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ABSTRACT

For the last few years, cotton has been facing many constraints from sowing till harvesting. These constraints include natural, environmental, economic and marketing issues that cause severe impact on productivity and profitability of this crop. This study was conducted in Karimnagar district of Telangana to analyze the constraints in cotton cultivation and the adoption of production technologies. The Krishi Vigyan Kendra (KVK), Jammikunta, has promoted improved agricultural technologies in the district through on-farm trials, frontline demonstrations, training programs, and exposure visits. A sample of 90 farmers was surveyed to assess the key challenges in cotton production. The major constraints reported were inadequate adoption of refuge crops, high incidence of sucking pests, suboptimal plant population, and severe weed infestation. Based on these findings, the study suggests strengthening awareness on the importance of refuge crops, conducting large-scale demonstrations on stem application methods for pest management, evaluating the effectiveness of post-emergence herbicides, and prioritizing mechanization through the use of cotton pickers. The study concludes with an emphasis on increasing farmers’ awareness about reducing input costs, ensuring timely technical guidance, creating awareness on refuge crop adoption, promoting stem application methods for sucking pest management, strengthening Integrated Pest Management (IPM) practices, and providing training on efficient fertilizer use. They also highlighted the importance of evaluating and refining cotton pickers to suit local conditions, thereby mitigating labour shortages. The results provide actionable insights for enhancing productivity and sustainability of cotton cultivation in the region.
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1.Introduction 
Cotton crop is one the major sources of fiber in the world and to meet fiber requirements globally, this crop is cultivated in more than 100 countries (Cianchetta and Davis, 2015). While its uses are multifarious, it encounters numerous issues which constrain its production and availability in ample quantities. One of such factors is the frequently changing environmental condition. Others include socioeconomic, physio-geographic and political and agronomic– although some may influence cotton production directly while others indirectly – impeding cotton production (Luo et al., 2015). Cotton is one of the most important commercial fiber crops in India, often referred to as the “King of Apparel Fiber” and “white gold.” Cottonseed is also a valuable source of edible oil, cake, and hull meal. Currently, cotton is cultivated in about 60 countries, with India accounting for the largest cultivated area. However, India’s average productivity remains relatively low at 520 kg per hectare, compared to the world average of 650 kg per hectare.
In India, cotton contributes approximately 85 percent of the total fiber consumed in the textile industry. Given that more than 80 percent of the rural population depends on agriculture and allied activities for their livelihood, cotton cultivation plays a significant role in the rural economy, supporting nearly 60 million people directly or indirectly. Despite India’s vast agricultural base, low productivity continues to be a persistent challenge.
Agriculture in India faces multiple challenges, including the need to enhance productivity, address equity concerns, reduce regional disparities, ensure sustainability, and improve profitability. Addressing these issues requires effective dissemination of technology, ensuring minimal transmission loss. Within this context, cotton cultivation assumes particular importance in Telangana, especially in Karimnagar district, which is one of the prominent cotton-growing regions. in the karimnagar distict area under cotton crop of 45,787 acres and cotton growing farmers facing the constraints like non-adoption of refuge crops and the high incidence of sucking pests. These were followed by non-maintenance of optimum plant population, high weed infestation, high labour costs associated with manual picking and poor crop growth under stress conditions . Another significant issue was limited awareness of fertilizer management practices in Bt cotton .Micro nutrient deficiency reduces the yields and High usage of neo nicotinoids leads to improper management of jassids. 
The present study seeks to analyze the constraints faced by cotton growers in adopting modern technologies in Karimnagar district. To address these challenges, farmers emphasized the need for reducing input costs, ensuring timely technical guidance, creating awareness on refuge crop adoption, promoting stem application methods for sucking pest management, strengthening Integrated Pest Management (IPM) practices, and providing training on efficient fertilizer use. They also highlighted the importance of evaluating and refining cotton pickers to suit local conditions, thereby mitigating labour shortages. For long-term sustainability, it is imperative for government agencies and research institutions to prioritize the development of efficient cotton sowing and picking machinery, promote the High-Density Planting System (HDPS), expand IPM-based pest control strategies, and ensure access to affordable credit for farm mechanization. The design of customized machinery for intercultural operations would further enhance production efficiency, the study aims to provide insights that can inform targeted interventions to improve cotton productivity, enhance farmer incomes, and strengthen the sustainability of cotton cultivation in the region.
2. METHODOLOGY
Study area and sampling method: An ex-post facto research design, combined with an exploratory approach, was employed for this study. This design was considered appropriate as the phenomena under investigation had already occurred, and the researcher had no direct control over the variables.
2.1Selection of KVK
The Prakasam Krishi Vigyan Kendra was selected purposively as the investigator is the Programme Coordinator (I/c) and SMS of the KVK. It was recognized as the National level best KVK for the year 2006-07 by the ICAR. It is also serving the farming community over two decades.
2.2Selection of district
The Karimnagar district of  Telangana (formally A.P). state was purposively selected as it is the host district of the selected KVK. It is the only one district selected in the state because the adoption of technologies disseminated by the Prakasam Krishi Vigyan Kendra was confined mainly to the farmers of Karimnagar district. In addition to this the adopted villages of KVK were all located in the Karimnagar district.
2.3 Selection of villages
KVK, Karimanagar adopted 15 villages during the period 1993-2008.  These 15 villages were selected for the study
2.4 Selection of crops
 	Five major crops normally grown by the farmers of these villages were selected for the study. The crops are paddy, cotton, maize, ground nut and red gram.
The study was conducted in Karimnagar district of Telangana which was purposively selected due to its prominence in cotton cultivation area under cotton crop of 45,787 acres. A total sample of 90 cotton-growing farmers were randomly chosen from 15 adopted villages under the jurisdiction of Krishi Vigyan Kendra (KVK), Jammikunta.
Data and analytical procedure: Primary data were collected through an open-ended schedule designed to capture farmers’ perceptions of constraints faced and suggestions offered in cotton cultivation. The responses were systematically categorized, and farmers’ views were analyzed based on frequency and percentage distribution. The identified constraints and suggested interventions were subsequently ranked in order of importance, providing a comprehensive understanding of the critical challenges and potential solutions for improving cotton farming practices in the region.










3. RESULTS AND DISCUSSION
3.1 Problems and suggestions expressed by the cotton farmers 
Table 1. Problems expressed by the cotton farmers                       
n = 90
	S.
No
	Problems
	F
	%
	Rank

	1
	Majority of the area is under Bt cotton. Yields are varying from farmer to farmer due to lesser plant population.
	52
	86.67


	3

	2

	Majority of the farmers are not growing refuge crop which may affect the boll guard technology.
	54
	90.00
	1

	
3
	In Bt cotton boll worm incidence is not there but sucking pest complex problem is more.
	54
	90.00
	1

	4

	Under continuous rains intercultural operations are not possible which leads to heavy weed infestation.
	52
	86.67

	3

	5

	Year by year area is under drip irrigation is increasing. But farmers are not having awareness on fertigation.
	46
	76.67
	10

	6
	Less awareness on fertilizer management in Bt cotton.
	49
	81.67
	7

	7

	Bt cotton duration is less, there is a chance of taking second crop after Bt cotton. Which crop is profitable.
	46
	76.67
	10

	8
	Labour scarcity is there, cotton picking with manual labour leads to higher labour cost.
	52
	86.67

	3

	9
	Agro climatic conditions are suitable for hybrid seed production, but farmers are not taking up
	45
	75.00
	13

	10
	In cotton hybrid seed production emasculation is laborious leads to higher labour cost
	45
	75.00
	13

	11
	Under stress conditions the crop growth is poor and it recovers very lately resulted lower yields
	52
	86.67

	3

	12
	Micro nutrient deficiency reduces the yields
	48
	80.00
	8

	13
	White fly incidence is more and it increases the cost of cultivation
	46
	76.67
	10

	14
	High usage of neo nicotinoids leads to improper management of jassids
	48
	80.00
	8





               Table 1 presents the ranking of production constraints based on the proportion of farmers reporting each issue. The analysis shows that the most severe problems in cotton cultivation were the non-adoption of refuge crops (90.0%) and the high incidence of sucking pests (90.0%), both ranked first, most of the farmers not sowing refuge crops, non-Bt seeds included in the commercial packet often have different characteristics from the Bt hybrids, such as a longer maturity period. These seeds also produce lower yields and are susceptible to bollworms, offering little incentive for farmers to plant them. And  farmers lack of awareness about use of pesticides to combat the increased sucking pest population has led to the development of pesticide resistance in these insects, making them even harder to control. 
               These were followed by non-maintenance of optimum plant population (86.7%), high weed infestation (86.7%), high labour costs associated with manual picking (86.7%), and poor crop growth under stress conditions (86.7%). Another significant issue was limited awareness of fertilizer management practices in Bt cotton, reported by 81.7 percent of farmers. Micro nutrient deficiency reduces the yieldsand High usage of neo nicotinoids leads to improper management of jassidsn80 percent of farmers fallowed by Bt cotton duration is less, there is a chance of taking second crop after Bt cotton. Which crop is profitable,White fly incidence is more and it increase the cost of cultivation and Year by year area is under drip irrigation is increasing. But farmers are not having awareness on fustigation 76.67 percentages by the farmers, Agro climatic conditions are suitable for hybrid seed production, but farmers are not taking up and cotton hybrid seed production emasculation is laborious leads to higher labour cost 75 percent by the farmers.
                  Overall, the findings indicate that the critical challenges in cotton production are concentrated around pest management, crop establishment, labour-intensive operations, and knowledge gaps in nutrient management. Addressing these issues requires targeted interventions, including farmer education, large-scale demonstrations, and the adoption of improved and mechanized technologies, to enhance productivity and sustainability in cotton cultivation.






3.2 Table 2. Suggestions expressed by the cotton adopted farmers                  
                                                n = 90
	S.
No
	Suggestions
	F
	%
	Rank

	1
	Create awareness through trainings and conduct large scale demonstrations on maintenance of optimum plant population based on the farming situations.
	44
	73.33
	6

	2

	Create awareness through trainings and other extension methods on importance of refuge crop to sustain the boll guard technology.
	50
	83.33
	1

	
3
	Conduct large scale demonstrations and use of electronic and print media for promotion of stem application methodology.
	50
	83.33
	1

	4

	Assess the post emergence herbicides for its effectiveness on weed control.
	49
	81.67
	3

	5

	Fertigation schedules should be developed and assess the schedules in farmer fields.
	37
	61.67
	10

	6
	Educate the farmers on fertilizer management in Bt cotton and also assess the soil test based fertilizer application in farmer fields.
	40
	66.67
	9

	7

	Assess the Bt cotton based cropping systems under different farming situations.
	38
	63.33
	10

	8
	Assess the cotton pickers for its suitability and refine it to local conditions.
	49
	81.67
	3

	9
	Assess the hybrid cotton seed production practices and refine the packages to the local conditions.
	41
	68.33
	7

	10
	Assess the hybrid seed production with the usage of male sterile lines and its suitability to the local conditions
	37
	61.67
	11

	11
	Educate the farmers on usage of water soluble fertilizers under stress condition for immediate recovery of the crop
	48
	80.00
	5

	12
	Create awareness on management of micro nutrient deficiency by conducting demonstrations
	41
	68.33
	7

	13
	Conduct large scale demonstrations on IPM for the management of white fly
	41
	68.33
	7

	14
	Educate the farmers on stem application methodology
	40
	66.67
	9



Table 2 summarizes the ranking of farmers’ suggestions based on the frequency of responses. The most common recommendations were the need to create awareness on the importance of sowing refuge crops (83.3%) and to organize large-scale demonstrations on stem application methods for effective management of sucking pests (83.3%), both ranked first. 
  These were followed by suggestions to assess the efficacy of post-emergence herbicides (81.7%), evaluate the use of cotton pickers as a means to address labour shortages (81.7%), and educate farmers on the efficient use of water-soluble fertilizers (80.0%). Another key recommendation was to increase awareness on maintaining optimum plant population (73.3%),Assess the hybrid cotton seed production practices and refine the packages to the local conditions,Create awareness on management of micro nutrient deficiency by conducting demonstrations and Conduct large scale demonstrations on IPM for the management of white fly (68.33%) fallowed by Educate the farmers on stem application methodology66.67 percent by the farmers. Assess the Bt cotton based cropping systems under different farming situations by 63.33 percent of farmers.
   The findings underscore that farmers prioritize awareness creation, capacity building, and large-scale technology demonstrations as essential strategies to overcome production constraints. These suggestions highlight the need for strengthening extension services, promoting innovative agronomic practices, and facilitating the adoption of improved inputs and mechanization to enhance productivity and profitability in cotton cultivation.
3.3 . Strengthening extension services:
· Organize Farmer Field Schools: organize field days in crop critical stages, Hands-on learning where farmers work together in a field to analyze and solve their own crop-related problems in related to cotton crop 
· Training programs and workshops: Formal sessions on specific topics like integrated pest management, HDPS Cotton, mechanization, input management and harvesting techniques for high sustainability and yield in cotton cultivation. 
· Information dissemination: Using print and electronic media, and government initiatives like the Kisan Call Centre (KCC) that provides advice in local dialects related cotton technologies like HDPS,IPM and ICM.
·  Farmer business groups: Creating groups in cotton crop to facilitate savings and collective marketing to gain bargaining power. 
· Exposure visits: Opportunities for farmers to visit progressive farms or research institutions to learn from others' experiences like HDPS Cotton, IPM Cotton fields
· Partnerships and collaborations: Working with organizations and NGOs that provide technical support and implement awareness campaigns in cotton.
3.3.2. Promoting innovative practices.
· Focus on integrated pest management (IPM): Implement strategies such as using bio-pesticides, natural predators, and pest-resistant varieties to minimize reliance on chemical insecticides. Technologies like pheromone and light traps can help monitor and manage pest populations effectively and improve the yield in Cotton 
· Implement high-density planting systems (HDPS): This technique accommodates more plants per unit area, increasing yields and promoting resource efficiency. It is also compatible with mechanized harvesting and can lead to better weed suppression. This HDPS Cotton technology increase the yield and scope for reducing the pink boll worm.
· Improve water management: Shift from conventional flood irrigation to efficient methods like drip and furrow irrigation in cotton cultivation. This conserves water and delivers it directly to the root zone, improving water-use efficiency.
· Enhance nutrient management and soil health to reduse input cost: Base fertilizer application on soil test results and use bio-fertilizers and organic manures. Practices such as crop rotation with legumes and mulching can improve soil fertility and water retention.
· Modernize infrastructure and strengthen market linkages: Create better storage facilities, improve transportation, and streamline the supply chain. Robust procurement systems and grading mechanisms can help farmers get fairer prices for their cotton.


· Support mechanization and post-harvest handling to labour shortage: Promote the use of advanced equipment for sowing, inter-culture, and harvesting to combat labor shortages and increase efficiency. Using appropriate machinery and handling practices can also reduce post-harvest contamination in cotton cultivation.
CONCLUSION
   The study revealed that cotton growers encounter several critical constraints, including high input costs, scarcity of agricultural labour, market price fluctuations, high seed costs and quality concerns, expensive transportation, lack of timely technical advice, non-maintenance of optimum plant population, and labour-intensive operations.
To address these challenges, farmers emphasized the need for reducing input costs, ensuring timely technical guidance, creating awareness on refuge crop adoption, promoting stem application methods for sucking pest management, strengthening Integrated Pest Management (IPM) practices, and providing training on efficient fertilizer use. They also highlighted the importance of evaluating and refining cotton pickers to suit local conditions, thereby mitigating labour shortages.
For long-term sustainability, it is imperative for government agencies and research institutions to prioritize the development of efficient cotton sowing and picking machinery, promote the High-Density Planting System (HDPS), expand IPM-based pest control strategies, and ensure access to affordable credit for farm mechanization. The design of customized machinery for intercultural operations would further enhance production efficiency.
The role of extension services in increasing cotton production is paramount. Initially, agricultural officers and field assistants need to be trained in modern practices, such as Integrated Crop Management (ICM) and Integrated Pest Management (IPM). These practices will help farmers improve crop health and prevent pest and disease damage. This training will lead to increased cotton production and better land management.
Raising farmers’ awareness through technical seminars and conferences is also vital in cotton cultivation. Experts from research institutions can inform farmers about modern technologies and practices, leading to higher cotton production and improved economic conditions for farmers.

Extension services will not only familiarize farmers with modern agricultural practices but will also educate them on the benefits of implementing these methods. As farmers adopt these practices on their land, they will see increased production and environmental benefits. If these initiatives are effectively implemented, they will bring the cotton industry to new heights, proving to be a key milestone for the country’s economy.
It is essential to provide farmers with continuous training and guidance so that they can effectively tackle climate change and other challenges. Extension services will enhance farmers’ skills, enabling them to achieve better cotton production. These efforts will not only improve agricultural output but also contribute significantly to the development of the country’s agricultural sector.
In conclusion,  these barriers requires a synergistic approach that integrates technological innovation, farmer capacity building, financial support, and infrastructure development. Such measures are crucial to improving cotton productivity, profitability, and sustainability in the Karimnagar region and beyond.
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