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Abstract The establishment and yield of cotton crops are significantly impacted by seedling diseases, which are influenced by
various biotic and abiotic factors. This study examines the effects of different pathogens, environmental conditions, and management
practices on cotton seedling health and subsequent crop yield. Key pathogens such as Thielaviopsis basicola, Rhizoctonia solani,
Pythium spp., and Verticillium dahliae have been identified as major contributors to seedling diseases, leading to reduced plant
growth and yield losses. The role of cover crops, particularly winter legumes, in managing soilborne pathogens and their mixed
effects on different pathogens is also discussed. Additionally, the impact of insect pests like thrips and the cotton-leaf crumple virus
on seedling health and yield is considered. Biological control methods, including the use of endophytic fungi and Trichoderma spp.,
show promise in mitigating these diseases and improving yield. This study highlights the importance of integrated disease
management strategies, including crop rotation, resistant cultivars, and biological control, to enhance cotton crop establishment and
productivity under varying environmental conditions.
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1 Introduction

Cotton (Gossypium spp.) is a globally significant fiber crop, cultivated extensively for its economic value and
utility in producing textiles, oil, and animal feed. It ranks first among fiber crops and second among oilseed crops
worldwide, with an annual production of approximately 119.8 million bales (Hasan et al., 2019). The cultivation
of cotton has a profound historical and economic impact, particularly in countries like the United States, where it
has shaped agricultural practices and contributed to significant historical events such as the westward expansion
and the industrial revolution (Koenning et al., 2004). In India, cotton is a crucial crop, with vast areas under
cultivation and significant contributions to the agricultural economy (Refai et al., 2022).

The health of cotton seedlings is critical for successful crop establishment and yield. Seedling diseases, caused by
various soil-borne pathogens, can severely impact germination rates, root development, and overall plant vigor,
leading to substantial yield losses. Pathogens such as Rhizoctonia solani, Fusarium moniliforme, and
Macrophomina phaseolina have been identified as significant threats to cotton seedlings, causing damping-off and
other detrimental effects (Refai et al., 2022). The presence of these pathogens can lead to high mortality rates in
seedlings, necessitating the development of resistant cultivars and effective disease management strategies (Refai
et al., 2022). Additionally, diseases like boll rot caused by Sclerotium rolfsii further complicate cotton cultivation
by affecting the bolls and reducing market value (Mahadevakumar et al., 2016).

This study aims to comprehensively examine the impact of seedling diseases on cotton crop establishment and
yield. The objectives are to identify and describe the major seedling diseases affecting cotton; Assess the
economic and agronomic impacts of these diseases on cotton production; Review current management practices
and breeding strategies aimed at mitigating the effects of seedling diseases; Highlight future research directions
and potential innovations in disease resistance and crop protection. By synthesizing findings from various studies,
this study seeks to provide a detailed understanding of the challenges posed by seedling diseases in cotton
cultivation and to propose actionable insights for improving crop resilience and productivity.
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2 Overview of Seedling Diseases in Cotton

2.1 Common seedling diseases

Cotton seedlings are susceptible to a variety of diseases that can significantly impact crop establishment and yield.
Among the most prevalent seedling diseases are preemergence damping-off, postemergence damping-off, and
various wilt diseases. Preemergence damping-off, often caused by pathogens such as Pythium spp. and Rhizopus
oryzae, leads to seed decay and failure to emerge (Howell, 2002). Postemergence damping-off, caused by fungi
like Pythium spp., Rhizoctonia solani, and Fusarium spp., results in seedling death shortly after emergence
(Parkash et al., 2021). Wilt diseases, including Verticillium wilt and Fusarium wilt, are also common and can
cause severe damage to cotton seedlings, leading to stunted growth and reduced yield (Halpern et al., 2017; Yuan
etal., 2017).

2.2 Pathogens involved

Several pathogens are responsible for seedling diseases in cotton. Pythium spp., including P. aphanidermatum and
P ultimum, are major contributors to preemergence damping-off (Howell, 2002). Rhizopus oryzae is another
significant pathogen causing preemergence damping-off (Howell, 2002). Postemergence damping-off is primarily
caused by Pythium spp., Rhizoctonia solani, and Fusarium spp. (Halpern et al., 2017). Verticillium dahliae is the
pathogen responsible for Verticillium wilt, a disease that severely limits cotton production (Yuan et al., 2017).
Fusarium oxysporum f. sp. vasinfectum, particularly race, is a highly virulent pathogen causing Fusarium wilt,
which can lead to severe early-season damage (Parkash et al., 2021). Additionally, Bacillus strains have been
identified as pathogenic to cotton seedlings, causing damping-off and affecting seedling growth (Aly et al., 2022).

2.3 Symptoms and diagnosis

The symptoms of seedling diseases in cotton vary depending on the pathogen involved. Preemergence
damping-off is characterized by seed decay and failure to emerge from the soil. Postemergence damping-off
symptoms include seedling death shortly after emergence, with affected seedlings showing signs of rot at the soil
line. Verticillium wilt symptoms include wilting, chlorosis, and necrosis of leaves, as well as vascular
discoloration in stems. Fusarium wilt symptoms are similar, with wilting, root rot, and stem discoloration being
common indicators. Diagnosis of these diseases typically involves isolating and identifying the pathogens from
infected plant tissues or soil samples. For instance, Pythium spp. and Rhizoctonia solani can be isolated from
discolored or necrotic hypocotyls of cotton seedlings. Advanced diagnostic techniques, such as molecular assays,
can also be used to accurately identify specific pathogens like V. dahliae and F. oxysporum. By understanding the
common seedling diseases, the pathogens involved, and their symptoms, effective management strategies can be
developed to mitigate the impact of these diseases on cotton crop establishment and yield.

3 Factors Contributing to Seedling Diseases

3.1 Environmental conditions

Environmental conditions play a significant role in the prevalence and severity of seedling diseases in cotton crops.
Variations in soil temperature and moisture content have been shown to affect the incidence of seedling blight,
with certain fungi thriving under specific conditions. For instance, Pythium spp. were most prevalent in cooler
temperatures, while Fusarium spp., Rhizoctonia solani, and Thielaviopsis basicola were more common in warmer
months (Hayat et al., 2020). Additionally, climate change and its associated weather patterns, such as extreme
temperatures and altered rainfall, can exacerbate the occurrence of diseases by creating favorable conditions for
pathogens and pests (Bhatti et al., 2020).

3.2 Soil health and composition

Soil health and composition are key factors influencing the development of seedling diseases. The presence of
specific soil pathogens, such as Pythium spp., Fusarium spp., Rhizoctonia solani and Thielaviopsis basicola, is
related to soil type and its crops Planting history. For example, soils that have not been planted with cotton have
higher incidences of Pythium and Fusarium species, while soils with a history of cotton cultivation have higher
incidences of Rhizoctonia solani and Rhizopus black rot (Hayat et al., 2020). In addition, soil characteristics such
as pH, electrical conductivity, organic matter content, and the presence of trace elements such as zinc, copper, and
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iron significantly affect cotton yield and disease susceptibility (Singh et al., 2010). At the same time, the
significant impact of different consecutive planting years on the abundance of bacterial taxa in the two soils also
provides an important reference for studying changes in soil microbial communities over time (Figure 1) (Ma et
al., 2023).
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Figure 1 Cladograms of cotton field soil samples bacterial taxa with different continuous cropping years in AKS (A) and SHZ (B)
soils based on linear discriminant analysis effect size (LEfSe) (Adopted from Ma et al., 2023)

Image caption: The image consists of two circular dendrograms (A and B), each depicting the taxonomic distribution of different
microbial communities. These dendrograms are likely representing bacterial phylogenetic relationships and their abundance across
various samples (Adopted from Ma et al., 2023)

3.3 Seed quality and treatment

The quality of seeds and their treatment before planting are crucial in managing seedling diseases. Seeds that are
chemically coated or treated with fungicides can reduce the incidence of diseases by protecting the seedlings from
pathogen attacks. The type of seed and its genetic resistance to diseases also play a role in determining the overall
health and yield of the cotton crop. Studies have shown that the use of high-quality seeds and appropriate seed
treatments can mitigate the adverse effects of environmental and soil conditions on seedling diseases (Singh et al.,
2010; Dhage and Garg, 2021).

4 Impact of Seedling Diseases on Crop Establishment

4.1 Seedling mortality rates

Seedling diseases significantly impact cotton crop establishment by increasing seedling mortality rates. Various
studies have shown that different tillage practices and environmental conditions can influence the incidence and
severity of these diseases. For instance, stale seedbed production was found to increase the incidence and severity
of seedling diseases in cotton, although the effect was minimal and manageable with in-furrow fungicides (Colyer
and Vernon, 2005). Additionally, the use of winter legume cover crops was shown to affect soilborne pathogens,
with some cover crops reducing the isolation frequency of pathogens like Thielaviopsis basicola, while others
increased populations of Rhizoctonia spp. and Pythium spp. (Khan et al., 2017). These findings highlight the
variability in seedling mortality rates depending on the agricultural practices employed.

4.2 Effects on plant vigor and growth

Seedling diseases not only increase mortality rates but also adversely affect the vigor and growth of surviving
plants. Thrips, for example, are known to cause significant damage to cotton seedlings, leading to stunted growth,
reduced leaf area, and compromised root development (Cook et al., 2011). Similarly, the presence of soilborne
pathogens such as Rhizoctonia solani and Pythium spp. can lead to root and hypocotyl necrosis, further impairing
plant growth (Knight et al., 2015). The use of fungicides and insecticides has been shown to mitigate some of
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these effects, although their efficacy can vary based on environmental conditions and the specific pathogens
present (Knight et al., 2015).

4.3 Delayed germination and emergence

Delayed germination and emergence are other critical issues caused by seedling diseases. The presence of
pathogens in the soil can delay the germination process, leading to uneven plant stands and reduced crop
uniformity. For example, the use of conservation tillage practices has been associated with reduced plant
populations and delayed emergence due to increased seedling disease pressure (Colyer and Vernon, 2005; Knight
et al., 2015). Additionally, the timing of sowing and planting density can influence the extent of these delays. Late
sowing dates, combined with high planting densities, have been shown to exacerbate the effects of seedling
diseases, leading to further delays in germination and emergence (Yuan et al., 2017).

Seedling diseases have a profound impact on cotton crop establishment by increasing seedling mortality rates,
reducing plant vigor and growth, and causing delayed germination and emergence. Effective management
practices, including the use of fungicides, insecticides, and appropriate tillage methods, are essential to mitigate
these adverse effects and ensure successful crop establishment.

5 Impact on Cotton Yield

5.1 Yield reduction statistics

Seedling diseases significantly impact cotton yield by reducing plant populations and causing plant stress. For
instance, research has shown that seedling diseases can lead to a reduction in plant populations, which directly
correlates with lower yields. In a study comparing different tillage systems, it was found that plant populations
were significantly different between tillage treatments, affecting the overall yield (Colyer and Vernon, 2005).
Additionally, the presence of Verticillium wilt has been shown to decrease lint and seed yield in susceptible cotton
genotypes (Bauer and Roof, 2004). Thrips infestations can also lead to substantial yield losses, with reports
indicating potential lint yield reductions of up to 30-50% due to severe infestations (Karar et al., 2020).

5.2 Quality of cotton fibers

The quality of cotton fibers is also adversely affected by seedling diseases. Verticillium wilt, for example,
significantly impacts fiber properties such as micronaire, maturity ratio, short fiber content, nep count, fineness,
and immature fiber content. Infected plants showed a decrease in micronaire and maturity ratio, indicating poorer
fiber quality (Bauer and Roof, 2004). Similarly, the presence of various pests and diseases in transgenic cotton
cultivars in Pakistan has been shown to affect fiber quality traits, with some cultivars exhibiting higher
susceptibility to pests and diseases, leading to compromised fiber quality (Karar et al., 2020).

5.3 Economic implications

The economic implications of seedling diseases on cotton crops are profound. Yield reductions and compromised
fiber quality translate to lower market value and reduced profitability for cotton growers. For instance, the
economic impact of fall armyworm infestations on cotton yields has been documented, with significant yield
losses reported across various studies (Overton et al., 2021). The economic thresholds for managing these pests
are crucial for minimizing losses. Additionally, the cost of managing seedling diseases through fungicide
applications and other control measures adds to the overall production costs. In Pakistan, the economic returns
from different transgenic cotton cultivars varied significantly, with some cultivars showing higher gross and net
incomes due to lower pest susceptibility and higher yields (Karar et al., 2020). This highlights the importance of
selecting disease-resistant cultivars to maximize economic returns.

6 Disease Management Strategies

6.1 Cultural practices

Effective management of seedling diseases in cotton crops is crucial for ensuring healthy crop establishment and
optimizing yield. Various strategies can be employed to manage these diseases, including cultural practices,
chemical control, and biological control, often integrated into an Integrated Pest Management (IPM) approach.
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Cultural practices involve modifying the growing environment to reduce the incidence and severity of seedling
diseases. Key cultural practices include crop rotation, stale seedbed techniques, and residue management. Rotating
cotton with non-host crops can help break the life cycles of soil-borne pathogens like Rhizoctonia solani and
Thielaviopsis basicola, thus reducing disease pressure in subsequent cotton crops (Delgado et al., 2005).
Implementing stale seedbed production has shown variable effects on seedling diseases, but when combined with
in-furrow fungicides, it can manage diseases effectively (Colyer and Vernon, 2005). Additionally, incorporating
crop residues, particularly from crops like sugar beet, can reduce the incidence of black root rot by Thielaviopsis
basicola (Delgado et al., 2005).

6.2 Chemical control

Chemical control remains a widely used and effective strategy to manage seedling diseases in cotton. The use of
fungicides can protect seedlings from various pathogens. Seed treatments with fungicides like Dynasty, Topsin-M,
and Antracol have been effective in increasing seed germination rates and reducing disease incidence in different
sowing conditions (Ehetisham-ul-Haq et al., 2014). Additionally, fungicides applied in-furrow during planting can
significantly reduce seedling diseases. Studies have shown that in-furrow fungicides effectively manage diseases
caused by pathogens such as Pythium spp. and Rhizoctonia spp. (Colyer and Vernon, 2005).

6.3 Biological control and integrated pest management (IPM)

Biological control and IPM involve using natural enemies and combining multiple control strategies to manage
diseases sustainably. The use of endophytic fungi such as Penicillium simplicissimum and Talaromyces flavus has
shown promise in controlling Verticillium wilt, a major seedling disease in cotton. These endophytes can reduce
disease incidence and improve cotton yield (Yuan et al., 2017). Combining cultural practices, chemical treatments,
and biological control methods forms the basis of IPM. This approach aims to minimize chemical use and
promote sustainable agriculture. For instance, integrating conservation tillage with biological control agents and
selective chemical applications can effectively manage seedling diseases (Sharma and Bambawale, 2008). By
employing a combination of these strategies, cotton growers can effectively manage seedling diseases, ensuring
healthy crop establishment and maximizing yield potential.

7 Advances in Research and Technology

7.1 Resistant varieties

The development of resistant cotton varieties has been a significant focus in combating seedling diseases and
improving crop yield. The Commonwealth Scientific and Industrial Research Organisation (CSIRO) cotton
breeding program in Australia has made notable progress in this area. They have successfully released cultivars
resistant to several major diseases, including Bacterial blight, Verticillium wilt, Fusarium wilt, and Cotton bunchy
top. The program emphasizes the importance of utilizing genomic selection, high throughput phenomics, gene
editing, and landscape genomics to continue developing resistant cultivars in the face of emerging biotic threats
such as Black root rot and secondary pests (Egan and Stiller, 2022).

In Pakistan, the introduction of genetically modified cotton (Bt-cotton) has been a key strategy to combat
bollworms. However, the susceptibility of these cultivars to other pests and diseases varies. For instance, the
cultivar 'FH-Lalazar' has shown low pest susceptibility and high seed-cotton yield, making it a recommended
choice for higher yield and economic returns in Multan, Pakistan (Karar et al., 2020).

7.2 Innovations in Disease Detection

Advancements in disease detection technologies are crucial for early identification and management of seedling
diseases in cotton. High throughput phenomics, which involves the rapid measurement of phenotypic traits, is one
such innovation being utilized in the CSIRO cotton breeding program. This technology allows for the efficient
screening of large populations of cotton plants for disease resistance traits, thereby accelerating the breeding
process (Egan and Stiller, 2022).

7.3 Precision agriculture and digital tools
The integration of precision agriculture and digital tools is transforming cotton farming by enabling more accurate
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and efficient disease management practices. Precision agriculture involves the use of technologies such as GPS,
remote sensing, and data analytics to monitor and manage crop health at a granular level. These tools help in the
precise application of inputs like water, fertilizers, and pesticides, thereby reducing waste and improving crop
health.

Digital tools, including mobile applications and online platforms, are also being developed to assist farmers in
disease identification and management. These tools provide real-time information and recommendations based on
the latest research and field data, helping farmers make informed decisions to protect their crops from seedling
diseases.

8 Case Studies

8.1 Successful disease management examples

Effective management of seedling diseases in cotton has been demonstrated through various strategies. For
instance, the use of insecticide applications has been crucial in controlling thrips infestations, which are a
significant pest for cotton seedlings in the United States. Despite the lack of resistant cotton varieties, growers
have successfully managed thrips through insecticide seed treatments, in-furrow, or foliar-applied insecticides,
which have helped mitigate the damage and yield loss caused by these pests (Delgado et al., 2005).

8.2 Lessons learned from major outbreaks

Major outbreaks of seedling diseases have provided valuable lessons for cotton growers and researchers. The
pathogenicity of soil-borne fungi such as Rhizoctonia solani, Fusarium moniliforme, and Machrophomina
phaseolina has been a significant challenge. Studies have shown that these pathogens can drastically reduce seed
germination, root shoot length, and increase seedling mortality rates. The variability in pathogenicity among
different isolates and cultivars suggests that breeding for resistance is a complex but necessary approach. The
introduction of resistance genes into cotton cultivars is essential for future disease management strategies (Colyer
and Vernon, 2005).

Another critical lesson comes from the impact of Cotton Leafroll Dwarf Virus (CLRDV) on cotton plants. The
disease, first reported in Alabama in 2017, has spread to multiple states, causing significant yield reductions.
Research has shown that CLRDV severely limits stomatal conductance and photosynthetic activity, leading to
stunted growth and a drastic decrease in boll number and mass. This highlights the need for ongoing research into
disease tolerance and the development of resistant cultivars (Delgado et al., 2005).

8.3 Regional variations and specific challenges

Regional variations significantly influence the impact and management of seedling diseases in cotton. For
example, the influence of verticillium wilt epidemics on cotton yield has been studied in southern Spain. The
severity of yield loss due to verticillium wilt was found to be closely related to the timing of symptom appearance
and the inoculum density of Verticillium dahliae in the soil. Early symptom development led to more significant
yield reductions, while later symptom development had a minimal impact on yield. This regional study
underscores the importance of timely disease detection and management to minimize yield losses
(Ehetisham-ul-Haq et al., 2014). Successful disease management in cotton involves a combination of chemical
treatments, breeding for resistance, and timely disease detection (Figure 2) (Xu et al., 2018). Lessons from major
outbreaks emphasize the complexity of managing multiple pathogens and the critical need for ongoing research
and development of resistant cultivars. Regional studies highlight the importance of understanding local disease
dynamics to tailor management practices effectively.

9 Future Directions

9.1 Research needs and priorities

The impact of seedling diseases on cotton crop establishment and yield necessitates a multifaceted research
approach. Future research should prioritize the identification and characterization of pathogenic fungi affecting
cotton seedlings, such as Rhizoctonia solani, Fusarium moniliforme, and Macrophomina phaseolina, which have
been shown to significantly reduce seed germination and increase seedling mortality (Refai et al., 2022).
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Additionally, there is a need to explore the genetic basis of resistance in cotton cultivars. The integration of
advanced breeding techniques, including genomic selection and gene editing, can expedite the development of
resistant varieties (Egan and Stiller, 2022). Research should also focus on optimizing agronomic practices, such as
planting density and sowing dates, to mitigate the effects of seedling diseases and enhance overall crop
productivity (Khan et al., 2017).
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Image caption: This figure shows that the severity of plant diseases can be attenuated by inhibiting the expression of the VARGS1
gene. These experimental results show the importance of the VARGS1 gene in plant disease response, and reducing the expression

level can effectively reduce the occurrence of disease. This provides important reference value for further research and application
(Adopted from Xu et al., 2018)
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9.2 Policy recommendations

To effectively manage seedling diseases in cotton, policy recommendations should emphasize the importance of
developing and disseminating resistant cotton cultivars. Governments and agricultural bodies should support
breeding programs that focus on host plant resistance (HPR) to ensure the availability of disease-resistant varieties
to farmers (Egan and Stiller, 2022). Additionally, policies should encourage the adoption of integrated pest
management (IPM) strategies that combine cultural, biological, and chemical control methods to manage seedling
diseases sustainably. Investment in farmer education and extension services is crucial to ensure that farmers are
well-informed about the latest disease management practices and resistant cultivars.

9.3 Role of global collaboration in disease management

Global collaboration is essential in addressing the challenges posed by seedling diseases in cotton. International
research partnerships can facilitate the exchange of knowledge, germplasm, and technologies, thereby accelerating
the development of resistant cotton varieties (Egan and Stiller, 2022). Collaborative efforts can also lead to the
establishment of global surveillance systems for emerging pathogens, enabling timely interventions and reducing
the spread of diseases. Furthermore, joint initiatives can promote the standardization of disease management
practices and policies across different cotton-growing regions, ensuring a coordinated and effective response to
seedling diseases. By focusing on these future directions, the cotton industry can enhance crop establishment and
yield, ultimately contributing to the sustainability and profitability of cotton production worldwide.

10 Concluding Remarks

The impact of seedling diseases on cotton crop establishment and yield is profound and multifaceted. Various
pathogens and pests contribute to significant losses in cotton production. Thrips, for instance, are a major insect
pest that affects cotton seedlings, causing distortion, malformation, and reduced growth, which can lead to a
30-50% reduction in lint yield potential. Similarly, soil-borne pathogens such as Pythium spp. and Rhizopus
oryzae cause preemergence damping-off, significantly affecting seedling survival rates. The cotton-leaf crumple
virus (CLCV), transmitted by the sweetpotato whitefly, also leads to reduced growth and yield, with infected
plants showing a 24% reduction in seed-cotton yields. Additionally, pathogenic fungi like Rhizoctonia solani,
Fusarium moniliforme, and Macrophomina phaseolina have been identified as detrimental to cotton seedlings,
reducing germination rates and increasing mortality. The practice of stale seedbed production has been shown to
increase the incidence of seedling diseases, although the application of in-furrow fungicides can mitigate these
effects. Continuous cropping of cotton further exacerbates soil-borne diseases, altering soil bacterial communities
and reducing plant health.

Continuous monitoring and management of seedling diseases are crucial for maintaining cotton crop health and
optimizing yield. The variability in pathogen presence and severity across different regions and years necessitates
regular surveillance and tailored management practices. For instance, the application of insecticides is essential
for controlling thrips, as no resistant cotton varieties are currently available. Similarly, seed treatments with
fungicides like Metalaxyl can control diseases caused by Pythium spp., although they are less effective against
Rhizopus oryzae, highlighting the need for integrated disease management strategies. The use of biological control
agents, such as Trichoderma spp., has shown promise in managing preemergence damping-off. Moreover,
understanding the impact of agricultural practices, such as tillage and continuous cropping, on soil health and
disease incidence is vital. The adoption of conservation tillage practices, coupled with appropriate fungicide
applications, can help manage seedling diseases effectively. Continuous cropping requires careful management of
soil microbiomes to prevent the proliferation of soil-borne diseases.

Enhancing cotton crop establishment and yield in the face of seedling diseases requires a multifaceted approach.

Breeding for disease-resistant cultivars remains a long-term goal that could provide sustainable solutions to many

of the challenges posed by seedling diseases. In the short term, integrated pest and disease management strategies,

including the use of chemical, biological, and cultural controls, are essential. The application of insecticides and

fungicides, combined with practices such as crop rotation and the use of cover crops, can help manage pest and

pathogen pressures. Additionally, advancements in soil health management, including the use of soil amendments
141



W
)

\\ // Field Crop 2024, Vol.7, No.3, 134-144

Caopsci Publisha http://cropscipublisher.com/index.php/fc

and microbiome management, can mitigate the adverse effects of continuous cropping. Ultimately, a combination
of vigilant monitoring, adaptive management practices, and ongoing research into disease-resistant cultivars and
sustainable agricultural practices will be key to improving cotton crop establishment and yield in the face of
seedling diseases.
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