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Impact of Farmer Training on Disease Management, Antibiotic Usage, and Poultry Health: Implications for Antimicrobial Resistance in Poultry Farming

Abstract
The widespread use of antibiotics in poultry farming has raised significant concerns regarding antimicrobial resistance (AMR), animal health, and food safety. This study evaluated the effect of farmer training on disease management practices, antibiotic usage patterns, and poultry health outcomes in commercial poultry farms in Nalgonda district, Telangana, India. A comparative cross-sectional study was conducted involving 60 farms, categorized into trained (n = 30) and untrained (n = 30) groups. Data were collected through structured questionnaires, field observations, veterinary records, and hematological analysis. Trained farmers exhibited significantly better disease management practices, including higher vaccination compliance (92% vs. 63%), improved biosecurity measures, and greater reliance on veterinary consultation than untrained farmers. Antibiotic usage decreased by 35–40% in trained farms, with a shift from prophylactic to therapeutic use. Poultry health indicators improved markedly in trained farms, with lower mortality (4.8% vs. 9.6%), morbidity (11.2% vs. 21.5%), and feed conversion ratio (1.65 vs. 1.92). Hematological parameters indicated enhanced immune status and reduced physiological stress in birds from trained farms. A strong negative correlation (r = –0.71) was observed between biosecurity practices and disease incidence. The study concludes that training plays a crucial role in improving disease management, reducing antibiotic misuse, and enhancing poultry health and productivity. Strengthening capacity-building programs is essential for sustainable poultry production and effective mitigation of antimicrobial resistance.
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1. INTRODUCTION
The global poultry sector has emerged as one of the most dynamic and rapidly expanding segments of animal agriculture, playing a critical role in ensuring food security, nutritional supplementation, and livelihood generation across both developed and developing countries. Poultry meat and eggs constitute affordable and high-quality sources of animal protein, contributing significantly to human nutrition and food security (Van Boeckel et al., 2015). In India, the poultry industry has experienced substantial growth over the past few decades, driven by technological advancements, improved genetics, and increasing consumer demand. However, this intensification has also introduced several challenges, particularly related to disease management, animal health, and sustainability.
One of the most pressing concerns in modern poultry production systems is the increasing incidence of infectious diseases, including bacterial, viral, and parasitic infections, which significantly impact productivity and economic returns (Fasina et al., 2012; Permin & Hansen, 1998). High stocking densities, inadequate ventilation, poor hygiene, and suboptimal biosecurity measures often exacerbate disease transmission in poultry farms (Estevez, 2007; Dawkins et al., 2004). As a result, poultry farmers frequently rely on antibiotics for disease prevention and treatment.
Antibiotics have been widely used in poultry production not only for therapeutic purposes but also for prophylactic and growth-promoting functions (Marshall & Levy, 2011; Landers et al., 2012). While these practices have historically contributed to increased productivity, their indiscriminate and excessive use has led to the emergence and spread of antimicrobial resistance (AMR), a major global public health threat (Van Boeckel et al., 2015; O’Neill, 2016). Resistant bacteria originating from poultry farms can be transmitted to humans through contaminated food products, environmental pathways, and direct contact, thereby posing significant risks to human health (Silbergeld et al., 2008; Woolhouse et al., 2015).
Recent studies have highlighted that antimicrobial usage in livestock, particularly in poultry, accounts for a substantial proportion of total antibiotic consumption worldwide (Van Boeckel et al., 2015). In developing countries, the lack of regulatory enforcement, easy access to antibiotics, and limited awareness among farmers further contribute to irrational antibiotic usage (Nhung et al., 2017; Manyi-Loh et al., 2018). Moreover, sub-therapeutic dosing and improper withdrawal periods increase the risk of antibiotic residues in poultry products, raising food safety concerns (Tang et al., 2017). Recent global analyses further emphasize that antimicrobial usage in livestock systems, particularly poultry, continues to drive the emergence of resistant pathogens, necessitating improved stewardship and regulatory interventions (Laxminarayan et al., 2020; Murray et al., 2022)
Effective disease management in poultry farming requires a comprehensive approach encompassing biosecurity measures, vaccination programs, proper nutrition, environmental management, and timely disease diagnosis (Fasina et al., 2012). Among these, biosecurity is considered the first line of defense against disease outbreaks, involving practices such as controlled farm access, sanitation, disinfection, and waste management (Permin & Hansen, 1998). However, the successful implementation of these practices largely depends on the knowledge, skills, and attitudes of poultry farmers.
In this context, training and capacity-building interventions play a crucial role in enhancing farmers’ managerial competence and promoting scientific poultry farming practices. Training programs aim to improve farmers’ understanding of disease prevention, rational antibiotic use, and biosecurity measures, thereby reducing disease incidence and improving overall farm productivity (Dione et al., 2016; Caudell et al., 2020). Evidence suggests that farmers who receive formal training are more likely to adopt best management practices, reduce antibiotic misuse, and improve animal welfare (Postma et al., 2016; Speksnijder et al., 2015).
From a zoological perspective, disease management and antibiotic usage have direct implications for poultry physiology, immune function, and overall health. Stress induced by poor management conditions can alter endocrine responses, suppress immune function, and increase susceptibility to diseases (Klasing, 2007; Kidd, 2004). Conversely, improved management practices and reduced disease burden contribute to better physiological performance, as reflected in parameters such as growth rate, feed conversion efficiency, and hematological profiles.
Despite the recognized importance of training in poultry farming, there remains a significant gap in empirical research examining the direct impact of training on disease management practices, antibiotic usage patterns, and physiological health outcomes in poultry systems, particularly in the Indian context. Most existing studies focus either on antimicrobial resistance or farmer behavior independently, without integrating these aspects into a comprehensive framework.
Therefore, the present study aims to address this gap by systematically evaluating the effect of training on disease management practices and antibiotic usage in poultry farming, with a specific focus on poultry health, physiological performance, and biosecurity practices. By comparing trained and untrained farmers, this study provides valuable insights into the role of capacity building in promoting sustainable poultry production and mitigating antimicrobial resistance.
2. MATERIALS AND METHODS
2.1 Study Area
The present study was conducted in Nalgonda district, Telangana, India (approximately 17°03′–17°10′ N, 79°15′–79°30′ E) (Fig. 1). The region is characterized by a semi-arid tropical climate, with an average annual rainfall ranging from 700 to 900 mm and temperature fluctuations between 20°C and 42°C. Such environmental conditions are known to influence poultry physiology, disease susceptibility, and production performance (Dawkins et al., 2004; Estevez, 2007). The district has a well-developed poultry sector comprising both broiler and layer farming systems, making it suitable for studying disease dynamics and management practices under field conditions.
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Fig. 1. Map Showing Nalgonda District
2.2 Study Design
A comparative cross-sectional study design was adopted to evaluate the effect of training on disease management practices, antibiotic usage, and poultry health indicators. Cross-sectional designs are widely used in veterinary epidemiology to assess associations between management practices and health outcomes (Dohoo et al., 2009; Thrusfield, 2018). The study was conducted over six months, covering at least two production cycles, to capture temporal variations in disease incidence and management practices.
2.3 Sampling Strategy and Sample Size
A multistage random sampling method was employed to ensure representativeness of the study population (Cochran, 1977). Initially, mandals with high poultry density were identified, followed by the selection of villages and farms within those mandals. A total of sixty poultry farms were selected, comprising thirty trained farms and thirty untrained farms. Farmers in the trained group had received formal training from veterinary departments or agricultural extension agencies, while those in the untrained group had no formal exposure to training programs.
Inclusion criteria were defined to ensure uniformity among farms, including a minimum flock size of 500 birds and at least two years of operational experience. Farms lacking reliable records or involved in experimental trials were excluded. Similar sampling frameworks have been successfully used in livestock and poultry studies to evaluate management interventions (Dione et al., 2016; Caudell et al., 2020).
2.4 Data Collection Methods
Data were collected using a combination of structured questionnaires, direct farm observations, veterinary record analysis, and laboratory investigations, following standard methodologies used in animal health research.
A pre-tested structured questionnaire based on the Knowledge–Attitude–Practice (KAP) framework was administered to poultry farmers to assess their awareness and practices related to disease management and antibiotic usage. The KAP approach is widely used in studies evaluating farmer behavior and antimicrobial use in livestock systems (Dione et al., 2016; Caudell et al., 2020).
Field observations were conducted to validate questionnaire responses and assess farm management practices, including hygiene, litter management, ventilation, stocking density, and waste disposal. Such observational assessments are essential for evaluating actual implementation of biosecurity measures (Fasina et al., 2012).
Veterinary records maintained at the farms were analyzed to obtain reliable data on disease incidence, vaccination schedules, antibiotic treatments, mortality, and morbidity. Record-based assessments are considered reliable for epidemiological studies in livestock systems (Thrusfield, 2018).
2.5 Measurement of Disease Management Practices
Disease management practices were assessed by evaluating vaccination compliance, frequency of veterinary consultation, and methods of disease diagnosis. Vaccination compliance was determined based on adherence to recommended vaccination schedules, which are critical for disease prevention in poultry (Permin & Hansen, 1998). Veterinary consultation was assessed based on the involvement of qualified professionals in disease diagnosis and treatment.
A composite disease management score was developed to quantify these practices, enabling comparison between trained and untrained farms. Similar scoring approaches have been used in previous studies to evaluate farm management efficiency (Fasina et al., 2012).
2.6 Assessment of Antibiotic Usage
Antibiotic usage was evaluated in detail to assess patterns of use and their association with training. Data were collected on frequency of antibiotic administration, types of antibiotics used, and purpose of use, including prophylactic and therapeutic applications. The use of broad-spectrum antibiotics was also recorded.
Antibiotic usage was standardized using defined daily dose (DDD) metrics, expressed as the assumed average maintenance dose per day for a drug used for its main indication (Postma et al., 2016). This approach allows comparison of antibiotic usage across farms and facilitates evaluation of intervention outcomes. The importance of monitoring antibiotic usage has been emphasized in several studies addressing antimicrobial resistance (Van Boeckel et al., 2015; Nhung et al., 2017). Standardized monitoring of antibiotic usage is increasingly recommended as a key strategy to control antimicrobial resistance in animal production systems (World Organisation for Animal Health, 2021).
2.7 Evaluation of Poultry Health and Physiological Parameters
Poultry health and physiological performance were assessed using both production and laboratory-based indicators. Production parameters included mortality rate, morbidity rate, feed conversion ratio (FCR), and body weight gain. These parameters are widely used as indicators of productivity and health status in poultry farming (Kidd, 2004; Klasing, 2007).
Blood samples were collected from randomly selected birds and analyzed for hematological parameters, including hemoglobin concentration, total leukocyte count, and differential leukocyte count, following standard protocols in avian hematology (Campbell, 2015). These parameters provide insights into immune status and physiological condition of birds.
Stress levels were evaluated using the heterophil-to-lymphocyte (H/L) ratio, which is a well-established indicator of stress in poultry (Dawkins et al., 2004).
2.8 Biosecurity Assessment
Biosecurity practices were assessed using a composite biosecurity index, incorporating parameters such as sanitation, disinfection, controlled access, isolation of diseased birds, and pest control. Biosecurity is considered a key factor in preventing disease outbreaks and reducing antibiotic dependency (Fasina et al., 2012; Permin & Hansen, 1998).
2.9 Data Quality Control
Data quality was ensured through pre-testing of questionnaires, cross-verification of farmer responses with farm records, and standardization of laboratory procedures. Duplicate sampling and repeated measurements were conducted where necessary to ensure reliability. Such quality control measures are essential for ensuring validity in epidemiological studies (Dohoo et al., 2009).
2.10 Statistical Analysis
Statistical analysis was performed using SPSS version 25.0 (IBM Corp., USA) and R software. Descriptive statistics were calculated for all variables, and Student’s t-test was used to compare means between trained and untrained groups. The chi-square test was applied for categorical variables, and Pearson correlation analysis was used to examine relationships between biosecurity practices, antibiotic usage, and disease incidence. Regression analysis was conducted to evaluate the effect of training on antibiotic usage and poultry health outcomes. A significance level of p < 0.05 was considered statistically significant (Zar, 2010; Snedecor & Cochran, 1989).
3. RESULTS
3.1 Disease Management Practices among Trained and Untrained Farmers
The comparative evaluation of disease management practices revealed significant differences between trained and untrained poultry farmers, indicating the positive influence of training on scientific farm management. Trained farmers demonstrated higher adherence to vaccination schedules, improved disease monitoring, and greater reliance on veterinary consultation.
Vaccination compliance was significantly higher among trained farmers, with 92% adherence compared to 63% in untrained farms (p < 0.01). Similarly, regular veterinary consultation was observed in 78% of trained farms, whereas only 41% of untrained farmers sought professional guidance (p < 0.05). Early disease detection practices were also more prevalent in trained farms, reflecting improved awareness and technical knowledge.
The composite disease management score was significantly higher in trained farms (8.4 ± 0.8) compared to untrained farms (5.3 ± 1.2), indicating superior implementation of disease control strategies (Table 1).
Table 1. Comparison of Disease Management Practices between Trained and Untrained Farms
	Parameter
	Trained Farms (%)
	Untrained Farms (%)
	p-value

	Vaccination compliance
	92
	63
	<0.01

	Veterinary consultation
	78
	41
	<0.05

	Early disease detection
	81
	49
	<0.01

	Record maintenance
	86
	52
	<0.01


Values are expressed as Mean ± SD; n = 30 farms per group
These results clearly demonstrate that training significantly enhances farmers’ capacity to adopt scientific disease management practices, thereby reducing disease risk.
3.2 Antibiotic Usage Patterns in Poultry Farms
Antibiotic usage patterns varied significantly between trained and untrained farms, with trained farmers exhibiting more rational and reduced use of antibiotics. The average number of antibiotic treatments per production cycle was significantly lower in trained farms (1.8 ± 0.6) compared to untrained farms (3.2 ± 0.9) (p < 0.01).
A major distinction was observed in the purpose of antibiotic usage. Trained farmers predominantly used antibiotics for therapeutic purposes (74%), based on clinical diagnosis and veterinary advice. In contrast, untrained farmers relied heavily on prophylactic antibiotic use (68%), often without proper diagnosis.
The use of broad-spectrum antibiotics was considerably higher in untrained farms, whereas trained farmers showed a preference for targeted antibiotic therapy, indicating better awareness of antimicrobial stewardship principles (Table 2).
Table 2. Antibiotic Usage Patterns in Trained and Untrained Farms
	Parameter
	Trained Farms
	Untrained Farms
	p-value

	Antibiotic frequency (per cycle)
	1.8 ± 0.6
	3.2 ± 0.9
	<0.01

	Therapeutic use (%)
	74
	32
	<0.01

	Prophylactic use (%)
	26
	68
	<0.01

	Broad-spectrum usage (%)
	38
	71
	<0.01


Values are expressed as Mean ± SD; n = 30 farms per group
Overall, a reduction of approximately 35–40% in antibiotic usage was observed in trained farms, highlighting the effectiveness of training in promoting rational antibiotic use.
3.3 Poultry Health and Physiological Performance
The evaluation of poultry health indicators revealed significant improvements in trained farms, indicating better physiological performance and disease resistance.
Mortality rates were significantly lower in trained farms (4.8% ± 1.2) compared to untrained farms (9.6% ± 2.1) (p < 0.01). Similarly, morbidity rates were reduced in trained farms (11.2% ± 2.5) compared to untrained farms (21.5% ± 3.8).
Feed Conversion Ratio (FCR), a key indicator of production efficiency, was significantly improved in trained farms (1.65 ± 0.08) compared to untrained farms (1.92 ± 0.11) (p < 0.05), indicating better feed utilization and physiological efficiency.
Hematological analysis revealed higher hemoglobin levels and total leukocyte counts in birds from trained farms, indicating improved immune status. The heterophil-to-lymphocyte (H/L) ratio was significantly lower in trained farms, reflecting reduced physiological stress (Table 3).
Table 3. Poultry Health and Physiological Parameters (n = 30 farms per group)
	Parameter
	Trained Farms
	Untrained Farms
	p-value

	Mortality (%)
	4.8 ± 1.2
	9.6 ± 2.1
	<0.01

	Morbidity (%)
	11.2 ± 2.5
	21.5 ± 3.8
	<0.01

	FCR
	1.65 ± 0.08
	1.92 ± 0.11
	<0.05

	Hemoglobin (g/dL)
	10.8 ± 0.7
	9.2 ± 0.6
	<0.05

	TLC (×10³/µL)
	24.5 ± 2.1
	20.2 ± 1.8
	<0.05

	H/L ratio
	0.42 ± 0.05
	0.61 ± 0.07
	<0.01


Values are expressed as Mean ± SD; n = 30 farms per group
These findings indicate that improved management practices in trained farms contribute to enhanced physiological health and reduced stress in poultry birds.
3.4 Relationship between Biosecurity Practices and Disease Incidence
Biosecurity practices were significantly better in trained farms, as reflected by a higher biosecurity index (8.2 ± 0.9) compared to untrained farms (5.1 ± 1.3) (p < 0.01). Key practices such as footbath usage, visitor restriction, and isolation of diseased birds were more consistently implemented in trained farms.
Correlation analysis revealed a strong negative relationship between biosecurity index and disease incidence (r = –0.71, p < 0.01), indicating that improved biosecurity practices are associated with reduced disease occurrence (Table 4).
Table 4. Biosecurity Practices and Disease Incidence
	Parameter
	Trained Farms
	Untrained Farms
	p-value

	Biosecurity index
	8.2 ± 0.9
	5.1 ± 1.3
	<0.01

	Disease incidence (%)
	12.4
	25.8
	<0.01

	Correlation (r)
	-0.71
	-
	-


Values are expressed as Mean ± SD; n = 30 farms per group
These results highlight the critical role of biosecurity in disease prevention and emphasize the importance of training in improving farm-level practices.
3.5 Integrated Effect of Training on Poultry Farming System
Regression analysis demonstrated that training had a significant impact on reducing antibiotic usage (β = –0.62, p < 0.01) and improving poultry health indicators. Training also indirectly influenced poultry health through improved disease management and biosecurity practices (Table 5).
Table 5. Regression Analysis of Training Effects
	Variable
	Beta (β)
	p-value

	Training → Antibiotic usage
	-0.62
	<0.01

	Training → Mortality
	-0.55
	<0.01

	Training → FCR
	-0.48
	<0.05

	Biosecurity → Disease incidence
	-0.71
	<0.01



The integrated analysis confirms that training plays a central role in improving disease management, reducing antibiotic dependency, and enhancing poultry health and productivity.
5. DISCUSSION
The present study provides comprehensive evidence that training significantly influences disease management practices, antibiotic usage patterns, and poultry health outcomes in commercial poultry systems. The findings clearly demonstrate that trained farmers exhibit superior management practices, reduced dependence on antibiotics, and improved physiological performance of poultry birds. These results align with global concerns regarding antimicrobial resistance (AMR) and emphasize the importance of capacity-building interventions in sustainable livestock production systems.
The results of the present study indicate that trained farmers adopt significantly improved disease management practices, including higher vaccination compliance, timely disease diagnosis, and increased veterinary consultation. These findings are consistent with previous studies that highlight the role of farmer education in enhancing disease prevention strategies and reducing disease incidence (Fasina et al., 2012; Dione et al., 2016; Caudell et al., 2020). Improved vaccination adherence among trained farmers is particularly noteworthy, as vaccination is a primary preventive tool against infectious diseases in poultry (Permin & Hansen, 1998). Studies have shown that inadequate vaccination coverage can lead to frequent disease outbreaks, necessitating increased antibiotic use (Rahman et al., 2019). The higher disease management score observed in trained farms in the present study supports the findings of Speksnijder et al. (2015) and Postma et al. (2016), who reported that training programs significantly improve farm-level management practices and disease control efficiency. Furthermore, the increased reliance on veterinary consultation among trained farmers indicates improved decision-making ability and awareness of scientific poultry management. Similar observations have been reported in livestock systems, where access to professional guidance significantly reduces disease burden and improves productivity (Caudell et al., 2020; Dione et al., 2016).
One of the most significant findings of this study is the substantial reduction in antibiotic usage among trained poultry farmers. The observed decrease of approximately 35–40% in antibiotic usage in trained farms is consistent with global efforts to promote antimicrobial stewardship in livestock systems (Van Boeckel et al., 2015; Tang et al., 2017). The predominance of prophylactic antibiotic use in untrained farms reflects a lack of awareness regarding rational drug use and contributes to the development of antimicrobial resistance (Marshall & Levy, 2011; Landers et al., 2012). In contrast, trained farmers exhibited a shift toward therapeutic antibiotic use based on clinical diagnosis, indicating improved understanding of appropriate treatment strategies. These findings are supported by studies demonstrating that educational interventions significantly reduce antimicrobial usage in livestock systems (Postma et al., 2016; Speksnijder et al., 2015). Similarly, Caudell et al. (2020) reported that farmer knowledge and training are key determinants of antibiotic use behavior in animal production systems. The reduction in broad-spectrum antibiotic usage among trained farmers is particularly important, as such antibiotics are known to exert strong selective pressure on microbial populations, accelerating the emergence of resistant strains (Nhung et al., 2017; Manyi-Loh et al., 2018). Therefore, the shift toward targeted antibiotic therapy observed in the present study represents a positive step toward mitigating AMR risks.
The present study demonstrates that improved disease management and reduced antibiotic usage are associated with enhanced poultry health and physiological performance. The significantly lower mortality and morbidity rates observed in trained farms indicate better disease control and overall flock health. Improved feed conversion ratio (FCR) in trained farms suggests enhanced metabolic efficiency and nutrient utilization, which are critical indicators of poultry productivity (Kidd, 2004). This finding is consistent with previous studies that have shown that improved management practices and reduced stress lead to better growth performance in poultry (Klasing, 2007). Hematological analysis revealed higher hemoglobin levels and leukocyte counts in birds from trained farms, indicating improved immune status and physiological resilience. These findings are in agreement with studies demonstrating that proper nutrition, reduced stress, and improved management practices enhance immune function in poultry (Klasing, 2007; Campbell, 2015).The lower heterophil-to-lymphocyte (H/L) ratio observed in trained farms further supports the conclusion that birds in these farms experience reduced physiological stress. Stress is known to suppress immune function and increase susceptibility to diseases (Dawkins et al., 2004; Estevez, 2007). Therefore, the improved stress profile observed in trained farms reflects better welfare conditions and management practices.
The strong negative correlation between biosecurity practices and disease incidence observed in this study highlights the critical role of biosecurity in poultry health management. Farms with higher biosecurity scores exhibited significantly lower disease incidence and reduced antibiotic usage. These findings are consistent with previous studies emphasizing that biosecurity measures, such as sanitation, controlled access, and isolation of diseased birds, are essential for preventing disease outbreaks (Fasina et al., 2012; Permin & Hansen, 1998). Improved biosecurity reduces pathogen load in the environment, thereby minimizing the need for antibiotic interventions. The results also indicate that training plays a crucial role in promoting the adoption of biosecurity practices. Trained farmers were more likely to implement effective biosecurity measures, which in turn contributed to improved health outcomes and reduced antibiotic dependency. Similar findings have been reported in livestock systems, where farmer education is directly linked to improved biosecurity compliance (Dione et al., 2016).
The findings of the present study have significant implications for addressing antimicrobial resistance in poultry production systems. The reduction in antibiotic usage observed in trained farms contributes to lowering the selective pressure on microbial populations, thereby reducing the emergence and spread of resistant pathogens (Van Boeckel et al., 2015; Woolhouse et al., 2015). The indiscriminate use of antibiotics in untrained farms, particularly for prophylactic purposes, poses a serious risk for the development of AMR, which can have far-reaching consequences for both animal and human health (Silbergeld et al., 2008; O’Neill, 2016). The transmission of resistant bacteria from poultry to humans through food chains and environmental pathways has been well documented (Marshall & Levy, 2011). The present study highlights that training and capacity-building interventions can play a pivotal role in mitigating AMR by promoting rational antibiotic use and improving disease prevention strategies. These findings are in line with global recommendations by the World Health Organization and Food and Agriculture Organization, which emphasize the importance of education and awareness in combating AMR (WHO, 2017; FAO, 2020).
The integrated analysis of the present study indicates that training has a multifaceted impact on poultry farming systems. Training not only improves disease management practices but also reduces antibiotic usage and enhances poultry health and productivity. The observed relationships between training, biosecurity, disease incidence, and antibiotic usage suggest that training acts as a central factor influencing multiple components of the poultry production system. These findings support the concept that sustainable poultry farming requires an integrated approach combining management practices, animal health, and responsible antibiotic use.
While several studies have examined antimicrobial usage and farmer behavior independently, very few studies have integrated these aspects with physiological health indicators in poultry. The present study addresses this gap by combining management practices, antibiotic usage, and physiological parameters into a single analytical framework. Similar integrated approaches have been recommended in recent studies on One Health and sustainable livestock production systems (Caudell et al., 2020; Nhung et al., 2020). By providing field-based evidence from India, this study contributes to the global understanding of the role of training in improving poultry health and reducing AMR risks.
Although the study provides robust evidence, certain limitations should be acknowledged. The cross-sectional design limits causal inference, and longitudinal studies are needed to establish long-term effects of training. Additionally, molecular studies on antimicrobial resistance patterns would further strengthen the findings. Future research should focus on integrating microbiological analysis, genomic studies of resistant pathogens, and evaluation of alternative disease control strategies such as probiotics and vaccination-based approaches.
5. CONCLUSION
The present study clearly demonstrates that training plays a pivotal role in improving disease management practices, promoting rational antibiotic usage, and enhancing overall poultry health and productivity. Trained farmers exhibited higher vaccination compliance, better biosecurity implementation, and more frequent veterinary consultation, which collectively contributed to reduced disease incidence and improved flock performance. A significant reduction in antibiotic usage, particularly prophylactic and broad-spectrum applications, was observed among trained farmers, indicating improved awareness of antimicrobial stewardship. This reduction was accompanied by lower mortality and morbidity rates, improved feed conversion efficiency, and better physiological health indicators, reflecting enhanced immune status and reduced stress in poultry birds. Overall, the study highlights that structured training and capacity-building interventions are essential for achieving sustainable poultry production, minimizing antimicrobial resistance risks, and improving animal welfare. Strengthening farmer education programs and extension services can serve as a key strategy for promoting scientific poultry management and ensuring long-term productivity and food safety.
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