Adoption, Discontinuation and Correlates of Artificial Insemination in Goat Breeding in the Greater Kamrup Area, Assam, India
ABSTRACT
Artificial insemination (AI) can accelerate genetic improvement and reduce farmers’ dependence on breeding bucks, but its sustained use in smallholder goat-production systems remains uncertain. Stratified random sampling was used to select 100 goat farmers from Hajo, Palasbari, Sonapur and Azara, with each location treated as a separate stratum and 25 respondents selected randomly from each. Eligible respondents possessed or managed at least 10 goats at the time of the survey. Data were collected using a pretested structured interview schedule comprising a 20-item knowledge test and two 14-item attitude scales measuring attitudes towards introducing and fully adopting AI. Data were analysed using descriptive statistics and Pearson’s correlation coefficients. Four per cent of respondents were full adopters, 33% were partial adopters, 22% had discontinued AI and 41% had never adopted it. Current adoption was 37%, whereas ever-use was 59% when discontinued users were included. Knowledge was predominantly medium (67%), as were attitudes towards introducing AI (79%) and fully adopting it (71%). Important knowledge gaps concerned semen-quality assurance, reduction of disease transmission, timing of pregnancy diagnosis, buck-maintenance costs and use of AI at first oestrus. AI adoption was most strongly correlated with knowledge (r = 0.82), followed by attitude towards introducing AI (r = 0.64), flock size (r = 0.58), income from goat rearing (r = 0.55) and training exposure (r = 0.52). Attitude towards introducing AI was strongly correlated with attitude towards full adoption (r = 0.91). AI had been used by many surveyed goat farmers, but discontinuation and non-adoption remained substantial. Sustained adoption requires accessible, timely and technically reliable AI services, practical training in oestrus detection and breeding management and systematic follow-up of farmers who discontinue the service.
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INTRODUCTION
Goat production contributes substantially to the nutrition and income of landless, marginal and smallholder households because it requires comparatively modest initial investment, provides readily marketable animals and integrates well with diversified crop-livestock farming systems (Gamit et al., 2020). Assam has a substantial population of indigenous goats, which are commonly maintained in small flocks under low-input or semi-intensive production systems (Borah et al., 2015). However, uncontrolled mating, limited availability of genetically superior breeding males and repeated use of locally available bucks may slow genetic improvement and increase the risk of inbreeding. Recent evidence from smallholder goat systems has also highlighted continuing constraints in breeding practices and reproductive performance, supporting the need for context-specific approaches to genetic improvement (Aman et al., 2025; Argaw & Legesse, 2026; Bashiru et al., 2026).
Artificial insemination enables wider dissemination of selected germplasm without requiring farmers to maintain breeding bucks in individual flocks. It can support planned within-breed improvement and crossbreeding, expand the use of superior males and reduce movement of breeding animals between farms (Dhara et al., 2023). Nevertheless, the technical success of goat AI depends on semen quality, accurate oestrus detection, appropriate timing, skilled insemination, maintenance of the cold chain and systematic post-insemination follow-up (Agossou & Koluman, 2018). Adoption is therefore determined not only by farmers’ willingness but also by the accessibility, timeliness and reliability of AI and veterinary-extension services (Seth et al., 2025). Recent evidence further indicates that the success of goat AI is shaped by both service-related conditions and animal-level reproductive factors, underscoring the need to consider these dimensions together when promoting sustained use (Dutta Baruah et al., 2025; Gafsi et al., 2025).
An accurate assessment of AI adoption must distinguish full and partial adopters from farmers who have discontinued the technology and those who have never adopted it. Rathod et al. (2017) classified livestock farmers into full-adoption, partial-adoption, discontinuation and non-adoption categories and observed that some farmers alternated between AI and natural mating depending on insemination outcomes. Combining current and discontinued users may therefore overestimate sustained adoption and conceal technical or service-delivery problems. This distinction is particularly important for reproductive technologies because conception failure, delayed service and missed oestrous cycles may discourage continued use (Rathod et al., 2017; Seth et al., 2025). Within the context addressed by this study, a specific research gap concerns the simultaneous characterisation of current adoption, discontinuation and non-adoption of goat AI and their relationships with farmers’ knowledge, attitudes and selected socio-economic and service-access characteristics in the greater Kamrup area. Accordingly, the present study aimed to describe the respondents and their goat-production systems; assess current adoption, discontinuation and non-adoption; and examine farmers’ knowledge and attitudes towards introducing and fully adopting goat AI.
MATERIALS AND METHODS
Study area, design and sampling
The study was conducted in Hajo and Palasbari in Kamrup district and Sonapur and Azara in Kamrup Metropolitan district, collectively referred to as the greater Kamrup area of Assam. The four locations were treated as separate strata and 25 eligible goat farmers were randomly selected from each, giving a total sample of 100 respondents. Eligible respondents possessed or managed at least 10 goats at the time of the survey.
Instruments and measurement
A structured interview schedule covering respondents’ characteristics, goat-rearing profile, AI use, knowledge and attitudes was developed through expert consultation and pretested among 20 non-sample goat farmers. Items were removed, reworded or contextually adapted as required. The schedule demonstrated test–retest reliability (r = 0.89), and content validity was established through expert review.
Adoption status was recorded as full adoption for more than five years, full adoption for less than five years, partial adoption, discontinuation or non-adoption. The original schedule did not provide further operational criteria for distinguishing full from partial adoption. As no respondent reported full adoption for more than five years, current adoption included full adoption for less than five years and partial adoption, while ever-use included current and discontinued users.
Knowledge was assessed using a modified 20-item test (Dutta Baruah et al., 2023a), with correct and incorrect responses scored 1 and 0, respectively (range: 0–20). Knowledge was classified as low (0–3), medium (4–10) or high (11–20). Attitudes towards introducing and fully adopting AI were assessed separately using modified 14-item scales (Dutta Baruah et al., 2023b, 2023c). Responses were scored on a five-point continuum, with negative statements reverse-scored (range: 14–70). Introduction attitude was classified as low (≤36), medium (37–47) or high (≥48) and full-adoption attitude as low (≤34), medium (35–47) or high (≥48).
Data collection and analysis
Data were collected through personal interviews and analysed using IBM SPSS Statistics, version 24.0. Frequencies, percentages, means, standard deviations, ranges and Pearson’s correlation coefficients were calculated. For correlation analysis, adoption categories were coded from 5 (full adoption for more than five years) to 1 (non-adoption). Statistical significance was assessed at the 5% and 1% levels. Correlations involving the ordinal adoption score were interpreted cautiously.
RESULTS AND DISCUSSION
Respondent and production profile
Respondents had a mean age of 43.83 ± 11.58 years and 51% belonged to the middle-age category of 33–54 years. Women constituted 64% of the respondents. Most respondents had medium-sized families of four to five members (63%), 67% had a medium education score and 38% reported agriculture as their principal occupation. Medium categories predominated for landholding (52%), goat-farming experience (63%), total livestock herd size (61%), annual income from goat rearing (78%) and gross annual income (77%). The mean goat flock size was 0.62 ± 0.42 LU. Social participation was low among 67% of respondents, whereas extension contact (55%) and mass-media exposure (61%) were predominantly medium.
The predominance of middle-aged respondents suggests that goat rearing was mainly undertaken by farmers with substantial household and farming responsibilities, consistent with the findings of Jat et al. (2025). The predominance of women may reflect their leading role in the routine management of small ruminants, particularly goats. Substantial participation of rural women in livestock production was also reported by Ayoade et al. (2009) and Mallikarjuna et al. (2021). Information on AI, oestrus detection, breeding management and service availability should therefore be readily accessible to women engaged in everyday goat care. The predominance of medium categories for family size, education, landholding, farming experience, herd and flock sizes and income may reflect the smallholder nature of goat production and farmers’ moderate household, physical and financial resources. Comparable socio-economic characteristics among goat farmers were reported by Singh et al. (2021) and Patel et al. (2025). Low social participation may restrict farmer-to-farmer learning; nevertheless, the observed extension contact and mass-media exposure provide useful channels for focused breeding information. Singh et al. (2020b) identified extension contact, social participation and mass-media exposure as important and interrelated components of goat farmers’ communication profiles. Meena et al. (2025) further reported that mass-media exposure strongly influenced knowledge, while extension contact and access to information promoted the adoption of scientific goat-farming practices.
Important institutional and service gaps were evident. Most respondents (70%) had received no training in AI or breeding management and 53% lacked access to credit. Similar deficiencies in training among goat farmers were reported by Singh et al. (2020b), while limited access to credit among women livestock farmers was observed by Ayoade et al. (2009). Opinions regarding the adequacy of veterinary services were divided: 35% considered the services adequate and 35% considered them inadequate. Inadequate veterinary services have also been reported as an important constraint among goat farmers (Singh et al., 2020a). The mean distance from an AI service centre was 7.38 ± 2.44 km and 60% of respondents belonged to the medium-distance category. Local indigenous and non-descript goats were maintained by 78% of respondents. Goat rearing was a secondary enterprise for 88%; 43% followed a semi-intensive system and 51% reported a zero-input production method. The prevalence of local or non-descript goats and low-input management was consistent with Gamit et al. (2020) and Singh and Rai (2006), while semi-intensive management was similarly reported by Borah et al. (2014).
These institutional and production characteristics may help explain the difficulty of sustaining a technically demanding reproductive service. Training, reliable veterinary support and proximity to AI centres have been associated with livestock AI adoption, while greater distance can contribute to delayed insemination and missed oestrous cycles (Rathod et al., 2017; Seth et al., 2025). The predominance of local goats, secondary-enterprise status and zero-input or semi-intensive production also indicates that AI programmes should be aligned with farmers’ labour, feed resources, financial capacity and breeding objectives.
Table 1. Selected characteristics of goat farmers (n=100)
	Characteristic
	Dominant category
	n (%)
	Overall mean ± SD

	Age
	Middle, 33-54 years
	51 (51.0)
	43.83 ± 11.58 years

	Gender
	Female
	64 (64.0)
	-

	Family size
	Medium, 4-5 members
	63 (63.0)
	4.35 ± 1.13 members

	Education score
	Medium, 4-6
	67 (67.0)
	4.38 ± 1.64

	Principal occupation
	Agriculture
	38 (38.0)
	-

	Landholding
	Medium, 2.1-5 bighas
	52 (52.0)
	3.51 ± 1.50 bighas

	Goat-farming experience
	Medium, 5.1-19.9 years
	63 (63.0)
	12.53 ± 7.52 years

	Total livestock herd size
	Medium, 0.98-3.77 LU
	61 (61.0)
	2.37 ± 1.41 LU

	Goat flock size
	Medium
	72 (72.0)
	0.62 ± 0.42 LU

	Annual income from goat rearing
	Medium, ₹5,011-₹20,267
	78 (78.0)
	₹12,639 ± ₹7,629

	Gross annual income
	Medium, ₹78,389-₹2,09,241
	77 (77.0)
	₹1,43,815 ± ₹65,427

	AI/breeding training
	Not received
	70 (70.0)
	-

	Credit access
	No access
	53 (53.0)
	-

	Breed maintained
	Local indigenous/non-descript
	78 (78.0)
	-

	Enterprise status
	Secondary enterprise
	88 (88.0)
	-

	Rearing system
	Semi-intensive
	43 (43.0)
	-

	Production method
	Zero-input
	51 (51.0)
	-

	Distance from AI service centre
	Medium, 5.1-9.9 km
	60 (60.0)
	7.38 ± 2.44 km


Figures in parentheses indicate percentages; LU = livestock unit.
Adoption, knowledge and attitudes
No respondent had used AI fully for more than five years. Four respondents (4%) reported full adoption for less than five years and 33% were partial adopters; therefore, 37% were current users. Another 22% had tried AI but discontinued, while 41% had never adopted it. When current and discontinued users were combined, ever-use was 59%. Descriptively, ever-use was highest in Sonapur (68%) and lowest in Azara (52%).
The 22% discontinuation level reveals a gap between initial exposure and sustained use. Rathod et al. (2017) similarly distinguished full adoption, partial adoption, discontinuation and non-adoption, noting that livestock farmers may alternate between AI and natural mating according to insemination outcomes. Combining discontinued and current users would therefore overstate sustained adoption. Traditional production systems, difficulties in timely heat detection, conception failure, untimely service and limited availability of inseminators have been associated with partial or non-adoption of AI (Hajong et al., 2023; Mathewos et al., 2023). Service accessibility, technical reliability, cost and farmer-level resources are also recognised determinants of AI adoption (Seth et al., 2025). However, the present survey did not record individual reasons for discontinuation; consequently, such reasons cannot be inferred from these data.
Knowledge was medium for 67% of respondents, low for 18% and high for 15%; the pooled mean was 7.15 ± 3.53 out of 20. Mean knowledge was descriptively highest in Sonapur (9.40) and lowest in Azara (5.76). Awareness was high for the existence of goat AI (80%), seasonal breeding (75%), sexual maturity (68%) and availability of AI services (65%), but low for semen-quality assurance (4%), reduction of disease transmission (11%), timing of pregnancy diagnosis (12%), reduced buck-maintenance costs (13%) and appropriate use of AI at first oestrus (17%).
Attitude towards introducing AI was medium among 79% of respondents, low among 11% and high among 10%, with a mean score of 41.96 ± 5.56. Attitude towards full adoption was medium among 71%, low among 19% and high among 10%, with a mean score of 40.83 ± 6.98. These results indicate broad openness but limited confidence or readiness for sustained use. Farmers’ perceptions of the complexity, distance, cost and time involved in obtaining AI services have also been associated with their attitudes towards and adoption of goat AI (Witjaksono et al., 2021).
Thus, general awareness of AI had not translated into operational breeding knowledge. Comparable item-level knowledge gaps among goat farmers in Assam were reported by Dutta Baruah et al. (2023a). Extension efforts should move beyond awareness and emphasise oestrus detection, the correct service window, animal identification, post-service records, pregnancy confirmation and timely communication with inseminators (Dhara et al., 2023). The predominantly medium attitude scores suggest that practical support and successful service experiences may be more important than promotional messages alone.
Table 2. Artificial-insemination use, knowledge and attitudes among goat farmers
	Indicator
	Hajo
	Palasbari
	Sonapur
	Azara
	Pooled

	Full adoption for <5 years, n (%)
	2 (8)
	0 (0)
	2 (8)
	0 (0)
	4 (4)

	Partial adoption, n (%)
	9 (36)
	8 (32)
	10 (40)
	6 (24)
	33 (33)

	Discontinued, n (%)
	4 (16)
	6 (24)
	5 (20)
	7 (28)
	22 (22)

	Never adopted, n (%)
	10 (40)
	11 (44)
	8 (32)
	12 (48)
	41 (41)

	Current adoption, %
	44
	32
	48
	24
	37

	Ever-use, %
	60
	56
	68
	52
	59

	Knowledge score, mean ± SD
	7.36 ± 4.30
	6.08 ± 2.77
	9.40 ± 4.15
	5.76 ± 2.91
	7.15 ± 3.53

	Introduction-attitude score, mean ± SD
	42.60 ± 7.42
	41.60 ± 4.74
	42.68 ± 6.36
	40.96 ± 3.73
	41.96 ± 5.56

	Full-adoption attitude, mean ± SD
	41.70 ± 8.42
	39.60 ± 5.70
	43.70 ± 7.90
	38.30 ± 5.90
	40.83 ± 6.98


Current adoption = full adoption for less than five years + partial adoption. Ever-use = current adoption + discontinued use. Each location included 25 respondents.
Correlates of AI adoption and full-adoption attitude
In the pooled analysis, the five-level AI-adoption score was positively correlated with education, landholding, herd size, flock size, income from goat rearing, gross annual income, extension contact, mass-media exposure, training exposure, access to credit, veterinary-service facilities, knowledge and attitude towards introducing AI. The strongest positive correlations were observed with knowledge (r = 0.82), attitude towards introducing AI (r = 0.64), flock size (r = 0.58), income from goat rearing (r = 0.55), training exposure (r = 0.52) and gross annual income (r = 0.46). Age, family size, farming experience and distance from the AI centre were negatively correlated with adoption. Correlations involving occupation, breed, rearing system and production method were excluded from interpretation because these nominal variables had been assigned arbitrary numerical ranks.
Attitude towards full adoption was positively correlated with attitude towards introducing AI (r = 0.91), knowledge (r = 0.84), flock size (r = 0.69), income from goat rearing (r = 0.66), training exposure (r = 0.55) and extension contact (r = 0.54). Age, farming experience and distance from the AI centre showed negative correlations with full-adoption attitude, whereas family size was not significantly correlated with it.
The relationships of AI adoption with knowledge, education, extension contact and training exposure are consistent with broader evidence on agricultural technology adoption (Akudugu et al., 2012) and livestock AI studies identifying information and institutional support as enabling conditions (Abot, 2020; Bayan, 2018; Seth et al., 2025). The positive correlations of adoption with income from goat rearing (r = 0.55), gross annual income (r = 0.46) and access to credit (r = 0.44), together with evidence that cost, capital and credit access influence technology-adoption decisions among resource-constrained farmers (Masere & Worth, 2022; Vasavi et al., 2025), suggest that financial capacity may be associated with continued AI use. However, because AI service costs were not measured directly, this interpretation requires further investigation. The negative correlation with distance suggests that decentralised or doorstep AI delivery may improve service accessibility. The negative associations with age and farming experience also require further investigation and should not be interpreted as evidence of inherent resistance among older or more experienced farmers. 
Table 3. Pooled correlations of selected variables with AI adoption and attitude towards full adoption (n=100)
	Variable
	AI adoption, r
	Full-adoption attitude, r

	Age
	−0.29*
	−0.33**

	Family size
	−0.21*
	−0.19 NS

	Education qualification
	0.42**
	0.38**

	Landholding
	0.44**
	0.26*

	Years of farming experience
	−0.27*
	−0.24*

	Herd size
	0.43**
	0.52**

	Flock size
	0.58**
	0.69**

	Income from goat rearing
	0.55**
	0.66**

	Gross annual income
	0.46**
	0.47**

	Extension contact
	0.45**
	0.54**

	Mass-media exposure
	0.43**
	0.32**

	Training exposure
	0.52**
	0.55**

	Access to credit
	0.44**
	0.46**

	Veterinary-service facility
	0.23*
	0.20*

	Distance from AI centre
	−0.27*
	−0.29*

	Knowledge score
	0.82**
	0.84**

	Attitude towards introducing AI
	0.64**
	0.91**


NS, not significant; *p < 0.05; **p < 0.01 (two-tailed). Nominal variables assigned arbitrary numerical ranks in the original analysis were excluded.
Implications for extension programming
The findings support a segmented extension strategy. Farmers who have never adopted AI first need locally credible information about its purpose, realistic benefits, costs and limitations. Partial adopters need practical assistance with oestrus detection, insemination timing and record keeping, whereas farmers who have discontinued AI require individual follow-up to determine whether discontinuation was associated with conception failure, service delays, cost, animal condition or dissatisfaction with service delivery. Because income from goat rearing and access to credit were positively associated with adoption, programme managers should assess the affordability of AI services. Evidence that cost, capital and credit access influence agricultural technology adoption supports the importance of affordable service provision for resource-constrained farmers (Masere & Worth, 2022; Vasavi et al., 2025). Transparent information about expected costs and, where feasible, accessible and affordable doorstep AI services may facilitate continued use. Treating current, discontinued and non-users as a single category would result in poorly targeted interventions. A simple farmer-held breeding card could record animal identification, observed oestrus, service date and time, inseminator, semen batch, expected return-to-oestrus date, pregnancy-check date and kidding outcome.
AI service delivery should be coordinated with extension support rather than offered as a stand-alone technical input. Advance identification of eligible does, short village demonstrations before the breeding season, rapid communication with inseminators and scheduled pregnancy diagnosis could reduce avoidable failures (Dhara et al., 2023). Because most respondents maintained local or non-descript goats, breeding objectives should be explained before insemination so that farmers understand whether AI is intended for within-breed improvement or planned crossbreeding. Decisions should also consider adaptation, mature body size, feed availability and farmers’ market objectives rather than promoting a single germplasm choice universally.
Monitoring should distinguish programme coverage from programme performance. Useful indicators include the number of eligible farmers contacted, first-time users, repeat users and discontinued users re-engaged; inseminations performed within the recommended interval; non-return rate; confirmed pregnancies; kidding rate; and farmer-reported satisfaction. Sex- and location-disaggregated records would help determine whether women and farmers in more distant villages receive equitable access. These indicators would allow programme managers to determine whether limited adoption arises primarily from inadequate awareness, poor service accessibility or unsatisfactory reproductive outcomes.
Limitations
Although respondents were randomly selected within the four strata, equal allocation and restricted geographical coverage limit the generalisability of the findings beyond the surveyed locations. Adoption, knowledge, attitudes and service access were self-reported and may be affected by recall and social desirability bias. The cross-sectional nature of the study does not establish temporal sequence or causation. Because multiple correlations were examined without adjustment for multiplicity, the reported associations should be regarded as exploratory. The application of Pearson’s correlation to the ordinal adoption score also requires cautious interpretation. The survey did not record individual reasons for discontinuing AI and reproductive outcomes were not verified from service records. Future studies should include a wider geographical area, use proportionate allocation where appropriate, define adoption categories operationally, verify AI use and reproductive outcomes from service records, document reasons for discontinuation and apply analytical methods appropriate for categorical or ordinal outcomes (Agresti, 2010).
CONCLUSION
Artificial insemination had reached a substantial proportion of the surveyed goat farmers, but sustained use remained limited. Current adoption was 37%, while 22% of respondents had discontinued AI and 41% had never adopted it, demonstrating the importance of distinguishing present use from previous exposure. Knowledge and attitudes were predominantly at medium levels, and important gaps remained in practical breeding knowledge. Adoption was most strongly associated with knowledge, followed by attitude towards introducing AI, flock size, income from goat rearing and training exposure. These findings suggest that promotion of goat AI should combine service delivery with practical education on oestrus detection, breeding management and post-insemination follow-up. Farmers who discontinue AI should be considered separately so that the reasons for discontinuation can be identified and addressed. Service accessibility, technical reliability and timely delivery should also receive attention. Because the study covered only four strata with equal allocation, its estimates should be interpreted within the surveyed locations and should not be generalised to all goat farmers in the greater Kamrup area or Assam.
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