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Abstract

:

This study characterized breeding, housing, feeding and health management practices in positive deviants and typical average performing smallholder dairy farms in Tanzania. The objective was to distinguish management practices that positive deviant farms deploy differently from typical farms to ameliorate local prevalent environmental stresses. In a sample of 794 farms, positive deviants were classified on criteria of consistently outperforming typical farms (p < 0.05) in five production performance indicators: energy balance ≥ 0.35 Mcal NEL/d; disease-incidence density ≤ 12.75 per 100 animal-years at risk; daily milk yield ≥ 6.32 L/cow/day; age at first calving ≤ 1153.28 days; and calving interval ≤ 633.68 days. The study was a two-factor nested research design, with farms nested within the production environment, classified into low- and high-stress. Compared to typical farms, positive deviant farms had larger landholdings, as well as larger herds comprising more high-grade cattle housed in better quality zero-grazing stall units with larger floor spacing per animal. Positive deviants spent more on purchased fodder and water, and sourced professional veterinary services (p < 0.001) more frequently. These results show that management practices distinguishing positive deviants from typical farms were cattle upgrading, provision of larger animal floor spacing and investing more in cattle housing, fodder, watering, and professional veterinary services. These distinguishing practices can be associated with amelioration of feed scarcity, heat load stresses, and disease infections, as well as better animal welfare in positive deviant farms. Nutritional quality of the diet was not analyzed, for which research is recommended to ascertain whether the investments made by positive deviants are in quality of feeds.
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1. Introduction


Smallholder dairy farming in the tropics is practiced under multiple and variable environmental stresses, of which prevalent are feed scarcity, disease infections and heat load stresses. These environmental stresses either limit or reduce dairy productivity [1,2], and subsequently impact on livelihood benefits of dairy farming to the households. For improving smallholder livelihoods, it becomes necessary to identify management practices that enable farmers to ameliorate prevalent environmental stresses and minimize the resultant limitation or reduction in dairy productivity. Development agencies have invested in identifying and scaling appropriate management practices, which smallholder farmers can deploy to ameliorate the prevalent environmental stresses [3]. Of importance are management practices that farmers can adopt or adapt in their local production systems to attain livelihood benefits from dairy farming [2,4,5].



Positive deviance is an approach gaining importance in identifying management practices deployed to ameliorate local prevalent environmental stresses under similar production circumstances. In a given population, success in ameliorating local environmental stresses is associated with a few farmers exhibiting positive deviant behavior. The positive deviants exhibit outstanding performance, implying that they deploy positive deviant behavior that enables them to successfully ameliorate locally prevalent environmental stresses. The success of positive deviant farmers can then be shared, learnt and scaled in the locality to peer farmers who also face similar biophysical or resource constraints [6,7,8]. Interactions between different stakeholders can hasten the learning process of deploying those appropriate management practices in the locality.



Positive deviant behavior was initially applied in designing food supplementation programmes in Central America. Identification of dietary practices developed by mothers for their children was endogenous in nature [9]. The successes were extended to designing food supplementation and other nutritional promotion in the larger population. This was on the assumption that endogenously developed practices, although atypical, would be feasible and culturally acceptable, having been developed indigenously and not extraneously in the locality. Since then, positive deviant behavior has attracted research attention and application in public health, agriculture, and even in smallholder livestock systems [10,11,12,13].



In several studies of positive deviants in a population facing similar production challenges, distinguishable management practices is apparent. For example, in Northern Ghana, positive deviants deployed supplementary feeding, health management, animal housing at night and increased landholdings for growing crops and fodder [14]. In deploying these practices, they increased feed resource base with which they were able to enlarge the number of animals, improve animal welfare and address animal theft and production constraints. In the pastoral community-dominated area of West Gollis in Somaliland, positive deviants practice rotational reseeding, strip grazing, a mixture of Rhodes grass and lablab legume pastures, and sourcing alternative feeds [13,15]. In deploying these practices, they succeeded in preserving their rangelands and addressed feed scarcity by assuring stable access to animal feeds throughout the year. In the Ecuadorian Amazon, positive deviant farms that adopted rotational grazing and sourcing alternative sources of animal feeds were able to reduce pressure on pasture and slow down grazing-induced deforestation [13,16]. Management practices distinguishing positive deviant farms in organic dairy farming have also been documented in the Netherlands. By integrating and balancing the whole farm system, the positive deviant farms managed to keep healthy animals and realized optimal productivity with the minimal use of antibiotics [17].



These previous studies of positive deviance, especially in smallholder livestock farming, used cross-sectional survey data to distinguish associated management practices. This assumes that indicator variables observed reflect average animal performance over time. However, smallholder dairy farming is very dynamic, due to multiple roles that animals play and valued by the households. In such cases, a longitudinal dataset provides more informative average animal performance, from which may be discovered transferable management practices defining outperformance under similar levels of environmental stresses [14,17,18]. Longitudinal data has the advantage that it allows variables of interest to be assessed over time, and to monitor changes towards or away from positive deviance behavior.



Another weakness in the previous studies is sampling design that do not account for contrasting environmental stresses when assessing production performance. Using the same sample farms as used in the present study, Shija et al. [19] objectively isolated positive deviants from average typical performing farms under low- and high-stress dairy-production environments. However, the study did not distinguish management practices underpinning observed outperformance. The longitudinal data was for a period of 42 months, which is sufficient to allow for distinguishing management practices over time to account for the dynamic nature of smallholder dairy farming. Dairy cattle persistently exposed to multiple environmental stresses experience disrupted physiological functioning, a depressed welfare status and immune system, and subsequently fail to express full genetic production potential. Longitudinal data can reveal distinguishable management practices that positive deviant farms deploy differently to ameliorate persistent multiple environmental stresses in their production systems. This study characterized breeding, housing, feeding and health management practices in positive deviants and typical farms to distinguish management practices that they deploy to ameliorate local prevalent environmental stresses.



This paper first describes the research areas and the design of the research, then next follows with an explanation of how management data from smallholder dairy farms was collected, processed and analyzed. Following this are the results, discussion and conclusion, and recommendations that are presented seperately.




2. Materials and Methods


2.1. Data Source


This study is an extension of an earlier study [19] in which methodology was in detail of the study area, research design, data collection and identification process of positive deviants and typical farms. In this paper, complementary and objective specific information to present paper is described.



Data was accessed from 794 sample smallholder dairy farms in the Northern (Kilimanjaro region) and Eastern (Tanga region) milksheds of Tanzania. The farms were affiliated to the African Dairy Genetic Gains (ADGG) Program, a breeding improvement intervention being implemented to deliver superior heifers and bulls for artificial insemination [3]. The ADGG facilitates farmer access to superior dairy crossbred heifers, improved bulls and artificial insemination services. To support this, ADGG has developed a genetic gains platform that uses on-farm performance information and basic genomic data to identify and prove superior crossbred bulls for artificial insemination delivery and planned natural mating. The Northern milkshed is classified a low-stress dairy-production environment while the Eastern milkshed is classified a high-stress environment.



The low-stress environment is a high-altitude region with moderate and lower tropical temperatures, with average temperature-humidity index (THI) reaching 68.20. Dairy cattle farming in this agroecological zone is predominantly a stall-feeding system, where pastures are cut and carried to the cattle shed. Rainfall is bimodal pattern supporting high year-round fodder biomass supply for dairy cattle feeding. The disease incidences are also considered relatively lower [19]. Dairy production, as practiced in both low- and high-stress environments, is rainfed mixed crop-livestock production systems. In these production systems, both crops and livestock support livelihoods, nutrition and food security, income for cash needs, and manure used to restore soil fertility. The high-stress environment is a coastal lowland zone where a combination of high humidity, low altitude and high temperatures reaching a THI of 77.29 expose dairy cattle to mild to moderate heat stress levels. The disease incidences are relatively higher, especially tick-borne diseases that include East Coast Fever, Babesiosis, Anaplasmosis and other parasitic worm infestations.



Dairy cattle feeding in rainfed crop-livestock system here is stall feeding or pasture grazing in which supplemental fodder, crop residues and agro-industrial by-product-based concentrates are offered at strategic times. In both low- and high-stress environments, herd are often fewer than ten cows of either Holstein-Friesian, Ayrshire, Jersey cattle breeds, or their crosses with the local Tanzanian shorthorn zebu cattle breeds. Breeding is both by natural mating with bulls or artificial insemination. Farmers milk by hand twice a day, in the morning and evening.




2.2. Research Design


The study used a two-factor nested research design. The environment (low- and high-stress) was a fixed factor, while farms (positive deviants and typical farms) nested within the environment was a random factor. The farms represented the experimental units [20]. Nested design is a multilevel research design in which levels of one factor (farm) are nested within levels of another factor (environment). This type of model is used to analyze data that has a hierarchical structure [21]. In a nested design, the variation introduced at each hierarchy layer is assessed relative to the layer below it [22]. This design suited the objectives of this, as positive deviant farms under a low-stress environment are not the same positive deviant farms under a high-stress environment. This also applies to typical farms under low- and high- stress environments. The study objective was to distinguish management practices that positive deviant farms deploy differently from typical farms when nested/clustered within low- and high-stress environments to ameliorate local prevalent environmental stresses. The nesting design accounted for sources of variability in the hierarchical layers (farm within environment) [19,21,22].



The present study is building upon an earlier empirical study, which objectively identified positive deviant farms from large sample farms using the Pareto-Optimality ranking technique [19]. The isolated positive deviant farms were those that consistently outperformed (p < 0.05) their peers (typical farms) in the five production performance indicators. A positive deviant farm had to attain performance above the population threshold point, which was set to: daily milk yield ≥ 6.32 L/cow/day; age at first calving ≤ 1153.28 days; calving interval ≤ 633.68 days; energy balance ≥ 0.35 Mcal NEL/d; and disease-incidence density ≤ 12.75 per 100 animal-years at risk.



Isolation of positive deviant farms was a step-wise process implemented in four steps: (ⅰ) quantifying current performance indicator variables at farm level in each of the 794 sample farms; (ⅱ) quantifying threshold points for each of the five performance variables at the population average; (ⅲ) executing Pareto-Optimality ranking technique with standardized indicator variables to generate a set of Pareto-Optimality ranking solutions; and (ⅳ) isolating truly positive deviant dairy farms from a wide array of Pareto-Optimal solutions by comparing Pareto-Optimal solutions against the set population threshold points for each of the five criteria production indicators. In subjecting the 794 sample farms to the Pareto-Optimality ranking technique, truly positive deviant farms could be identified (3.4%; 27/794).




2.3. Data Collection and Processing


This subsection provides explanations on how data from a sample of smallholder dairy farms was collected and processed. The ADGG is using Livestock Field Officers/ para-professional veterinary assistants (PPVAs), also known as Performance Recording Agents (PRAs), assigned to visit each farm once or twice a month. During each visit, they record detailed events of animal performance data including milk yield, breeding, feeding and animal healthcare management using an Open Data Kit tool installed on Android Tablets. The ADGG granted access to their database for animal performance data collected from 2016 through 2020 for the purpose of this scientific study. The database is hosted by the International Livestock Research Institute (https://www.adgg.ilri.org/uat/auth/auth/login, accessed on 1 July 2020). Additional data was collected on management during visits of the individual farms, with assistance of the PPVAs. During the visits, farm records were examined, face-to-face interviews were held with the farmers and direct on-farm observations were made and recorded.



From the ADGG database, management data was extracted for processing to create the variables needed for differentiating management practices deployed in positive deviant farms from typical farms. The variables included land size in acres, number of animals in a herd, house floor spacing per animal, cowshed construction materials (wood, stone/brick walls, grass/makuti roofing and corrugated iron sheet roofing), dairy cattle breeds (Holstein-Friesian, Ayrshire and Jersey), breed composition (25%, 50% or >75% of exotic blood levels and purebred), type of cowshed (either permanent or semi-permanent), feeding systems, and proportion of different feed resources in the animal diet (fodder, crop residues and concentrates). Some of the variables were computed from obtained information, including the cost of feeds, watering and health services.



Health costs accounted for deworming, dipping and vaccination costs, while health treatment costs accounted for drugs and service costs only. The feed cost accounted for fodder growing, feed purchase and transportation, while the watering cost was for water bills and transportation expenses. The dimensions of the cowshed, including length and width, were measured using a rolling tape. Floor spacing/area (m2) per animal was computed as the total width × length of the cowshed (including stalls, alleys and crossovers), divided by the number of dairy cattle present in the cowshed at the time of assessment. Anima health service providers were grouped into professional animal health service providers (animal health service providers/paravet, government veterinarian, project/NGO staff, co-operative/group staff and agrovet shop) and fellow farmers (self with professional advice, neighbor with professional advice, self without professional advice and neighbor without professional advice).




2.4. Statistical Analysis


This subsection describes how data on management practices collected from smallholder dairy farmers were analyzed. All statistical analyses for scale variables were performed in SAS software [23], fitting the linear mixed model to account for variables that could be correlated or with non-constant variability. Means separation was achieved with least significant difference for direct pairwise comparisons between means. Statistical testing was set at α = 0.05, and the model fitted was in the form


   Y  ijk   = μ +   PE  i  + FT    (  PE  )    ij   +  ℮  ijk    



(1)




where,    Y  ijk     = dependent variables, µ = overall mean,     PE  i    = fixed effect of production environment (low- and high-stress environments),   FT    (  PE  )    j  ( i )      = random effect of farm nested within the production environment, and    ℮  k  (  ij  )      = random error. The dependent variables were land size, number of animals, house floor spacing per animal, and the cost of watering, feed, and health costs. Analyses for categorical and count data were performed in SPSS software [24]. A bivariate correlation was performed to determine the association between feed cost and milk yield. Chi-Square tests was used for count and categorical data to test for the differences in the observed frequencies.





3. Results


This section is divided into several subsections to provide a concise description of the results.



3.1. Housing and Breeding Management Practices


Results indicate that majority of farmers in the sample were males, and were aged over 45 years, regardless of whether there were positive deviants or typical farmers in low- or high-stress environments. The average landholding, number of animals and floor spacing per animal in stall zero-grazing units is presented in Table 1 for positive deviants and typical farms and for low- and high-stress environments. Results reveal differences (p < 0.05) between positive and typical farms in landholding size owned in both low- and high-stress environments, the number of animals in low-stress environment and in house floor spacing per animal in high-stress environment. Compared to typical farms, positive deviant farms were larger in size, about three times larger (2.7–2.9) in low- and high-stress environments. However, the number of animals was only higher in positive deviant farms found in low-stress environment, about two times larger (1.7) relative to typical farms. In the positive deviant farms, house floor space per animal was only about two times larger in a high-stress environment. A comparison between positive deviants and typical farms revealed no difference (p > 0.05) in the number of animals under a high-stress environment and in floor spacing under a low-stress environment.



Table 2 presents the distribution frequency of type of cattle housing and construction materials in positive deviants and typical farms under low- and high-stress environments. Cattle in both positive deviants and typical farms were predominantly housed in stalls (≥94.4% farms), but the quality was comparatively better in positive deviants, where permanent housing were more (76.9% vs. 47.8%) with cement or brick walls (80% vs. 60%) and iron sheet roofing (100% vs. 74%).



Holstein-Friesian dominated over Ayrshire or Jersey dairy cattle breeds in the sample smallholder farms (Table 3). A difference in breed composition was observed between the environments (p < 0.001), but not between the farms (p > 0.05). Results reveal dominance of Holstein-Friesian cattle breed under a high-stress environment, despite being considered to suffer high sensitivity to disease infections, heat loads and higher nutritional demand needed to support potentially high productivity levels.



Crossbreeding is a common practice of upgrading dairy cattle in smallholder farming systems. The animal distribution frequency by upgrading levels in positive deviants and typical farms under stressful environments is summarized in Table 4. Cattle upgraded to higher grade levels (≥75% exotic breed) were a larger proportion of the total number of animals in positive deviant farms than in typical farms in both high-stress (76% vs. 61.7%) and low-stress environments (14.3% vs. 8.4%). Higher-grade (≥75% exotic breed) cattle were also a larger proportion of the total number of animals in a high-stress environment than in a low-stress production environment (62.3% vs. 8.8%).




3.2. Feeding and Health Management Practices


Table 5 presents the mean proportions of fodder, concentrates and crop residues in a cattle diet on positive deviants and typical farms under contrasting stressful environments. Diet composition only differed between the environments (p < 0.05), but not between positive deviants and typical farms (p > 0.05). Under a low-stress environment, purchased fodder was a larger proportion of the diet in positive deviant farms, 11% to 13% more than was observed in typical farms. Diets were relatively higher in fodder and crop residues in a low-stress environment than in a high-stress environment. The fodder consisted of green fodder and pastures from on-farm, communal land or market purchases. A larger proportion of purchased fodder and crop residues in the diet was observed in a low-stress environment, while a larger proportion of on-farm fodder and pasture in the diet was observed in a high-stress environment.



Figure 1, Figure 2, Figure 3 and Figure 4 illustrate the differences in feed cost, watering cost and health management cost as percentage difference, and the mean difference in cost per treatment event under low- and high-stress environments. A positive value for low-stress environment indicated that the cost was higher in a low-stress environment than was in a high-stress environment, while a positive value for positive deviants indicated that the cost was higher in positive deviants than was in typical farms. A negative value indicated the opposite.



Feeding was predominantly in stalls, a cut and carry feeding practice locally popular as zero-grazing. This was regardless of the farm management style (100% positive deviants vs. 94.4% typical farms). Figure 1 reveals that higher feed costs were incurred in a low-stress environment than in a high-stress environment, and in positive deviants than in typical farms under a high-stress environment, but not under a low-stress environment. A bivariate correlation between feed cost and milk yield was positive and highly significant (r = 0.275, p < 0.001), indicating that milk yield increased with increased investment in feeds.



The watering cost, illustrated in Figure 2, reveals that watering costs were lower in a low-stress environment than in a high-stress environment. By farms, watering costs were higher in positive deviants than in typical farms under a low-stress environment, but lower under a high-stress environment. On average, positive deviant farms incurred more on water (1.9%) for cattle than was incurred in typical farms. Regardless of the farm management style, the source of water was predominantly tap water or wells. A bivariate correlation between watering cost and distance from the farm to the main water source during the dry season was positive and significant (r = 0.336, p < 0.001), indicating that during dry seasons, the cost of water increased with the increase in distance to the water source.



The health cost, as illustrated in Figure 3, show that health management costs (deworming; dipping and vaccinations) were substantially lower in a low-stress environment than in a high-stress environment. However, comparison between farms show that health costs were relatively lower (7.6%) in positive deviant farms compared to typical farms in a low-stress environment, and marginally higher (1%) in positive deviant farms than in typical farms under a high-stress environment.



The mean differences in cost per treatment per animal (drugs plus service costs) between positive deviant farms and typical farms under low- and high-stress environments are illustrated in Figure 4. Per case of treatment, results reveal that positive deviant farms were on average spending more (p < 0.05) than typical farms to treat a reported case. Table 6 results reveal that higher treatment costs in positive deviant farms were related to more frequent sourcing of professional animal health service providers in both a high-stress environment (45.5 vs. 40.6%) and a low-stress environment (75.0 vs. 66.5%). Positive deviant farms more frequently sourced professional animal health services in a low-stress environment than in a high-stress environment (67.0 vs. 40.7%).





4. Discussion


This study characterized management practices that differentiate positive deviants from average typical farms under similar levels of environmental stresses. Characterization was on breeding, housing, feeding and health management practices, which farms may deploy to ameliorate heat load stress, feed scarcity or disease infections, as these either limit or reduce dairy productivity [25,26]. Positive deviant farms were defined narrowly—that is, a farm had to consistently outperform above the population mean in five production indicators: energy balance ≥ 0.35 Mcal NEL/d; disease-incidence density ≤ 12.75 per 100 animal-years at risk; daily milk yield ≥ 6.32 L/cow/day; age at first calving ≤ 1153.28 days; and calving interval ≤ 633.68 days. The identification of positive deviant farms was with the use of Pareto-Optimality ranking technique [19].



Multiple production performance indicators used in the Pareto-Optimality ranking technique correspond to the econometric measure of farm efficiency that accounts for multiple inputs [27]. Farm efficiency has two components; technical efficiency, which reflects the firm’s capacity to maximize output from a given set of inputs, and allocative efficiency, which reflects the capacity of a firm to utilize the inputs in the best combinations possible, given their respective prices.



The two-factor nested research designs employed in this study are a multilevel model suitable for analyzing hierarchical data. For this study, the objective was to identify the management practices that positive deviant farms deploy differently from typical farms nested within low- and high-stress environments. The nesting allowed for fitting random effects to analyze variability in the layers of the hierarchical structure [21,22].



4.1. Breeding Practices


Breeding practices that differentiated positive deviant farms from typical farms were the large number of animals comprising higher-grade cattle (≥75% exotic blood), predominantly the Holstein-Friesian cattle breed. This points to positive deviant farmers pursuing cattle upgrading objective and preference for breeds with high milk-yielding potential. Dairy cattle upgrading is a technological intervention deployed to improve milk production and productivity, especially for a small number of animals, characteristically fewer than ten [28]. High-grade Holstein-Friesian dairy cattle are potentially higher-yielding than the Ayrshire or Jersey breeds [5]. To a household, high milk-yielding potential is important in breed choice for provision of a regular stream of milk for quality food as a source of protein and for income. This is supportive to the production objective of smallholders in adopting improved dairy cattle to increase milk production for both home consumption and marketable surplus for cash income [29,30,31,32].



Higher levels upgrading of dairy cattle observed in positive deviants than typical farms under high-stress environment points to positive deviants being early adopters of artificial insemination (AI) and improved bulls. This dairy upgrading has further been promoted by the ADGG project since 2016 in the study areas [3]. The project facilitates farmer access to superior dairy crossbred heifers, improved bulls and AI services [33]. Both positive deviants and typical farms had access to these dairy breeding technologies, so early adopter behavior of positive deviants is likely aided by ownership of more production resources and commercial orientation in production. In a high-stress environment, there is a milk processing plant (Tanga Fresh Ltd, Tanga, Tanzania) with uptake capacity of 50,000 L/day of raw milk. This is a milk market that commercially oriented positive deviant producers can find attractive to invest in dairy production. This observation is supported by the results that indicated that positive deviants were investing more in dairy than typical farmers. This could be that positive deviants access credit facility from Tanga Model to buy quality heifers from public and private dairy multiplication farms established in high-stress environments [8,34]. Tanga Model is a credit facility operated in a high-stress environment to promote dairy cattle farming. Therefore, empowering typical farmers is necessary to engage in these economic opportunities to improve their production performance.



Upgrading dairy cattle adaptable to local production environment through crossbreeding is a common management practice in smallholder farming. Crossbreeding between indigenous and exotic dairy cattle has been implemented extensively in the tropics to improve production performances of indigenous [4]. It is hypothesized that crossbred cattle would be more productive and resilient to prevalent environmental stresses in smallholder farming systems. In most cases, however, crossbreeding in the tropics and in particular smallholder farming systems is not well structured, resulting in farmers keeping a range of mixed crossbred genotypes aiming to improve productivity [5,35]. Appropriate organizational structures to support a long-term planned crossbreeding program thus remains necessary.




4.2. Housing Management


The cattle housing management practices differentiating positive deviants from typical farms were larger floor spacing per animal (10.4 vs. 7.1 m2/cow) in better quality zero-grazing stall units. The recommended floor spacing is 7.4 to 9.3 m2/cow to allow for proper air movement and natural expression of animal behavior [36]. This is because natural air movement increases convection, which reduces environmental temperatures and accumulation of ammonia gas inside the zero-grazing stall units. Therefore, in typical farms, animals were allowed inadequate spacing (6.2 m2 per animal), especially under a high-stress environment where animals most needed to be protected from heat stress exposure. On positive deviant farms, floor spacing area per animal allowed exceeded the recommended area, so a larger floor spacing can be associated with more comfort and better animal welfare, and these do have an ameliorative effect on heat load stresses [37,38].



Under tropical conditions, adequate house floor spacing per animal can be associated with improved cow comfort. This is supported by observations [36,38,39] that increasing floor area per animal has a decreasing effect on air temperature inside the cow barn. This is important in a high-stress environment, where ameliorating heat stress will improve microclimate in animal housing [36,39,40]. Animals in good welfare status have improved dry matter intake, and are able to utilize the nutrients for milk production, which explains the observed higher production performance of the cattle in positive deviant farms.



Better comfort and improved animal welfare is especially important in the coastal lowland zone, classified as a high-stress dairy-production environment [41,42]. Here, animals were exposed to mild to moderate heat stress indicated by lower spacing of 6.2 m2 per animal in typical farms and a THI of 77.29 [5,19], a level at which animals begin to exhibit heat stress signs. In dairy cattle, heat stress signs are associated with poor growth, suboptimal reproduction and lower milk production, due to elevated blood insulin and protein catabolism [43,44].



In positive deviant farms, the zero-grazing stall units were made of durable materials (cement or brick walls and concrete floors with corrugated iron sheet roofing), which do confer better quality housing conditions. This allows for easy cleaning to maintain high standards of hygiene, subsequently improving animal comfort, health and welfare status. The use of durable construction materials in positive deviant farms indicates high-quality housing and more investment to improve animal welfare, but also to secure livestock assets from theft [14]. Durable construction materials can help to protect animals against bacterial infections due to ease of cleaning to improve sanitation [38,40,45,46]. However, current findings suggest that positive deviant farmers were ameliorating environmental stresses more successfully with increased investments in dairy farming because they were spending more to purchase inputs, probably being more resource-endowed.




4.3. Feeding Practices


Feeding practices that differentiated positive deviants from typical farms were greater investment in external sourcing of fodder and water to address feed scarcity. This investment was important for improving dairy productivity, as feed scarcity is a production limitation in smallholder dairy farming. Positive deviant farms were larger landholding, which can be associated with producing more fodder and accessing more crop residues for dairy cattle feeding. Though positive deviants had about three-times-larger landholdings relative to typical farms (9.0 vs. 3.3 acres), they still sourced fodder externally, indicating insufficient on-farm fodder production. With a large number of animals of high-grade Holstein-Friesian cattle breed, positive deviant farms were likely under more pressure to supply forage fodder from own-farm sources [28,47,48]. Own-produced fodder can reduce feed costs associated with market sourced feeds. By investing more in producing milk, positive deviants used more inputs. This corroborates the findings of Kibiego et al. [27], who observed that farmers increased milk produced with increasing the variable costs. In this study, feed quality of on-farm and market-sourced fodder was not assessed to inform on whether investment is also on quality of the feed. This is a knowledge gap in this study, for which research is recommended to inform dairy farmers and extension services for decision making.



Fodder supply indicated that more feed is needed in a high-stress environment than in a low-stress environment. This contrasts a previous study in the same sample farms which did not reveal any significant difference in energy balance (Mcal NEL/d) for lactating cows between low- and high-stress environments [19]. It can be interpreted that feed scarcity is experienced in both low- and high-stress environments, but at a greater magnitude in high-stress environments. For optimal productivity, options to increase feed supply cheaply is sourcing alternative feeds rich in energy and protein, as conventional feed resources are costly. For example, growing a mixture of Rhodes grass and Desmodium species or Lablab legume pastures, in addition to outsourcing, can assure stable access to animal feeds throughout the year in both production environments. For successful dairy farming, reliability in supply of sufficient and quality fodder is necessary to support higher productivity levels [42,49]. Producing improved fodder needs capacity building of farmers in selection of suitable forage species, forage agronomy and soil management to sustain forage supply [32,50].



Higher investment in water supplies observed in positive deviant farms can be associated with ameliorating heat stress and improving animal welfare [26,38]. This is alternative to heavier investment needed in using high energy-demanding technologies such as fans, misters and showers to ameliorate heat stress in dairy cattle. The effective use of watering to ameliorate heat stress for cattle in the zero-grazing stall units will, however, require adequate water supplies at increased investments. This brings a need for public investment in water harvesting, storage and supply infrastructure in dairy milksheds, particularly in the high-stress environment.




4.4. Animal Health Management Practices


Animal health management practices could be differentiated between positive deviants and typical farmers. More investment in professional veterinary services and lower cost in healthcare management differentiated positive deviants from typical farmers. Lower healthcare management cost can be related to spending more on preventive than curative health practices, as positive deviants more frequently consulted professional veterinary service providers, in both low-stress (75.0 vs. 66.5%) and high-stress (45.5 vs. 40.7%) environments. It is more important in a high-stress environment, which is a coastal lowland zone classified a high-stress dairy production environment because of persistent animal exposure to a combination of high humidity with mild to moderate thermal heat stress (77.29 THI units) and prevalent disease infections.



After 72 THI units, animals begin to exhibit heat stress, which physiologically depress their feed intake and subsequently also lower their immune system. So, more frequently sourcing professional animal health services observed among positive deviant farms indicates that they were ameliorating disease infections at a fee. In other words, this is implying that they had higher ability to reliably pay for the veterinary services.



Frequent sourcing of professional services could mean investment in more preventive than curative healthcare management in positive deviant farms compared to typical farms. In regularly consulting professional health service providers, positive deviants were more likely to ensure appropriate prescription for the right veterinary product, thus avoiding unnecessary costs and misuse of drugs [51]. Professional animal health services can also be associated with the delivery of high-quality animal health services, which is supportive to keeping high-grade dairy cattle in better health status to attain increasing productivity [32,52]. However, farmers need resources to spend on disease prevention and curative services. Farmers with limited resources spent much less on treatment than those who are better off in resource ownership, and this is important for diseases with a high morbidity but comparatively low mortality rate [53].



In the sample farms, positive deviants were relatively more production resource-endowed than typical farms. This is indicated by ownership of larger landholding and the number of dairy cattle, more capital invested in water, veterinary, and durable and quality animal housing. These enabled positive deviants to access quality veterinary inputs and services [51], which supports the need for cooperative membership to allow farmers to access quality veterinary inputs and services to ameliorate disease infection stresses [51,54,55]. This shows that technical innovations that enhance management of cow health, genetic quality and nutrition are critical for increasing dairy productivity. Along these improvements, it is necessary to improve the efficiency of the dairy supply chain through organizational and institutional innovations, which should include access to affordable credits [56]. Farmer cooperative movement offers a viable intervention for both positive deviants and typical farms, as cooperatives can hire professional veterinarians and stock quality veterinary inputs and arrange for access to these inputs and services at affordable and conveniently arranged credit facility. This should improve the delivery of animal health services for smallholder dairy farmers [57].



Implementation of the strategies proposed here can benefit from deeper understanding of underlying farmers’ attitudes, intention and perceptions that influence positive deviants’ motives to improve their management practices. This is because the adoption of management practices is a highly nuanced multivariate behavior [58]. This requires considering a number of factors when promoting effective management strategies, including farmers’ attitudes and neighbour pressure that can drive the subjective norm as was observed in the Loess Plateau of China [59]. In addition, perceptions of farmers’ ability to affect recommended innovations is a significant determinant of farmers’ intention to adopt and apply dairy innovations. In the current study areas, members of cooperative societies be able to access affordable credit to accelerate adoption of dairy innovations [27,56].





5. Conclusions


Evidence generated in this study show that management practices differentiating positive deviants from typical farms are cattle upgrading, allowing for larger animal floor spacing and investing more in cattle housing, fodder, watering, and professional animal health services. Investing more in fodder and watering reflects efforts to ameliorate feed scarcity. Upgrading is crossbreeding that improves adaptability of the dairy breed under tropical stresses, larger animal floor spacing and investing more in cattle housing, professional animal health services are interventions supportive to ameliorating disease infections. Dairy crossbreeding in the upgrading, larger animal floor spacing, and investing more in cattle housing and watering reflects interventions to ameliorate heat stress. Therefore, these practices can be associated with the amelioration of feed scarcity, disease infections and heat load stresses, subsequently supporting better animal welfare status and lowering health management cost in positive deviant farms. However, nutritional quality of the diet was not analyzed to inform whether positive deviants direct the investments to improving feed quality. This knowledge gap will require research to close.
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Figure 1. Mean percentage differences in feed cost per animal per year in positive deviants (PD) and typical farms under low-stress (LSDPE) and high-stress (HSDPE) environments. 
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Figure 2. Mean percentage differences in watering cost per animal per year in positive (PD) and typical farms under low-stress (LSDPE) and high-stress (HSDPE) dairy environments. 
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Figure 3. Mean percentage differences in healthcare management cost per animal per year in positive deviants (PD) and typical farms under low-stress (LSDPE) and high-stress (HSDPE) environments. 
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Figure 4. Mean differences in treatment cost per animal (‘000’ TZS/animal) in positive deviants (PD) and typical farms under low-stress (LSDPE) and high-stress (HSDPE) environments (2297.53 TZS = 1 US Dollar). 
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Table 1. Means (mean ± SE) of land size, the number of animals and stall floor spacing per cow in positive deviants and typical farms under contrasting environments.
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Factor

	
Level

	
Land Size

(Acres)

	
Number of Animals

	
Stall Floor Spacing (m2/Cow)






	
Environment

	

	

	

	




	

	
Low-stress

	
4.85 ± 0.78

	
5.89 ± 0.68

	
7.80 ± 0.82




	
High-stress

	
7.92 ± 0.95

	
4.33 ± 0.82

	
9.68 ± 0.99




	
Mean difference

	
3.07 *

	
1.55 NS

	
1.88 NS




	
Farm (Environment)

	

	

	

	




	

	
Low-stress

	

	

	




	
Positive deviants

	
7.08 ± 1.52

	
7.33 ± 1.32

	
7.54 ± 1.59




	
Typical

	
2.61 ± 0.37

	
4.44 ± 0.32

	
8.06 ± 0.38




	
Mean difference

	
4.47 **

	
2.89 *

	
0.53 NS




	
High-stress

	

	

	




	
Positive deviants

	
11.83 ± 1.86

	
4.17 ± 1.61

	
13.19 ± 1.94




	
Typical

	
4.00 ± 0.35

	
4.50 ± 0.31

	
6.17 ± 0.37




	
Mean difference

	
7.83 ***

	
0.34 NS

	
7.01 ***




	
Farm

	

	

	

	




	

	
Positive deviants

	
9.46 ± 1.20

	
5.75 ± 1.04

	
10.36 ± 1.25




	

	
Typical

	
3.31 ± 0.25

	
4.47 ± 0.22

	
7.12 ± 0.27




	

	
Mean difference

	
6.15 ***

	
1.28 NS

	
3.24 *








*** p < 0.001, ** p < 0.01, * p < 0.05, NS p > 0.05.
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Table 2. Distribution frequency (percentage) of cattle housing and construction materials in positive deviant and typical farms under contrasting stressful environments.
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	Factor
	Positive Deviant Farms (n = 15)
	Typical Farms

(n = 322)
	Chi-Square Test





	Housing type (%)
	
	
	



	Permanent house
	76.9
	47.8
	*



	Semi-permanent house
	23.1
	52.2
	



	Housing materials (%)
	
	
	



	Wood
	100.0
	87.9
	NS



	Stone/brick wall
	80.0
	60.1
	NS



	Grass/makuti roofing
	0.0
	25.5
	*



	Corrugated iron sheet roofing
	100.0
	74.1
	*







* p < 0.05; NS p > 0.05.
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Table 3. Animal distribution frequency (percentage) by breeds in positive deviant and typical farms under stressful environments.
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Factor

	
Level

	
Holstein-Friesian

	
Ayrshire

	
Jersey

	
Chi-Square Tests






	
Environment

	

	

	

	

	




	

	
Low-stress (n = 1059)

	
68.5

	
26.0

	
5.6

	
***




	
High-stress (n = 1819)

	
81.3

	
16.1

	
2.6




	
Farm (Environment)

	

	

	

	

	




	

	
Low-stress

	

	

	

	




	
Positive deviants (n = 51)

	
60.8

	
37.3

	
2.0

	
NS




	
Typical (n = 1008)

	
68.8

	
25.4

	
5.8




	
High-stress

	

	

	

	




	
Positive deviants (n = 59)

	
81.4

	
13.6

	
5.1

	
NS




	
Typical (n = 1760)

	
81.3

	
16.1

	
2.6




	
Farm

	

	

	

	

	




	

	
Positive deviants (n = 110)

	
71.8

	
24.5

	
3.6

	
NS




	

	
Typical (n = 2768)

	
76.8

	
19.5

	
3.7








*** p < 0.001; NS p > 0.05.













[image: Table] 





Table 4. Animal distribution frequency (percentage) by upgrading levels in positive deviant and typical farms under contrasting stressful environments.
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Factor

	
Level

	
Upgrading Level (% of Exotic Blood Levels)

	
Chi-Square Tests




	
25%

	
50%

	
>75%

	
Purebred






	
Environment

	

	

	

	

	

	




	

	
Low-stress (n = 973)

	
7.0

	
84.3

	
6.7

	
2.0

	
***




	
High-stress (n = 1068)

	
5.1

	
32.6

	
61.6

	
0.7




	
Farm (Environment)

	

	

	

	

	

	




	

	
Low-stress

	

	

	

	

	




	
Positive deviants (n = 42)

	
4.8

	
81.0

	
11.8

	
2.4

	
NS




	
Typical (n = 931)

	
7.1

	
84.4

	
6.4

	
2.1




	
High-stress

	

	

	

	

	




	
Positive deviants (n = 50)

	
-

	
24.0

	
72.0

	
4.0

	
**




	
Typical (n = 1018)

	
5.3

	
33.0

	
61.1

	
0.6




	
Farm

	

	

	

	

	

	




	

	
Positive deviants (n = 92)

	
2.2

	
50.0

	
44.6

	
3.2

	
*




	

	
Typical (n = 1949)

	
6.2

	
57.6

	
35.0

	
1.3








n = number of animals; *** p < 0.0001; ** p < 0.001; * p < 0.05, NS p > 0.05.













[image: Table] 





Table 5. Mean (±SD) proportions of fodder, concentrates and crop residues in the diets fed to dairy cattle in positive deviants and typical farms under contrasting environments.
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	Factor
	Level
	Fodder
	Concentrates
	Crop Residues





	Environment
	
	
	
	



	
	Low-stress (n = 164)
	0.5 ± 0.2
	0.2 ± 0.04
	0.3 ± 0.2



	
	High-stress (n = 173)
	0.4 ± 0.08
	0.3 ± 0.03
	0.2 ± 0.1



	
	Mean difference
	0.01 **
	0.1 NS
	0.01 **



	Farm (Environment)
	
	
	
	



	
	Low-stress
	
	
	



	
	Positive deviants (n = 9)
	0.5 ± 0.1
	0.3 ± 0.01
	0.3 ± 0.1



	
	Typical (n = 155)
	0.4 ± 0.2
	0.2 ± 0.04
	0.3 ± 0.2



	
	Mean difference
	0.1 NS
	0.1 NS
	0.0 NS



	
	High-stress
	
	
	



	
	Positive deviants (n = 6)
	0.5 ± 0.01
	0.3 ± 0.01
	0.3 ± 0.01



	
	Typical (n = 167)
	0.4 ± 0.1
	0.3 ± 0.03
	0.2 ± 0.01



	
	Mean difference
	0.1 NS
	0.0 NS
	0.1 NS



	Farm
	
	
	
	



	
	Positive deviants (n = 15)
	0.5 ± 0.1
	0.3 ± 0.01
	0.3 ± 0.1



	
	Typical (n = 322)
	0.5 ± 0.2
	0.3 ± 0.01
	0.3 ± 0.1



	
	Mean difference
	0.0 NS
	0.0 NS
	0.0 NS







** p < 0.01; NS p > 0.05.
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Table 6. Distribution frequency (percentage) of animal health service providers sourced by positive deviant and typical farms under contrasting stressful environments.
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Factor

	
Level

	
Fellow Farmers

	
Professional Animal Health Service Providers

	
Chi-Square Tests






	
Production environment

	

	

	

	




	

	
Low-stress (n = 221)

	
33.0

	
67.0

	
***




	
High-stress (n = 297)

	
59.3

	
40.7

	




	
Farm (Environment)

	

	

	

	




	

	
Low-stress

	

	

	




	

	
Positive deviants (n = 12)

	
25.0

	
75.0

	
NS




	

	
Typical (n = 209)

	
33.5

	
66.5

	




	

	
High-stress

	

	

	




	

	
Positive deviants (n = 11)

	
54.5

	
45.5

	
NS




	

	
Typical (n = 286)

	
59.4

	
40.6

	




	
Farm

	

	

	

	




	

	
Positive deviants (n = 23)

	
39.1

	
60.9

	
NS




	

	
Typical (n = 495)

	
48.5

	
51.5

	








*** p < 0.001; NS p > 0.05.
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