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ABSTRACT

Sugarcane (Saccharum officinarum L.) is a significant crop in global agriculture, often referred to as
"wonder cane" for its slow yet robust growth. Despite its importance, sugarcane faces a critical
challenge from weed infestation, which can significantly reduce vyields if not properly managed.
Weed competition is most intense during the early stages of sugarcane growth, with studies
indicating that unchecked weed presence during this critical period can result in yield reductions
ranging from 20% to 40%. In some cases, this reduction can reach as high as 70%. This review
explores effective weed management strategies for sustainable sugarcane cultivation, emphasizing
the importance of controlling weeds during the early phase of crop development. Beyond this
phase, the sugarcane crop tends to smother weed growth on its own. However, early and effective
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weed management is crucial to prevent heavy infestations that could lead to yield loss, increased
harvesting costs, and other complications. The Indian Institute of Sugarcane Research (IISR) has
developed "Integrated Weed Management," a technology that provides cost-effective weed control
solutions for sugarcane farmers. This approach integrates various methods, including pre-
emergence and post-emergence herbicide applications, hand weeding, and mechanical cultivation.
Pre-emergence herbicides like atrazine and oxyfluorfen, followed by post-emergence applications of
glyphosate, have proven effective in controlling weed growth in sugarcane fields. Additionally,
certain weed species, such as Paspalum paniculatum and P. urvillei, can cause allopathic effects

on sugarcane roots,

further emphasizing the need for timely weed management.

The

implementation of integrated weed management techniques has shown to reduce the weed seed
bank, which is crucial for sustainable sugarcane cultivation. These strategies not only ensure higher
yields and reduced costs but also support the overall health of sugarcane crops by preventing the
proliferation of weeds that could serve as hosts for diseases and pests. By adopting effective weed
management strategies, sugarcane farmers can achieve sustainable cultivation, maximizing yield
while minimizing environmental impact and ensuring a successful harvest.

Keywords: Allopathic; sustainable; proliferation; pre-emergence; atrazine and oxyfluorfen.

1. INTRODUCTION

Sugarcane (Saccharum officinarum L.) is a
crucial C4 crop in tropical and subtropical
regions, representing approximately 80% of the
world's sugar production and 35% of ethanol
production [1]. As the second-largest producer of
sugarcane after Brazil, India contributes around
430.50 million tons from 5.09 million hectares,
with an annual productivity of 8.44 tons/ha [2,3].
Given its long duration, slow initial growth, and
wide row spacing, sugarcane creates a
favourable environment for weed infestation,
leading to significant competition for resources,
affecting overall crop yield. Weed infestation in
sugarcane fields is a significant issue, with
potential yield losses ranging from 10% to
complete crop failure [4]. Nearly 150 weed
species, including annuals, perennials, and
parasitic weeds, have been reported in Indian
sugarcane fields [5]. The most common weeds

include sedges (Cyprus rotundus), grasses
(Cynodon dactylon, Sorghum halepense,
Imperata cylindrica), and broadleaf weeds

(Chenopodium album, Convolvulus arvensis,
Striga asiatica, Amaranthus viridis) [6]. The
critical period for crop-weed competition in
sugarcane is recorded between 60-120 days
after planting for spring cane and up to 150 days
for autumn cane, underscoring the importance of
timely and effective weed management [7].

Various approaches to weed control in
sugarcane are employed, including physical,
chemical, and integrated weed management
(IWM) techniques [8]. Cultural practices like
ploughing, hand weeding, and mulching are
traditional methods but are often labor-intensive,

time-consuming, and costly [9]. Chemical control
with herbicides offers a more economically
feasible alternative. The use of pre-emergence or
post-emergence herbicides, or a combination of
both, has become increasingly popular for
efficient weed management in sugarcane fields
[10]. Integrated Weed Management, combining
physical and chemical methods, is gaining
traction among farmers seeking more effective
and sustainable approaches to weed control,
promising higher cane yields and reduced crop-
weed competition [11].

Chemical weed control in sugarcane involves the

application of pre-emergence and post-
emergence herbicides to manage weed
populations effectively [12]. Pre-emergence

herbicides are typically applied within a few days
of planting to prevent weed establishment, while
post-emergence herbicides are applied later to
target emerging weeds [13]. Common pre-
emergence herbicides include atrazine and
simazine, which are effective at controlling
broadleaf weeds and certain grasses [14]. Post-
emergence herbicides like 2,4-D are used to
target broadleaf weeds, providing extended
control for 50 to 60 days [15]. For twining weeds
like Ipomoea spp. and Convolvulus spp.,
herbicides such as atrazine and metribuzin are
applied between the cane rows after earthing up.
In cases where the parasitic weed Striga is a
problem, additional applications of these
herbicides after earthing up can effectively
control its growth.

Integrated Weed Management (IWM) has gained
attention as a more sustainable approach to
weed control in sugarcane. IWM combines
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agronomic, mechanical, and chemical methods
to maintain weed populations below economic
thresholds while minimizing environmental
impact [16]. The success of IWM relies on the
strategic use of herbicides, along with hoeing
and manual weeding, to reduce weed
competition without affecting cane growth and
yield [17]. By employing a combination of pre-
emergence and post-emergence herbicides,
followed by manual hoeing and earthing up, IWM
has shown significant improvements in weed
control efficiency and sugarcane yields. The
introduction of IWM technology has resulted in
increased cane yield, reduced weed density, and
improved  cost-effectiveness compared to
traditional weed management practices [18]. As
farmers adopt IWM, the sugarcane industry can
benefit from enhanced productivity and
sustainability.

2. TYPES OF WEEDS IN SUGARCANE

Weeds in sugarcane fields can be broadly
categorized into three types: grasses, broadleaf
weeds, and sedges [19]. Grasses are the most
common type of weed found in sugarcane fields,
characterized by their narrow leaves and fibrous
root systems [20]. Common examples of grass
weeds include Paspalum urvillei, Digitaria
horizontalis, and Cynodon dactylon. Broadleaf
weeds, on the other hand, are identifiable by
their wide leaves and often rapid growth rates
[21]. These include species like Solanum nigrum,
Ageratum conyzoides, and Chenopodium album.
Lastly, sedges, such as Cyperus rotundus and
Kyllinga spp., are distinctive for their triangular
stems and robust underground structures like
tubers and rhizomes. Understanding the types of
weeds is crucial because different weed types
may require distinct management approaches
[22]. For example, grasses and sedges are often
more challenging to control due to their extensive
root systems, while broadleaf weeds may be
more easily managed through -cultural and
chemical methods. Moreover, some weeds have
uniqgue growth patterns, contributing to varied
challenges during different stages of sugarcane
growth. A comprehensive weed management
strategy in sugarcane must consider the specific
types of weeds present in a given field and adopt
a multi-faceted approach to control them
effectively [23].

2.1 Common Weed Species in Sugarcane
Fields

Several weed species are commonly found in
sugarcane fields, each posing unique challenges

to growers [24]. Among grass weeds, Paspalum
paniculatum and Cynodon dactylon are widely
prevalent, often due to their ability to spread
rapidly through rhizomes and stolons [25]. These
grasses can quickly take over sugarcane fields,
leading to intense competition for resources like
water, nutrients, and sunlight. Broadleaf weeds
such as Convolvulus arvensis, Amaranthus
viridis, and Euphorbia hirta are also frequently
encountered in sugarcane cultivation. These
species can outcompete young sugarcane plants
by growing taller and shading them, hindering the
crop's early development. Sedges, like Cyperus
rotundus and Kyllinga bulbosa, are another
common group of weeds in sugarcane fields.
These species are particularly problematic
because of their underground storage structures,
allowing them to survive adverse conditions and
re-emerge even after treatment. The presence of
these common weed species underscores the
importance  of adopting effective weed
management strategies that can address a broad
spectrum of weed types [26]. Tailoring control
measures to target these specific species is
essential for maintaining optimal sugarcane
yields and reducing the impact of weeds on crop
quality.

2.2 Variability in Weed Infestations

Weed infestations in sugarcane fields can vary
significantly based on several factors, including
agro-climatic  conditions, sugarcane Vvariety,
planting time, and cultivation practices [27]. For
example, fields planted with early-maturing
sugarcane varieties may experience different
weed pressure compared to those with late-
maturing varieties. This is because early varieties
tend to initiate stalk formation sooner, which may
reduce the period of vulnerability to weed
competition. Additionally, climatic factors such as
temperature and rainfall can influence the types
of weeds that thrive in a given region, with some
areas favouring grasses and others broadleaf
weeds. Another aspect of variability in weed
infestations is related to soil type and fertility [28].
Soils rich in organic matter may encourage the
growth of certain broadleaf weeds, while sandy
soils might be more prone to sedge infestations
[29]. Furthermore, the frequency and timing of
irrigation can also impact weed growth, with
more frequent watering potentially leading to
higher weed density. This variability underscores
the need for flexible and adaptable weed
management strategies that consider local
conditions and specific weed pressures.
Successful weed management in sugarcane
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requires a thorough understanding of these
variations to develop targeted and effective
control measures.

2.3 Impact of Weeds on Sugarcane Yield

Weeds can have a significant impact on
sugarcane yield, both in terms of quantity and
quality. When weeds are not adequately
controlled, they compete with sugarcane for
essential resources like water, nutrients, and
sunlight [30]. This competition can stunt the
growth of sugarcane, leading to reduced stalk
height and fewer millable canes. As a result, the
overall vyield of sugarcane can decrease
substantially, with studies showing that weed
infestations can cause vyield losses ranging from
10% to 40% or even complete crop failure in
extreme cases. The critical period for weed
control in sugarcane is typically within the first
few months after planting, when young
sugarcane is most vulnerable to competition. In
addition to reducing yield , weeds can also affect
the quality of sugarcane [31]. Certain weeds, like
Striga asiatica, are parasitic and can directly
damage sugarcane roots, affecting the plant's
overall health and reducing sucrose content.
Other weeds may harbor pests and diseases,
which can further harm sugarcane and
complicate harvesting operations. Weeds that
produce dense foliage can interfere with
harvesting machinery, leading to increased costs
and delays. Therefore, effective weed

management is crucial not only for maximizing
sugarcane yield but also for ensuring high-quality
cane production and smooth harvesting
operations.

3. WEED CONTROL IN SUGARCANE:
METHODS AND PRACTICES

Effective weed control in sugarcane cultivation is
critical to maintaining high yields and reducing
competition for resources [32]. Weed control
methods in  sugarcane include physical,
chemical, Biological and cultural for integrated
weed management (IWM) techniques (Fig. 1),
each with unique benefits and challenges. In this
review, we explore the various methods used for
controling weeds in sugarcane fields and
discuss the best practices for achieving optimal
results.

3.1 Physical Weed Control

Physical weed control in sugarcane relies on
mechanical methods, such as hoeing and
intercultural operations, to manage weeds during
the growing season [33]. Since sugarcane is
typically planted in wide rows, there is ample
space for shallow-rooted weeds to grow. To
combat this, farmers often perform a series of
hoeing operations, usually 3-4 times, after each
irrigation during the tillering phase of the crop.
This approach not only helps control weed
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Fig. 1. Integrated weed management through various methodologies
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growth but also provides additional benefits by
improving soil aeration and facilitating better
cane root development. Physical weed control is
considered a traditional method, offering a
chemical-free approach to weed management
[34]. It is particularly useful in the early stages of
sugarcane growth, when weeds can quickly
establish themselves and compete with the crop
for nutrients, water, and light.

Despite its effectiveness, physical weed control
has drawbacks, mainly due to the high labour
costs and extensive time requirements [35]. As
labour becomes more expensive and less
available, farmers face increasing challenges in
maintaining effective weed control through
manual or mechanical means. This has
prompted a shift towards more economically
feasible methods, such as chemical weed control
or integrated weed management, which
combines physical and chemical approaches.
While physical weed control remains a valuable
tool in sugarcane cultivation, its limitations
underscore the need for a more comprehensive
weed management strategy that balances
effectiveness with cost and labour efficiency [36].

3.2 Chemical Weed Control

Chemical weed control plays a pivotal role in
managing weeds in sugarcane fields by using
herbicides to target specific types of weeds at
different stages of crop growth [37]. Pre-
emergence herbicides are applied soon after
planting to prevent weed seedlings from
establishing and competing with the sugarcane
[38]. Atrazine is a widely used pre-emergence
herbicide in sugarcane cultivation, typically
applied at rates ranging from 1.25 to 2.0 kg per
hectare [39]. This herbicide is effective against a
variety of broadleaf weeds and some grasses,
providing weed-free conditions for about 50 to 60
days after application. The use of pre-emergence
herbicides like atrazine reduces the need for
manual weeding and allows the sugarcane to
grow without significant competition during its
critical growth phase.

As the sugarcane grows, post-emergence
herbicides are employed to manage weeds that
have emerged after the initial pre-emergence
application. Herbicides like 2,4-D sodium salt,
applied at rates between 1.0 and 1.5 kg per
hectare, are effective in controlling a range of
broadleaf weeds that can emerge later in the
season [40]. These post-emergence applications
are typically directed at the weeds without
affecting the sugarcane plants, allowing for

targeted weed control. The combination of pre-
emergence and post-emergence herbicides
provides an efficient approach to weed
management, reducing labour costs associated
with  manual weeding and ensuring that
sugarcane fields remain relatively weed-free
throughout the growing season [41]. While
chemical weed control offers significant benefits
in terms of efficiency and labour savings, it's
important to use these chemicals judiciously to
minimize environmental impact and prevent the
development of herbicide-resistant weeds.

3.3 Cultural Weed
Sugarcane

Management in

Cultural weed management involves practices
that disrupt weed growth and competition by
manipulating the growing environment. In
sugarcane, this method includes techniques like
crop rotation, cover cropping, mulching, and
planting density adjustments [42]. Crop rotation
can break the life cycles of certain weeds,
reducing their prevalence in subsequent
plantings [43]. By rotating sugarcane with crops
that suppress specific weeds, farmers can
manage weed populations without relying solely
on chemical herbicides. Cover crops, such as
legumes and grasses, are planted between

sugarcane rows to outcompete weeds,
smothering them and reducing their
establishment [44]. Additionally, cover crops

contribute organic matter to the soil, enhancing
its structure and fertility.

Mulching is another effective cultural practice in
sugarcane, where organic or inorganic materials
are applied to the soil surface to suppress weeds
and retain moisture [45]. Organic mulches like
straw or sugarcane residues decompose over
time, enriching the soil with nutrients. Adjusting
planting density can also influence weed
management; narrower spacing between
sugarcane rows reduces the available space for
weeds to grow [46]. Moreover, farmers often
practice hoeing and manual weeding during the
early growth stages to remove weeds and aerate
the soil. These cultural practices not only reduce
weed competition but also contribute to improved
soil health, reduced erosion, and enhanced
sugarcane growth.

3.4 Biological
Sugarcane

Weed Management in

Biological weed management in sugarcane relies
on the use of living organisms or their byproducts
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to control weed populations. This approach offers
a sustainable and environmentally friendly
alternative to chemical herbicides. One common
biological method involves the use of allelopathic
cover crops, which release natural compounds
that inhibit weed growth [47]. Certain legumes
and grasses can suppress weed germination and
growth through this mechanism. Another strategy
is to introduce natural weed predators, such as
insects or nematodes, that target specific weeds
without harming the sugarcane crop. These
biological control agents can significantly reduce
weed populations and minimize the need for
chemical interventions.

In sugarcane fields, biological weed
management also includes the use of beneficial
microorganisms that improve soil health and
suppress weeds indirectly [48]. Mycorrhizal fungi,
for example, form symbiotic relationships with
sugarcane roots, enhancing nutrient uptake and
outcompeting soil-borne weeds for resources
[49]. Bio herbicides, derived from naturally
occurring bacteria or fungi, can selectively target
certain weeds without affecting sugarcane.
Additionally, grazing animals like sheep or goats
can be used in sugarcane fields to control weeds
by selectively feeding on them. This practice not
only reduces weed populations but also provides
a source of organic matter through animal waste.
Biological weed management promotes a more
balanced ecosystem in sugarcane fields and
reduces the reliance on synthetic chemicals,
contributing to sustainable agriculture [50].

3.5 Integrated Weed Management

Integrated Weed Management (IWM) combines
multiple weed control methods to achieve more
sustainable and effective results [51]. The
approach incorporates both physical and
chemical methods, allowing for a reduction in
herbicide use while maintaining high weed
control efficiency. A common IWM strategy
includes a pre-emergence application of
metribuzin, followed by hoeing and a post-
emergence  application of 2,4-D.  This
combination provides effective control of a
wide range of weeds, reduces crop-weed
competition, and promotes higher sugarcane
yields.

The success of IWM has been demonstrated
through field trials and farmer adoption. Farmers
who initially had concerns about herbicide use
and its potential impact on sugarcane yield were
convinced of its efficacy after observing its

performance in field demonstrations [52].
Application of atrazine at 1.0 kg a.i/ha after 2-3
days of sugarcane planting under moist
conditions controlled weeds for 40-45 days. A
second application of 2,4-D sodium salt at 60
days after planting, followed by one manual
hoeing at 90 days, effectively maintained a
weed-free  environment [53]. These IWM
practices resulted in higher sugarcane yields and
have been widely adopted by farmers seeking
cost-effective and sustainable weed control
solutions [54]. Effective weed control in
sugarcane requires a combination of physical
and chemical methods to manage weed growth

and ensure profitable crop yields. Integrated
Weed Management has emerged as a
successful  strategy, offering a balanced

approach that reduces costs and environmental
impact while maintaining high levels of weed
control [55]. As a result, IWM has become a
preferred method for farmers looking to improve
sugarcane yields and achieve sustainable
agricultural practices.

4. INTEGRATED WEED MANAGEMENT IN
SUGARCANE

Sugarcane cultivation is prone to weed
infestation due to its long duration and wide row
spacing (60 to 90 cm), providing an ideal
environment for weeds to grow from planting to
harvest [56]. In North India, common weeds that
invade sugarcane fields include Cyperus
rotundus, Echinochloa spp., and Saccharum sp.
among the narrow-leaved varieties, while broad-
leaved weeds such as Chenopodium album,
Solanum  nigrum,  Convolvulus  arvensis,
Trianthema sp., and Digera arvensis are also
prevalent. The critical period for crop-weed
competition in sugarcane occurs between 60-120
days after planting in spring cane and 150 days
in autumn cane. If these weeds are not controlled
during this phase, yield reductions of 20-40% are
common. Traditional methods such as hoeing
are effective for controlling weeds and improving
soil structure but can be labour-intensive and
costly due to rising wages and limited labour
availability. To address these challenges, the
Indian Institute of Sugarcane Research (lISR),
Lucknow, developed an “Integrated Weed
Management" (IWM) technology, combining
chemical herbicides with traditional hoeing to
manage weeds cost-effectively  without
compromising sugarcane yield. This technology
was introduced to farmers through the Institute-
Village Linkage Programme, where initial
scepticism was mitigated by demonstrating the
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technology's success in controling weeds
without adverse effects on sugarcane growth or
yield [57].

The IWM approach begins with the application of
Atrazine at 1.0 kg a.i/lha with 1000 liters of water
within 2-3 days of sugarcane planting under
moist conditions, providing weed control for 40-
45 days [58]. To manage broad-leaved weeds, a
secondary application of 2,4-D Sodium Salt at
1.0 kg a.i’lha with 600 liters of water is applied at
60 days after planting. This process is followed
by one manual hoeing at 90 days after planting,
ensuring comprehensive weed control. Using this
technology, sugarcane yield increased to 79.0
tonnes/ha, with a net return of Rs 52,530/ha—
30% and 48% higher than traditional farmer
practices, respectively. The adoption of
Integrated Weed Management technology has
not only proven effective in controlling weeds but
has also significantly increased sugarcane yields
and profitability for farmers. Given these positive
outcomes, farmers in the area have embraced
this technology, promoting its wide adoption
across sugarcane-growing regions. The WM
system has become a successful model for
achieving weed-free sugarcane cultivation,
showcasing the benefits of integrating chemical
and manual weed control strategies in modern
agriculture [59].

5. WEED MANAGEMENT IN
SUGARCANE: EFFECTIVE
STRATEGIES FOR OPTIMAL CROP
PRODUCTION

Sugarcane cultivation is prone to significant
weed pressure, which can severely impact crop
yield and quality if not properly managed [60].
Effective weed management requires a
combination of chemical, mechanical, and
cultural strategies tailored to the unique needs of
sugarcane [61]. This section outlines key weeds
commonly found in sugarcane fields and the
various approaches to managing them, providing
valuable insights for achieving optimal crop
production. The major weeds that pose a
challenge to sugarcane cultivation include
species from different plant families, such as
Amaranthus, Brachiaria, Cyperus, and
Convolvulus, among others [62]. These weeds
can significantly affect sugarcane growth by
competing for nutrients, water, and light. To
address this issue, weed management strategies
often begin with a pre-emergence application of
herbicides. For instance, atrazine at a rate of 1.0
kg a.i. per hectare, applied on the third day after

planting (DAP), is a common pre-emergence
treatment. This is often followed by post-
emergence applications of glyphosate at 1.0 liter
per hectare, usually around 45 DAP, to control
any emerging weeds.

In addition to chemical control, mechanical
methods like one-line weeding and spade
digging are employed at various stages of
sugarcane growth, typically at 30, 60, and 90
DAP [63]. This helps remove weeds from the
crop row and maintain proper soil aeration. The
use of a junior-hoe or power tiller with tynes
along the ridges at 25, 55, and 85 DAP provides
further weed control and promotes proper stirring
of the soil. Weed management strategies must
also account for specific weed issues, such as
the parasitic weed Striga. Post-emergence
application of 2,4-D sodium salt at an appropriate
dosage can help control Striga, but caution is
advised to avoid harming neighboring
crops like cotton or bhendi [64]. To manage nut
sedges like Cyperus rotundus, a pre-plant
application of glyphosate at 2.0 kg per
hectare with 2% ammonium sulfate, followed
by a similar post-emergence treatment, is
effective.

In sugarcane intercropping systems, weed
control is managed through the pre-emergence
application of herbicides like thiobencarb at 1.25
kg ai/ha, particularly when intercropping with
crops like soybean, black gram, or groundnut
[65]. This approach helps maintain a weed-free
environment, promoting healthy growth and

optimal vyield in sugarcane fields. Overall,
effective weed management in sugarcane
involves a holistic approach, integrating

chemical, mechanical, and cultural practices. By
adopting these strategies, sugarcane growers
can significantly reduce weed pressure,
enhancing crop health, vyield, and overall
production efficiency.

All weed control treatments significantly
increased the number of tillers compared to the
weedy check [66]. The treatment involving
Metribuzin 1.4 kg/ha as pre-emergence (PE)
followed by 2,4-D 1.6 kg/ha at 45 days after
ratoon initiation (DARI) recorded the highest
number of tillers (205.0) and weed control
efficiency, outperforming other treatments and
the weedy check. This treatment exhibited an
11.6% increase in tiller numbers over the three
hoeing treatment conducted at the 1st, 4th, and
7th weeks after ratoon initiation (WARI),
highlighting the effectiveness of chemical weed
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control over manual operations. The number of
tillers, panicles, and grain yield were also notably
higher in this treatment compared to others, with
105.0 panicles, 74.3 grains per panicle, and
overall better growth performance. The
treatments with atrazine and metribuzin in
combination with either 2,4-D or hoeing also
showed substantial improvements in tiller
numbers and weed control compared to the
weedy check. Specifically, the use of atrazine 2
kg/ha as PE followed by 2,4-D 1.0 kg/ha at 45
DARI, and atrazine 2 kg/ha as PE followed by
one hoeing at 45 DARI, resulted in 178.3 and
180.3 tillers respectively, indicating effective
weed suppression and improved crop growth
(Table 1). Overall, the study demonstrates the
superior efficacy of chemical treatments,
particularly the combination of metribuzin
and 2,4-D, in enhancing tiller numbers and
controlling weeds compared to manual hoeing,
thereby supporting the use of herbicides
for better crop management and Vvyield
improvement.

6. WEED SPECIES AND
LEVELS IN SUGARCANE

INFESTATION

Sugarcane fields are prone to infestations from a
variety of weed species, depending on the crop
variety, season, and local agro climatic
conditions [67]. Common grass weeds such as
Paspalum paniculatum, Paspalum urvillei, and

Digitaria horizontalis tend to proliferate in
sugarcane fields harvested late in the season
when temperatures are higher and conducive to
their germination. Broadleaf weeds like Ageratum
conyzoides and Solanum nigrum are more
prevalent in fields harvested during
cooler periods, which foster the growth of
broadleaf species [68]. The diversity of weed
species across different sugarcane fields
requires a  multifaceted  approach to
management.

The impact of weed infestation on sugarcane
yield is significant, with cane yield generally
decreasing as weed infestation periods increase.
Conversely, longer weed-free periods contribute
to higher yields [69]. This relationship has been
observed across various trials and can be
attributed to factors such as cropping year, crop
cycle, cane variety, and agro climatic conditions.
Early sugarcane varieties, which produce fewer
tillers and exhibit a lower leaf area index, may
reach the critical period for weed control (CPWC)
earlier due to slower initial development [70].
Conversely, late varieties that grow faster and
start stalk formation later are less susceptible to
weed competition as they have a more efficient
partitioning of dry matter into cane. Therefore,
weed management practices must consider
these variations to optimize crop vyield and
minimize the adverse effects of weed competition
during critical periods.

Table 1. Effect of different treatments on growth, yield and quality of sugarcane ratoon crop

[66]

Treatment Tiller NMC Cane PoL CCS

count (x103/ha) yield (%) (%)

(x103/ha) (t/ha)
Three hoeing at 1%, 4" & 7" WARI 183.7 95.3 73.3 189 131
Atrazine 2 kg/ha as PE fb 2,4-D 1.0 kg/ha at 45 DARI 178.3 97.0 72.0 19.0 13.1
Atrazine 2 kg/ha as PE fb 1 hoeing at 45 DARI 180.3 92.3 71.3 18.8 13.0
Atrazine 1 kg/ha as PE fb 2,4-D 1.6 kg/ha at 45 DARI 164.3 74.0 57.6 189 131
Metribuzin 1.4 kg/ha PE fb 2,4-D 1.6 kg /ha at 45 DARI 205.0 105.0 74.3 18.7 13.0
Metribuzin 1 kg/ha as PE fb 2,4-D 1.0 kg /ha at 45 DARI 171.0 88.3 69.7 189 131
Metribuzin 1 kg/ha as PE fb 1 hoeing at 45 DARI 171.0 88.7 72.0 18.7 13.0
Glyphosate 0.4 kg/ha at 3 weeks stage as directed spray 147.0 72.3 54.7 18.8 13.1
Glyphosate 0.4 kg/ha at 3 weeks fb 1 hoeing at 60 DARI 151.7 79.0 62.0 19.1 133
Trash mulching in alt rows fb 1 hoeing at 1% & 6" WARI 156.7 81.7 64.7 18.4 12.8
Trash mulching between all rows 161.0 82.3 66.3 19.0 13.2
Diuron 1.6 kg/ha fb 2,4-D 1.6 kg /ha at 45 DARI 162.3 80.0 63.0 19.1 13.2
Diuron 1.6 kg/ha fb 1 hoeing at 45 DARI 166.3 82.3 66.6 19.0 13.3
Weedy check (no. hoeing and no herbicide application) 123.0 69.0 53.3 18.6 12.8
LSD (P=0.05) 14.4 8.7 7.6 NS NS

Commercial cane sugar (CCS %)
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7. FUTURE DIRECTIONS IN WEED
MANAGEMENT
The evolving landscape of agriculture

necessitates innovative approaches to weed
management. Future directions in this field focus
on integrating advanced technologies,
sustainable practices, and precision agriculture
to combat weed infestations in a more efficient
and environmentally friendly manner [71].
Precision weed management, which uses data-
driven insights to target specific areas with weed
problems, is gaining traction. Techniques such
as drone-based monitoring, remote sensing, and
geographic information systems (GIS) allow for
real-time assessment of weed infestations,
enabling farmers to apply herbicides more
judiciously. This targeted approach reduces
chemical use, minimizes environmental impact,
and lowers costs. Another emerging trend is the
development of herbicide-resistant sugarcane
varieties [72]. This genetic approach provides
sugarcane plants with the ability to withstand
specific herbicides, allowing for more effective
weed control without harming the crop. This
strategy can significantly reduce crop-weed
competition and ensure higher yields.
Additionally, biological weed control, which
leverages natural predators and pathogens to
suppress weed populations, is gaining attention.
This approach aligns with organic farming
principles and can contribute to more sustainable
sugarcane production [73,74]. The focus on

future directions is to enhance weed
management  efficiency, reduce chemical
dependence, and promote sustainable

agricultural practices.
8. CHALLENGES AND OPPORTUNITIES

Despite the advances in weed management,
several challenges persist. Herbicide resistance
in weeds is a growing concern, as repeated use
of the same chemicals can lead to resistant weed
strains [75]. This phenomenon can render
traditional chemical control methods less
effective, prompting the need for innovative
approaches and new herbicides. Additionally,
climate change is influencing weed growth
patterns, with warmer temperatures and altered
precipitation affecting weed proliferation. These
changes require adaptive weed management
strategies that account for shifting environmental
conditions. However, these challenges also
present opportunities for innovation and
collaboration. The development of integrated
weed management (IWM) strategies that

combine chemical, cultural, and biological
methods offers a promising solution [76]. IWM
aims to reduce reliance on chemical herbicides
and promote more holistic approaches to weed
control. Collaboration between researchers,
farmers, and industry stakeholders can lead to
the creation of new tools and technologies for
weed management [77]. For instance, robotics
and automation are being explored to reduce
labour costs and improve the precision of
physical weed control. These emerging
technologies have the potential to transform the
way weeds are managed in sugarcane
cultivation, offering new  pathways for
sustainability and resilience.

9. RESEARCH NEEDS AND INNOVATION

To address the evolving challenges in weed
management, ongoing research and innovation
are crucial. There is a need for continued
development of new herbicides with different
modes of action to combat herbicide-resistant
weeds [78]. Additionally, research into alternative
weed control methods, such as biological control
and the use of cover crops, can provide
sustainable solutions that complement traditional
chemical approaches. The integration of
precision agriculture tools, like drones and
sensors, requires further exploration to refine
their effectiveness and broaden their application
in different agricultural settings. Innovation in
genomics and biotechnology also holds promise
for weed management. Research into the genetic
basis of herbicide resistance in weeds can inform
the development of new control methods and
herbicide-resistant crops [79]. Genomic selection
and editing technologies could lead to the
creation of sugarcane varieties with enhanced
resistance to specific weed species or
environmental stressors. Collaborative research
efforts between academic institutions, industry
stakeholders, and government agencies can
accelerate the pace of innovation in weed
management, ultimately contributing to more
sustainable and efficient sugarcane cultivation.

10. SUSTAINABILITY AND ENVIRONMEN-
TAL IMPACT

Sustainability is at the forefront of modern
agricultural practices, and weed management
plays a significant role in achieving this goal [80].
Traditional chemical-based weed control can
have adverse environmental impacts, such as
soil contamination [81], water pollution, and harm
to non-target organisms. Sustainable weed
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management seeks to minimize these negative
effects by reducing chemical use, promoting
organic practices, and incorporating biological
control methods. Integrated Weed Management
(IWM) emphasizes sustainability by combining
multiple weed control strategies to reduce the
environmental footprint of sugarcane cultivation
[82]. Efforts to improve sustainability also focus
on reducing herbicide resistance and minimizing
the risk of chemical residues in the environment.
Biological control methods, such as using natural
predators and pathogens to manage weed
populations, can provide effective weed control
with minimal environmental impact. Additionally,
practices like cover cropping and crop rotation
can help suppress weeds naturally, reducing the
need for chemical intervention. By prioritizing
sustainability, the sugarcane industry can
contribute to a healthier ecosystem while
maintaining high crop vyields. Future research
and development in weed management should
continue to explore sustainable practices and
their impact on the environment to ensure the
long-term viability of sugarcane cultivation.

11. CONCLUSION

The sustainable cultivation of sugarcane relies
on effective weed management strategies that
balance  productivity = with  environmental
stewardship. Throughout this review, we have
examined a range of approaches to weed
control, highlighting the critical role of Integrated
Weed Management (IWM) in reducing crop-weed
competition and promoting sustainable practices.
By combining physical, chemical, and biological
methods, IWM offers a comprehensive solution
to the challenges posed by weeds in sugarcane
fields. Chemical weed control, with its use of pre-
and post-emergence herbicides, has proven
effective in managing weed infestations, but
carries potential environmental risks and the
challenge of herbicide resistance. Physical
methods, such as hoeing and mechanical
cultivation, offer a non-chemical approach but
can be labor-intensive and costly. Biological
weed control, which involves the use of natural
predators and pathogens, represents a promising
sustainable alternative. To achieve effective
weed management, future efforts must focus on
innovation and sustainability. This includes the
development of herbicide-resistant sugarcane
varieties, precision agriculture tools like drones
and sensors, and the integration of cover crops
and crop rotation to suppress weeds naturally.
The ongoing evolution of weed management
strategies underscores the need for collaboration

among researchers, industry stakeholders, and
farmers to create and implement solutions that
support the long-term sustainability of sugarcane
cultivation. Effective weed management in
sugarcane requires a multi-faceted approach that
addresses current challenges while embracing
future opportunities. By leveraging the strengths
of IWM, exploring innovative solutions, and
prioritizing sustainability, the sugarcane industry
can continue to thrive, providing economic
and environmental benefits for generations to
come.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

1. Zegada-Lizarazu W, Elbersen HW,
Cosentino SL, Zatta A, Alexopoulou E,
Monti A. Agronomic aspects of future
energy crops in Europe. Biofuels Bioprod
Biorefin. 2010;4(6):674-91.

2. Altieri MA, Nicholls CI, Montalba R.
Technological approaches to sustainable
agriculture at a crossroads: An
agroecological perspective. Sustainabilit.
2017;9(3):349.

3. Ram B, Chouhan S, Tutlani A, Kumar R,
Sinha SK, Kumari S. Optimizing
Sugarcane Productivity and Soil Nutrient
Uptake with Sulphitated Press Mud (SPM),
Phosphorus Solubilizing Bacteria (PSB)
and Trichoderma viride Integration in
Calcareous Soil. Plant Archives. 2024;
24(1):122-30.

4. Beddington J. Food security:
Contributions from science to a new and
greener revolution. Philos Trans R Soc
Lond B Biol Sci. 2010;365(1537):61-71.

5. Shah F, Wu W. Soil and crop
management strategies to ensure higher

cropproductivity within sustainable
environments. Sustainability. 2019;11(5):
1485.

6. Shah F, Wu W. Soil and crop

management strategies to ensure higher
crop productivity within  sustainable
environments. Sustainability. 2019;11(5):
1485.

7.  Evcim HU, Degirmencioglu A, Ozginaltay
Ertugrul G, Aygin I. Advancements and
transitions in technologies for sustainable
agricultural production. Econ Environ
Stud.2012;12(4):459-66.

129



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Rajbir et al.; J. Exp. Agric. Int., vol. 46, no. 7, pp. 120-133, 2024; Article no.JEAI.117387

Brodt S, Six J, Feenstra G, Ingels C,
Campbell D. Sustainable agriculture. Natl
Educ Knowl. 2011;3(1).

Blesh J, Hoey L, Jones AD, Friedmann H,
Perfecto |. Development pathways toward
”zero hunger”. World Dev. 2019;118:1-14.
Grigg DB. The agricultural systems of the
world: An evolutionary  approach.
Cambridge University Press. 1974;343.
Swaminathan. 50 years of green
revolution: An anthology of research
papers.. World Scientific Publishing; 2017;
1.

Hou D, Bolan NS, Tsang DCW, Kirkham
MB, O’Connor D. Sustainable soil use and
management: An interdisciplinary and
systematic approach. Sci Total Environ.
2020;729:138961.

Grote U, Fasse A, Nguyen TT,
Erenstein O. Food security and the
dynamics of wheat and maize value
chains in Africa and Asia. Front Sustain
Food Syst. 2021;4:617009.

Eksoz C, Mansouri SA, Bourlakis M.
Collaborative forecasting in the food
supply chain: A conceptual framework. Int
J Prod Econ. 2014;158:120-35.

Brouder SM, Gomez-Macpherson H. The
impact of conservation agriculture on
smallholder agricultural yields: A scoping
review of the evidence. Agric Ecosyst
Environ. 2014;187:11-32.

Bruinsma J. World agriculture: towards
2015/2030: An FAO study. Routledge;
2017.

Monyo ES, Varshney RK. Seven seasons
of learning and engaging smallholder
farmers in the drought-prone areas of sub-
Saharan Africa  and South Asia
through Tropical Legumes, 2007-2014.
international crops research institute for
the Semi-Arid tropics; 2016.
Misbahuzzaman K. Traditional farming in
the mountainous region of Bangladesh
and its modifications. J Mt Sci. 2016;13
(8):1489-502.

Aguilera E, Diaz-Gaona C, Garcia-
Laureano R, Reyes-Palomo C, Guzman
Gl, Ortolani L et al. Agroecology for
adaptation to climate change and
resource depletion in the Mediterranean
region. A review. Agric Syst. 2020; 181:
102809.

Hazell PB. An assessment of the impact of
agricultural research in South Asia since
the green revolution. Handbook of
agricultural economics. 2010;4:3469-530.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

130

Hasan K, Tanaka TS, Alam M, Ali R,
Kumer Saha CK. Impact of modern rice
harvesting practices over traditional
ones. Rev Agric Sci. 2020;8:89-108.

De Schutter O, Vanloqueren G. The
new green revolution: How twenty-first-
century science can feed the world.
Solutions.2011;2(4):33-44.

Bhakta |, Phadikar S, Majumder K.
State-of-the-art technologies in
precision agriculture: A  systematic

review. J Sci Food Agric. 2019;99(11):
4878-88.

Gomiero T, Pimentel D, Paoletti MG.
Environmental impact of different
agricultural management  practices:

conventional vs. organic agriculture. Crit
Rev Plant Sci. 2011;30(1-2):95-124.

Wu J, Sardo V. Sustainable versus
organic agriculture. In: Sociology, organic
farming, climate change and soil science;
2010;41- 76.

E Birch AN, Begg GS, Squire GR. How
agro-ecological research  helps to
address food security issues under new
IPM and pesticide reduction policies for
global crop production systems. J Exp
Bot. 2011;62(10):3251-61.

Rahman MM, Alam MS, Kamal MZzZU,
Rahman GM. Organic sources and tillage
practices for soil management. Resour
Use Effic Agric. 2020:283-328.

Stagnari F, Ramazzotti S, Pisante M.
Conservation agriculture: A different
approach for crop production through
sustainable soil and water management:
A review. Organic Farming, Pest Control
and Remediation of Soil Pollutants:
Organic farming, pest control and
remediation of soil pollutants. 2010; 55-
83.

Wang D, Lin JY, Sayre JM, Schmidt R,
Fonte SJ, Rodrigues JLM et al. Compost
amendment maintains soil structure and
carbon storage by increasing available
carbon and microbial biomass in
agricultural  soil-A six-year field study.
Geoderma. 2022;427:116117.

Dwivedi AK, Dwivedi BS. Impact of long

term fertilizer management for
sustainable soil health and crop
productivity: Issues and Challenges.

[Research Journal].2015;374:49(3).
Verma P, Chauhan A, Ladon T. Site
specific nutrient management: A review. J
Pharmacogn Phytochem. 2020;9(5S):
233- 6.



32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Rajbir et al.; J. Exp. Agric. Int., vol. 46, no. 7, pp. 120-133, 2024; Article no.JEAI.117387

Sidhu RK, Kumar R, Rana PS, Jat ML.
Automation in drip irrigation for enhancing
water use efficiency in cereal systems of
South Asia; Status and prospects. Adv
Agron. 2021;167:247-300.

Deng XP, Shan L, Zhang H, Turner NC.

Improving  agricultural ~ water  use
efficiency in arid and semiarid areas of
China. Agric Water Manag. 2006;80(1-
3):23-40.

Luo L, Mei H, Yu X, Xia H, Chen L, Liu
H et al. Water-saving and drought-
resistance rice: From the concept to
practice and theory. Mol Breed. 2019;39:1-
15.

Srivastav AL, Dhyani R, Ranjan M,
Madhav S, Sillanpdad M. Climate-resilient
strategies for sustainable management of
water resources and agriculture. Environ
Sci Pollut Res Int. 2021;28(31):41576-95.

Srivastav AL, Dhyani R, Ranjan M,
Madhav S, Sillanpda M. Climate-resilient
strategies for sustainable management of
water resources and agriculture.
Environmental Science and Pollution
Research. 2021;28(31):41576-95.

Prashar P, Shah S. Impact of fertilizers
and pesticides on soil microflora in
agriculture. Sustainable Agriculture
Reviews.2016;19:331-61.

Garcia-Fraile P, Menéndez E, Celador-
Lera L, Diez-Méndez A, Jiménez-Gémez
A, Marcos-Garcia M, Cruz-Gonzalez XA,
Martinez-Hidalgo P, Mateos PF, Rivas R.
Bacterial probiotics: A truly green
revolution. Probiotics and plant health.
2017:131-62.

Saeed KA, Malhotra MK, Grover V.
Examining the impact of
interorganizational systems on process
efficiency and sourcing leverage in buyer—
supplier dyads. Decision Sciences. 2005;
36(3):365-96.

Matteoli F, Schnetzer J, Jacobs H.
Climate-smart agriculture (CSA): An
integrated approach for climate change
management in the agriculture
sector. Handbook of Climate Change
Management:  Research, Leadership,

Transformation. 2020:1-29.

Hamid B, Zaman M, Farooq S, Fatima S,
Sayyed RZ, Baba ZA, Sheikh TA, Reddy
MS, El Enshasy H, Gafur A, Suriani NL.
Bacterial plant biostimulants: a sustainable
way towards improving growth,
productivity, and health of crops.
Sustainability. 2021;13(5):2856.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

131

Deng XP, Shan L, Zhang H, Turner NC.
Improving agricultural water use
efficiency in arid and semiarid areas of
China. Agric Water Manag. 2006;80(1-
3):23-40.

Grigg DB. The agricultural systems of the
world: An evolutionary  approach.
Cambridge University Press. 1974; 343
Gomiero T, Pimentel D, Paoletti MG.
Environmental impact of different
agricultural management practices:
conventional vs. organic agriculture. Crit
Rev Plant Sci. 2011;30(1-2):95-124

Shelar A, Singh AV, Maharjan RS, Laux P,
Luch A, Gemmati D, Tisato V, Singh SP,

Santilli MF, Shelar A, Chaskar M.
Sustainable agriculture through
multidisciplinary seed nanopriming:

prospects of opportunities and challenges.
Cells. 2021;10(9):2428.

Zegada-Lizarazu W, Elbersen HW,
Cosentino SL, Zatta A, Alexopoulou E,
Monti A. Agronomic aspects of future
energy crops in Europe. Biofuels Bioprod
Biorefin. 2010;4(6):674-91.

Bhakta |, Phadikar S, Majumder K.
State-of-the-art technologies in precision
agriculture: A systematic review. J Sci
Food Agric. 2019;99(11):4878-88

Dwivedi AK, Dwivedi BS. Impact of long

term fertilizer management for
sustainable soil health and crop
productivity: Issues and Challenges.

[Research Journal].2015;374:49(3).

Deng XP, Shan L, Zhang H, Turner NC.

Improving agricultural ~ water  use

efficiency in arid and semiarid areas of

China. Agric Water Manag. 2006;80(1-

3):23-40.

Wu J, Sardo V. Sustainable versus
organic agriculture. In: Sociology, organic
farming, climate change and soil science;
2010;41- 76

Kassakian JG, Jahns TM. Evolving and
emerging applications of power electronics
in systems. IEEE Journal of Emerging and
Selected Topics in Power Electronics.
2013 Jun 26;1(2):47-58.

Kausch AP, Nelson-Vasilchik K, Hague J,
Mookkan M, Quemada H, Dellaporta S,

Fragoso C, Zzhang ZJ. Edit at will:
Genotype independent plant
transformation in the era of advanced

genomics and genome editing. Plant
Science. 2019;281:186-205.

Pandey S, Singh A, Parida SK, Prasad M.
Combining speed breeding with traditional



54,

55.

56.

57.

58.

59.

60.

61.

62.

63.

Rajbir et al.; J. Exp. Agric. Int., vol. 46, no. 7, pp. 120-133, 2024; Article no.JEAI.117387

and genomics-assisted breeding for crop
improvement. Plant breeding.
2022;141(3):301-13.

Qaim M. Role of new plant breeding
technologies for food security and
sustainable  agricultural  development.
Applied Economic Perspectives and
Policy. 2020;42(2):129-50.

Neyhart JL, Gutierrez L, Smith KP.
Optimizing the choice of test locations for
multitrait  genotypic  evaluation. Crop
Science. 2022;62(1):192-202.

Liu S, Banik M, Yu K, Park SJ, Poysa V,
Guan Y. Marker-assisted selection (MAS)
in major cereal and legume crop breeding:
current progress and future directions. Int J
Plant Breed. 2007;1(2):75-8.

Cobb JN, Biswas PS, Platten JD. Back to
the future: Revisiting MAS as a tool for
modern plant breeding. Theoretical and
Applied Genetics. 2019;132:647-67.
Sharma S, Kumar A, Dhakte P, Raturi G,
Vishwakarma G, Barbadikar KM, Das BK,
Shivaraj SM, Sonah H, Deshmukh R.
Speed breeding opportunities and
challenges for crop improvement. Journal
of plant growth regulation. 2022:1-4.
Ojiewo CO, Janila P, Bhatnagar-Mathur P,
Pandey MK, Desmae H, Okori P, Mwololo
J, Ajeigbe H, Njuguna-Mungai E, Muricho
G, Akpo E. Advances in crop improvement
and delivery research for nutritional quality
and health benefits of groundnut (Arachis
hypogaea L.). Frontiers in Plant Science.
2020;11:29.

Samantara K, Bohra A, Mohapatra SR,
Prihatini R, Asibe F, Singh L, Reyes VP,
Tiwari A, Maurya AK, Croser JS, Wani SH.
Breeding more crops in less time: A
perspective on speed breeding. Biology.
2022;11(2):275.

O'Connor DJ, Wright GC, Dieters MJ,
George DL, Hunter MN, Tatnell JR,
Fleischfresser DB. Development
and application of speed breeding
technologies in a commercial peanut
breeding program. Peanut science. 2013;
40(2):107-14.

Afridi SG, Sultan S, Butt ZA, Ahmad H.
Ecological prevalence of the weed species
growing in maize and sugarcane fields of
district Mardan, Pakistan. Journal of
Biodiversity and Environmental Sciences.
2015:1-7.

Fanai M. Performance of three newly
introduced leguminous tree species in
agroforestry systems of Mizoram and their

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

132

effect on agricultural crops (Doctoral
dissertation, Mizoram University).

Labrada R, Caseley JC, Parker C, editors.
Weed management for developing
countries. Food & Agriculture Org.; 1994.
Jat RS, Meena HN, Singh AL, Surya JN,
Misra JB. Weed management in groundnut
(Arachis hypogaea L.) in India-a review.
Agricultural Reviews. 2011;32(3):155-71.
Kumar R, Singh J, Uppal SK. Weed
management in sugarcane ratoon crop.
Indian Journal of Weed Science,
2014;46(4):346-349.

Nikpay A, Tiwari AK, Vejar-Cota G, Ziaee
M, Wilson B, Srivastava S, Goebel FR.
Biotic stresses in sugarcane plants and its
management. InAgro-industrial
perspectives on sugarcane production
under environmental stress 2023 Jan 1
(pp. 301-359). Singapore: Springer Nature
Singapore.

Chawla A, Lal B, Singh R, Parkash O,
Sharma V, Rajkumar S, Thukral A.
Vascular plants, Kinnaur, Himachal
Pradesh, India. Check list. 2012;8(3):321-
48.

Aekrathok P, Songsri P, Jongrungklang N,
Gonkhamdee S. Efficacy of post-
emergence herbicides against important
weeds of sugarcane in north-east
Thailand. Agronomy. 2021;11(3):429.
Marava G. Assessment of weed control
methods for maize production by emerging
farmers on commercial farms. University of
Pretoria (South Africa); 2016.

Monteiro A, Santos S. Sustainable
approach to weed management: The role
of precision weed management.
Agronomy. 2022;12(1):118.

Perotti VE, Larran AS, Palmieri VE,
Martinatto AK, Permingeat HR. Herbicide
resistant weeds: A call to integrate
conventional agricultural practices,
molecular biology knowledge and new
technologies. Plant Science. 2020;290:
110255.

Kumari S, Kumar R, Chouhan S,
Chaudhary PL. Influence of various
organic amendments on growth and yield
attributes of mung bean (Vigna radiata L.).

International Journal of Plant & Soil
Science. 2023;35(12):124-30.
Chouhan S, Kumari S, Kumar R,

Chaudhary PL. Climate resilient water
management for sustainable agriculture.
Int. J. Environ. Clim. Change. 2023;13(7):
411-26.



75.

76.

77.

78.

79.

Rajbir et al.; J. Exp. Agric. Int., vol. 46, no. 7, pp. 120-133, 2024; Article no.JEAI.117387

Ofosu R, Agyemang ED, Marton A,
Péasztor G, Taller J, Kazinczi G. Herbicide
resistance: managing weeds in a changing
world. Agronomy. 2023;13(6):1595.

Scavo A, Mauromicale G. Integrated weed
management in herbaceous field crops.
Agronomy. 2020;10(4):466.

Chauhan BS, Matloob A, Mahajan G,
Aslam F, Florentine SK, Jha P. Emerging
challenges and opportunities for education
and research in weed science. Frontiers in
plant science. 2017;8:294498.

Owen MD. Diverse approaches to
herbicide-resistant weed management.
Weed Science. 2016;64(S1):570-84.
Vencill WK, Nichols RL, Webster TM,
Soteres JK, Mallory-Smith C, Burgos NR,
Johnson WG, McClelland MR. Herbicide
resistance: toward an understanding of

80.

81.

82.

resistance development and the impact of
herbicide-resistant crops. Weed Science.
2012;60(SP1):2-30.

Tataridas A, Kanatas P, Chatzigeorgiou A,
Zannopoulos S, Travlos |. Sustainable crop
and weed management in the era of the
EU Green Deal: A survival guide.
Agronomy. 2022;12(3):589.

Paudel P, Kumar R, Pandey MK, Paudel
P, Subedi M. Exploring the Impact of
Micro-plastics on Soil Health and
Ecosystem Dynamics: A Comprehensive
Review. J Exp Bio &amp; Ag Sci.
2024;12(2):163-74.

Barberi P. Ecological weed management in
sub-Saharan  Africa: Prospects and
implications on other agroecosystem
services. Advances in Agronomy. 2019;
156:219-64.

© Copyright (2024): Author(s). The licensee is the journal publisher. This is an Open Access article distributed under the terms
of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
https://www.sdiarticle5.com/review-history/117387

133


https://www.sdiarticle5.com/review-history/117387

