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Abstrak. Pemenuhan kebutuhan pangan global di bawah tekanan perubahan iklim dan keterbatasan sumber daya
telah mendorong praktik intensifikasi pertanian. Akan tetapi, upaya untuk memaksimalkan hasil panen melalui
penanaman monokultur secara terus menerus dan penggunaan input kimia yang tinggi telah mengakibatkan
kerusakan lingkungan yang serius, termasuk hilangnya keanekaragaman hayati, penurunan kualitas tanah, dan
peningkatan risiko serangan hama dan penyakit. Meskipun Pengelolaan Lahan Berkelanjutan (Sustfainable Land
Management) menawarkan solusi pemulihan, prinsip utama untuk meminimalkan olah tanah sering kali
meningkatkan pertumbuhan gulma, yang menimbulkan dilema antara menjaga ekologi dan mencapai hasil panen
yang tinggi. Tinjauan menyeluruh ini menganalisis literatur dari tahun 2000 hingga 2024 untuk mengevaluasi
dampak sinergis dari Rotasi Tanaman dan Periode Kritis Pengendalian Gulma dalam mengatasi dilema agronomi
ini. Hasil analisis menunjukkan bahwa rotasi tanaman berfungsi sebagai fondasi utama untuk memulihkan fungsi-
fungsi penting tanah, menyeimbangkan ekosistem mikroba, dan memutus siklus hama. Sementara itu, Periode
Kritis Pengendalian Gulma melengkapi sebagai alat manajemen yang presisi memungkinkan petani
memfokuskan pengendalian gulma hanya pada fase pertumbuhan tanaman yang paling rentan. Integrasi kedua
strategi ini terbukti mampu membatasi kerusakan tanah dan mengurangi ketergantungan pada bahan kimia tanpa
mengganggu tingkat hasil panen. Disimpulkan bahwa penggabungan ketahanan sistem rotasi tanaman dengan
efisiensi taktis Periode Kritis Pengendalian Gulma adalah pendekatan yang paling efektif untuk mencapai
intensifikasi pertanian yang berkelanjutan, menyeimbangkan perlindungan ekologis jangka panjang dengan
keharusan stabilitas produksi.

Kata Kunci: Ketahanan Ekologis, Stabilitas Hasil, Rotasi Tanam, Periode Kritis Pengendalian Gulma

Abstract. Meeting global food demands amidst climate volatility and resource scarcity has historically driven
agricultural intensification. However, this pursuit of maximized yields through continuous monoculture and high
agrochemical inputs has precipitated severe ecological costs, including biodiversity erosion, soil degradation, and
heightened vulnerability to biotic stressors. While Sustainable Land Management (SLM) offers a restorative
framework, its core principle of minimal soil disturbance often exacerbates weed pressure, creating a trade-off
between ecological preservation and crop productivity. This extensive review consolidates systematic literature
from 2000 to 2024 to critically assess the combined impact of Crop Rotation and the Critical Period of Weed Control
(CPWC) in effectively addressing this agronomic challenge. The analysis demonstrates that crop rotation serves as
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the ecological foundation, restoring soil multifunctionality, restructuring microbial networks, and disrupting pest
cycles. Complementing this, the CPWC functions as a vital tactical tool for precision management, allowing
farmers to restrict weed interventions to specific phenological windows. This integration minimizes soil
disturbance and chemical reliance without compromising harvest outcomes. According to the review, combining
the natural benefits of crop rotation and the efficiency of CPWC is an effective strategy for intensification. This
method ensures that farming remains productive without damaging the ecosystem.
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INTRODUCTION

Addressing the nutritional needs of a
swiftly expanding population constitutes a
significant worldwide challenge, particularly
against diminishing agricultural resources
(Cui et al., 2018). Conversely, increasing
global average temperatures, along with
variations in precipitation across numerous
regions, could result in exacerbated drought
conditions, both in frequency and duration
(IPCC, 2021). Climate variability has been
shown to be a crucial factor, accounting for
almost 30% of worldwide crop yield
variability (Ray et al., 2015). The pursuit of
maximized yields
monoculture has fundamentally weakened
agroecosystems, leading to soil depletion and
biodiversity loss. Kricka et al. (2017) assert
that the longstanding practice of high-input
maize monoculture in China has adversely
impacted topsoil depth and soil organic

through  intensive

matter content. Additional studies indicate
that soybeans produce minimal soil residues
in comparison to other crops (Wright and
Hons, 2004; Cordell et al., 2007; Novelli et al.,
2017). Consequently, numerous studies have
shown that soybean monoculture results in a
reduction of total soil organic matter content
(Romaniuk et al., 2018; Martinez et al., 2020),
as well as a decline in biodiversity (Strom et
al., 2020) and physical degradation of soil
(Wilson et al., 2020; Crespo et al., 2021).

Crop rotation, an ancient agronomic
practice, acts as a holistic management tool
that regulates nutrient and water balances
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and controls pests. Additionally, it enhances
ecosystem resilience and guarantees a
sustainable supply of food and feed (Barbieri
et al., 2019; Zhang et al., 2021). Empirical
evidence from the meta-analysis by
McDaniel et al. (2014) substantiates the
assertion that polyculture systems typically
enhance soil fertility indicators, notably total
carbon, total nitrogen, and microbial biomass
carbon, in comparison to monocultures. The
adoption of crop rotation with a wider
variety of species significantly improves the
productivity and stability of agricultural
systems, while concurrently mitigating yield
losses caused by climate abnormalities (Costa
et al., 2024).

Diverse organisms in agroecosystems
form the essential basis for the effective
execution of critical agricultural functions
(Moonen Barberi, 2008). This
biodiversity encompasses both purposely
grown species (planned biodiversity) and
naturally occurring wild plants, including
weeds (spontaneous biodiversity). Weeds
dual  function, providing
environmental services while simultaneously
incurring losses, depending on the particular
agricultural system. Weeds significantly
impair agricultural productivity and harvest

and

have a

quality by competing aggressively with crops
for vital resources, including light, moisture,
space, and soil nutrients (Jha et al., 2017).
Weeds vie with crops for water, nutrients,
and sunlight. This challenge can significantly
diminish the harvest, resulting in output
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losses ranging from 45% to 95% (Mennan et
al., 2020; Izquierdo et al., 2020). Weeds are
typically regarded as principal competitors
that cause substantial losses in agricultural
yields (Oerke, 2006). Consequently, research
has focused on weed competition, frequently
overlooking their ecological
contributions. Enhancing plant diversity is
acknowledged as a method to maintain soil

substantial

health through subterranean impacts
(Cappelli et al, 2022). Managing weeds
during the critical stages of crop

development is essential for optimizing yield
and quality. Identifying the Critical Period
for Weed Control (CPWC) is a fundamental
step in developing an effective Integrated
Weed Management (IWM) program.
Furthermore, applying threshold models
based on this critical period enhances
decision making at the farm level. The
Critical Period for Weed Control (CPWC) is
defined as the specific duration during which
a crop must be maintained weed-free to
prevent yield losses from exceeding a
predetermined threshold (Knezevic et al.,
2003). Previous studies have established that
environmental stressors can inhibit plant
growth by
development. Specifically, Pradhan et al.
(2017) identified that traits such as root
volume, canopy height, and leaf number are
particularly susceptible to decline when
plants encounter competitive pressure.
According to Tursun et al. (2016), these
findings provide a strategic framework for
corn producers in Turkey to optimize the
cost-effectiveness and efficacy of their weed
management protocols. The study highlights
that to restrict yield losses to under 5%, weed
suppression is critical during the V1-V12
stages for field corn, VE-V10 for popcorn,
and V2-V10 for sweet corn.

Sustainable strategies are required to
balance yield stability with ecological
preservation. According to Huang et al.
(2020), the framework of sustainable land
management (SLM) is characterized by a

reducing  morphological
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triad of essential strategies: (1) reducing
tillage intensity to a minimum, (2) preserving
and (3)
integrating diverse species into agricultural
systems. Within this sustainable land
management (SLM) framework, crop
rotation serves as a pivotal mechanism to
species in the
temporal dimension. By alternating plant
families, rotations break pest cycles and
enhance soil biological activity, thereby
reinforcing ecosystem resilience. However,
minimizing tillage often exacerbates weed
pressure, which poses a risk to productivity.
The use of the Critical Period of Weed
Control (CPWC) is essential to balance
reduced  soil
competitiveness. The sustainability of future
agricultural systems depends on our capacity
to maintain the intricate balance between
crop-weed competition and soil biodiversity.
By integrating the ecological benefits of Crop

permanent surface residues,

operationalize diversity

disturbance and weed

Rotation with the management efficacy of
Crop Rotation and Critical Period of Weed
Control (CPWC), yield losses can be reduced
while maintaining essential belowground
functions that support ecological resilience.

MATERIALS AND METHODS

Metode A
conducted across major academic databases,
including Scopus, Web of Science (WoS),
ScienceDirect, and Google Scholar, to
thoroughly assess the synergistic role of Crop
Rotation and the Critical Period of Weed
Control (CPWC) in achieving a balance
between ecological resilience and yield
stability. The search strategy employed a
combination of keywords tailored to capture
the intersection of agronomy, weed science,
and agroecology. Key search terms included

non

review search was

"crop rotation," "crop diversification," and
"Sustainable Land Management (SLM)" to
address systemic agricultural practices;
"Critical Period of Weed Control," "CPWC,"
and "integrated weed management" to target
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precision weed control and
outcome-oriented terms such as "ecological
resilience," "yield stability," "soil health," and
"biodiversity loss."

This period was chosen to ensure the
review
regenerative agriculture and climate change
adaptation, alongside key foundational
works, such as the initial definitions of
CPWC by Swanton and Weise (1991), to
provide conceptual depth. To ensure rigor,
the
sources, conference abstracts, and studies

that focused exclusively on greenhouse

strategies;

includes recent advancements in

review excluded non-peer-reviewed

experiments without field-level agronomic
relevance. Data extraction and synthesis
followed a thematic approach aligned with
the study’s conceptual framework. Retrieved
literature critically analysed
categorized into four main themes: (1) the
ecological costs of agricultural
intensification, specifically regarding
biodiversity erosion and soil degradation; (2)
the systemic benefits of crop rotation in
enhancing soil physicochemical properties
and microbiome assembly; (3) the tactical
efficiency of CPWC in minimizing soil
disturbance while securing yields; and (4) the
integrative potential of combining these
strategies to resolve the trade-off between
ecological preservation and productivity.
This structured synthesis moves beyond a
descriptive summary, offering a critical
examination  of strategic  crop
diversification and precision weed timing
can collaboratively underpin sustainable,
resilient agricultural systems.

was and

how

RESULTS AND DISCUSSION

The Ecological Cost of Agricultural
Intensification and Monoculture Practice
a. Biodiversity Erosion and Ecosystem
Simplification

The intensification of agriculture has
significantly increased crop yields to support
a growing population; however, it has also

145

resulted in considerable environmental costs
characterized by a decline in ecological

integrity. =~ Studies = demonstrate  that
conventional intensification methods,
including  heightened  application  of

agrochemicals, irrigation, and the farming of
genetically uniform varieties, are directly
linked to ecosystem degradation (Matson et
al., 1997). These practices contribute to
landscape simplification, the
intrinsic biological diversity and structural
complexity of agroecosystems (McLaughlin
and Mineau, 1995; Hevia et al., 2016).
Consequently, these methods result in a
notable decline in biological diversity and the
potential for land productivity, particularly
concerning species richness (Stoate et al.,
2001; Donald et al., 2006; Storkey et al., 2011).
This  biological simplification is
systematically driven by the synergistic
action of four principal mechanisms: the
erosion of ecological networks due to habitat
destruction; the bioaccumulation of synthetic
inputs that harm non-target biodiversity; the
alteration of aquatic environments through
extraction; the
degradation of the soil matrix (Jing et al.,
2025). In terms of water resources, Zektser et
al. (2005) identified groundwater depletion as
a primary threat to plant communities in
north-western California. Furthermore, the
dependence on agrochemicals exacerbates
the decline of biodiversity; for example,
herbicides diminish the diversity of wild
flora, so altering food chains for insects and
avifauna (Carvalheiro ef al., 2011). Particular
instances, such as in German grain fields,

removing

excessive water and

demonstrate that herbicide application can
diminish non-target weed species in adjacent
fields by more than 60%, resulting in a
significant reduction in plant diversity
(Schumacher et al., 2018).

Critically, these intensive practices also
destabilize the soil environment. Studies in
the Mediterranean basin demonstrate that
modern tillage significantly modifies soil
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structure and reduces plant biodiversity
(Plaza et al., 2011; Sans et al., 2011; Colbach et
al., 2014). Moreover, the decline in soil
fertility linked to prolonged monoculture is
directly coupled with the destabilization and
simplification of soil microbial cooccurrence
networks (Zhang et al, 2024). In healthy
ecosystems, stable
promote efficient nutrient cycling (Chenet al.,
2022). This potential is embodied in the idea
of Soil Multifunctionality (SMF), which refers
to the ability to concurrently facilitate
nutrient cycle and transformation (Li ef al.,
2021; Qiu et al., 2021). Nevertheless, intensive
practices frequently impair these functions.
In the cultivation of Chinese hickory, the
clearance of vegetation and over-fertilization
have resulted in soil acidity and a reduction
in microbial diversity (Wu et al., 2014). To
mitigate "yield drag," Sustainable Land
Management (SLM) measures are essential to
reduce disturbance and emphasize activities

microbial networks

such as nutrient cycling, hence supporting
the long-term sustainability of agricultural
systems (Drost et al., 2020; Zheng et al., 2020).

b. Vulnerability to Pests and Weeds
Due to absence of natural defence
mechanisms, simplified agroecosystems are
more susceptible to biotic stress. To combat
pests, agricultural intensification uses high
pesticide use, which is
beneficial creatures. In West Java, Indonesia,
intensive  pesticide usage in
plantations reduced pollination species from
4.04% to 2.66% per field (Manson et al., 2022;
Harmoko, 2024). Clothianidin application in
grain fields in Hungary directly reduced bee
diversity (Kovacs-Hostyanszki et al.,, 2011;
Woodcock, 2017).
Furthermore,
adversaries

hazardous to

coffee

suppressing natural
increases pest vulnerability.
insecticide reduced spider
populations in Zhejiang Province, China,
while ecological fields without insecticides
increased predator numbers by >50% without

harming yields (Qian et al., 2021).

Avermectin
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Long-term monocropping also improves
fungal community selection. Hu et al. (2018)
believe plants secrete secondary compounds
that attract pathogenic fungus, causing
disease outbreaks and endangering crop
sustainability.
Crop Rotation: The Foundation of
Ecological Resilience
a. Ecological Restoration and System
Resilience

In the pursuit of regenerating degraded
agroecosystems, crop rotation serves not
merely as a method of diversification, but as
the primary driver of ecological restoration.
By reintegrating a broader spectrum of
functional plant groups such as nitrogen
fixing legumes, deep-rooted cover crops, and
high-biomass
actively rebuild soil structure and organic
matter stocks. The implementation of highly
diversified crop rotations fosters a synergistic
enhancement of soil health, microbial
heterogeneity, and agronomic productivity.

cereals rotation systems

These improvements form the foundation for
developing  long-term
sustainability in food production systems
(Yang et al., 2024). This method is consistent
with the overarching objectives of ecological
intensification. The impact of intensive
farming on biodiversity loss is extensively
(Hooper et al, 2005).
Frameworks for ecological intensification
and biological diversification have been
proposed to enhance ecosystem services and
resilience (Tilman et al., 2006; Lin, 2011).
These practices mitigate environmental
damage by decreasing chemical dependency
and improving soil health (Kremen et al.,
2012).

resilience  and

documented

b. Enhancing  Soil  Health  and
Productivity Metrics

Compared to continuous
monocropping, the implementation of

diverse rotation strategies yields substantial
improvements in key agroecological metrics.
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Recent studies report a 20% rise in crop
output (Zhao et al., 2020), alongside marked
enhancements in soil quality indicators,
including a 6% increase in organic carbon
(Liu et al., 2022), a 13.4% gain in microbial
biomass carbon (Liu et al., 2023), and a 15.9%
improvement in soil aggregate stability
(Theshiulo et al., 2023). Furthermore, these
strategies demonstrate significant efficacy in
biotic stress management, capable of
suppressing weed density by as much as 49%
(Weisberger et al, 2019).
monocultures, crop rotation consistently
enhances soil carbon, microbial biomass, and
faunal diversity (Lange et al., 2015; Tresch et
al., 2019).

In addition to

Relative to

physicochemical
enhancements, crop rotation significantly
modifies the soil microbiome. Research
demonstrates that crop rotation increases soil
microbial alpha diversity, particularly in
fungi, and strengthens the stability of co-
This  process
substantially alters the overall composition of
the microbial community (Kong et al., 2025).
Nonetheless, the dynamics are intricate;
findings from a 36-year field experiment
that
(wheat-millet-pea)
microbial metabolic rates and agronomic
yield, yet they may simultaneously reduce
the complexity of certain components of the
soil microbiome. This rotation regime was
linked to decreased bacterial alpha diversity
and diminished network connectivity in
comparison to continuous wheat cropping
(Kong et al., 2023).

occurrence networks.

demonstrate diversified rotations

significantly —improve

c. Mechanistic Pathways: Substrate
Heterogeneity and Resource Provision
The advantages of crop rotation are

fundamentally influenced by plant-soil
feedback mechanisms. Research
substantiates that plants facilitate soil

enhancements by modulating microbial
composition through rhizodeposits and litter
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contributions (Veen et al., 2019; Nannipieri et
al., 2023). The noted improvement in soil
biological health mostly arises from substrate
heterogeneity, attributed to the diversity of
organic inputs from various shoot residues
and rhizodeposits (Dufour, 2025; Shu et al.,
2022; Nannipieri et al., 2023). Variations in
resource allocation by particular crops
influence soil biota density (Salamon et al.,
2011). For instance, elevated plant species
richness is associated with enhanced
nematode diversity (De Deyn et al., 2004). The
incorporation of particular functional
groupings, such as legumes, provides high-
quality resources that benefit soil fauna
(Spehn et al., 2000). This varied resource
provision produces a strong subterranean
food web crucial for ecological resilience.

Critical Periods of Weed Control (CPWQ):
The Tool for Precision and Efficiency
a. The Dual Nature of Weeds: Ecological
Assets vs. Agronomic Liabilities

Depending on the agricultural system,
weeds occupy a complex niche, acting as
ecological agronomic
liabilities. This dichotomy has historically led
to a research bias favouring competition
studies, often overlooking the capacity of
weeds to improve soil stability (Gould et al.,
2016) and underpin food chains (Holland et
al., 2006). However, from a production
standpoint, weeds act as a critical limiting
factor because they vigorously compete with
crops for essential resources such as light,
moisture, space, and soil nutrients (Kaur et
al., 2018; Jha et al, 2017). This resource
competition significantly compromises crop
health and productivity. As a result, farmers
can face severe yield reductions, often losing
between 45% and 95% of their potential
harvest (Mennan et al., 2020; Izquierdo et al.,
2020). For instance, in corn production,
failure to manage weeds can result in losses
of 38-65% compared to controlled
environments (Gantoli et al, 2013).

either assets or
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Furthermore, the widespread adoption of
prophylactic chemical control to mitigate
these losses has been linked to severe
ecological including the
proliferation of herbicide resistance (Heap,
1997; Powles and Yu, 2010).

repercussions,

b. Conceptualizing the Critical Period
of Weed Control (CPWC)

The application of the Critical Period of
Weed Control (CPWCQC)
balancing weed management and ecological
preservation. The CPWC comprises two
essential phases: the deadline for initial
weeding and the period of the weed-free
state (Chu et al., 2022). Effective weed control
within this timeframe enables crops to
achieve optimal yields, similar to those
observed in completely weed-free conditions
(Arebu, 2021). This concept functions as the
approach to reducing
interference, especially in sensitive crops
such as onions (Knezevic and Datta, 2015).
The Critical Period for Weed Control
(CPWQ) is the specific
timeframe during which weeding is
necessary to avert irreversible yield loss. This
period is variable and is directly influenced
by the level of interference from the weed
community and the prevailing cultivation
conditions. The CPWC should be customized
for various crops and agricultural settings.
Identifying this period is a crucial step for an
effective Integrated Weed Management
(IWM) strategy (Swanton and Weise, 1991),
facilitating enhanced decision-making at the
farm level (Zimdahl, 1988, 1993).

The practical application of CPWC
guidelines enables farmers to optimize
timing, thereby
effectiveness and efficacy. For example,
Tursun et al. (2016) advise that to prevent
crop losses exceeding 5% in Turkey, weeds
must be strictly controlled during specific
phenological stages: V1-V12 for field corn,
VE-V10 for popcorn, and V2-V10 for sweet
corn. By focusing control efforts solely

is essential for

main weed

identified as

improving both cost
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during these specific windows, farmers can
secure better crop yields and quality without
resorting  to chemical
applications. However, crop production is
generally affected by various abiotic and
biotic stresses beyond simple competition
(Hasanuzzaman et al., 2020). Therefore,
precision in CPWC is vital. By limiting
interventions to the critical window, farmers
minimize unnecessary inputs, reducing the
economic and environmental burden of weed
management.
c. Biological Drivers: Soil Seedbanks
and Tillage Interactions

The effectiveness of CPWC strategies is
significantly affected by the fundamental soil
biology, particularly soil seedbanks and
tillage Soil
constitute a significant reservoir of viable
seeds and propagules, acting as the primary
source of future weed infestations (Chauhan
and Johnson, 2010; Shrestha et al., 2002). With
the evolution of farming practices aimed at
reducing chemical reliance, there is renewed
interest in the study of seedbanks (Mahé et al.,
2020). Studies indicate that tillage systems
significantly affect the size and composition

season long

methods. weed seedbanks

of weed communities, mainly by modifying
the vertical seed distribution in the soil
(Buhler et al., 1994; Otto et al., 2023). Deep
tillage frequently results in the burial of
seeds, hindering their
Conversely, low-disturbance farming, or
conservation agriculture, maintains seeds at
the surface level, which benefits species that
require more light and promotes seed
predation (Baraibar et al., 2009). Reduced
tillage promotes soil health; however, it may

emergence.

result in higher total weed abundance and a
transition from annual dicots to grassy
annuals and perennials (Derrouch et al.,
2021).  This

situation  requires a
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comprehensive CPWC strategy to manage
these changing populations effectively.

Integrating Crop Rotation and Critical
Period of Weed Control (CPWC): Achieving
The Balance

Agronomic management practices are
the primary drivers that shape weed
communities, with tillage and crop rotation
identified as the most influential factors
(Hosseini et al., 2014). Historically, intensive
tillage was the standard method used to
prepare seedbeds and manage residues
(Hobbs et al., 2008). However, recognizing
that such intensive soil disturbance causes
significant environmental harm including
erosion and fertility loss there has been a
global shift toward adopting reduced tillage
practices to protect soil health (Soane et al.,
2012). While this transition is ecologically
necessary, it presents a major challenge
without the mechanical disturbance to reset
weed populations, farmers face increased
weed  pressure species
composition.

To navigate this trade-off between soil
conservation and weed control, integrating
Crop Rotation and the Critical Period of
Weed Control (CPWC) offers a robust
solution. Crop rotation acts as a systemic
counterbalance, by introducing temporal
diversity in planting dates and root
structures, it disrupts the stable
environments that favour specific weeds,
effectively
"biological tillage." To complement this, the
CPWC serves as a precision tool. Instead of
maintaining weed free fields throughout the

and  shifting

functioning as a form of

season, which would require excessive
intervention, the CPWC identifies the specific
time window when weed removal is essential
to prevent yield loss. By applying control
measures only during this critical period,
farmers can secure stable yields while
adhering to the principles of minimal soil
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disturbance, thus achieving a sustainable
balance for future agriculture.

CONCLUSION

This review elucidates the critical
trade-offs inherent in modern agricultural
systems and proposes a strategic framework
for reconciliation. The evidence demonstrates
that while agricultural intensification and
monoculture practices have historically met
global food demands, they have incurred an
unsustainable ecological cost characterized
by biodiversity erosion, soil physical and
biological degradation, and a paradoxically
increased vulnerability to pests and weeds.
The simplification of agroecosystems has
destabilized essential soil microbial networks
and diminished Soil Multifunctionality
(SMF), resulting in a 'yield drag" that
chemical inputs can no longer effectively
offset. To this trajectory, the
integration of Crop Rotation and the Critical
Period of Weed Control (CPWC) emerges as
a vital strategy within the framework of
Sustainable Land Management (SLM). Crop
rotation acts as the ecological foundation,

reverse

restoring system resilience by enhancing soil
organic matter, restructuring microbial co-
occurrence networks, and disrupting pest
cycles through temporal diversification.
However, to address the persistent challenge
of weed competition in reduced tillage
systems without reverting to intensive
chemical use, the CPWC serves as the
necessary tactical tool. By restricting weed
management interventions to specific
phenological windows, farmers can secure
yield stability ~while soil
disturbance. Ultimately, the synergy between
the systemic resilience provided by crop
rotation and the precision efficiency of
CPWC offers a robust pathway to sustainable
intensification, ensuring long term food
security while preserving the ecological
integrity of agricultural landscapes.

minimizing

Vol. 11 No. 2, Desember 2025



B. T. Wijayanti, Q. H. Ipaulle, A Adillah

REFERENCES
Agomoh, LV, Drury, C.F. Phillips, LA,
Reynolds, W.D., Yang, X.,2020.

Increasing crop diversity in wheat
rotations increases yields but decreases
soil health. Soil Sci. Soc. Am. J. 84 (1),
170-181.
https://doi.org/10.1002/saj2.20000.

Arebu, H., 2021. Effect of critical period of
weed competition and its management
option in sweet corn [Zea mays (L.) var.
saccharata strut] production: a Review.
Agric. Rev. 42 (3), 308-314.

Bainard, L.D., Navarro-Borrell, A., Hamel, C,,
Braun, K., Hanson, K., Gan, Y., 2017.
Increasing the frequency of pulses in
crop rotations reduces soil fungal
diversity and increases the proportion
of fungal pathotrophs in a semiarid

agroecosystem. Agric. Ecosyst.
Environ. 240, 206-214.
https://doi.org/10.1016/j.agee.2017.02.0
20.

Baraibar, B., Westerman, P.R., Carrion, " E.,
Recasens, J., 2009. Effects of tillage and
irrigation in cereal fields on weed seed
removal by seed predators. J. Appl
Ecol. 46 https://doi.org/10.1111/j.1365-
2664.2009.01614.x.

Barbieri, P., Pellerin, S., Seufert, V., Nesme,
T, 2019. Changes in crop rotations
would impact food production in an
organically farmed world. Nat. Sustain.

2 (5), 378-385.
https://doi.org/10.1038/s41893-019-
0259-5.

Bommarco, R., Kleijn, D., Potts, S.G., 2013.
Ecological intensification: harnessing
ecosystem services for food security.
Trends Ecol. Evol. 28, 230-238.
https://doi.
org/10.1016/j.tree.2012.10.012

Borase, D.N. Nath, C.P., Hazra, KK,
Senthilkumar, M., Singh, S.S., Praharaj,
C.S,, Singh, U., Kumar, N., 2020. Long-

impact of diversified crop

rotations and nutrient management

term

Gontor Agrotech Science Journal

practices on soil microbial functions
and soil enzymes activity. Ecol. Indic.

114, 106322.
https://doi.org/10.1016/j.ecolind.2020.1
06322.

Buhler, D.D., Stoltenberg, D.E., Becker, R.L.,
Gunsolus, J.L., 1994. Perennial weed
populations after 14 years of variable
tillage and cropping practices. Weed
Sci. 42
https://doi.org/10.1017/s0043174500080
280.

Cappelli, S.L., Domeignoz-Horta, L.A,
Loaiza, V. Laine, A.-L., 2022. Plant
biodiversity =~ promotes
agriculture directly
belowground effects. Trends Plant Sci.
27, 674-687.
https://doi.org/10.1016/j.tplants.2022.02
.003

Carvalheiro, L. G., Veldtman, R., Shenkute,
A. G, Testay, G. B., Pirk, C. W. W,,
Donaldson, J. S.,, & Nicolson, S. W.
(2011). Natural and within-farmland
biodiversity enhances crop
productivity. Ecology Letters, 14(3),
251-259. https://doi.org/10.1111/j.1461-
0248.2010.01579.x

Chauhan, B.S., Johnson, D.E., 2010. The role
of seed ecology in improving weed
management strategies in the tropics.
Adv. Agron.
https://doi.org/10.1016/s0065-
2113(10)05006-6.

Chen, Q.-L., Ding, J., Zhu, Y.-G., He, ].-Z., &
Hu, H.-W. (2020). Soil bacterial
taxonomic diversity is critical to
maintaining the plant productivity.

140,

sustainable

and via

Environment International,
105766.
https://doi.org/10.1016/j.envint.2020.10
5766

S.AD., Cassida, K.A., Singh, M.P,,
Burns, E.E., 2022. Critical period of
weed control in an interseeded system
of corn and alfalfa. Weed Sci. 70 (6),

680-686.

Chu,

150



Integrating Crop Rotation and Critical Periods Of Weed Control to Enhance Ecological Resilience
and Yield Stability: A Review

Colbach, N., Busset, H., Roger-Estrade, J.,

Caneill, J., 2014. Predictive modelling of
weed seed movement in response to
superficial tillage tools. Soil Tillage Res.
138, 1-8.

Cordell, M. L., Brye, K. R, Longer, D. E., &

Gbur, E. E. (2007).
Management Practice
Soybean Establishment and Growth in
a Young Wheat-Soybean Double-
Cropping  System.  Journal of
Sustainable Agriculture, 29(2), 97-120.
https://doi.org/10.1300/j064v29n02_08

Residue
Effects on

Costa, A. Bommarco, R., Smith, M.E,

Bowles, T., Gaudin, A.C., Watson, C.A.,
AlarcON, " R., Berti, A., Blecharczyk,
A., Calderon, F.J., Culman, S., Deen,
W., Drury, CF., Garcia, A.GY.,,
Garc'IA-D'TAz, A. Plaza, E.H,,
Jonczyk, K., J"ack, O., Mart'INez, L.N.,
Montemurro, F., Morari, F., Onofri, A.,
Osborne, S.L. PasamON, " J.L. T,
Sandstrom, ” B., Sant'IN-MontanyA, ’
I, Sawinska, Z., Schmer, MR,
Stalenga, J., Strock, J., Tei, F.,, Top,
C.F.E., Ventrella, D., Walker, R.L., Vico,
G., 2024. Crop rotational diversity can
mitigate climate-induced grain yield
losses. Glob. Change Biol. 30 (5),
el7298.
https://doi.org/10.1111/gcb.17298.

Crespo, C., Wyngaard, N., Rozas, H. S,

Studdert, G. A., Barraco, M., Gudelj, V.,
Barbagelata, P., & Barbieri, P. (2021).
Effect of intensified cropping
sequences on soil physical properties in
contrasting environments. CATENA,
207, 105690-105690.
https://doi.org/10.1016/j.catena.2021.10
5690

Cui, Z.L., Zhang, H.Y., Chen, X.P., Zhang,

151

C.C, Ma, W.Q., Huang, C.D., Zhang,
W.E.,, Mi, G.H,, Miao, Y.X, Li, XL,
Gao, Q., Yang, ]J.C,, Wang, Z.H., Ye,
Y.L, Guo, SW,, Lu, ]JW,, Huang, J.L,,
Lv,S.H., Sun, Y.X,, Liu, Y.Y., Peng, XL,

Ren, J., Li, 5.Q., Deng, X.P., Shi, X]J,
Zhang, Q., Yang, Z.P., Tang, L., Wei,
C.Z, Jia, LL., Zhang, ] W., He, M.G,,
Tong, Y.N., Tang, Q.Y., Zhong, X.H.,,
Liu, Z.H., Cao, N., Kou, C.L,, Ying, H.,,
Yin, Y.L, Jiao, X.Q., Zhang, Q.S., Fan,
M.S,, Jiang, R.F., Zhang, E.S., Dou, Z.X,,
2018. Pursuing sustainable
productivity =~ with  millions  of
smallholder farmers. Nature 555 (7696),
363-366.
https://doi.org/10.1038/nature25785.

De Deyn, G.B., Raaijmakers, C.E., Van

Ruijven, J., Berendse, F., Van Der
Putten, W.H., 2004. Plant species
identity and diversity effects on
different trophic levels of nematodes in
the soil food web. Oikos 106, 576-586.
https://doi.org/10.1111/ j-0030-
1299.2004.13265.x

Derrouch, D., Dessaint, F.,, G.E.C, B., 2021.

Weed  community diversity in

conservation agriculture: post-
adoption changes. Agric. Ecosyst. Env.
312 https://doi.org/

10.1016/j.agee.2021.107351.

Donald, P.F., Sanderson, F.J.,, Burfield, 1.].,

van Bommel, F.P.J., 2006. Further
evidence of continent-wide impacts of
agricultural intensification on
European farmland birds, 1990-2000.
Agric. Ecosyst. Environ. 116, 189-196.

Drost, S. M., Rutgers, M., Wouterse, M., de

Boer, W., & Bodelier, P. L. E. (2020).
Decomposition of mixtures of cover
crop residues increases microbial
functional diversity. Geoderma, 361,
114060.
https://doi.org/10.1016/j.geoderma.201
9.114060

Dufour, L.J., 2025. carbon dynamics in soils-

does the diversity of organic inputs
matter?, PhD thesis. Swedish
University of Agricultural Sciences.

Gantoli, G., Ayala, V. R, & Gerhards, R.

(2013). Determination of the Critical

Vol. 11 No. 2, Desember 2025



B. T. Wijayanti, Q. H. Ipaulle, A Adillah

Period for Weed Control in Corn. Weed
Technology, 27(1), 63-71.
https://doi.org/10.1614/wt-d-12-00059.1

Garland, G., Edlinger, A. Banerjee, S.,

Degrune, F. Garcia-Palacios, P.,
Pescador, D.S., Herzog, C., Romdhane,
S., Saghai, A., Spor, A, Wagg, C.,
Hallin, S., Maestre, F.T., Philippot, L.,
Rillig, M.C., van der Heijden, M.G.A,,
2021. Crop cover is more important
than rotational diversity for soil
multifunctionality and cereal yields in
European cropping systems. Nat. Food
2 (1), 28-37. https://doi.org/10.1038/
s43016-020-00210-8

Garland, G., Edlinger, A. Banerjee, S,

Degrune, F. Garcia-Palacios, P,
Pescador, D.S., Herzog, C., Romdhane,
S., Saghai, A., Spor, A, Wagg, C.,
Hallin, S., Maestre, F.T., Philippot, L.,
Rillig, M.C., van der Heijden, M.G.A,,
2021. Crop cover is more important
than rotational diversity for soil
multifunctionality and cereal yields in
European cropping systems. Nat. Food
2 (1), 28-37. https://doi.org/10.1038/
s43016-020-00210-8

Gould, 1J., Quinton, J.N., Weigelt, A., De

Deyn, G.B., Bardgett, R.D., 2016. Plant
diversity and root traits benefit
physical properties key to soil function
in grasslands. Ecol. Lett. 19, 1140-1149.
https://doi.org/10.1111/ele.12652.

Harmoko, H., Munawar, H., Bahri, S.,

Andarwulan, N., Tjahjono, D.H,,
Kartasasmita, R. E., Fern" andez-Alba,
AR, 2024. Application of the
QuEChERS method combined with
UHPLC-QqQ-MS/MS for the
determination of isoprocarb and
carbaryl pesticides in Indonesian
coffee. Anal. Methods 16, 4093-4103.

Hartmann, M., Six, J., 2023. Soil structure and

microbiome functions in
agroecosystems. Nat. Rev. Earth
Environ. 4 (1), 4-18.

Gontor Agrotech Science Journal

https://doi.org/10.1038/s43017-022-
00366- w

Hasanuzzaman, M., Bhuyan, M.H.M.B,,

Zulfigar, F., Raza, A.,, Mohsin, S.M,,
Mahmud, J. A., Fujita, M., Fotopoulos,
V., 2020. Reactive oxygen species and
antioxidant defense in plants under
abiotic stress: revisiting the crucial role
of a wuniversal defense regulator.
Antioxidants 9, 681.
https://doi.org/10.3390/antiox9080681.

IM. 1997. The occurrence of
herbicide-resistant weeds worldwide.
Pestic. Sci. 51, 235-243.
https://doi.org/10.1002/(SICI)1096-
9063(199711)51:3<235:: AIDPS649>3.0.C
O;2-N.

Hevia, V., Carmona, C. P., Azcarate, F. M.,

Torralba, M., Alcorlo, P., Arino, R,
Lozano, J., Castro-Cobo, S, &
Gonzalez, ]J. A. (2015). Effects of land
use on taxonomic and functional
diversity: a cross-taxon analysis in a
Mediterranean landscape. Oecologia,
181(4), 959-970.
https://doi.org/10.1007/s00442-015-
3512-2

Hobbs, P.R., Sayre, K., Gupta, R., 2008. The

role of conservation agriculture in
sustainable agriculture. Philos. Trans.
R. Soc. B. 363, 543-555. https://doi.org/
10.1098/rstb.2007.2169.

Holland, J.M., Hutchison, M.A.S., Smith, B.,

Aebischer, N.J.,, 2006. A review of
invertebrates and seed-bearing plants
as food for farmland birds in Europe.
Ann. Appl. Biol. 148,  49-71.
https://doi.org/10.1111/j.1744-
7348.2006.00039.x

Hooper, D.U., Chapin III, E.S., Ewel, ].J.,

Hector, A., Inchausti, P., Lavorel, S.,
Lawton, J. H., Lodge, D.M., Loreau, M.,
Naeem, S., 2005. Effects of biodiversity
on ecosystem functioning: a consensus
of current knowledge. Ecol. Monogr.
75, 3-35. https://doi. org/10.1890/04-
0922

152



Integrating Crop Rotation and Critical Periods Of Weed Control to Enhance Ecological Resilience

and Yield Stability: A Review

Hosseini, P., Karimi, H. Babaei, S,

Mashhadi, H.R., Oveisi, M., 2014. Weed
seed bank as affected by crop rotation
and disturbance. Crop Prot. 64
https://doi.org/10.1016/;.
cropro.2014.05.022.

Hu, L., Robert, C. A. M., Cadot, S., Zhang, X,,

Ye, M., Li, B.,, Manzo, D., Chervet, N.,
Steinger, T., van der Heijden, M. G. A.,
Schlaeppi, K., & Erb, M. (2018). Root
exudate metabolites drive plant-soil
feedbacks on growth and defense by
shaping the rhizosphere microbiota.
Nature Communications, 9(1), 2738.
https://doi.org/10.1038/s41467-018-
05122-7

Huang, Y.W. Ren, W, Grove, ],

Poffenbarger, H., Jacobsen, K., Tao, B.,
Zhu, X.C., McNear, D., 2020. Assessing
synergistic effects of no-tillage and
cover crops on soil carbon dynamics in
a long-term maize cropping system
under climate change. Agr. For.
Meteorol. 291, 108090.

Iheshiulo, E'M.A., Larney, F.J.,, Hernandez-

Ramirez, G., St. Luce, M., Liu, K., Chau,
HW. 2023. Do diversified crop
rotations influence soil physical health?
A meta-analysis. Soil Tillage Res. 233,
105781.
https://doi.org/10.1016/j.still.2023.1057
81.

IPCC. 2021. Climate change 2021: The

physical science basis. Contribution of
Working Group 1 to the Sixth
Assessment Report of the
Intergovernmental Panel on Climate
Change. In: Masson-Delmotte, V., Zhai,
P., Pirani, A., Connors, S.L., P’ean, C,
Berger, S, Caud, N., Chen, Y,
Goldfarb, L., Gomis, M.I,, Huang, M.,
Leitzell, K. Lonnoy, E. Matthews,
J.B.R., Maycock, T.K., Waterfield, T.,
Yelek¢i, O., Yu, R, Zhou, B. (Eds.).
Cambridge University Press,
Cambridge, UK

Izquierdo, J., Milne, A.E., Recasens, J., Royo-
Esnal, A. Torra, ], Webster, R,
Baraibar, B., 2020. Spatial and temporal
stability of weed patches in cereal fields
under direct drilling and harrow
tillage. Agron 10 (4), e 452
https://d0i:10.3390/
agronomy10040452.

Izquierdo, J., Milne, A.E., Recasens, J., Royo-
Esnal, A. Torra, J., Webster, R,
Baraibar, B., 2020. Spatial and temporal
stability of weed patches in cereal fields
under direct drilling and harrow
tillage. Agron 10 (4), e 452
https://d0i:10.3390/
agronomy10040452.

Jha, P.,, Kumar, V., Godara, R.K., Chauhan,
B.S., 2017. Weed management using
crop competition in the United States: a
review. Crop Protect. 95, 31-37.

Jha, P.,, Kumar, V., Godara, R.K., Chauhan,
B.S., 2017. Weed management using
crop competition in the United States: a
review. Crop Protect. 95, 31-37.

Jing, H., Liu, Y., & Hou, J. (2025). Impacts of
agricultural intensification on
biodiversity: Habitat loss,
agrochemical use, water depletion, and
soil degradation. Journal of
Environmental ~Management, 395,
128036-128036.
https://doi.org/10.1016/j.jenvman.2025.
128036

Kaur, S.,, Kaur, R., Chauhan, B.S., 2018.
Understanding  crop-weed-fertilizer-
water interactions and their
implications for weed management in
agricultural systems. Crop Protect. 103,
65-72.

Knezevic, S.Z., Datta, A., 2015. The CPWC:
revisiting data analysis. Weed Sci. 63,
188-202.

Knezevic, S.Z., Evans, S.P. and Mainz, M.,
2003. Row Spacing Influences the
Critical Timing for Weed Removal in
Soybean (Glycine max)l. Weed

Vol. 11 No. 2, Desember 2025



B. T. Wijayanti, Q. H. Ipaulle, A Adillah

Technology, 17(4), pp.666—673.
doi:https://doi.org/10.1614/wt02-49.
Kong, W., Qiu, L., Ishii, S., Jia, X., Su, F., Song,

Y., Hao, M., Shao, M., Wei, X., 2023.
Contrasting  response  of  soil
microbiomes to long-term fertilization

in various highland cropping systems.

ISME  Commun. 3 (1), 81
https://doi.org/10.1038/  s43705-023-
00286-w.

Kong, W., Yao, Y., Qiu, L., Shao, M., & Wei,
X. (2025). Crop rotation enhances soil
microbial network complexity and
functionality: a meta-analysis. Applied

Soil  Ecology, 216(216), 106511.
https://doi.org/10.1016/j.apsoil.2025.10
6511

Kov" acs-Hostyanszki, * A., Bat” ary, P., B’
aldi, A. 2011. Local and landscape
effects on Dbee
Hungarian winter cereal fields. Agric.
For. Entomol. 13, 59-66.
Kremen, C. Iles, A. Bacon, C.,
Diversified farming

agroecological,

communities of

2012.
systems: an
systems-based
alternative to modern industrial
agriculture. Ecol. Soc. 17. https://
doi.org/10.5751/ES-05103-170444.
Kricka, T., Matin, A., Bilandzija, N., Jurisi¢,
V., Antonovi¢, A., Voca, N., & Grubor,
M. (2017). Biomass valorisation of
Arundo donax L.,
giganteus and Sida hermaphrodita for
biofuel = production.  International
Agrophysics, 31(4), 575-581.
https://doi.org/10.1515/intag-2016-0085
Lange, M., Eisenhauer, N., Chen, H,
Gleixner, G., 2023. Increased
carbon storage through plant diversity
strengthens with time and extends into
the subsoil. Glob. Change Biol. 29,
2627-2639.
https://doi.org/10.1111/gcb.16641.
Lange, M., Eisenhauer, N., Sierra, C.A,
Bessler, H., Engels, C., Griffiths, R.I,,
MelladoV’ azquez, P.G., Malik, A.A,,
Roy, J., Scheu, S., 2015. Plant diversity

Miscanthus x

soil

Gontor Agrotech Science Journal

increases soil microbial activity and soil
carbon storage. Nat. Commun. 6, 6707.
https://doi.org/ 10.1038/ncomms7707.
Lange, M., Eisenhauer, N., Sierra, C.A,
Bessler, H., Engels, C., Griffiths, R.L,
MelladoV’ azquez, P.G., Malik, A.A,,
Roy, J., Scheu, S., 2015. Plant diversity
increases soil microbial activity and soil
carbon storage. Nat. Commun. 6, 6707.
https://doi.org/ 10.1038/ncomms7707.
Li, M., Guo, J., Ren, T., Luo, G., Shen, Q., Lu,
J., Guo, S, & Ling, N. (2021). Crop

rotation  history  constrains  soil
biodiversity and multifunctionality
relationships. 319, 107550-107550.

https://doi.org/10.1016/j.agee.2021.1075
50

Lin, B.B.,, 2011. Resilience in agriculture
through crop diversification: adaptive
management  for  environmental
change. BioScience 61, 183-193.
https://doi.org/ 10.1525/bi0.2011.61.3.4

Liu, J.,, Huang, X., Jiang, H., & Chen, H.
(2021). Sustaining yield and mitigating
methane rice

emissions from

production with plastic film mulching

technique. Agricultural Water
Management, 245(106667), 106667.
https://doi.org/10.1016/j.agwat.2020.10
6667

Liu, Q., Zhao, Y., Li, T., Chen, L., Chen, Y.,
Sui, P., 2023. Changes in soil microbial
biomass, diversity, and activity with
crop rotation in cropping systems: a
global synthesis. Appl. Soil Ecol. 186,
104815. https://doi.org/10.1016/j.
Aps0il.2023.10481

Liu, S., Plaza, C., Ochoa-Hueso, R., Trivedi,
C., Wang, ], Trivedi, P., Zhou, G,
Pineiro, ~ J., Martins, C.S., Singh, B.K,,
2023. Litter and soil biodiversity jointly
drive ecosystem functions. Glob.
Change Biol. 29, 6276-6285.
https://doi.org/10.1111/gcb.16913.

Liu, X,, Tan, S., Song, X., Wu, X., Zhao, G., Li,
S., Liang, G. 2022. Response of soil

154



Integrating Crop Rotation and Critical Periods Of Weed Control to Enhance Ecological Resilience
and Yield Stability: A Review

organic carbon content to crop rotation
and its controls: a global synthesis.
Agric. Ecosyst. Environ. 335, 108017.
https://doi.org/10.1016/j.agee.2022.1080
17.

Mah'e, 1, Cordeau, S. Bohan, D.A,
Derrouch, D., Dessaint, F., Millot, D.,
Chauvel, B., 2020. Soil seedbank: old
methods for new challenges in
agroecology? Ann. Appl. Biol. 178, 23—
38. https://doi.org/10.1111/aab.12619.

Manson, S., Nekaris, K. A. I, Hedger, K,
Balestri, M., Ahmad, N., Adinda, E.,
Budiadi, B., Imron, M. A, Nijman, V., &
Campera, M. (2022). Flower Visitation
Time and Number of Visitor Species
Are Reduced by the Use of
Agrochemicals in  Coffee Home
Gardens. Agronomy, 12(2), 509.
https://doi.org/10.3390/agronomy1202
0509

Martinez, J. P., Crespo, C., Sainz Rozas, H.,
Echeverria, H., Studdert, G., Martinez,
F., Cordone, G., & Barbieri, P. (2019).
Soil organic cropping
sequences with predominance of soya
bean in the argentinean humid Pampas.
Soil Use and Management, 36(1),

173-183.
https://doi.org/10.1111/sum.12547

Matson, P.A., Parton, W.J., Power, A.G.,
Swift, MJ., 1997. Agricultural
intensification and ecosystem

carbon in

properties. Science 277, 504-509.
McDaniel, M.D., Tiemann, LK., Grandy,
A.S., 2014. Does agricultural crop
diversity
biomass and organic matter dynamics?
A meta-analysis. Ecol. Appl. 24, 560-
570. https://doi.org/10.1890/13-0616.1.
McLaughlin, A., Mineau, P., 1995. The impact

enhance soil microbial

of agricultural practices on
biodiversity. Agric. Ecosyst. Environ.
55, 201-212.

Mennan, H., Jabran, K., Zandstra, B.H., Pala,
E, 2020. Non-chemical weed

155

management in vegetables by using
cover crops: areview. Agron 10 (2), 257.
https://doi.org/
10.3390/agronomy10020257.

Mennan, H., Jabran, K., Zandstra, B.H., Pala,
F,  2020.
management in vegetables by using
cover crops: areview. Agron 10 (2), 257.
https://doi.org/
10.3390/agronomy10020257

Moonen, A.-C., Barberi, * P., 2008. Functional
biodiversity: =~ An  agroecosystem
approach. Agric. Ecosyst. Environ. 127,
7-21.
https://doi.org/10.1016/j.agee.2008.02.0
13.

Nannipieri, P., Hannula, S.E., Pietramellara,
G., Schloter, M., Sizmur, T., Pathan, S.I.,
2023. Legacy effects of rhizodeposits on
soil microbiomes: a perspective. Soil
Biol. Biochem. 184, 109107.
https://doi.org/10.1016/j.s0ilbio.2023.10
9107.

Nihat Tursun, Datta, A. Mahmut Sami
Sakinmaz, Zekeriya Kantarci,
Knezevig, S. Z., & Chauhan, B. S. (2016).
The critical period for weed control in
three corn (Zea mays L.) types. 90, 59—
65.
https://doi.org/10.1016/j.cropro.2016.08
019

Niu, Y., Bainard, L.D., May, W.E., Hossain,
Z.,Hamel, C., Gan, Y., 2018. Intensified
pulse buildup pea
rhizosphere pathogens in cereal and
pulse based cropping systems. Front.

Non-chemical weed

rotations

Microbiol. 9, 1909.
https://doi.org/10.3389/fmicb.2018.0190
9

Novelli, L. E., Caviglia, O. P., Jobbagy, E. G.,
& Sadras, V. O. (2023). Diversified crop
sequences to reduce soil nitrogen
mining in agroecosystems. Agriculture,
Ecosystems & Environment, 341(165),
108208.

Vol. 11 No. 2, Desember 2025



B. T. Wijayanti, Q. H. Ipaulle, A Adillah

https://doi.org/10.1016/j.agee.2022.1082
08

Oerke, E.-C., 2006. Crop losses to pests. J.

Agric. Sci. 144, 31-43. https://doi.org/

10.1017/500218596050057.

E.H.,, Kozak, M. Navarrete, L.,
Gonzalez-Andujar, J.L., 2011. Tillage
system did not affect weed diversity in
a 23-year experiment in Mediterranean
dryland. Agric. Ecosyst. Environ. 140,
102-105.

Pradhan, J.R., Sahoo, S., Shivani Lalotra and
Rakesh Sil Sarma, 2017. Positive impact
of abiotic stress on medicinal and
aromatic plants. International Journal
of Plant Sciences, 12(2), pp.309-313.
doi:https://doi.org/10.15740/has/ijps/12
2/309-313.

Qian, P, Bai, Y., Zhou, W., Yu, H., Zhu, Z.,
Wang, G., Quais, M.K,, Li, F., Chen, Y.,
Tan, Y., Shi, X.,, Wang, X., Zhong, X,
Zhu, Z.-R., 2021. Diversified bund
vegetation coupled with flowering
plants enhances predator population

Plaza,

and early-season pest control. Environ.
Entomol. 50, 842-851.

Qiu, L., Zhang, Q., Zhu, H., Reich, P. B,
Banerjee, S., van der Heijden, M. G. A,,
Sadowsky, M. J., Ishii, S., Jia, X., Shao,
M., Liu, B., Jiao, H., Li, H., & Wei, X.
(2021). Erosion reduces soil microbial
diversity, network complexity and
multifunctionality. The ISME Journal.
https://doi.org/10.1038/s41396-021-
00913-1

Ray, D.K,, Gerber, ].S.,, MacDonald, GK,
West, P.C.,, 2015. Climate variation
explains a third of global crop yield
variability. Nat. Commun. 6 (1), 5989.
https://doi.org/ 10.1038/ncomms6989.

Romaniuk, R., Beltrdan, M., Brutti, L.,
Costantini, A., Bacigaluppo, S., Sainz-
Rozas, H., & Salvagiotti, F. (2018). Soil
organic carbon, macro- and

micronutrient changes in soil fractions

with different lability in response to

crop intensification. Soil and Tillage

Gontor Agrotech Science Journal

Research, 181(181), 136-143.
https://doi.org/10.1016/j.still.2018.04.01
4

Salamon, J.-A., Wissuwa, J., Moder, K., Frank,
T., 2011. Effects of medicago sativa,

officinale
sterilis on the density and diversity of
collembola in grassy arable fallows of
different ages. Pedobiologia 54, 63-70.
https://doi.org/
10.1016/j.pedobi.2010.08.00

Saleem, M. (2022). Possibility of utilizing
agriculture biomass as a renewable and

taraxacum and bromus

sustainable future energy source.
Heliyon, 8(2), e08905.
https://doi.org/10.1016/j.heliyon.2022.e
08905

Sans, F.X., Berner, A., Armengot, L., Mader, ~
P., 2011. Tillage effects on weed
communities in an organic winter
wheat-sunflower—spelt cropping
sequence. Weed Res. 51, 413-421.

Schumacher, M., Ohnmacht, S., Rosenstein,
R.,, Gerhards, R. 2018.
management factors influence weed
communities of cereals, their diversity
and endangered weed
Central Europe. Agriculture 8, 172.

Seufert, V., Ramankutty, N., Foley, J.A., 2012.
Comparing the yields of organic and
conventional agriculture. Nature 485
(7397), 229-232. https://doi.org/10.1038/
naturel1069.

Shrestha, A., Knezevic, S.Z., Roy, R.C., Ball-
Coelho, B.R., Swanton, C.]., 2002. Effect
of tillage, cover crop and crop rotation
on the composition of weed flora in a
sandy soil. Weed Res. 42, 76-87.

Shu, X., Zou, Y., Shaw, L.J., Todman, L.,
Tibbett, M., Sizmur, T., 2022. Applying
cover crop residues as diverse mixtures
increases initial microbial assimilation
of crop residue-derived carbon. Eur. J.
Soil Sai. 73, e13232.
https://doi.org/10.1111/ ejss.13232.

Soane, B.D., Ball, B.C., Arvidsson, J., Basch,
G., Moreno, F., Roger-Estrade, J., 2012.

How

species in

156



Integrating Crop Rotation and Critical Periods Of Weed Control to Enhance Ecological Resilience
and Yield Stability: A Review

Notill in northern, western and south-
western Europe: A review of problems
and opportunities for crop production
and the environment. Soil. Res. 118
https://doi.
org/10.1016/j.stil.2011.10.015.

Spehn, E.M., Joshi, J., Schmid, B., Alphei, J.,
Korner, ™ C., 2000. Plant diversity
effects on soil heterotrophic activity in

experimental grassland ecosystems.
Plant Soil 224, 217-230.
https://doi.org/10.1023/A:100489180766

4.

Stoate, C., Boatman, N.D., Borralho, R/,
Carvalho, C.R,, Snoo, G.R.d., Eden, P.,
2001. Ecological impacts of arable
intensification in Europe. ]. Environ.
Manag. 63, 337-365.

Storkey, J., Meyer, S., Still, K.S., Leuschner,
C., 2011. The impact of agricultural
intensification and land-use change on
the European arable flora. Proc. Biol.
Sci. 279, 1421-1429.

Strom, N., Hu, W., Haarith, D., Chen, S., &

Bushley, K. (2020). Interactions
between soil properties, fungal
communities, the soybean cyst
nematode, and crop yield under
continuous corn and  soybean
monoculture. Applied Soil Ecology,
147, 103388.
https://doi.org/10.1016/j.apsoil.2019.10
3388

Struijk, M., Degani, E., Leigh, S. G., Bowen, E.,
Thomas, S., Mortimer, S. R., Whitmore,
A. P, Ashwood, F, Clark, S. ], &
Sizmur, T. (2025). Crop rotation phase
has a greater impact on soil biology

than  crop  rotation  diversity.
Agriculture, Ecosystems &
Environment, 396(396), 110023.
https://doi.org/10.1016/j.agee.2025.1100
23

Swanton, C.J.,, Weise, S.F., 1991. Integrated
weed management: the rationale and
approach. Weed Technol. 5, 657e663.

157

Tilman, D., Reich, P.B., Knops, ].M., 2006.
Biodiversity and ecosystem stability in
a decade-long grassland experiment.
Nature 441, 629-632.
https://doi.org/10.1038/  nature04742

Town, J.R., Gregorich, E.G., Drury, CF,
Lemke, R., Phillips, L.A., Helgason,
B.L.,
influence the bacterial and fungal
communities in root, rhizosphere and
soil and impact soil microbial
processes. Appl. Soil Ecol. 169, 104241.
https://doi.org/10.1016/j.apso0il.2021.10
4241.

Tresch, S., Frey, D., Bayon, R.-C.L., Mader, ~
P., Stehle, B., Fliessbach, A., Morett],
M., 2019. Direct and indirect effects of
urban gardening on aboveground and
belowground diversity influencing soil
multifunctionality. Sci. Rep. 9, 9769.
https:// doi.org/10.1038/s41598-019-
46024-y.

Tursun,N., Datta, A. Mahmut
Sakinmaz, Zekeriya Kantardi,
Knezevic, S.Z. and Chauhan, B.S., 2016.
The critical period for weed control in
three corn (Zea mays L.) types. Crop

2022. Diverse crop rotations

Sami

Protection, 90(90), pp-59-65.
doi:https://doi.org/10.1016/j.cropro.201
6.08.019.

Veen, G,, Fry, E.L., Ten Hooven, F.C., Kardol,
P., Morri'en, E., De Long, J.R., 2019. The
role of plant litter in driving plant-soil
feedbacks. Front. Environ. Sci. 7, 168.
https://
doi.org/10.3389/fenvs.2019.00168.

Venter, Z.S., Jacobs, K., Hawkins, H.J., 2016.
The impact of crop rotation on soil
microbial diversity: a meta-analysis.
Pedobiologia 59 4), 215-223.
https://doi.org/ 10.1016/j.pedobi.20

Weisberger, D., Nichols, V., Liebman, M.,
2019. Does diversifying crop rotations
suppress weeds? A meta-analysis.
PLoS One 14 (7), €0219847.

Vol. 11 No. 2, Desember 2025



B. T. Wijayanti, Q. H. Ipaulle, A Adillah

https://doi.org/10.1371/
journal.pone.0219

Wilson, M. G., Maggi, A. E., Castiglioni, M.

748, 142381-142381.
https://doi.org/10.1016/j.scitotenv.2020.
142381

G., Gabioud, E. A, & Sasal, M. C. Yang, X, Hu, H,, Yang, G,, Cui, Z., Chen, Y.,

(2020). Conservation of Ecosystem
Services in Argiudolls of Argentina.
Agriculture, 10(12), 649.
https://doi.org/10.3390/agriculture1012
0649

Wissuwa, J., Salamon, J.-A., Frank, T., 2012.

Effects of habitat age and plant species
on predatory mites (Acari,
Mesostigmata) in grassy arable fallows
in eastern Austria. Soil Biol. Biochem.
50, 96-107.
https://doi.org/10.1016/j.s0ilbio.2012.02
.025.

Woodcock, B.A., Bullock, J.M., Shore, R.F,,

Heard, M.S., Pereira, M.G., Redhead, J.,
Ridding, L., Dean, H. Sleep, D.,
Henrys, P., Peyton, J., Hulmes, S.,
Hulmes, L., S” arospataki, M., Saure, C.,
Edwards, M., Genersch, E., Knabe, ”S,,
Pywell, R.F., 2017. Country-specific
effects of neonicotinoid pesticides on
honey bees and wild bees. Science 356,
1393-1395.

Wright, A. L., & Hons, F. M. (2004). Soil

Aggregation and Carbon and Nitrogen
Storage under Soybean Cropping
Sequences. Soil Science Society of
America Journal, 68(2), 507-513.
https://doi.org/10.2136/sssaj2004.5070

Wu, J., Huang, J., Liu, D., Li, J., Zhang, J., &

Wang, H. (2014). Effect of 26 Years of
Intensively ManagedCarya
cathayensisStands on Soil Organic
Carbon and Fertility. The Scientific
World JOURNAL, 2014, 1-6.
https://doi.org/10.1155/2014/857641

Xue, Y., Tian, J., Quine, T. A., Powlson, D.,

Xing, K., Yang, L., Yakov Kuzyakov, &
Jennifer A.J. Dungait. (2020). The
persistence of bacterial diversity and
ecosystem multifunctionality along a
disturbance intensity gradient in karst
soil. Science of the Total Environment,

Gontor Agrotech Science Journal

2023. Crop rotational diversity
enhances soil microbiome network
complexity and multifunctionality.
Geoderma 436, 116562.
https://doi.org/10.1016/j.geoderma.202
3.116562

Yang, X.L., Xiong, ].R., Du, T.S,, Ju, X.T., Gan,

Y.T., Li, S.E., Xia, L.L, Shen, Y],
Pacenka, S., Steenhuis, T.S., Siddique,
KHM., Kang, S.Z. Bahl-Butterbach,
K., 2024. Diversifying crop rotation
increases food production, reduces net
greenhouse gas emissions and
improves soil health. Nat. Commun. 15
(1), 198. https://doi.org/ 10.1038/s41467-
023-44464-9.

Yin, C., Jones, K.L., Peterson, D.E., Garrett,

K.A., Hulbert, S.H., Paulitz, T.C., 2010.
Members of soil bacterial communities
sensitive to tillage and crop rotation.
Soil Biol. Biochem. 42 (12), 2111-2118.
https://doi.org/10.1016/j.s0ilbio.2010.08
.006.

Zektser, S., Lo” aiciga, H.A., Wolf, ].T., 2005.

Environmental impacts of
groundwater overdraft: selected case
studies in the southwestern United
States. Environ. Geol. 47, 396—404.

Zhang, C., Lei, S., Wu, H,, Liao, L., Wang, X,,

Zhang, L., Liu, G., Wang, G., Fang, L.,
& Song, Z. (2024). Simplified microbial
network reduced microbial structure
stability and soil functionality in alpine
grassland along a natural aridity
gradient. Soil Biology and
Biochemistry, 191, 109366.
https://doi.org/10.1016/j.s0ilbio.2024.10
9366

Zhang, K., Maltais-Landry, G., Liao, H.L.,

2021. How soil biota regulate C cycling
and soil C pools in diversified crop
rotations. Soil Biol. Biochem. 156,

158



Integrating Crop Rotation and Critical Periods Of Weed Control to Enhance Ecological Resilience
and Yield Stability: A Review

108219. https://doi.
org/10.1016/j.s0ilbio.2021.108219

Zhao, J., Chen, J., Beillouin, D., Lambers, H.,

Yang, Y., Smith, P., Zeng, Z., Olesen,
J.E., Zang, H., 2022. Global systematic
review with meta-analysis reveals yield
advantage of legume-based rotations
and its drivers. Nat. Commun. 13 (1),
4926. https://doi. org/10.1038/s41467-
022-32464-0.

Zhao, ., Yang, Y., Zhang, K., Jeong, J., Zeng,

Z., Zang, H., 2020. Does crop rotation
yield more in China? A meta-analysis.
Field Crop. Res. 245 107659.
https://doi.org/ 10.1016/j.tcr.2019.10

Zheng, W., Gong, Q., Fenglian Lv, Yin, Y., Li,

159

Z., & Zhai, B. (2020). Tree-scale spatial
responses of extracellular enzyme

activities and stoichiometry to different
types of fertilization and cover crop in
an apple orchard. European Journal of
Soil Biology, 99, 103207-103207.
https://doi.org/10.1016/j.ejsobi.2020.103
207

Zimdahl, R.L., 1988. The concept and

application of the critical weed-free
period. In: Altieri, M.A., Leibman, M.
(Eds.), Weed Management in
Agroecosystems: ecological
Approaches. CRC Press, Boca Raton,
FL, USA, pp. 145e155.

Zimdahl, R.L., 1993. Fundamentals of Weed

Science. Academic. Press, San Diego,
CA, USA.Suhardjono (Editor), Buku
pegangan pengelolaan koleksi (hal. 1-19).
Bogor: Puslitbang Biologi-LIPL.

Vol. 11 No. 2, Desember 2025



