where weedy rice poses a significant challenge in
Zero Tillage-Direct Seeded Rice (ZT-DSR) systems, it is recommended to
adopt the stale seedbed technique as an integral part of an IWM strategy.
This approach has proven effective in many regions affected by weedy rice
infestations, providing a sustainable solution for weed control in ZT-DSR
(Singh and Singh, 2012; Benvenuti et al. 2021).

2.5.5 Reduced Tillage and Residue Management with Early Sowing

In Conservation Agriculture (CA), the timing of sowing for various crops
undergoes adjustments. In the northwestern Indo-Gangetic Plains (IGP),
when wheat is sown approximately two weeks earlier than in the conventional
system, it encounters a challenging initial phase in dealing with the presence of
Phalaris minor weed (Poonia et al. 2022). Franke et al. (2007) observed that when
wheat is sown on the same date, the density of all three flushes of Phalaris
minor is lower in Zero Tillage (ZT) compared to Conventional Tillage (CT).
Additionally, it has been noted that employing zero tillage in conjunction
with surface residue retention during early sowing conditions leads to the
effective suppression of Phalaris minor and other wheat-related weeds. Recent
advancements in agricultural technologies have facilitated the cultivation of
wheat amidst heavy mulch. The use of the ‘Turbo Happy Seeder” allows for
the sowing of wheat even in heavy residue mulch, reaching levels of 8 to 10
tons per hectare, without adverse effects on crop establishment (Kumar and
Ladha, 2011). This heavy mulch approach holds the potential to significantly
reduce weed establishment within crops. Tillage practices have been observed
to disrupt the rhizome propagation of perennial weeds. Additionally,
retaining crop residues has shown the ability to reduce the soil weed bank (in
the 0 to 20 cm layer) and the aboveground biomass of dicotyledonous weeds,
ultimately benefiting wheat yields (Zhang and Wu, 2021). A comprehensive
weed control strategy has been proposed for wheat-maize double cropping
systems, involving the timely removal of surface weeds during the early stages
of wheat growth through tillage and straw retention management (Maurya et




Weeds Management Strategies in Conservation Agriculture

al. 2020). The judicious use of various weeding methods not only mitigates
weed-related damage but also augments crop yields.

2.5.6 Crop Rotation

Adoption of monocropping or consistently following the same crop in
recurrent succession can create conditions where specific weed species become
dominant, leading to increased difficulty in weed management over time. To
address this issue, the introduction of a new crop into the rotation can disrupt
the prevalence of common weeds and simplify the process of managing these
troublesome weeds species. Crop rotation can affect the weed community and
soil seed bank, thus reducing the density of weeds and the number of weed
seeds in the soil seed bank (Cheng et al. 2013). Diversifying and intensifying
the crop rotation system, such as by incorporating short-duration legumes
followed by late-sown wheat, offers a promising strategy to enhance weed
control without relying on increased herbicide usage (Chhokar et al. 2008).
The incorporation of diversified crop rotations can prove beneficial in weed
management, as it broadens the range of selection methods applied to weeds
by altering the patterns of weed management (Bhuller et al. 2016). Saulic et al.
(2022) noted that compared with continuous maize cropping, the introduction
of winter wheat could effectively reduce weed density.

2.5.7 Cover Crops and Brown Manuring

Crops with rapid growth patterns quickly develop a canopy that covers the soil
surface, reducing sunlight penetration and creating unfavourable conditions
for weed seeds to germinate and grow during their initial stages. While these
fast-growing crops have a relatively short lifespan, their effectiveness in weed
control is significant. One common practice to suppress weeds, particularly in
rice fields, is brown manuring. This method not only enriches the soil’s nutrient
content but also effectively inhibits weed growth. In the context of ZT rice
production in the Indo-Gangetic Plains (IGP), a common approach is to sow
Sesbania sp. alongside rice at a seeding rate of 25 kg per hectare. This strategy
has demonstrated its potential in weed suppression. Sesbania sp. is allowed to
grow alongside the rice to hinder weed growth and is subsequently terminated
using 2,4-D ester herbicide between 25 to 30 days after sowing (Bhuller et al.
2016). The practice of brown manuring is adopted in maize also (Maitra and
Zaman, 2017). The weeds account for 40% yield loss and even more than 70%
yield loss may be cause under uncontrolled weed growth condition in maize.
Ramachandran et al. (2012) recorded that brown manuring can reduce 50%
weeds population in maize. Research by Singh et al. (2007) has documented a
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substantial reduction in the density of broadleaf weeds, ranging from 76% to
83% lower, and a 20% to 33% decrease in grassy weed density when cultivating
a rice-Sesbania sp. crop combination compared to cultivating rice alone. This
highlights the effectiveness of such cropping practices in weed management.

2.5.8 Competitive Crop Cultivar

Crop cultivars exhibit distinct characteristics, and the choice of cultivar can
significantly influence the balance between crop growth and weed competition.
Fast-growing cultivars, particularly those with vigorous spreading tendencies,
can quickly cover the ground during the vegetative stage, effectively
suppressing weed growth (Place et al. 2011; Caldas et al. 2023). It is generally
noted that early maturing varieties and hybrids, due to their rapid early growth
and ground-covering abilities, are more efficient at outcompeting weeds
compared to medium to long-duration cultivars (Aharon et al. 2021). Crops
that rapidly shade the soil surface with their canopy show a more pronounced
competitive ability against weeds (Holt, 1995; Milan et al. 2020).

2.5.9 Soil Moisture Condition and Water Management

Adequate soil moisture levels are conducive to the establishment of weeds
(Matloob et al. 2020; Singh et al. 2022). In rice-wheat cropping system, high soil
moisture tends to favour the growth of moisture-loving weeds like P. minor,
Rumex dentatus, and Polypogon monspeliensis (Chaudhary et al. 2021). Wheat
seeds, on the other hand, can germinate even under conditions of lower soil
moisture (Wuest and Lutcher, 2012). Therefore, sowing crops under drier
conditions can facilitate a reduction in weed populations and lessen crop-
weed competition (Shekhawat et al. 2020). Effective water management plays
a crucial role in weed control. In conventional rice cultivation, maintaining
submergence from planting helps suppress weeds. However, in ZT-DSR,
flooding can only be applied after the crop has established itself, giving weeds
ample time to germinate and making weed management more challenging
(Chauhan, 2012). It is highly recommended to develop rice cultivars that
can germinate under anaerobic conditions, as this would simplify weed
management through flooding in DSR systems (Chauhan, 2012).

2.6 Chemical Weed Control Method

Chemical weed control encompasses the application of synthetic herbicides to
either eliminate or hinder the growth of weeds. Herbicides can be applied either
as foliar sprays or directly to the soil. Based on the timing of their application,
herbicides are categorized into pre-emergence and post-emergence types.
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Additionally, depending on how they move within plants, herbicides can
be classified as either systemic or non-systemic (contact) herbicides. The
selectivity of herbicides is a critical factor, as it determines their compatibility
with specific crops and the types of weeds they effectively target. The utilization
of herbicides represents an efficient approach to weed management which is
cost effective. However, this practice is not without its challenges, including
concerns related to shifts in weed populations, the development of herbicide-
resistant weeds, and potential environmental contamination. Moreover,
the widespread adoption of chemical weed control faces obstacles such as
herbicide availability, the cost of herbicides, the risk of herbicide adulteration,
and farmers’ difficulties in comprehending label instructions. However, in
CA, chemical herbicides are applied and some of the key findings from earlier
research has been documented as follows (Table 2.1).

Table 2.1: Weed management practices using herbicides in conservation agriculture

SL. .
No Description References
1 Population of Echinochloa colonum, Polygonum alatum and Kumar et al. 2023
Bidens pilosa was 35%, 61% and 64% lower in the herbicide
treatment atrazine followed by 2,4- D when compared to hand
weeding in Crop under conservation tillage conditions.
2 Sequential application of glyphosate at 1 kg ai ha!' + Vishwakarma et al.
pendimethalin at 1 kg ai ha'as PE fb PoE application of 2023
imazethapyr at 100 g ai ha'! at 30 DAS showed the 67%
reduction in weed density, 75% increase in grain yield and
300% higher nutrient uptake than the hand weeding.
3 Pendimethalin 1.5kg ha™ at pre-emergence fb bispyribac- Baghel et al. 2020

Na 25 g ha! at post-emergence and hand weeding at 35 DAS
produced better results in weed control, increased the rice yield
by 123-130% and net returns by 327- 806%.

4 Application of pendimethalin as PE and imazethapyr as PoE Sepat et al. 2017
under zero tillage conditions proved to be the best treatment
among the others for weed management in Soybean leading
to higher grain yield and net returns. But pendimethalin +
hand weeding recorded 6.3% increase in grain yield over
pendimethalin + imazethapyr.

5 Application of Atrazine with hand weeding gave and Atrazine Muoni et al. 2013
along with glyphosate at the time of sowing showed 41%
and 76% lower weed density than hand weeding respectively
in maize under zero tillage condition and 2.5t/ha maize crop
residue.

PE= pre-emergence; PoE= post-emergence; DAS= days after sowing; fb= followed by
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2.7 Biological Weed Control Method

Biological weed control entails the utilization of living organisms to manage
weeds. This approach encompasses the deployment of various organisms
and biologically derived products (Ehi-Eromosele et al. 2013). Bio-herbicides
are a prominent component of biological weed control, consisting of
phytopathogenic microorganisms or microbial phytotoxins employed in
a manner similar to conventional herbicides (Boyetchko and Peng, 2004).
Additionally, biological weed control methods include allelopathy, animal
grazing, the cultivation of crop varieties resistant or tolerant to weeds, and the
utilization of phytophagous insects (Table 2.2 and 2.3).

Table 2.2: Biological weed management practices using biocontrol agents

:l('). Biocontrol agent Weed Type of insect | Reference

1 Larinus planus Cirsium pitheri Weevil Havens et al. 2012

2 Cactoblastis cactorus Opuntia sp. Moth Mann, 1970

3 Dactylopium tomentosus | Opuntia dileni Scale insects Narayan, 1954

4 Zygogramma sp. Parthenium Beetles Muniyappa, 1980

hysterophorus

5 Rhizaspidiotus donais Arundo donax Scale insects Hardion et al. 2014

Hydprellia pakistanae Hydrilla verticillate Leaf mining fly | Baloch et al. 1980

Table 2.3: Use of bioherbicides in weed management

Sl. | Bioherbicide

No | (Commercial name) Weed Type References

1 Colletotrichum Aeschynomene virginica | Fungus Daniel et al. 1973
gloeosporioides (Collego)

2 Phytopthora palmivora Morrenia odorata Oomycetes | Brunett ef al. 1973
(Devine)

3 Puccinia canaliculate (Dr. | Cyperus esculentus Fungus Greaves and
Biosedge) MacQueen, 1992

4 Colletotrichum Malva pusilla Fungus Mortensen, 1988
gloeosporioides (BioMal)

5 Bipolaris sorghicola Sorghum halepense Fungus Acciaresi and
(Bipolaris) Monaco, 1999
Cantharellus cibarius Eichhornia crassipes Fungus Hsiao et al. 2007
Alternaria tenuis Galium aparine Fungus Meiss et al. 2008
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8 Colletotrichum Cuscuta sp. Fungus Wang, 1989
gloesporoides
(Luboa- 2)

9 Xanthomonas campestris | Cynodon dactylon, Poa Bacteria Imaizumi et al.
(Camperico) annua 1997

10 | Puccinia thlaspeos (Woad | Isatis tinctoria Fungus Lovic et al. 1988
Warrior)

11 | Alternaria destruens Cuscuta sp. Fungus Bewick et al. 2000
(Smolder)

2.8 Conclusion

Modern agriculture relies on sustainable food production practices, and
Conservation Agriculture (CA) stands out as the most effective system for
achieving both sustainability and environmental safety simultaneously. While
the adoption of CA is on the rise, it comes with its share of challenges, with
weed control being a prominent issue. The limited weed management options
in CA can lead to increased dependence on herbicides, which in turn may
result in water contamination, the development of weed resistance, shifts in
weed flora, and herbicide carryover. To address these challenges, various
strategies have been developed for weed management. However, the evolving
characteristics of CA systems make the situation more complex. It is essential
to integrate a combination of cultural, mechanical, biological, ecological, and
chemical weed control methods judiciously within the framework of CA.
This approach takes into account the ecological, geographic, climatic, and
agronomic aspects of a specific cropping system. The practice of Integrated
Weed Management (IWM) plays a crucial role in reducing the overreliance
on herbicides. Therefore, incorporating IWM into CA not only contributes to
the sustainability of this agricultural system but also strengthens its focus on
environmental protection.
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