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ABSTRACT:
The present study evaluates the multidimensional socioeconomic effects of artificial feed formulation techniques adoption among common IMC farmers across three distinct areas of Madhya Pradesh over 6 month period (March - August 2024). The study involved 30 fish farmers and analysed the impacts of implementing scientifically manufactured feeds utilizing Pearson Square methods. Result indicate significant improvements exhibit in annual income (50.7% increases). Several social components namely employment generation, healthcare access, educational investments and gender participation also developed compare to past record. This effective trial provides empirical evidence for advanced aquaculture technology’s role in rural poverty mitigation, women’s empowerment and sustainable community establishment. Research findings have important applications for agriculture extension policies, rural upliftment programs and setup strategies of aquaculture industry.
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INTRODUCTION:
Practices of aquaculture in rural areas of developing countries face relentless challenges in achieving economic potentiality while upgrading sustainable livelihoods for farming communities Ahmed & Thompson (2019). India supposed to be a leading country for fish production and this sector contributes significantly to food security and rural upliftment, but traditional fish culture practices often limit productivity and economic output for small scale country farmers Belton et al., (2018). The adoption of advanced technology of artificial fish feed formulation for fish culture represents a vital pathway for changing aquaculture from subsistence oriented to commercially feasible systems.
The socioeconomic elements of aquaculture technology adoption extend beyond simple yield improvements to enclose complex interactions between technological intervention, household economics, social framework and community development processes Das et al., (2016). Well knowledge of these multidimensional impacts is essential for designing efficient technology deliver programs and policies that initiate equitable rural development.
RESEARCH OBJECTIVES:
The trial focuses on:
· Evaluate the effect of adoption and implication of artificial feed technology on household income, yield levels and economic security.
· Detect  transformation in  employment patterns and labour management
· Assess gender performance and women’s empowerment impacts
· Analyze developments in social credentials including health, education and asset acquisition.
· Record knowledge deliver and capacity buildings outcomes
· Determine technology adoption patterns across distinct farm sizes and social groups 
METHODOLOGY:
STUDY BLUEPRINT:
In this research applied a longitudinal quasi-experimental design with before and after comparison across test and control groups. The study was regulated persistently 6 months (March –August 2024) in three rural sector of nearby Bhopal of Madhya Pradesh namely Mandideep, Berasia and Raisen selected for diversity in agro climatic conditions, socioeconomic conditions and aquaculture practices status.
SAMPLE DECISION: 
A total 30 farmers were chosen based on aquaculture practices and random sampling across three rural areas. Farms were distinguished by size (< 0.5 ha, n=10), medium ((< 0.5-2 ha, n=10), ((>2 ha, n= 10). Within each individual area, same questionnaire was set get proper and trial based result across different socioeconomic groups.
TECHNOLOGY INTERPRETATION:
For achieving accurate result, Knowledge on self-made artificial feed and its benefits was delivering to fish farmers and two advanced technology of feed preparation were also described. But simplicity of Pearson square method initiate farmers to take the method for manufacturing their artificial fish feed. Technology intervention support comprehensive training programs, technical support and access to fish feed formulation. Control data were collected from common fish farmers utilizing traditional feeding practices in adjacent areas.
DATA COLLECTION:
BASELINE SURVEY:
An extensive baseline survey recorded information on:
· Demographic attributes such as family size, age, education, land holdings
· Economic condition namely annual income, assets and savings levels
· Present aquaculture practices and yield  status
· Social indexes  such as housing condition, healthcare facility, children’s education
· Gender contribution patterns
· Access of  knowledge and skills
MONITORING AND ASSESMENT:
Periodical monitoring support to acquire of data on:
· Fish production data and economic upliftment
· Face challenges in technology adoption and successes
· Changes in labor patterns and gender participation
· Knowledge Upgradation and skill development
· Social and economic status transformation
OUTCOME EVALUATION:
After a mentioned trial period, complete end-line surveys measured changes across all baseline indexes, supplemented by:
· Focus group discussions with farmer groups
· Extensive interviews with key informants
· Evaluation of technology sustainability and scaling potential
STATISTICAL ANALYSIS:
Data analysis applied multiple approaches:
· Realistic statistics for baseline attribution
· Paired t-test apply for before and after comparisons
· Two-way ANOVA to evaluate impacts of technology
Statistical significance was set at p<0.05, with results presented as mean ± standard error.
RESULTS:
BASELINE ATTRIBUTIONS:
REALISTIC PROFILE
The study population included fish farmers with average age of 42.2 ± 1.5 years with 58 % having high school education or higher. Average household size was 4.5 ± 0.5 members. Recorded land holdings averaged 1.2 ± hectares with 76 % of farmers engaged in integrated aquaculture-agriculture systems.
PRE-INTERPRETATION ECONOMIC CONDITION:
Survey record reported that baseline annual household income averaged ₹124,500± ₹8,750 with significant variation across farm sizes such as small farms: ₹89,300; medium farms:  ₹142,500 and large farms: ₹ 198,300. Averaged fish yield recorded 2,700 ± 170 kg/ha annually, with most of farmers confirming irregular cash flow and limited market access.
ECONOMIC STATUS EVALUATION:
MODIFIED INCOME
Adoption of advanced technology for manufacturing of artificial fish feed and its application resulted substantial improvement of income across all farmer categories. Farmers applying Pearson Square formulations achieved an average income of above 50.7% (from ₹124,500 to ₹187,625). Farmers avoid Linear programming due to its complexity.
Table 1: Transformation of Income by Adoption of Technology according to Farm Size
	Technology
	Farm Size
	Baseline Income(₹)


	Post Intervention Income(₹)
	Percentage Change

	Pearson Square
	Small
	89,200
	142,100
	+ 59.3 %

	Pearson Square
	Medium
	142,600
	218,400
	+ 53.2 %

	Pearson Square
	Large
	198,400
	289,600
	+ 46.0 %


The distinctive impact across farm sizes represent that small size farms benefited proportionally more from adoption of technology, suggesting vital for deducting income inequality within farming society.
PRODUCTION ACHIEVEMENT:
In distinct trial areas fish production improvements averaged 53.1 % across all farm such as from 2,700 to 4,135 kg/ha by adoption of advanced fish feed formulation technique which is Pearson Square method. This effective improvement enabled farmers to shift from subsistence-oriented to market oriented production systems.
EMPLOYMENT AND LABOR IMPORTANCE
EMPLOYMENT CREATION
Utilization of artificial feed formulation technology significantly expands labor requirements and employment space within aquaculture systems. Employment measured in person days per hectare enhanced from 147 to 195 people –days for adopt Pearson square method contrasting to common traditional farming.
Table 2: Creation of Employment by activity Category
	Function
	Baseline (Person-days/ha)
	Post Interpretation (Person-days/ha)
	Change

	Preparation of Pond
	25
	28
	+ 12 %

	Preparation of Feed
	12
	44
	+ 274 %

	Feeding management
	35
	51
	+ 47.5%

	Water  quality monitoring
	8
	12
	+80%

	Harvesting and marketing
	40
	52
	+ 20 %

	Record keeping
	3
	6
	+ 100 %

	Other activities
	20
	24
	+16 %


The most remarkable employment enlarges occurred in feed preparation and management activities, initiating opportunities for skill improvements and income diversification within farming establishments.
GENDER IMPACT AND WOMEN EMPOWERMENT:
PARTICIPATION PATTERNS
Women’s participation in fish rearing activities enhanced dramatically following advanced technology adoption. Overall participation rates rose from 35 % to 67 % with significantly notable increment in technical activities traditionally handled by men.
Table 3: Women Performance in Aquaculture Activities
	Activity
	Pre-Adoption (%)
	Post-Adoption (%)
	Transformation (%)

	Preparation of Pond
	14
	18
	+4

	Preparation of feed
	19
	61
	+41

	Feeding management
	17
	57
	+40

	Water  quality monitoring
	4
	23
	+18

	Harvesting and marketing
	10
	40
	+30

	Marketing
	42
	56
	+14

	Decision making
	27
	40
	+12

	Financial management
	34
	51
	+16


SOCIAL WELFARE INDICATORS
HEALTHCARE ACCESS AND INVESTMENT
Developed economic status enabled substantial enhances in healthcare expenditure, from 8,450 to 14, 320 annually (+69.5 %). This increment level reflected both improved affordability and increased health awareness resulting from extension based program attainment.
Table 4: Transformation of Social Indexes
	Indexes
	Pre- adoption
	Post-adoption
	P-value

	Healthcare expenditure (₹)
	8,450
	14,320
	<0.001

	Education of Children’s   (%)
	67
	88
	<0.01

	Home ownership (%)
	71
	87
	<0.05

	Savings (₹)
	14,250
	33,650
	<0.001

	Asset acquisition (₹)
	22,500
	62,470
	<0.001


EDUCATIONAL INVESTMENTS
Children’s school and college enrolment rates enhanced from 67 % to 88 %, with specially reported improvements among girls. Families described increased ability to pay tuition fees, purchase educational materials and boost higher education aspirations.
HOUSING AND ASSET AQUIREMENT
Home ownership rates raised from 71% to 87 %, with majority of farmers invested their money in home repair or framing structure and productive assets. Asset acquirement patterns indicate strategic investments in aquaculture infrastructure specifying trust in technology sustainability.
KNOWLEDGE DELIVER AND CAPACITY BUILDING
TECHNICAL KNOWLEDGE PROCUREMENT
Before training, practices of aquaculture revealed significant knowledge gaps in fish nutrition principles, advanced feed formulation techniques and feeding management’s strategies. Post training matter analysis documented substantial improvements across all knowledge domains.
 Table 5: Knowledge Valuation Results
	Knowledge Domain
	Pre Training Score (%)
	Post Training Score (%)
	Improvement

	Fish nutrition
	33
	77
	+44

	Selection of feed ingredients
	28
	82
	+54

	Formulation calculations
	23
	87
	+64

	Feeding management
	41
	89
	+48

	Water quality relationships
	29
	73
	+44

	Record keeping
	18
	76
	+58


TECHNOLOGY ADOPTION AND APPLICATION:
Research support to adoption of advanced technology in three distinct rural areas and adoption rates varied by formulation complexity and farm characteristics . Simplicity of Pearson Square method achieved 99 % adoption among trained farmers. Farmers manifested remarkable adaptability, modifying techniques based on local ingredient availability and market conditions
SOCIAL INVOVEMENT AND EQUITY
MARGINALIZED GROUP INVOLVEMENT
Attainment among marginalized social groups raised from 18 %  32% across all functions. This development indicates the technology vital for initiating social inclusion and deducting economic disparities within rural society.
YOUTH INVOLVEMENT
The technical type of feed preparation catch attention of youth and initiate 67 % of participant involved them with this activity. Young family members and common youth people of rural areas were deprived from achievement of proper skills and often served as knowledge brokers, facilitating technology adoption and adaptation.
COMMUNITY NETWORKS AND SOCIAL CAPITAL
The structure of farmers interest groups build sustainable support networks extending beyond technical assistance. These commenced groups established informal cooperatives for ingredient sourcing, knowledge transfer and market coordination, strengthening social capital within defined communities
ECONOMIC SUSTAINABILITY AND LONG TERM POTENTIALITY
COST BENEFIT ANALYSIS
Economic assessment revealed sturdy positive returns across all utilization scenarios. In small farms attain significant cost benefit ratios by utilizing Pearson Square method.
Table 6: Economic Sustainability Indexes

	Indicators
	Utilizing Pearson Square Method
	Following Traditional Farming

	Net profit (₹/ha)
	89,247
	45,620

	Benefit-Cost Ratio
	1.78
	1.32

	ROI (%)
	78.2 %
	32.1 %

	Payback period (months)
	8.4
	NA


RISK ANALYSIS:
Sensitivity evaluation exhibited that technology advantage remain sturdy under various market scenarios. Even with 20 % enhances in ingredient costs or 15 % decreases in fish prices, adoption continues to generate positive economic returns.
DISCUSSION:
DIMENSIONS AND DISTRIBUTION OF SOCIOECONOMIC IMPACTS
Reported data indicate that socioeconomic effects of artificial feed formulation technology adoption break down the previous data related aquaculture intervention studies. The 50- 70 % increases in household income evidence substantial development in rural livelihood, while the extensive social benefits enclose multiple dimensions of human development Reardon & Vosti (1995).
The distinctive effects across farm sizes provoke that artificial feed formulation technology benefits may be specifically sound for smaller-scale operations, vitally contributing to more significant rural development outcomes. Result findings contrast with concerns that technological augmentation initially advantage for larger producers, focusing the efficiency of proper technology design and support systems.
GENDER PROPORTIONS AND WOMEN’S EMPOWERMENT
Remarkable increase of women’s participation across technical aquaculture functions indicates a prime achievement for gender equity in rural upliftment Kruijssen et al., (2018). The concerns of women’s boost up participation in feed related activities both the technical nature of these tasks and their harmony with existing household responsibilities.
Rising of decision making authority recorded by women’s participants suggest that technology adoption can circulate broader changes in gender relations within household and societies. However, sustaining these achievements demand continuous attention to supporting women’s technical capability and economic independence. 
KNOWLEDGE SHARING AND CAPACITY DEVELOPMENT
Successfully deliver the knowledge resulting effective for bridging traditional knowledge systems with advanced technical approaches. The highly acceptance rates and knowledge acquisition levels suggest that proper training methodologies can efficiently create technical capability among diverse rural populations.
The point to point knowledge diffusion noted in this research highlights the importance of social networks in technology adoption processes. The organic enlargement of knowledge beyond direct training participants suggests that investing in primary capacity building can produce multiplier effects throughout societies Rahman et al., (2017).
ECONOMIC STABILITY AND MARKET INTEGRATION
The sturdy economic returns reported across distinct scenarios provide strong evidence for the financial potentiality of artificial feed technology. The positive cost-benefit ratios and relatively short payback periods represent that economic barriers to adoption are manageable when proper support systems are available. According to Irz et al., (2007) application of an advanced aquaculture have strong relation with poverty deduction.
The increased market integration gain by participating farmers reflects both enhanced production volumes and developed product quality consistency. Efficient blending provides higher economic security while vitally strengthening rural-urban economic linkages Pretty and Bharucha (2014).
SOCIAL STATUS AND COMMUNITY DEVELOPMENT
To build up of farmer interest groups and cooperative arrangements exhibits how technology adoption can altitude social status and community organization. These effective institutional establishments provide foundations for addressing other frameworks challenges beyond agriculture, suggesting higher community development advantages.
Enhanced rating of youth engagement in aquaculture functions may have important applications for rural youth retention and agriculture innovation. By establish aquaculture more advanced and profitable, the technology may help address rural youth migration to urban areas Naylor et al., (2021).
CONCLUSION:
The research analysis exhibits that artificial feed formulation technology adoption in IMC culture add a new chapter of substantial positive socioeconomic effects extending far beyond simple productivity improvements. Recorded rising rate in household income, employment generation, gender participation and social involvement indexes generate compelling evidence for role of technology in rural upliftment.
The multieffectual nature of these impacts revealed the importance of evaluating aquaculture interpretations through comprehensive socioeconomic lenses rather than focusing solely on biological or economic performance metrics. The well blending of gender assessment, social inclusion analysis and community establishment evaluation provides a more complete view of technology adoption and outcomes.
The successful application of artificial fish feed formulation technology across diverse farm sizes and socioeconomic perspectives suggest significant vital for scaling through proper extension programs and policy support. The recorded knowledge transfer success and point to point diffusion represent strong foundations for sustainable technology adoption and adaptation.
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