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Abstract

:

The low technology adoption rate is one of the major problems in very small dual-purpose cattle farms in Mexico. Using the social network analysis approach, we characterized the farmer leaders in the innovation network and deepened the knowledge on the low technological adoption causes. The sample consisted of 383 very small farms of dual-purpose cattle characterized by using nine reproductive management technologies. Our findings suggested that the network position of farmers had a significant impact on the technological level. Hence, the farmers farthest from the technology leaders showed the lowest levels of betweenness centrality index and high rates of constraint. Apart from this, advice, productive orientation, and intensification were also differentiating elements at the technological level. The findings provided relevant insights and useful tools to policy makers to better support, coordinate and enhance the adoption of innovation among smallholders.
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1. Introduction


Smallholder livestock production constitutes a major component of developing countries’ economies, a contribution that goes beyond direct food production to include multipurpose uses, such as food supply, source of income, assets saving, source of employment, soil fertility, livelihood, transport, agricultural traction and sustainable production [1,2]. Nevertheless, the significance of smallholder agriculture is not only limited to a subgroup of low-income countries, contrary to widespread perception. Smallholder also plays an essential role in the EU and OECD countries, where they are an alternative to large and specialised farms; especially in the aftermath of the economic and financial crisis [3]. However, this does not mean that the problems faced by smallholders are identical in all these countries. Neither does it mean that the role of smallholder agriculture in broader processes of development is the same everywhere [4,5].



In Mexico, dual-purpose cattle encompasses between 51–67% of the highly marginalized area’s producers [6,7], contributing to the maintenance of traditional ways of life in the agricultural sector, and generating direct income [8,9,10]. The dual-purpose productive system is an alternative to increasing profitability in livestock. From the biological point of view, this system favours the increase in cow dairy potential by crossing meat breeds adapted with specialized dairy breeds but conserving the rusticity of these animals [11,12]. Therefore, this is a traditional and extensive grazing system that uses low-cost resources, contributing to mitigate climate change by reducing greenhouse gas (GHG) emissions and increasing carbon accumulation [11,13,14].



The low technology adoption rate is one of the major problems of very small dual-purpose farms in Mexico [9,11,12,15]. According to Rangel et al. [13], these farmers use only 46.96% of the technologies potentially available to them. In this sense, Espinosa-García et al. [14] have pointed out that this is compounded by the lack of technology transfer programmes and technical assistance. Even when the adoption of new agricultural technologies is an important route out of poverty for many in the developing world, agricultural innovations are often adopted slowly, and some aspects of the adoption process remain poorly understood [5,15,16,17,18]. This indicates a need to investigate the reasons for the low technological adoption rate in dual-purpose livestock systems. With the purpose to understand the failures in the adoption process, previous studies have mainly focused on the farm’s size and credit constraints on the adoption process [7,19]. However, very few empirical researchers have explored the relationships between a farmer’s contact networks and his decision to adopt or reject new technologies, and how these interactions may work to enhance or limit smallholder farmer innovation [18,20]. Hence, a need to improve the understanding of technology adoption from a social network analysis (SNA) perspective [21, 22, 23, 24, 25, 26] has been identified, with a focus on the relationships among key farmers capable of spreading innovation and enhancing the adoption of new technologies. The social network analysis approach is used to identify farmers who are performing well and are successful at what they do, to evaluate with a benchmark analysis the strengths and weaknesses of their technological practices and the steps needed to improve their performance. Regarding the usefulness of benchmarking analysis in the context of innovation dissemination, Kahan [27] stated that farmers often do benchmarking informally from something as straightforward as observing and talking to successful farmers. A farmer sees another farmer with a larger harvest or one who gets a better price for the same product at the same market. Why is this so? A farmer hears of another farmer who reduces costs by introducing a new technology. Should she or he do the same? This study is aimed to answer the following research questions:



What characterizes the key farmers in the technology adoption network? What are their technology strategies? Are the farmers playing a central position in the network the most innovative?



The objectives of this study were to identify influencer farmers in the innovation network and to perform a benchmarking analysis to evaluate what characteristics these leaders had, and thus deepen the knowledge of the rejection causes during technology adoption processes of dual-purpose cattle smallholders in Mexico.




2. Materials and Methods


2.1. Data Collection


This study was part of a larger research project in the Mexican tropics, where dual-purpose cattle farms were characterized according to their technological innovation level into five groups [11,28]. Data were collected from 2013 to 2016 by direct surveys done to smallholders of dual-purpose who have received technical advice from Mexico’s Ministry of Agriculture, Livestock, Rural Development, Fisheries and Food (SAGARPA). Here, we focused on the more vulnerable and smaller group of farmers with 50 or fewer cows (n = 383), which represented 26% of the sample, distributed into dry and wet tropics. The main characteristics of this group were previously described in [6,8,11,29].




2.2. Livestock Innovation Level


The selection of technological innovations was accomplished through qualitative and participatory analysis, according to the methodology described by Rangel et al. [9,11,30,31], Torres et al. [9,11,30,31], and Rivas et al. [9,11,30,31], based on the farmer’s technological preferences. Forty-five technologies were identified and grouped in five technological areas: management, feeding, reproduction, genetics and animal health, favouring a systemic and non-linear vision of innovation, within a transversal, collaborative and interactive process [29]. In this work, we focused on the area of reproductive management, as it is the one with the lowest technological level. This area is composed of nine technologies: using male breeds (T23), using male crosses (T24), using female breeds (T25), using female crosses (T26), use of genetically tested bulls (T27), calf selection criteria (T28), female selection criteria (T29), sire selection criteria (T30), and crossbred system (T31).




2.3. Methodological Background


In the current study, we used the SNA methodological perspective from the social capital theory as a core element in the access to technological resources embedded in livestock innovation networks [32,33,34,35,36,37,38]. Social capital consists of a series of resources that individuals can obtain from the structure of social networks. Two of the most important resources are information flowing through networks and obligations of reciprocity, which can come out of the confidence between agents in the same network [32,39,40,41]. Therefore, SNA provides a useful theoretical framework to investigate social structures and has been recognised as a distinct research approach to study relations rather than attributes, mapping trust and knowledge networks [28,35], and therefore can be applied to the study of social capital [36,38,42].



In this study, social capital is considered to be a resource through which farmers access valuable information that allows them to be more efficient in the production process. It is believed that those farmers well connected to key players (technological leaders) can imitate their strategies, which becomes a competitive advantage. Hence, it is not necessarily true that the farmers with a higher rate of technological adoption are the most productive, but rather a group of farmers appear on the network that, making use of this advantage in access to information, manage themselves to be more efficient with fewer technologies [23]. These technologies are known as core technologies, with a high impact on productivity. Consequently, the position of a certain farmer and their proximity to the technological leaders in the technological innovation network is crucial when adopting or rejecting technology [23]. Then, social networks as a form of social capital constitute a production input which can affect the farmer’s productive capabilities and their level of technological adoption, influencing the economic performance and explaining the differences of the adoption rate among farmers with similar endowments [5].



In recent years, there has been an increasing amount of literature supporting the idea of social capital as a competitive advantage, explaining economic outcomes on the individual level [34,39,43,44,45]. According to Webb [42], the interactions within community members who interact directly, frequently, in multi-faceted ways, generate opportunities by providing them with a competitive advantage in pursuing their ends. Burt [39] described social capital as a function of brokerage opportunities, while Rodríguez-Modroño [34] suggested it to be a source of information that enables the development of productive synergies. Similarly, Saint Ville et al. [37] studied how different forms of social capital may affect innovation in smallholder farming systems and they found a strong presence of interpersonal agricultural knowledge networks operating to: (1) facilitate farmer-to-farmer knowledge exchange; (2) increase farmer access to information; and (3) connect farmers to sources of support, pointing out the role of peer farmers as the primary source of new agricultural knowledge.




2.4. Network Measures Definition


The SNA methodology has developed a series of measures that are directly related to social capital and therefore are included in the processes of agricultural extension to foster innovation. According to Borgatti et al. [33,46], Bonacich [47, 48, 49], Opsahl [50], and Freeman [51], the network measures considered in the following analyses are:



Degree: Degree has a positive relation to social capital, since the more actors you have relationships with, the greater the chance that one of them has the resource you need. Closeness: Since closeness is related to the reciprocal of geodesic distance from an actor to all the others in the network, it has a negative relationship with social capital. So, the greater the distance to other actors, the less the chance of receiving information in a timely way. Betweenness: Actors with high betweenness link together actors who are otherwise unconnected, creating opportunities for the exploitation of information and control benefits, which makes the relation positive. Eigenvector: is the extent to which an actor is connected to actors who present themselves with high values of eigenvector centrality. Therefore, actors have high eigenvector scores when they are connected to well-connected others, making the relation to social capital positive. Constraint: Network constraint is an index that measures the extent to which an actor’s contacts are redundant. Constraint is high if contacts are directly connected to one another (dense network) or indirectly connected via a central contact [39]. Therefore, the more constrained the actor, the fewer opportunities for action, which make the relationship between constraint and social capital negative.




2.5. Network Definition and Benchmark


Firstly, we constructed a two-mode network of 383 farmers and nine technologies based on the technological package of each respondent. Two-mode networks, also known as affiliation networks [52,53], consist of recording instances in which individuals participate in or attend the same events, or where there are archival data indicating which people belong to which organizations [54]. This type of network allowed us to identify technological adoption patterns, as well as those of the organization’s membership. Secondly, after considering the different ways of analysing two-mode networks developed by Borgatti et al. [52,53,55,56], Everett et al. [52,53,55,56], and Hanneman [52,53,55,56], the two-mode data were transformed into a bipartite graph. For the aim of this paper, the bipartite graph centrality measures were calculated, allowing the technological leaders to be identified.



In this case, we must note that the affiliation to an organization was considered as an essential and differentiating attribute. This is because it is believed that organizations are centres of social interaction and access to information, where communication flows, constituting a determining factor in the technology adoption processes. Therefore, through the surveys, it was possible to map six different types of organizations operating in the area, both public and private. The GGAVATT (Livestock Groups for Technological Validation and Transfer) was the most important organization at the public level, belonging to the Institute for Forestry, Agriculture and Livestock Research (INIFAP), an institution that operates nationally. The GGAVATT constituted the organization with the largest number of affiliated farmers (81.46% of the sample). According to Ponce-Méndez et al. [57], the GGAVATT model is applicable at the regional and national level, to groups of livestock farmers with a common production goal and who were interested in adopting the technological model. The GGAVATT advisers made a holistic approach to the farm, considering the different areas of improvement (reproduction, feeding, management, health, quality, management and use of pastures).



In the private sector, there were several organizations. The second most important organization in the number of affiliates was the SPR (the Rural Production Society), with 9.4% of the sample. The Rural Production Society operates state-wide and was constituted by a group of producers who aim for agricultural activity improvement through the coordination of productive economic activities, mutual assistance, etc. This group of farmers also aims to obtain goods, services and public or private support to undertake, develop and consolidate productive and social investment projects. Other less widespread organizations in the area were the Cooperative Society (3.66%), the producers’ organization (1.04%) and the non-productive organization (2.09%). The results showed that a small group of farmers has no affiliation with any organization (2.35%).



The farmers in the network were highlighted according to the organization type. The initial two-mode network was transformed into a one-mode network through UCINET software [58] for the network visualization and the identification of the influencer farmers (technological leaders) by considering their centrality network measures. Thus, only the farmers who have adopted six technologies or more are shown, that is, those with a technology adoption rate greater than 67%.



Finally, a comparative benchmarking analysis was carried out among the profiles of seven dual-purpose farmers chosen through the SNA measures (degree, closeness, eigenvector, betweenness and constraint). The mean, median, standard deviation, coefficient of variation, minimum and maximum were the descriptive statistic used in the technological analyses. The approach is novel as it seeks to introduce network measures into the analysis to study how farmers make production decisions and what factors influence their decisions. The analysis and visualization of the dual-purpose cattle network in the Mexican tropics were carried out using the UCINET software [58].





3. Results and Discussion


3.1. Descriptive Statistics


The descriptive statistics of very small dual-purpose farms in Mexico are shown in Table 1. In this case, the highest variability was found in the cheese yield (299.17%), due to the fact that not all farms produce cheese and dairy products. On the other hand, calves sold also showed high variability, with an average of 4.90 calves sold and a coefficient of variation of 118.56%. These results showed the essence of this livestock system, which is obtaining milk and meat from the same animal and makes it evident that some farmers are mainly engaged in milk production and others in meat and milk joint production. This productive orientation will determine its technological strategy. Moreover, the average farm had 19.25 UA of herd size in 27.17 ha and 1.09 UA/ha of stocking rate. The farmer was 51 years old and three people were economically dependent on the farm (dependent relatives). The annual milk production was 11,229.4 L and the productivity per cow and ha was 988 L/cow and 108 L/ha, respectively.



Technology descriptive statistics are shown in Table 2. The reproductive management technologies had an average adoption rate of 59.18%. However, the results showed that the crossbred system (95.82%), sire selection criteria (90.34%) and female selection criteria (89.56%) are the most adopted technologies within this area, while female selection criteria (89.56%), using female crosses (71.28%) and using male crosses (55.87%) have a medium level of adoption over the average. In contrast, calf selection criteria (49.87%), using male breeds (37.34%), using female breeds (22.45%) and use of genetically tested bulls (20.10%) are the least adopted technologies.



The descriptive statistics of the centrality network measures for the sample of 383 farmers (Table 3) showed that within the technological innovation network in reproductive management, dual-purpose farmers had an average degree of 5.38 with a minimum value of two and a maximum value of nine; the degree is related to the number of technologies that these farmers have adopted. The average betweenness was 3.92, being one of the measures with the highest coefficient of variation (8.93). These results were similar to that of Aguirre-López et al. [15], who found a betweenness of 0.394 in the adoption patterns of conservation agriculture practices among 222 maize smallholder farmers in the Mexican state of Chiapas. However, eigenvector and constraint showed the least variability, being 1.47 and 0.003, respectively.




3.2. Social Network Analysis Results


The farmers grouped according to the type of organization are shown in Figure 1 (two-mode network). The GGAVATT farmers showed more homogeneous groups with well-defined structures, reluctant to technological exchange with other farmers external to their group. On the contrary, the SPR farmers were a smaller group, more heterogeneous and closer to the other associations. The GGAVATT and SPR farmers showed a higher level of technology adoption and a higher degree than the rest of the organizations (Table 4).



The dual-purpose farmer’s network in reproductive management, coloured by organizations, are presented in Figure 2. In this innovation one-mode network, only one central farmer was found with the higher betweenness value and, therefore, with a very high social capital compared to their technological peers. This is the farmer f_623, affiliated to the SPR, the only farmer with an adoption rate of 100%. The network structure highlighted that farmers affiliated to the GGAVATT tend to form homogenous groups. These results corroborate the findings of Rangel et al. [11], who found in the dual-purpose livestock system that while the structural characteristics of the farms were quite heterogeneous, the technological levels were quite homogeneous.



Figure 3 shows the two-mode network relating farmers and technologies. The network structure indicated that some of the reproductive management technologies were jointly adopted: calf selection criteria (T28), female selection criteria (T29) and sire selection criteria (T30). So, they were considered complementary technologies [11]. On the contrary, the technologies “male crosses” (T24) and “female crosses” (T26) followed another adoption pattern. These results also showed that the crossbred system (T31), with an adoption rate of 96%, was the most widely adopted technology. It can be considered an elementary technology in reproductive management. However, the least adopted technologies in this group of farmers were using male breeds (T23), female breeds (T25) and genetically tested bulls (T27), with an adoption rate of 37.34%, 22.45% and 20.10%, respectively.




3.3. Benchmarking Analysis


The benchmarking of influencer farmers by organization type is shown in Table 4, both in its centrality network measures, technological level, and structural characteristics. The Farmer influencer (f_623), was affiliated to the SPR, with an adoption rate of 100% and the highest betweenness value in the network (16.71). Besides, high values of degree, eigenvector, betweenness and low levels of constraint favoured high levels of social capital. This farmer presented a similar productive structure (size, productive animals, surface, etc.) to the rest of the GGAVATT and SPR leaders, although was different in its productive orientation and in the use of resources. Its strategy was diversified, allocating part of the production to the sale of milk, meat, and cheese. According to Guiomar et al. [3,5,11], De-Pablos-Heredero et al. [3,5,11], and Granados-Rivera et al. [3,5,11], high technological adoption rates are associated with a diversified productive strategy. Likewise, they obtained high productivity by lactation (1820 l/cow), high stocking rate (40 UA/ha), and generated four direct employments. Despite previous studies that have reported that farm size is the main factor in determining the technology adoption level [57,59,60] and that relation exists amongst the farm’s size, productivity, and efficiency [61], within the group of small-scale farmers, the producers can also be efficient [5,29,62]. These results highlighted that the differences in technology adoption were given by the network measures and the productive strategies developed. Furthermore, through benchmarking analysis, three farmers’ profiles were identified.



High technology level. The GGAVATT and SPR farmers were technologically similar (f_374, F_1165), showed close positions in the network (Figure 2) and very similar centrality network measures (Table 4). The GGAVATT farmer received public technical assistance. On the contrary, the advice in SPR was private. Their productive orientation was strongly different. The GGAVAAT farmer was specialized in milk, while SPR farmer in milk–meat. In addition, the SPR farmer showed high productivity (1714 l/cow and 10 calves sold). In the GGAVATT there has been a generational renewal with younger producers and only one employee, while in SPR, the farmer was older, with three people economically dependent on the activity. Similar results were reported by Granados-Rivera et al. [10] and Díaz et al. [59].



Medium technology level. The leaders of other producer private organizations had much more limited advice [1,8,9]. Cooperative, producers’ organization and non-affiliation farmers showed a medium technological level (78%) and similar network centrality values among them. The leading producers of each organization of this group showed low technological adoption and centrality values, a low diversification degree, dairy specialization, low calf production and no cheese production [2,29,31]. However, the number of people economically dependent on the activity and the number of workers were high. Non-affiliation farmers (f_183) were close to other organizations (Figure 2) and showed similar technological and centrality network values.



Low technological level. The farmer affiliated to non-productive organizations (f_76), showed low network centrality and technology values (56%). This is due to the fact that this farmer was disconnected to the network. His strategy was based on milk and cheese production, with three workers [6,9,29,59].



The benchmarking analysis showed that belonging to a certain organization favours the technology adoption rate, although the degree of connectivity with other producers is more important. Being connected to technological leaders and farmers affiliated to different organizations with different social capital positively affects the technology adoption rate since this diversity is a source of information, knowledge, and resources. This research makes a significant contribution to advancing the understanding of the low technology adoption rate in the area of reproductive management in livestock systems, as technology is a strategic tool for development and increasing the competitiveness and viability of the farms [5,19,63], and contributions to the field will foster development that allows one to identify viable technologies, the sequence of adoption, the mode of dissemination and the technological leaders [8,28]. These findings agree with Zacharakis et al. [64], who suggested that networks are most effective when they are diverse, inclusive, flexible, horizontal (linking those of similar status) and vertical, linking those who have resources not available within the community. These results also match those found by Dhehibi et al. [65], who studied the agricultural technology transfer preferences of smallholder farmers in Tunisia and found that farmer-to-farmer interactions were perceived as the most effective agricultural extension methods. The author also points out that the know-how influenced the adoption level. In the context of innovation dissemination, this is related to the social learning theory which states that people learn with and from others by example or through observation [66].



Similarly, Zarazúa et al. [35] applied the SNA approach to assess social capital indicators in two groups of corn producers in Michoacán and found a strong relationship between the enhancement of technological innovation and the links established by farmers with actors involved in livestock activities. In this case, the farmers belonging to the most open network configuration presented better productive outcomes. These results were in line with those of Espejel-García et al. [60] where, in their study of the interaction patterns in Mexico rural innovation system, they found that there were agents who act as intermediaries of innovation with the ability to articulate the innovation system, link the actors and bring innovation to the end user. The author concluded that intermediaries with greater links defined the sources and types of innovation and activate interaction patterns between the several actors of the system.



On the other hand, Gholifar et al. [67] used the SNA approach to study sustainable aquaculture systems through an institutional collaboration network at Alborz Watershed in Iran and found that organizations can play a key role in the distribution of information, knowledge, and intersectoral cooperation among social agents, and pointed out that government agencies have more power and centrality in comparison to nongovernmental organizations, indicating a lack of co-management in the field. However, these results differ from Kleinnijenhuis et al. [68] who measured social influence in networks of practice and found that the members in the network who communicate about informal practice, and know who knows what, exert more social influence than others, suggesting that members’ social influence is rooted in their utilitarian value for others, and not in their organizational embeddedness.



In summary, the presented findings seem to be consistent with previous research on agricultural technology adoption [38,69,70,71,72,73], which found that farmers’ decisions to innovate are not based only on economic performance, but also in the context of social interactions among themselves and with agents that promote change.



The main limitation of this methodology lies in the sample definition. Future studies on the current topic are therefore recommended, using other analyses proposed in the literature to further investigate the nature of network data in the theoretical framework under study.





4. Conclusions


This research delved into the factors to explain the low technology adoption rate in the very small dual-purpose cattle farms in the Mexican tropics, employing the descriptive measure of social network analysis approach to examine its structure. The sample consisted of 383 farmers and nine reproductive management technologies are measured. The results showed that the farmer’s position in the network has a significant impact on their access to information as a productive resource. On the contrary, the farmers farthest from the central network position showed the lowest levels of betweenness value and high rates of constraint.



Using various centrality network measures, we identified three important factors within the agricultural innovation processes: the central farmers, the core technologies, and their adoption patterns. We found that there are elementary technologies widely adopted by most farmers and complementary technologies that tend to be jointly adopted; the adoption of one affects the adoption of the other.



The social network analysis approach seemed to be a valuable tool in improving decision-making processes within agricultural extension and training programmes, since it allowed one to analyse patterns of relationships between farmers and had a graph visualization of the network, showing the key agents with high potential to spread innovations. SNA was a useful methodological perspective of analysis to map knowledge networks within smallholder farmer communities that should be undertaken at the planning stage of programme development to build community social capital.
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Figure 1. Two-mode network visualization of farmers and type of organization.  [image: Sustainability 13 02291 i001] Organizations: GGAVATT (Livestock Groups for Technological Validation and Transfer), SPR (the Rural Production Society), cooperative, producer’s organization, non-productive organization, no affiliation.  [image: Sustainability 13 02291 i002] Farmers. 






Figure 1. Two-mode network visualization of farmers and type of organization.  [image: Sustainability 13 02291 i001] Organizations: GGAVATT (Livestock Groups for Technological Validation and Transfer), SPR (the Rural Production Society), cooperative, producer’s organization, non-productive organization, no affiliation.  [image: Sustainability 13 02291 i002] Farmers.



[image: Sustainability 13 02291 g001]







[image: Sustainability 13 02291 g002 550] 





Figure 2. One-mode network visualization of farmers. Nodes’ colour: organization type. Farmer code (f_ni), organization type:  [image: Sustainability 13 02291 i003] GAVVAT (Livestock Groups for Technological Validation and Transfer),  [image: Sustainability 13 02291 i004] SPR (the Rural Production Society)  [image: Sustainability 13 02291 i005] cooperative,  [image: Sustainability 13 02291 i006] producers organization,  [image: Sustainability 13 02291 i007] no organization,  [image: Sustainability 13 02291 i008] non-productive organization. 
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Figure 3. Two-mode network visualization of farmers and technologies.  [image: Sustainability 13 02291 i009] Technologies: T23. Using male breeds, T24. Using male crosses, T25. Using female breeds, T26. Using female crosses, T27. Use of genetically tested bulls, T28. Calves selection criteria, T29. Female selection criteria, T30. Sire selection criteria, T31. Crossbred system;  [image: Sustainability 13 02291 i010] Farmers. 
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Table 1. Structural characteristics of dual-purpose cattle farms (n = 383).
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	Variables
	Mean
	Median
	SD 1
	CV 2
	Min 3
	Max 4





	Grazing surface, ha
	27.17
	19
	38.67
	142.33%
	3
	400



	Total animal unit, UA
	19.25
	19.2
	3.96
	20.57%
	10
	47



	Herd size, n° cattle
	25.54
	25
	6.32
	24.76%
	10
	65



	Stocking rate, UA/ha
	1.09
	1
	0.636
	58.32%
	0.05
	3.82



	Milk production, l/year
	11,229
	10,000
	6825
	60.78%
	0
	36,500



	Milk per cow, l/cow/year
	987.71
	937.50
	591.75
	59.91%
	0
	2940



	Calves sold, n° calves
	4.90
	4
	5.81
	118.56%
	0
	40



	Unproductive animals, heads
	2.53
	0
	4.52
	178.92%
	0
	32



	Cheese yield, kg/farm/year
	245.25
	0
	733.71
	299.17%
	0
	9000



	Milk production, l/ha
	107.80
	52.63
	186.79
	173.27%
	0
	1429



	Stakeholders age, years
	51
	51
	14.51
	28.40%
	20
	85



	Dependents relatives, n
	2.91
	3
	1.80
	61.99%
	0
	9



	Employments, workers
	1.49
	1
	1.11
	74.28%
	0
	6







1 Standard deviation, 2 Coefficient of variation, 3 Minimum, 4 Maximum.
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Table 2. Reproductive management technologies in dual-purpose cattle farms.
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	Code
	Technological Level (%)
	Mean
	SD 1
	CV 2





	T31
	Crossbred system
	95.82
	0.200
	4.01



	T30
	Sire selection criteria
	90.34
	0.296
	8.75



	T29
	Female selection criteria
	89.56
	0.306
	9.38



	T26
	Using female crosses
	71.28
	0.453
	20.53



	T24
	Using male crosses
	55.87
	0.497
	24.72



	T28
	Calves selection criteria
	49.87
	0.501
	25.07



	T23
	Using male breeds
	37.34
	0.484
	23.46



	T25
	Using female breeds
	22.45
	0.418
	17.46



	T27
	Use of genetically tested bulls
	20.10
	0.401
	16.10







1 Standard deviation, 2 Coefficient of variation.













[image: Table] 





Table 3. Centrality network measures in dual-purpose cattle farms.
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	Mean
	Standard Error
	Median
	SD 1
	CV 2
	Min 3
	Max 4





	Degree
	5.38
	0.06
	5
	1.21
	1.47
	2
	9



	Closeness
	793
	0.283
	793
	5.52
	30.45
	785
	839



	Eigenvector
	0.105
	0.001
	0.11
	0.02
	0.000
	0.04
	0.15



	Betweenness
	3.94
	0.154
	2.87
	2.99
	8.93
	0.03
	16.71



	Constraint
	0.198
	0.003
	0.20
	0.06
	0.003
	0.11
	0.50







1 Standard deviation, 2 Coefficient of variation, 3 Minimum, 4 Maximum.
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Table 4. Farmer’s benchmarking by organization type.
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Leader Farmer

	
High Level

	
Medium Level

	
Low Level




	
Organization Type

	
GGAVATT 1

	
SPR 2

	
Cooperative

	
Producers Organization

	
No Affiliation

	
Non-Productive Organization






	
Farmer, code

	
f_623

	
f_374

	
f_1165

	
f_325

	
f_522

	
f_183

	
f_76




	
Network Analysis and technology

	

	

	

	

	

	

	




	
Technological adoption rate, %

	
100

	
89

	
89

	
78

	
78

	
78

	
56




	
Degree

	
9

	
8

	
8

	
7

	
7

	
7

	
5




	
Closeness

	
785

	
787

	
787

	
789

	
789

	
789

	
793




	
Eigenvector

	
0.15

	
0.13

	
0.13

	
0.12

	
0.12

	
0.13

	
0.11




	
Betweenness

	
16.71

	
13.59

	
13.59

	
10.5

	
8.64

	
7.54

	
1.57




	
Constraint

	
0.11

	
0.13

	
0.13

	
0.14

	
0.14

	
0.14

	
0.20




	
Structural characterization

	

	

	

	

	

	

	




	
Productive animals, cows

	
11

	
13

	
14

	
11

	
17

	
10

	
11




	
Animal units, heads

	
23.7

	
17.9

	
22.6

	
24.2

	
22.4

	
18.6

	
21.1




	
Stocking rate, UA/ha

	
40

	
22

	
31

	
37

	
25

	
25

	
26




	
Grazing surface, ha

	
1.00

	
1.12

	
2.26

	
0.56

	
1.32

	
0.81

	
0.41




	
Productive orientation

	
Milk, meat, and cheese

	
Milk

	
Milk–meat

	
Milk–meat

	
Milk

	
Milk–meat

	
Milk–cheese




	
Milk production, l/ha

	
76.79

	
141.54

	
171.43

	
464.55

	
63.15

	
54.78

	
12.83




	
Milk yield, l/year

	
20,020

	
11,040

	
24,000

	
15,330

	
18,250

	
12,600

	
7200




	
Milk per cow, l/cow/year

	
1820

	
849

	
1714

	
1394

	
1074

	
1260

	
654




	
Calves sold, n° calves

	
13

	
0

	
10

	
5

	
0

	
3

	
0




	
Cheese yield, kg/farm/year

	
730

	
10

	
0

	
0

	
0

	
0

	
100




	
Stakeholders age, years

	
50

	
28

	
40

	
64

	
45

	
48

	
52




	
Economics dependents, n°

	
1

	
1

	
3

	
8

	
5

	
1

	
3




	
Employees, workers

	
4

	
1

	
1

	
3

	
4

	
3

	
3








1 Livestock Groups for Technological Validation and Transfer; 2 the Rural Production Society.



















	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2021 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).






media/file13.jpg
A |

|
. omw
as
O
[ )
15) @
& 45
|

|

|





media/file4.png
_®
| .Produnefs' organization

.:_lfl _ ‘-kcﬂve organization






nav.xhtml


  sustainability-13-02291


  
    		
      sustainability-13-02291
    


  




  





media/file11.png





media/file16.png
B

|5






media/file2.png





media/file5.jpg





media/file7.png





media/file9.png





media/file1.jpg





media/file10.png





media/file15.png





media/file12.png
()

_. - _,../ ﬁ\\
N N.“ﬂw&% 4

a

%IJ ..g&m
N

VeV
b&.._vos& \\
4

\—_
¥
¢/
&~

=

\"

W

f466

o
=

—

f_1461
—

74
coai

Al

v






media/file3.png





media/file0.png





media/file14.png





media/file8.png





media/file6.png





