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Proper animal feeding practices play a fundamental role in enhancing livestock health and maximizing output. Given the governmental restrictions on green fodder cultivation in Saudi Arabia (SA) due to water conservation efforts, the use of compound feed could serve as a viable alternative for livestock farmers. This study aimed to investigate livestock farmers' farming objectives, their feeding management strategies, and the uptake of compound feed in the country. Data from 650 randomly selected livestock farmers were collected through an online survey with the assistance of the Ministry of Environment, Water and Agriculture. The findings showed that most farmers raised sheep and goats for trade purposes using specialized farms and desert grazing. Alfalfa hay was widely used as a fodder along with barley grain. While approximately 47% of the farmers did not utilize compound feed, 44% reported its usage. Binary logistic regression analysis indicated that formal education, farming experience, and income level significantly influenced the adoption of compound feed among livestock farmers. These results underscore the critical role of education and financial resources in promoting the use of compound feed among livestock farmers in SA. It is recommended that government institutions should develop initiatives to educate farmers on proper animal nutrition practices and provide financial support to make compound feed more affordable for low-income farmers. The widespread use of compound feed has the potential to enhance livestock health and productivity, thereby positively contributing to the food security of SA.
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1 Introduction

The livestock sector plays a pivotal role in global food security and livelihood generation. It provides a diverse range of nutritious food products that are essential for improved human health and nutrition (Appleby and Mitchell, 2018; Godde et al., 2021; FAO, 2023). Nearly 40% of the value-added agricultural products are derived from livestock production. Around the globe, over one billion people depend on livestock productions systems for their livelihood, with the majority being small-scale livestock farmers (FAO, 2023; FAO et al., 2023). Moreover, sustainable livestock production systems are also vital to the achievement of several Sustainable Development Goals (SDGs) of the United Nations (UN), which focus on hunger reduction, income generation, and environmental stewardship (Alonso et al., 2019; Varijakshapanicker et al., 2019; Molina-Flores et al., 2020; Schneider and Tarawali, 2021; FAO, 2023; FAO et al., 2023).

The livestock sector is a cornerstone of Saudi Arabia's economy, accounting for 46% of the national Gross Domestic Product (GDP), with an approximate monetary worth of 24.7$ billion (FAO, 2021). It has played an important role in achieving self-sufficiency in several livestock-derived products and therefore has a positive impact on the national food security. The country predominantly relies on locally produced meat, with an annual output of approximately 292,000 tons, and has a substantial production of dairy products, approximately 29.16 million tons (FAO, 2021). Remarkably, Saudi Arabia exceeds self-sufficiency in dairy and egg production, with rates of 121% and 112%, respectively. The self-sufficiency rates for red meat, poultry, and fish stand at 43%, 66%, and 40%, respectively (Ministry of Environment, 2022). According to the FAO's (2021) annual statistical report, 43% of the total agricultural imports of the country are grain crops, whereas dairy products and table eggs constitute about 24% of the total agricultural exports.

As the global population continues to grow and living standards improve due to higher incomes, a corresponding increase in the demand for animal-based products is also expected. This has led to an expansion in ruminant livestock production, consequently increasing the consumption of feeds like cereal grains and soybean meals—resources that could otherwise be used for human consumption. This development has sparked concerns about competition for already scarce arable land dedicated to cereal crop production, highlighting the need for sustainable agricultural practices (Wilkinson and Lee, 2018). Fodder is a critical ingredient of animal feed and is essential for meeting livestock' nutritional requirements. Insufficient availability of both fresh and processed fodder can lead to a decline in livestock population, and therefore adversely affects dairy and meat production (Hailesilassie, 2016; Ahamed et al., 2023). To address rising fodder demands, many farmers in Saudi Arabia (SA) expanded cultivation, which in turn resulted in increased utilization of the country's limited water resource. According to Ministry of Environment, Water and Agriculture, SA, fodder crops alone consume about 79% of the amount of water used for agricultural purposes in SA. Given the current rates of water consumption, some regions in the Kingdom may face reserve stock depletion during the next decade (Ghanem et al., 2021). Moreover, amid the ongoing threat of climate change that is anticipated to have negative impacts on the agricultural productivity and water resources in SA (Al Zawad and Aksakal, 2010; DeNicola et al., 2015; Haque and Khan, 2022), it is a serious challenge to grow more fodder to meet livestock feed requirements. To optimize the use of limited water resources, the country has prepared a comprehensive “National Water Strategy 2030,” which aims to improve water resource management in the country by reducing the cultivation of water-intensive fodder crops (Ghanem et al., 2021). In this context, there is an urgent need to employ advanced feed approaches to enhance the production, profitability, and sustainability of animal-based products in the country.

Traditional livestock feeding methods, which are characterized by the lack of nutritional balance and sufficient fodder, are significant contributors to low livestock productivity (Manoj, 2015). Studies show that heavy reliance on livestock grazing is tied to inadequate knowledge about the importance of feed quality and its impacts on livestock productivity, scarcity of land for cultivating high-quality fodder as lands are used for other crops, diminishing soil fertility, and unfavorable climatic conditions like reduced rainfall and prolonged dry seasons. Additionally, farmers have limited understanding of how to grow forage, which exacerbates the forage deficit that negatively affects livestock production, particularly in dry seasons (Shrinivasa and Mathur, 2020).

Optimal animal nutrition is indispensable for the health and welfare of animals as well as for the production of safe, high-quality animal-derived products (van der Linde et al., 2001; Yosef et al., 2022). Rising demands for proteins of animal origin have intensified animal production systems, making them heavily reliant on industrial compound feed (Moorby and Fraser, 2021). Compound feed offers key advantages over traditional feed. It is not only a nutritionally balanced diet, but it is also convenient to use, and leads to improved yields (Okewole and Igbeka, 2016; Balehegn et al., 2020). Additionally, it helps reduce forage waste and enhances nutrient availability (Garg et al., 2013). Compound feeds are complex and comprise over 20 carefully chosen ingredients, which are selected on the stringent criteria of nutritional quality, safety, price, and availability (van der Aar et al., 2016). Three main criteria determine the composition, including cost, nutritional profile, and animal characteristics. Moreover, the nutritional composition of compound feed varies as per the type of livestock to be fed and its stages of growth (Zahari and Alimon, 2005).

Livestock farmers' adoption and use of compound feed can be influenced by different personal, socio-economic, and several other factors. Personal factors include age, gender, level of formal education, farm size, size of herd, and livestock farming experience. Economic factors include level of farm income, off-farm income, and cost of compound feed. Other factors that may also influence livestock farmers' adoption decisions include level of knowledge about compound feed and its potential benefits for maximizing livestock productivity, purpose of livestock farming, access to grazing resources, access to credit services, access to extension and advisory services, farmers' sources of information about livestock nutrition, memberships of farmer-based livestock organizations, availability of alternative feed sources, availability of compound feed and market access, and market prices of animal-based products. All these factors can shape livestock farmers' decisions about adoption of compound feed for feeding livestock (Baba et al., 2019; Dhraief et al., 2019; Lima et al., 2023; Ngeno, 2024).

Inadequate livestock diets can result in significant economic losses through poor animal health, inefficient feed conversion, and reduced output of animal-derived products (Gizzi and Givens, 2004; Han and Dingemanse, 2015; Makkar, 2018). Encouraging livestock farmers to adopt compound feed for boosting livestock productivity and meeting the demand for animal-derived products poses a substantial challenge for agricultural policy makers. A recent study Al-Mutairi et al. (2023) assessed livestock farmers' on-farm adoption of feed-safety standard practices in the Riyadh region. However, there are no studies that attempted to explore livestock farmers' adoption of compound feeding practices. This study is designed to fill this gap and intends to analyze livestock farmer's adoption of compound feeding practices at the farm level and determine the impact of different socio-economic factors that affect their adoption decisions.



2 Materials and methods


2.1 Research design, population and sampling

A cross-sectional survey was used as a research design for the present study. Information about livestock farmers of Saudi Arabia was obtained from the Ministry of Environment, Water and Agriculture (MEWA), which has developed a database of the registered livestock farmers in Saudi Arabia. As of December 2021, the total number of registered livestock farmers with the ministry were 108,901 (Ministry of Environment, 2021). Around 650 livestock farmers were randomly selected for data collection. Data were collected with the help of the MEWA using an online survey. The survey was started in May 2023 and took 4 months for its completion. About 538 livestock farmers provided data for the study that was used in the final analysis.



2.2 Research instrument

In order to facilitate understanding and ensure clarity, the survey questionnaire was structured into several sections, each focusing on a specific theme. The opening section contained questions related to livestock farmers' demographic and socio-economic attributes, including gender, nationality, education, level of income, livestock farming experience, main occupation besides livestock farming, types of livestock, and area of residence. The second section included questions about the purpose of livestock farming. The third section asked the livestock farmers how they raise their livestock. In the fourth section, there were questions regarding the management and supervision of livestock farming activities. The fifth section consisted of questions about livestock farmers' herd feeding practices, including different types of green fodder, concentrated feed, and type of grains. The last section of the survey questionnaire contained questions regarding their knowledge about compound livestock feed. The questionnaire was evaluated by the researchers and experts from the King Saud University.



2.3 Data analysis

Descriptive statistics such as frequency distributions and percentages were used to summarize demographic and socio-economic characteristics of the livestock farmers. Moreover, descriptive statistics were also used to show the results related to different livestock management practices of the farmers on their farms. Based on their use of compound feed, the livestock farmers were categorized into two groups: non-adopters and adopters. Binary Logistic Regression model was used to analyze the impact of various socio-economic variables on the adoption of compound feeding practices. The significance level (α) was set at 5% in order to decide the overall statistical significance of the regression model as well as for each independent variable in the model. Statistical Package for Social Sciences (SPSS v28) was used for data analysis. The regression model takes the following form:

The logistic regression model can be formulated as follows in Equations 1–4:
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Where: Y is the dependent variable and takes two values: 0 is no adoption and 1 represents adoption.

let x1, x2, ..., x7 to denote p independent variables that can be affect the dependent variable, then the distribution of y = {1, 0} given explanatory variables is Bernoulli with parameter π, and given by:
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and
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where exp refers to exponential function, (β0, β1, ..., β7) are logistic coefficients which show the effects of explanatory or independent variables on the probability that the Responsive livestock breeder belong to represents adoption π or no adoption (1−π).

The logit model, Loge(π/(1−π)), denoted as follow (Gujarati, 2021):
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β0, β1, β2, β3, β4, β5, β6, β7 are the parameters that will be estimated.

X1 = Education level

X2 = Monthly income

X3 = Farming experience

X4 = Occupation besides livestock farming

X5 = Geographical location

X6 = Membership of livestock associations

X7 = Knowledge about compound feed.




3 Results


3.1 Livestock farmers' demographic and socioeconomic attributes

Table 1 presents the results of the livestock farmers' demographic and socioeconomic attributes. An overwhelming majority (98%) of the farmers were males; females constituted only 2% of the livestock farmers. Saudi nationals also dominate the livestock profession as almost 99% of the livestock farmers were Saudi citizens. About 57% of the farmers were below 40 years of age. Nearly two-fifth (39%) of the farmers were between 41 to 60 years of age. The farmers who were over 60 years formed only a small percentage (4%) of the sample. About three-fifth (59%) of the livestock farmers had college-level education, whereas 34% of them only attended secondary school education or below. The farmers who had university-level qualifications were around 7%. About 46% of the farmers had maximum monthly income of 10,000 Saudi Riyals (SR) or below than it. The farmers whose monthly income ranges between 11,000 to 15,000 SR were around 22%. Nearly 19% of the farmers reported their monthly income over 15,000 SR. However, about 13% of the livestock farmers preferred not to disclose their monthly income.


TABLE 1 Livestock farmers' demographic profile.
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Over half (55%) of the farmers possessed < 10 years of livestock farming experience, while about 29% of them reported between 10 to 20 years of experience. The farmers who had more than 20 years of livestock farming experience were around 16%. Half (51%) of the livestock farmers were working in the public sector, whereas 16% of them were private sector employees. Just over one-fourth (22%) of the farmers indicated that livestock farming was their sole profession. Most of the farmers had sheep (82%) and goats (56%) on their farms. Only a small percentage (4%) of the farmers had cows for milk production purposes. In terms of regional distribution of the livestock farmers, over half (48%) of them were located in the central regions of Saudi Arabia, followed by 20% of the farmers in the western regions and 15% of them in the northern regions of Saudi Arabia. Only 6% of the farmers were members of the livestock associations operating in the country; a vast majority of them (94%) had no formal memberships. Internet (39%) was the main source of information about livestock nutrition. About 16% of the livestock farmers used agricultural extension wing of the MEWA for getting information about livestock nutrition.



3.2 Livestock management and feeding practices

The findings about farmers' livestock management and herd feeding practices are shown in Table 2. Most of the livestock farmers raised livestock for reproduction (43%) and trade purposes (41%). About 28% of them also raised livestock as a hobby. Relatively less farmers were involved in livestock farming specifically for milk (6%) and meat (18%) production. Most of the livestock farmers (76%) had workers for the care and feeding of their livestock under their supervision. Approximately 13% of the farmers indicated that they personally managed their livestock without any outside help. There was a small percentage (2%) of the farmers who were not involved in the supervision of raising livestock and all activities were managed by the workers without their supervision. Most of the (40%) farmers raised the livestock at special farms, followed by grazing in desert (34%). The farmers who used sheds outside cities were about 30%. The majority (67%) of the livestock farmers were feeding different animals of their herd with same fodder. The most commonly used green fodder was Alfalfa (68%), followed by the Rhodes herb (31%) and wet clover (23%). The least used green fodder crops were Blue Bionic (9%) and Bonicam (10%). In terms of grain feeding, barely is the most commonly used grain (84%) by the farmers, followed by Bran (11%) and Maize (9%). Over two-fifth (44%) of the farmers indicated that they used concentrated feed cubes for feeding their livestock. Soybean powder as a feed was used by only few farmers (2%). However, about 47% of the farmers did not use any concentrated feed for their livestock.


TABLE 2 Livestock management and feeding practices of the livestock farmers.
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3.3 Feed procurement practices and knowledge about compound feed

Table 3 presents the findings pertaining to farmers' feed procurement practices and their level of understanding regarding compound feed. The majority (63%) of the farmers procured livestock feed from designated feed markets. Additionally, approximately 30% of them purchased feed from mobile vehicles engaged in the sale of fodder outside of feed markets. A significant proportion of the farmers (34%) made livestock feed purchases on a monthly basis, while around 16% reported weekly purchases. Farmers who purchased livestock feed more than once a week accounted for approximately 6% of the total. Regarding feed storage practices, over half (58%) of the livestock farmers stored feed under shaded areas on their farms. A relatively small percentage (9%) of the farmers utilized dedicated warehouses equipped with appropriate temperature and humidity control systems for the storage of livestock feed. The most prominent factor influencing farmers' decisions about livestock feed was the quality of the feed in relation to enhancing livestock production (43%). Price (20%) and ease of availability (18%) were two other factors that played a role in farmers' decision-making processes regarding feed selection. When queried about their level of knowledge regarding compound livestock feed, nearly half (47%) of the farmers reported possessing a moderate level of understanding. Approximately one-fifth (22%) of the farmers indicated a low level of knowledge, while livestock farmers who claimed to possess a high level of knowledge regarding compound livestock feed accounted for approximately 17% of the total.


TABLE 3 Livestock farmers' feed procurement practices.
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3.4 Relationship of socioeconomic factors with adoption of compound livestock feed

Table 4 presents the findings of a binary logistic regression analysis conducted to assess how livestock farmers' socioeconomic variables influence their decision to adopt compound feed. We employed regression analysis to examine whether socioeconomic factors helped us explain differences in adoption of compound feeding practices. The regression model was statistically significant (χ2 = 258.38; df = 19; p-value ≤ 0.001) and correctly predicted the adoption of compound feed for 76% of the livestock farmers. The analysis of Hosmer and Lemeshow test (χ2 = 4.627; df = 8; p-value = 0.797) indicated that the model has appropriate goodness of fit. Moreover, the value of Nagelkerke R2 (0.588) suggests that approximately 58% of the variability in adoption of compound livestock feed is due to the model, which suggests a significant improvement over the null model. The model estimates revealed that education level, monthly income, and farming experience had a significant relationship with the adoption of compound feed.


TABLE 4 Relationship of socioeconomic variables with the adoption of compound feed.
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The odds of adoption of compound feed by livestock farmers having college-level qualifications were approximately 34 times higher than those who had primary-level education. Similarly, the odds of adoption of the farmers having university-level qualifications were approximately 161 times higher than those with primary education. Livestock producers with a monthly income ranging from 6,000 to 10,000 SR were about eight times more inclined to embrace compound feed compared to those earning < 5,000 SR per month. Additionally, livestock farmers earning over 15,000 SR on a monthly basis were roughly fifteen times more likely to adopt compound feed than those earning below 5,000 SR each month. Regarding livestock farming experience, individuals with over two decades of experience were approximately eight times more disposed toward adopting compound feeding methods when compared to those with < 10 years of experience.




4 Discussion and implications

This research aims to investigate how livestock farmers in Saudi Arabia manage and feed their animals. It also examines their feed procurement practices and perceived knowledge about compound feed. Additionally, we evaluate how different socio-economic factors influence their decisions to use compound feed. The findings of the research indicate that animal husbandry is primarily a male-dominated occupation in Saudi Arabia. This could be attributed to the longstanding tradition of men being engaged in livestock rearing, as well as the physical demands and labor-intensive nature of this field which are often associated with masculinity. However, given advancements in farming practices and evolving societal attitudes, there is a potential for women to play an active role in this industry and excel in the field of livestock farming (Narmatha et al., 2015; Quisumbing and Doss, 2021). The majority of individuals working in the livestock industry in Saudi Arabia are Saudi citizens, with only a small number of residents owning farms. This imbalance may result from their inclination toward other industrial sectors or challenges in hiring affordable labor from abroad rather than employing local workers. Nevertheless, foreign workers form the major part of the workforce involved in managing and carrying out day-to-day operations on livestock farms under the supervision of Saudi owners in the country.

Most farmers primarily rear their livestock for commercial purposes and breeding. In Saudi Arabia, this is a profitable practice due to substantial market demand for meat. Livestock are sold in the open market and ultimately used for meat consumption by local residents, which is why sheep and goats are the predominant choices for many farmers. However, only a small proportion of farmers operate their own meat supply outlets to directly cater to consumers. On the other hand, the production of milk is largely controlled by big dairy companies such as Almarai, Nadec, Alsafi, and Nada in Saudi Arabia, making it less common for farmers to raise livestock specifically for milk production. These companies manage large-scale dairy farms equipped with advanced infrastructure and technology for milk production processing. Cattle farming for milk production is comparatively more costly than sheep and goat farming. It involves additional expenses for constructing suitable infrastructure for cows, as well as the challenge of managing them, particularly in desert environments. This also explains why only a few farmers raise cattle and do not engage in milk production.

Farmers in Saudi Arabia employ various techniques to maximize livestock productivity and overcome challenges. The most common method is raising animals on specialized farms, which involves creating tailored facilities such as barns and feeding systems. This approach has been encouraged by the increasing local demand for meat products, particularly lambs and goats. Specialized farms allow for improved management operations, leading to enhanced production efficiency and profitability while also offering better waste management opportunities that can reduce the environmental impact of livestock (Kamphuis et al., 2015; Martin et al., 2020; Wang'ombe, 2023). Additionally, many farmers still utilize traditional methods like grazing in designated desert areas where natural vegetation is available for the animals to feed on freely. While this method requires less infrastructure and is cost-effective, it presents challenges in ensuring consistent nutrition and animal welfare (Monteiro et al., 2017; Wróbel et al., 2023).

Livestock nutrition is heavily reliant on green fodder, which provides essential nutrients and fiber necessary for growth and overall health. Different varieties of green fodder are used depending on availability, nutritional content, and animal-specific requirements. In Saudi Arabia, alfalfa is a popular choice among livestock producers due to its high protein content and ability to thrive in warm and dry climatic conditions. Rhodes grass and wet clover are also commonly used by farmers. Barley is the primary grain for feeding livestock. However, a government-imposed ban on green fodder cultivation has posed significant challenges for the country's livestock industry by impacting water use in agriculture. The agricultural sector accounts for approximately 67% of domestic water usage with around 80% of the water extracted from deep non-renewable groundwater aquifers as well as renewable shallow alluvial aquifers (Ministry of Environment, 2022). Fodder production has the largest share, accounting for 67% of the agricultural water consumption (Ghanem et al., 2021). Over-extraction of groundwater resources has led to the depletion of limited groundwater resources (Awadh et al., 2021; Alotaibi et al., 2023). During the 1980s, the government initiated massive agricultural subsidies for installing deep wells to promote agricultural production in Saudi Arabia. However, in the long run, these practices have proved unsustainable for the country (FAO, 2018; Touidjeni et al., 2022). Since 2019, there has been a decline in the consumption of water by the agricultural sector due to strict governmental policies regarding agricultural water use (Odnoletkova and Patzek, 2023). Moreover, a ban on green fodder cultivation has resulted in a decrease in the area under fodder crops (Ministry of Environment, 2019).

The prohibition of green fodder cultivation has effectively reduced agricultural water usage, but it has also heightened livestock farmers' dependence on imported fodder from other nations. Saudi Arabia now ranks fifth globally as a major importer of forage crops (OEC, 2023a). In 2022, the country was ranked as the second largest importer of Lucerne (alfalfa) meals and pellets (OEC, 2023b). The import value of alfalfa meals rose from $31.3 million in 2018 to $65.5 million in 2021. With the livestock industry expanding, future fodder imports are expected to increase further. Relying heavily on imported fodder presents various challenges such as increased costs for livestock farmers and susceptibility to supply chain disruptions. This underscores the necessity for Saudi Arabia to consider alternative approaches like investing in sustainable fodder production technologies to ensure long-term food and feed security for its livestock sector.

The utilization of compound feed is positioned to address the challenges arising from the ban on green fodder cultivation and heavy dependence on imported fodder in Saudi Arabia. Despite a significant number of farmers still relying on traditional grazing and green fodder, a notable proportion has shifted toward using compound feed for their livestock. The demand for compound feed has led to steady growth in Saudi Arabia's animal feed market, with its value reaching 2.41$ billion in 2020 and projected to rise to 3.46$ billion by the end of 2027, driven by the rapidly expanding livestock industry (KSI, 2023). Limited domestic production capacity necessitates substantial imports of animal feed into the country from other nations. Additionally, government support and subsidies have been provided to importers with an aim to enhance availability and affordability of compound feed for livestock farmers; however, recent subsidy-restructuring initiatives seek more sustainable practices within the sector while reducing budget strain (Ghazaly et al., 2020).

Compound feed provides numerous advantages over green fodder, particularly in terms of convenience, nutritional content, and cost-effectiveness. Its ready-to-use nature eliminates the need for labor-intensive processes such as planting, harvesting, and processing green fodder. Additionally, it is designed to offer balanced nutrition for livestock that ensures their optimal growth, development, and overall well-being (McDonald et al., 2011; Okewole and Igbeka, 2016; Balehegn et al., 2020; Shrinivasa and Mathur, 2020). Moreover, compound feed addresses the risk of nutrient deficiencies associated with green fodder by carefully meeting the specific nutritional needs of various livestock species. Furthermore, compared to green fodder, compound feed has a longer shelf life which reduces spoilage and wastage risk (McDonald et al., 2011). Overall, the adoption of compound feed can lead to increased efficiency in livestock production, improved animal health and welfare, and reduced costs for farmers.

Several studies (Mondal, 2009; Drannikov et al., 2022; Li et al., 2022; Marynich et al., 2022; Ndudzo et al., 2023) suggest that use of compound feed improves growth and overall productivity of sheep and goats, mainly through improved nutritional profile, digestibility, feed conversion efficiency and reduced costs. Unlike pasture grazing, compound feeds ensure a balanced supply of proteins, fats, carbohydrates, minerals, and vitamins, which is essential during crucial stages of growth and development like lactation and reproduction. Moreover, compound feed ingredients like legumes and grains are more digestible than roughages and help sheep and goats to extract nutrients easily from feed. This in turn results in increased body weight, milk production and improved meat quality, helping livestock farmers to maximize economic returns. Although compound feed is generally more expensive than fodder, however it has high economic feasibility due to its significant role in increasing overall productivity and profitability by improving livestock health, reproductive performance, survival rates, and reduced labor costs, especially where farm labor is expensive (Altynbayeva and Baimukhanova, 2021). In certain areas where most of the ingredients of compound feed are locally produced and processed, its price might also be low. In Saudi Arabia, much of the ingredients of compound feed are imported from other countries due to lack of local production. However, currently the government is offering subsidies to procure compound feed for the farmers at affordable prices as the government has placed a ban on fodder production as well as on wheat production in Saudi Arabia to preserve rapidly depleting groundwater resources.

Using food waste as an alternative source of livestock feed could also be a viable option in the context of Saudi Arabia. Historically, feeding livestock with food waste has been practiced in many parts of the world and livestock animals acted as bio-processors for converting food waste materials into quality products like milk, meat, and eggs. However, intensive and precision animal feeding approaches has become more common focusing on maximum productivity to meet food requirements of the rapidly growing population (Dou et al., 2018). But greater vigilance about environmental sustainability and conservation of resources has renewed interest in reinvigorating this age-old practice. Saudi Arabia is one of those countries that has high food waste at consumer level. The estimates showed that about 40–50% of food goes to waste in the country (UNDP, 2022). Utilizing a considerable proportion of this waste after processing for livestock feed offers several benefits for the country. Firstly, it can reduce waste disposal problems and burden on landfills and therefore contributes to sustainable waste management (Nath et al., 2023). Secondly, it can reduce pressure on natural resources by minimizing the use of land, water, energy, and other resources to produce animal feed. It would also help reduce feed exports from other countries and would serve as a cost-effective feed source for livestock farmers (Dou et al., 2022; Lalramhlimi et al., 2022; Rasool et al., 2023). Lastly, it would contribute toward climate change mitigation and achievement of sustainable development goals by reducing greenhouse gas emissions and transforming food production into a more sustainable food system and would help the country transition toward circular bioeconomy (Dou et al., 2018; Nath et al., 2023). However, development of efficient systems for converting food waste into livestock feed is a serious challenge and requires collaboration and coordination of various stakeholders for its effective implementation. Moreover, strict regulatory measures that ensure safety of animal feed would also be necessary for safeguarding animal and human health (Ominski et al., 2022).

The results indicate that specific socioeconomic attributes of livestock farmers are linked to their choices regarding using compound feed. Formal education, farming experience, and income significantly impact the adoption of compound feed. Livestock farmers with higher formal education, more farming experience, and higher income levels tend to adopt compound feed for their animals compared to those with lower education, less experience in farming, and lower incomes. Higher formal education allows farmers to better understand the benefits of using compound feed in enhancing animal health and overall productivity, while farming experience provides them with knowledge and confidence to implement new practices on their farms. Moreover, higher incomes enable investment in purchasing compound feed for livestock. These factors play a critical role in shaping farmers' decisions and underscore the significance of education, experience, and financial resources in promoting the use of compound feed in livestock farming. This also suggests that making compound feed more affordable and accessible for low-income farmers could potentially raise adoption rates leading to improved livestock productivity and profitability. Hence policymakers should prioritize providing educational opportunities, particularly those with limited formal education and should implement targeted interventions to improve the financial access of low-income farmers to compound feed in order to promote its adoption and enhance livestock productivity and profitability.



5 Conclusion

Based on the results, it is evident most of the livestock farmers in Saudi Arabia are engaged in raising sheep and goats for commercial purposes, catering to local meat consumption. The majority of the farmers feed their livestock with alfalfa hay and barley grain. The prohibition on local green fodder production has led to an increase in the importation of these crops over recent years to satisfy domestic demand. To address the scarcity of green fodder, farmers have also started using compound feed. The widespread adoption of compound feed presents a strategic solution for sustainable livestock production in KSA by potentially improving productivity, sustainability, and profitability within the industry. This transition could facilitate more efficient use of the nation's limited arable land and water resources by significantly reducing water consumption, thereby allowing the cultivation of other high-value crops. To decrease reliance on imports for animal feed, it is recommended that Saudi Arabia invests in developing less water-intensive and salt-tolerant green fodder crops as increased reliance on imports makes the country more vulnerable to fluctuations in global feed markets and potential supply disruptions. As income level of the livestock farmers is a significant determinant of compound feed adoption, potential subsidies by the government should particularly be targeted toward small-scale low-income farmers. Additionally, the agricultural extension wing of the Ministry of Environment, Water and Agriculture (MEWA) needs to be actively involved in educating livestock farmers about the potential benefits of compound feed as well as feed safety practices and relevant institutions should implement these practices along the feed supply chain in order to ensure a healthy food system. Ensuring a stable supply of quality fodder and compound feed for livestock producers would help Saudi Arabia achieve its vision of a thriving livestock industry, capable of meeting the growing demand for high-quality animal-based products.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The studies involving humans were approved by IBR, King Saud University, Saudi Arabia. The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study.



Author contributions

MA: Formal analysis, Project administration, Visualization, Writing – review & editing. BA: Data curation, Investigation, Methodology, Supervision, Writing – original draft. NA: Conceptualization, Data curation, Formal analysis, Writing – original draft. MI: Data curation, Investigation, Writing – review & editing, Conceptualization, Software, Writing – original draft. MM: Data curation, Investigation, Writing – review & editing, Methodology, Project administration.



Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. This research was funded by Researchers Supporting Project Number (RSP2024R443), King Saud University, Riyadh, Saudi Arabia.



Acknowledgments

The authors are grateful to the Ministry of Environment, Water and Agriculture (MEWA) the support in data collection.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

 Ahamed, M. S., Sultan, M., Shamshiri, R. R., Rahman, M. M., Aleem, M., and Balasundram, S. K. (2023). Present status and challenges of fodder production in controlled environments: a review. Smart Agric. Technol. 3:100080. doi: 10.1016/j.atech.2022.100080

 Al Zawad, F. M., and Aksakal, A. (2010). “Impacts of climate change on water resources in Saudi Arabia,” in Global Warming: Engineering Solutions, 511–523. doi: 10.1007/978-1-4419-1017-2_33

 Al-Mutairi, M. H., Alzahrani, K., Dabiah, A. T., and Kassem, H. S. (2023). Adoption of on-farm feed safety practices among livestock farmers: evidence from Saudi Arabia. Heliyon 9:e22838. doi: 10.1016/j.heliyon.2023.e22838

 Alonso, S., Dominguez-Salas, P., and Grace, D. (2019). The role of livestock products for nutrition in the first 1,000 days of life. Animal Front. 9, 24–31. doi: 10.1093/af/vfz033

 Alotaibi, B. A., Baig, M. B., Najim, M. M., Shah, A. A., and Alamri, Y. A. (2023). Water scarcity management to ensure food scarcity through sustainable water resources management in Saudi Arabia. Sustainability 15:10648. doi: 10.3390/su151310648

 Altynbayeva, G., and Baimukhanova, J. (2021). The use of substandard grain in the technology of compound feed of increased nutritional value. J. Almaty Technol. Univ. 3, 10–18. doi: 10.48184/2304-568X-2021-3-10-18

 Appleby, M. C., and Mitchell, L. A. (2018). Understanding human and other animal behaviour: ethology, welfare and food policy. Appl. Anim. Behav. Sci. 205, 126–131. doi: 10.1016/j.applanim.2018.05.032

 Awadh, S. M., Al-Mimar, H., and Yaseen, Z. M. (2021). Groundwater availability and water demand sustainability over the upper mega aquifers of Arabian Peninsula and west region of Iraq. Environ. Dev. Sustain. 23, 1–21. doi: 10.1007/s10668-019-00578-z

 Baba, S., Dagong, M., Sohrah, S., and Utamy, R. (2019). Factors affecting the adoption of agricultural by-products as feed by beef cattle farmers in Maros regency of South Sulawesi, Indonesia. Trop. Animal Sci. J. 42, 76–80. doi: 10.5398/tasj.2019.42.1.76

 Balehegn, M., Duncan, A., Tolera, A., Ayantunde, A. A., Issa, S., Karimou, M., et al. (2020). Improving adoption of technologies and interventions for increasing supply of quality livestock feed in low-and middle-income countries. Global Food Secur. 26:100372. doi: 10.1016/j.gfs.2020.100372

 DeNicola, E., Aburizaiza, O. S., Siddique, A., Khwaja, H., and Carpenter, D. O. (2015). Climate change and water scarcity: the case of Saudi Arabia. Ann. Global Health 81, 342–353. doi: 10.1016/j.aogh.2015.08.005

 Dhraief, M. Z., Bedhiaf, S., Dhehibi, B., Oueslati-Zlaoui, M., Jebali, O., and Ben-Youssef, S. (2019). Factors Affecting Innovative Technologies Adoption by Livestock Holders in Arid Area of Tunisia. New Medit: Mediterranean Journal of Economics, Agriculture and Environment. doi: 10.30682/nm1904a

 Dou, Z., Toth, J. D., Pitta, D. W., Bender, J. S., Hennessy, M. L., Vecchiarelli, B., et al. (2022). Proof of concept for developing novel feeds for cattle from wasted food and crop biomass to enhance agri-food system efficiency. Sci. Rep. 12:13630. doi: 10.1038/s41598-022-17812-w

 Dou, Z., Toth, J. D., and Westendorf, M. L. (2018). Food waste for livestock feeding: Feasibility, safety, and sustainability implications. Global Food Secur. 17, 154–161. doi: 10.1016/j.gfs.2017.12.003

 Drannikov, A., Iskusnykh, A. Y., Derkanosova, A., Torshina, A., Kurchaeva, E., and Shevtsov, A. (2022). “Use of a complex of biologically active additives in complete compound feed for farm animals,” in IOP Conference Series: Earth and Environmental Science (IOP Publishing), 012020. doi: 10.1088/1755-1315/1052/1/012020

 FAO (2018). The State of Food Security and Nutrition in the World: Building Climate Resilience for Food Security and Nutrition. Rome, Italy: FAO.

 FAO (2021). Annual Agricultural Imports and Exports in Saudi Arabia. Rome, Italy: FAO.

 FAO (2023). Contribution of terrestrial animal source food to healthy diets for improved nutrition and health outcomes: An evidence and policy overview on the state of knowledge and gaps. Rome: FAO.

 FAO I, UNICEF, WFP, and WHO.. (2023). The State of Food Security and Nutrition in the World 2023 Urbanization, agrifood systems transformation and healthy diets across the rural–urban continuum. Rome: FAO.

 Garg, M., Sherasia, P., Bhanderi, B., Phondba, B., Shelke, S., and Makkar, H. (2013). Effects of feeding nutritionally balanced rations on animal productivity, feed conversion efficiency, feed nitrogen use efficiency, rumen microbial protein supply, parasitic load, immunity and enteric methane emissions of milking animals under field conditions. Anim. Feed Sci. Technol. 179, 24–35. doi: 10.1016/j.anifeedsci.2012.11.005

 Ghanem, A. M., Al-Ruwis, K. N., Alqahtani, S. H., Al-Nashwan, O. S., Al-Duwais, A. A. M., et al. (2021). The economic dimension of directing treated wastewater to the production of green fodder in Saudi Arabia. Saudi J. Biol. Sci. 28, 4825–4832. doi: 10.1016/j.sjbs.2021.05.012

 Ghazaly, S., Rabbat, R., and El Ghazzi, O. (2020). Agricultural Subsidies in the Gcc: Three Principles for Maximum impact. Strategy and Part of the PwC Network. Available online at: https://www.strategyand.pwc.com/m1/en (accessed, 2023).

 Gizzi, G., and Givens, D. (2004). Variability in feed composition and its impact on animal production. FAO Animal Production and Health Paper.

 Godde, C. M., Mason-D'croz, D., Mayberry, D., Thornton, P. K., and Herrero, M. (2021). Impacts of climate change on the livestock food supply chain; a review of the evidence. Global Food Secur. 28:100488. doi: 10.1016/j.gfs.2020.100488

 Gujarati, D. N. (2021). Essentials of Econometrics. London: Sage Publications.

 Hailesilassie, H. (2016). The effect of improved fodder production on livestock productivity in Endamehoni District, southern Tigray Ethiopia. Master of Science degree in Land Resource Management and Environmental protection, Mekelle University.

 Han, C. S., and Dingemanse, N. J. (2015). Effect of diet on the structure of animal personality. Front. Zool. 12:S5. doi: 10.1186/1742-9994-12-S1-S5

 Haque, M. I., and Khan, M. R. (2022). Impact of climate change on food security in Saudi Arabia: a roadmap to agriculture-water sustainability. J. Agribus. Dev. Emerg. Econ. 12, 1–18. doi: 10.1108/JADEE-06-2020-0127

 Kamphuis, C., Steeneveld, W., and Hogeveen, H. (2015). “3.2. Economic modelling to evaluate the benefits of precision livestock farming technologies,” in Precision Livestock Farming Applications (Wageningen Academic), 87–94. doi: 10.3920/978-90-8686-815-5_3.2

 KSI (2023). Saudi Arabia animal feed market: forcasts from 2022 to 2027.

 Lalramhlimi, B., Mukherjee, D., Chakraborty, I., Ghosh, N., Chattopadhyay, A., and Dey, R. C. (2022). “Fruit and vegetable wastes as livestock feeds,” in Fruits and Vegetable Wastes: Valorization to Bioproducts and Platform Chemicals (Singapore: Springer Nature Singapore). doi: 10.1007/978-981-16-9527-8_6

 Li, S., Du, M., Zhang, C., Wang, Y., Lee, Y., and Zhang, G. (2022). Diet type impacts production performance of fattening lambs by manipulating the ruminal microbiota and metabolome. Front. Microbiol. 13:824001. doi: 10.3389/fmicb.2022.824001

 Lima, P., Bánkuti, F., Damasceno, J., Dos Santos, G., Borges, J., and Ferreira, F. (2023). Factors influencing concentrate feeding: dairy farmers' perceptions of dairy production system characteristics and market relations. Animal-Open Space 2:100041. doi: 10.1016/j.anopes.2023.100041

 Makkar, H. (2018). Feed demand landscape and implications of food-not feed strategy for food security and climate change. Animal 12, 1744–1754. doi: 10.1017/S175173111700324X

 Manoj, P. (2015). Cattle feed industry in India: a macro perspective. Int. J. Busin. Manage. Soc. Sci. 4, 96–101.

 Martin, G., Barth, K., Benoit, M., Brock, C., Destruel, M., Dumont, B., et al. (2020). Potential of multi-species livestock farming to improve the sustainability of livestock farms: a review. Agric. Syst. 181:102821. doi: 10.1016/j.agsy.2020.102821

 Marynich, A. P., Abilov, B. T., Semenov, V. V., Dzhafarov, N. M., Kulintsev, V. V., and Serdyukov, I. G. (2022). Effects of high-protein feed supplements on lamb productivity. Foods Raw Mater. 10, 185–194. doi: 10.21603/2308-4057-2022-1-185-194

 McDonald, P., Edwards, R. A., Greenhalgh, J. F. D., Morgan, C. A., and Sinclair, L. A. (2011). Animal nutrition. Soil Sci. 82:259.

 Ministry of Environment W. A. A. M.. (2019). Statistical Book; Ministry of Environment, Water and Agriculture (MEWA): Riyadh, Saudi Arabia, 2019 (reduction in area under fodder crops).

 Ministry of Environment W. A. A. M.. (2021). Total numbers of animals according to health card, unpublished data, Ministry of Environment, Water and Agriculture, Riyadh, Saudi Arabia.

 Ministry of Environment W. A. A. M.. (2022). Ministry of Environment, Water and Agriculture, 2022 Statistical Book.

 Molina-Flores, B., Manzano-Baena, P., and Coulibaly, M. D. (2020). The Role of Livestock in Food Security, Poverty Reduction and Wealth Creation in West Africa. Accra: FAO.

 Mondal, G. (2009). Growth and reproductive performance of local sheep and goats in Kargil region (Ladakh). Indian J. Animal Sci. 79:1229.

 Monteiro, A., Costa, J. M., and Lima, M. J. (2017). Goat system productions: advantages and disadvantages to the animal, environment and farmer. Goat Sci. 16, 351–366. doi: 10.5772/intechopen.70002

 Moorby, J., and Fraser, M. (2021). New feeds and new feeding systems in intensive and semi-intensive forage-fed ruminant livestock systems. Animal 15:100297. doi: 10.1016/j.animal.2021.100297

 Narmatha, N., Sakthivel, K., Uma, V., Jothilaksmi, M., and Kumar, A. (2015). Gender analysis in participation and decision making pattern in small ruminants production system-Tamil Nadu. J. Hum. Ecol. 49, 149–152. doi: 10.1080/09709274.2015.11906833

 Nath, P. C., Ojha, A., Debnath, S., Sharma, M., Nayak, P. K., Sridhar, K., et al. (2023). Valorization of food waste as animal feed: a step towards sustainable food waste management and circular bioeconomy. Animals 13:1366. doi: 10.3390/ani13081366

 Ndudzo, A., Pullen, J., Magwaba, T., Ndlovu, S., Moyo, M., Sibanda, S., et al. (2023). Incorporation of functional feed ingredients to substitute antimicrobials in animal nutrition: opportunities for livestock production in developing countries. Int. J. Livestock Prod. 14, 44–57. doi: 10.5897/IJLP2023.0820

 Ngeno, V. (2024). Adoption of dairy feed technology and its impact on smallholder farmers' income and poverty in Kenya's south-western region. Sci. African 23:e02123. doi: 10.1016/j.sciaf.2024.e02123

 Odnoletkova, N., and Patzek, T. W. (2023). Water resources in Saudi Arabia: trends in rainfall, water consumption, and analysis of agricultural water footprint. NPJ Sustain. Agric. 1:7. doi: 10.1038/s44264-023-00006-w

 OEC (2023a). Forage crops in Saudi Arabia.

 OEC (2023b). Lucerne (alfalfa) meal and pellets in Saudi Arabia.

 Okewole, O. T., and Igbeka, J. (2016). Effect of some operating parameters on the performance of a pelleting press. Agric. Eng. Int. 18, 326–338.

 Ominski, K., Mcallister, T. A., Stanford, K., Mengistu, G., Gunte, K. E., Marcos, M., et al. (2022). 65 the role of livestock as up-cyclers of food by-products and waste. J. Anim. Sci. 100, 31–32. doi: 10.1093/jas/skac247.060

 Quisumbing, A. R., and Doss, C. R. (2021). Gender in agriculture and food systems. Handb. Agric. Econ. 5, 4481–4549. doi: 10.1016/bs.hesagr.2021.10.009

 Rasool, K., Hussain, S., Shahzad, A., Miran, W., Mahmoud, K. A., Ali, N., et al. (2023). Comprehensive insights into sustainable conversion of agricultural and food waste into microbial protein for animal feed production. Rev. Environ. Sci. Bio/Technol. 22, 527–562. doi: 10.1007/s11157-023-09651-6

 Schneider, F., and Tarawali, S. (2021). Sustainable Development Goals and livestock systems. Rev. Sci. Techn. 40, 585–595. doi: 10.20506/rst.40.2.3247

 Shrinivasa, D., and Mathur, S. (2020). Compound feed production for livestock. Curr. Sci. 118, 553–559. doi: 10.18520/cs/v118/i4/553-559

 Touidjeni, Z., Boufalta, M. S., and Mebarki, L. (2022). The food security of Algerian households in the light of the COVID-19 pandemic: an exploratory study. Int. J. Food Agric. Econ. 10, 185–203. doi: 10.22004/ag.econ.324827

 UNDP (2022). Food For Thought: Why Is Food Waste a Challenge In Saudi Arabia? Available online at: https://www.undp.org/saudi-arabia/blog/food-thought-why-food-waste-challenge-saudi-arabia (accessed, 2023).

 van der Aar, P., Doppenberg, J., and Kwakernaak, C. (2016). “Which feedstuffs will be used in the future,” in Sustainable Poultry Production in Europe, 103–111. doi: 10.1079/9781780645308.0103

 van der Linde, H., Oglethorpe, J., Sandwith, T., Snelson, D., and Tessema, Y. (2001). Beyond boundaries: transboundary natural resource management in Sub-Saharan Africa. Rome: FAO.

 Varijakshapanicker, P., Mckune, S., Miller, L., Hendrickx, S., Balehegn, M., Dahl, G. E., et al. (2019). Sustainable livestock systems to improve human health, nutrition, and economic status. Animal Front. 9, 39–50. doi: 10.1093/af/vfz041

 Wang'ombe, A. (2023). Waste management and resource efficiency in livestock farming. Int. J. Sustain. Livestock Pract. 1, 20–29.

 Wilkinson, J., and Lee, M. (2018). Use of human-edible animal feeds by ruminant livestock. Animal 12, 1735–1743. doi: 10.1017/S175173111700218X

 Wróbel, B., Zielewicz, W., and Staniak, M. (2023). Challenges of pasture feeding systems—opportunities and constraints. Agriculture 13:974. doi: 10.3390/agriculture13050974

 Yosef, T., Demise, N., Tadesse, T., and Daniel, T. (2022). Study on the animal feed ingredients and livestock product supply, price and market-related constraints in Ethiopia. Int. J. Agric. Res. 17, 102–115. doi: 10.3923/ijar.2022.102.115

 Zahari, M. W., and Alimon, A. (2005). Use of palm kernel cake and oil palm by-products in compound feed. Palm Oil Dev. 40, 5–8.

Copyright
 © 2024 Alnafissa, Alotaibi, Aldawdahi, Imran Azeem and Muddassir. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/xhtml/Nav.xhtml




Contents





		Cover



		Optimizing animal care through compound feed management in Saudi Arabia



		1 Introduction



		2 Materials and methods



		2.1 Research design, population and sampling



		2.2 Research instrument



		2.3 Data analysis







		3 Results



		3.1 Livestock farmers' demographic and socioeconomic attributes



		3.2 Livestock management and feeding practices



		3.3 Feed procurement practices and knowledge about compound feed



		3.4 Relationship of socioeconomic factors with adoption of compound livestock feed







		4 Discussion and implications



		5 Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher's note



		References























OPS/images/crossmark.jpg
©

|






OPS/images/logo.jpg
& frontiers | Frontiers in Sustainable Food Systems







OPS/images/math_1.gif
1represents adoption
y= U]
0 no adoption





OPS/images/math_2.gif
¥ ~ Bernoulli(m)





OPS/images/fsufs-08-1406715-t003.jpg
eed curement practices

Feed procurement*

Barely filling stations 26
Feed markets 632
Vehicles selling fodder outside feed markets 297
Directly from feed factories 1.5
Directly from farms 4.8
Feed purchasing frequency

No specified period 14.7
Every month 338
Fortnightly 12.1
Weekly 160
More than once in a week 6.1
Feed storage practices

An open place 162
Under shade 57.6
A dedicated warehouse with temperature and humidity control 89
Major factors behind feed selection

Price 204
Quality for enhancing production 426
Ease of availability 17.7
Personal desire 8.9
Other 4.6

Self-perceived level of knowledge about compound feed

Low 216
Moderate 46.7
High 17.1

*Percentages do not add up to 100.






OPS/images/fsufs-08-1406715-t004.jpg
Independent variables .E. Sig. Odds 95% Cl for OR

ratio (OR)
Lower Higher

Education level 49.445 3 <0.001*
Primary Reference case
Secondary 0.783 1.202 0.424 1 0.515 2.188 0.207 23.062
College 3.528 1153 9.364 1 0.002 34.064 3.555 326372
Higher education 5.083 1.334 14.516 1 <0.001 161.334 11.803 2,205.223
Monthly income (SR) 51.510 4 <0.001*
Below 5,000 Reference case
6,000-10,000 0.194 0.564 0.118 1 0.731 1.214 0.402 3.665
11,000-15,000 2.087 0.527 15.704 1 <0.001 8.057 2.871 22.614
Above 15,000 2745 0.523 27.498 1 <0.001 15.562 5.578 43412
Prefer not to disclose 2.266 0.518 19.150 1 <0.001 9.642 3.494 26.603
Farming experience (Years) 29.930 2 <0.001*
Below 10 Reference case
11-20 0.883 0.310 8.130 1 0.004 2418 1.318 4.435
Above 20 2.097 0.393 28.426 1 <0.001 8.144 3.767 17.605
Occupation besides livestock farming 5.333 3 0.149
Livestock farming only Reference case
Govt. sector employee —0.984 0.428 5.292 1 0.021 0.374 0.162 0.864
Private sector employee —0.720 0.500 2.072 1 0.150 0.487 0.182 1.297
Retired —0.801 0.543 2.178 1 0.140 0.449 0.155 1.301
Geographical location 3229 4 0520
Central Reference case
Northern —0.211 0.431 0.239 1 0.625 0.810 0.348 1.885
Eastern —0.520 0.472 1217 1 0270 0.594 0236 1.498
Western 0.352 0.360 0.952 1 0329 1421 0.701 2.880
Southern —0.035 0.512 0.005 1 0.945 0.965 0.354 2.635
Membership of livestock associations
No Reference case
Yes 0.680 0.525 1.677 1 0.195 1.973 0.705 5.521
Knowledge about compound feed 0.029 2 0.985
Low Reference case
Moderate 0.014 0.337 0.002 1 0.966 1.014 0.524 1.965
High —0.044 0.398 0.012 1 0912 0.957 0.439 2.088
Constant —5.100 1219 17.508 1 <0.001 0.006

Dependent variable is adoption of compound feed (0 = No adoption; 1 = adoption). Model x? = 258.38 (df = 19; p-value < 0.001). Nagelkerke R? = 0.588. Hosmer and Lemeshow x2 = 4.627
(df = 8; p-value = 0.797). *Statistically significant at the 0.01 level.






OPS/images/math_5.gif
e ()= R+ A+ATA+ATATATE @





OPS/images/math_3.gif
_ oA AETAYAYAYATE)
Tlvexp(G+ BB+ BB+ B+ AYE)





OPS/images/math_4.gif
Ty Ky)
1

1
Trexp(f+ Bt Bt A+ A+ Bt Bt )





OPS/images/cover.jpg
& frontiers | Frontiers in Sustainable Food Systems

Optimizing animal care through
compound feed management in
Saudi Arabia





OPS/images/fsufs-08-1406715-t001.jpg
Groups

Frequency Percel

Gender Male 527 98.0
Female 11 2.0
Nationality Saudi national 530 98.5
Resident 8 L5
Age (years) Below 40 307 57.0
41-60 212 39.4
Above 60 19 35
Education Primary 38 7.1
Secondary 146 27.1
College 319 59.3
Higher education 35 6.5
Monthly income (SR) Below 5,000 138 257
>5,000-<10,000 111 20.6
>10,000- 118 219
<15,000
Above 15,000 102 19.0
1 prefer not to 69 12.8
disclose
Livestock farming Below 10 295 54.8
experience (years)
11-20 156 29.0
Above 20 87 162
Occupation besides Livestock farming 120 223
livestock farming only
Public sector 274 50.9
employee
Private sector 86 16.0
employee
Retired 58 10.8
Type of livestock* Camels 104 193
Sheep 439 81.6
Goats 301 55.9
Cattle 23 43
Geographical location | Central region 259 481
Northern region 80 14.9
Eastern region 44 82
Western region 108 20.1
Southern region 47 8.7
Membership of No 505 93.9
livestock associations
Yes 33 6.1
Sources of information | Agric ext wing of 87 162
about livestock MEWA**
nutrition
Saudi food and 11 2.0
drug authority
Internet 209 38.8
Others 116 21.6

*Percentages do not add up to 100. ** Ministry of Environment, Water and Agriculture, KSA.






OPS/images/fsufs-08-1406715-t002.jpg
Livestock management practices Percen
Purpose of livestock farming*

Milk production 63
Meat production 18.0
Trade purposes 413
Animals for reproduction 429
Beauty competitions 5.0
As a hobby 27.5
Management and supervision of the herd

Personally 136
A family member or relative or friend under my supervision 20
A family member or relative or friend without my supervision 0.7
Worker under my supervision 76.0
Worker without my supervision 19
Livestock farming approach*

Grazing in desert 344
Special farm 401
A stall in the market 24
Sheds outside cities 299
Specialized animal production projects 0.6
Others 4.3
Diversity of livestock nutrition

Feeding different animals with the same fodder 66.7
Feeding different animals with different types of fodder 275
Type of green fodder*

Alfalfa hay 67.7
Wet clover 23.0
Rhodes herb 30.7
Sudan weed 11
Blue bionic 9.1
Bonicam 95
Type of grains*

Barley 835
Maize 9.3
Sorghum 28
Wheat 24
Bran 11.0
Other pills 160
Type of concentrated feed

Soybean powder 24
Concentrated or complete feed cubes 439
No use of concentrated feed 46.8

*Percentages do not add up to 100.






