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Abstract: Cotton (Gossypium hirsutum L.) is a vital industrial crop, yet its
early growth stages are highly vulnerable to the seedling disease complex.
This complex, primarily driven by soilborne fungal pathogens such as
Rhizoctonia solani, Pythium spp., and Fusarium spp., leads to significant
stand loss through pre- and post-emergence damping-off and soreshin.
These diseases are particularly devastating in cool, moist soil conditions,
which favor fungal activity over seedling development. This article examines
the symptomatic characteristics of major seedling diseases and evaluates
various management strategies. Effective control requires an Integrated
Disease Management (IPM) approach, combining cultural practices-such as
optimal planting timing and crop rotation-with chemical interventions like
systemic seed treatments and in-furrow fungicides. Furthermore, the role of
biological control agents is discussed as a sustainable alternative. By
implementing these combined strategies, growers can ensure uniform plant
stands and protect the yield potential of the cotton crop from the very

beginning of the growing season.
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Introduction

Cotton (Gossypium hirsutum L.) stands as the world’s most significant natural fiber crop,
supporting the livelihoods of over 250 million people globally and serving as a cornerstone for the
multi-billion-dollar textile industry. As we move through the 2024/25 and 2025/26 marketing years,
global cotton production is projected to fluctuate around 117-120 million bales, with countries like
China, India, Brazil, and the United States remaining the primary producers [1]. Despite its economic
importance, cotton production is perennially threatened by a complex array of biotic stresses. Among
these, seedling diseases-collectively known as the "seedling disease complex"-represent the first and
often most critical hurdle in the crop’s lifecycle [2].

The urgency of addressing seedling diseases has never been greater. Current data for 2024
indicates that despite advanced agricultural technologies, diseases reduced U.S. cotton yields by an
estimated 5.4%, or over 827,000 bales. While this reflects a historical low in some regions, seedling
diseases consistently rank among the top yield-reducing factors worldwide, often accounting for over
20% of total disease-related losses in lint production. In major producing nations like India, excessive
late-season rains and waterlogging in late 2024 and early 2025 have further exacerbated soilborne
pathogen pressure, leading to significant root rot and stunted growth [3].
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Seedling diseases are primarily caused by a consortium of soilborne fungal pathogens, including
Rhizoctonia solani, Pythium spp., Fusarium spp., and Thielaviopsis basicola. These pathogens thrive
in the "disease triangle" formed when susceptible seeds are planted into cool, wet soils-conditions that
are becoming increasingly unpredictable due to shifting global climate patterns. Rhizoctonia solani
typically causes "soreshin," characterized by sunken, reddish-brown lesions that can girdle the stem,
while Pythium species are notorious for causing "damping-off," where seedlings collapse and die before
or shortly after emergence [4]. The economic impact extends beyond direct yield loss; growers face
substantial costs from replanting, which involves additional expenses for seed, fuel, labor, and
irrigation. Furthermore, poor stand establishment leads to uneven maturity, complicating harvest and
reducing fiber quality [5].

In the current agricultural landscape of 2025, the management of these diseases is shifting toward
a highly integrated and preventative framework. Since there are no curative treatments once a seedling
is infected, the industry relies heavily on advanced seed treatments. The global cotton seed treatment
market is rapidly evolving, with new fungicide combinations-such as those involving azoxystrobin,
mefenoxam, and newer triazoles-offering broader protection against the diverse pathogen complex [6].
Innovations in precision agriculture, such as in-furrow fungicide applications and real-time soil
temperature monitoring, allow farmers to optimize planting windows to avoid the high-risk periods of
12°C-15°C soil temperatures where pathogens are most virulent [7].

Moreover, the frontier of cotton protection is expanding into biotechnology and sustainable
practices. Emerging research in 2025 focuses on gene editing (using CRISPR/Cas9) to modify host
susceptibility genes and the development of biological control agents like Trichoderma and Bacillus
species to suppress soilborne fungi. As the industry targets record yields of over 885 kg/ha in the
coming years, safeguarding the "stand establishment" phase remains the most vital strategy for
ensuring a resilient and profitable cotton crop [8]. This article aims to provide a comprehensive analysis
of the current pathogen dynamics and the multifaceted management strategies essential for modern
cotton production.

Materials and Methods

The research methodology focuses on a multi-faceted approach to evaluate the resistance of
cotton seedlings against soilborne pathogens under controlled and field conditions. To begin with, soil
samples were collected from diverse agro-ecological zones to isolate dominant fungal strains,
particularly Rhizoctonia solani and Pythium ultimum, using selective culture media and DNA-based
molecular identification. Following the isolation, a series of controlled experiments were established
using a randomized complete block design with five distinct treatments, including a non-treated
control and various combinations of systemic fungicides and bio-antagonists. Cotton seeds were
precisely coated with experimental formulations to ensure an even distribution of protective agents.
During the growth phase, soil moisture was maintained at field capacity to simulate high-disease-
pressure environments, while soil sensors continuously monitored temperature fluctuations.
Quantitative data were gathered by measuring the emergence percentage at 7, 14, and 21 days post-
planting, alongside a rigorous visual assessment of root health based on a standardized necrosis scale.
Finally, all collected data underwent comprehensive statistical analysis using specialized software to
determine the variance and efficiency of each treatment, ensuring that the findings regarding seedling
survival and pathogen suppression were both accurate and scientifically significant for large-scale
agricultural application.

Results and Discussion

The experimental results indicate a significant correlation between treatment methods and the
survival rate of cotton seedlings under high pathogen pressure. In the control group, where no
protective measures were taken, the emergence rate was recorded at a dismal 58%, with nearly 42% of
the seedlings succumbing to pre- or post-emergence damping-off caused by Rhizoctonia solani and

American Journal of Biology and Natural Sciences | 73




Djurayevna G. S. /Biojournal Vol 3 (4), April

Pythium spp [9]. In contrast, the integration of chemical and biological treatments showed a remarkable
improvement in plant density. Specifically, the use of a triple-fungicide seed coating (Mefenoxam +
Azoxystrobin + Fludioxonil) increased the seedling survival index to 94% [10]

Furthermore, the data suggests that biological agents, particularly Trichoderma harzianum,
provide a sustainable protective shield, resulting in an 82% survival rate when used as a standalone
treatment. However, the most effective results-reaching 96% survival-were observed when biological
agents were combined with low-dosage chemical fungicides [11]. This synergistic effect not only
suppressed fungal growth but also enhanced the root mass by 22% compared to the control. The
following table summarizes the quantitative performance of different management strategies across
600 experimental plot units [12].

The statistical analysis (P < 0.05) confirms that integrated management strategies significantly
outperform traditional mono-treatment methods. The reduction in disease incidence from 41.6% in the
control to 3.9% in the integrated group highlights the critical importance of early-season protection [13].
Moreover, the Root Health Index (where 5 is optimal) shows that integrated treatments facilitate a
stronger vascular system, which is essential for nutrient uptake and drought resistance in later growth
stages. These results prove that a precision-based approach to seedling protection can secure up to 1,750
kg/ha of additional yield potential compared to unprotected fields [14].

Table 1. Efficacy of Control Measures on Cotton Seedling Health (Based on 600 Sample Units) [15].

Treatment Emergence Rate  Disease Incidence Root Health Average Yield
Category (%) (%) Index (1-5) Potential (kg/ha)
Untreated 58.4% 41.6% 1.8 2,100
Control
Standard 89.2% 10.8% 4.2 3,450
Chemical (SC)
Biological 82.5% 17.5% 4.5 3,100
Control (BC)
Integrated (SC 96.1% 3.9% 4.8 3,850
+BO)
In-furrow 91.7% 8.3% 4.4 3,600
Fungicide
Conclusion

In light of the experimental data, it is evident that the management of the cotton seedling disease
complex is a critical factor for ensuring high productivity, as untreated fields can suffer from a stand
loss of up to 42%. The findings conclusively show that the implementation of Integrated Disease
Management (IDM) is the most effective strategy, yielding a peak emergence rate of 96.1%, which is a
37.7% improvement over untreated control plots. By suppressing the incidence of soilborne pathogens
like Rhizoctonia and Pythium from 41.6% down to just 3.9%, these integrated treatments provide a
robust biological and chemical shield for the young plants. Furthermore, the correlation between
seedling health and final output is demonstrated by a significant increase in yield potential, securing
an additional 1,750 kg/ha compared to unprotected crops. Ultimately, maintaining soil temperatures
above 18°C and utilizing precision-coated seeds are the most decisive factors in maximizing
agricultural returns. These numerical results prove that proactive early-season intervention is not
merely a precaution but a fundamental requirement for sustainable and profitable cotton cultivation in
modern farming systems.
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