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Abstract
Background
There has been a piqued interest in alternative agricultural production systems that are environmentally friendly due to concerns on how sustainable it is to grow conventionally. However, in the producer’s point of view, economic returns are an important issue in decision-making in adaptation. The purpose of this study is to assess the economic risk of conventional and organic sweetpotato production in the Southeastern US. The primary and secondary data were used for the analysis. We identified risk variables in stochastic profit function and performed Monte Carlo simulation in analyzing profitability and economic risk of conventional and organic production systems.

Results
Findings from the meta-analysis suggest lower sweetpotato yields and higher selling prices, are to be expected in the organic sweetpotato production systems compared with the conventional. A higher probability of having positive net return from organically grown sweetpotato compared to conventional production systems was observed.

Conclusions
Increase in unit cost leads to a decrease in net profit in both conventional and organic production systems. Sweetpotato price has more effect on net return compared to its yield in conventional production systems. The higher selling price, lower yield and lower unit costs provide a higher net profit return for the organic sweetpotato production systems. Unit cost in conventional production was noted to be higher in general, inferring conventional sweetpotato production could potentially experience a higher variability in net farm income. Despite the high production cost, however, farmers are encouraged to go into sweetpotato production as it appears to be profitable. Further studies should be conducted on conventional treatments without synthetic pesticides and fertilizers as these systems perhaps, may display lower external input costs that might make them more profitable similar to organic systems.

Supplementary Information
The online version contains supplementary material available at https://​doi.​org/​10.​1186/​s40066-021-00298-6.
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Background
Despite the current pandemic noxious, sweetpotato remains an important vegetable grown in the United States (US) with an income source for growers and a vital food source for consumers [43]. It has been replaced with other crops because it produces more food energy per unit area under low-input production situations [44]. Over the last 40 years, sweetpotato production has remained relatively stable despite the doubling in world population [17, 20, 31]. Possible reasons include its perception as a ‘poor man’s food’, production costs and flavor of the cooked product [20]. Given that the importance of food supply to alleviate food insecurity specially among rural households [1, 9, 25, 35] and considering the high energy and nutritional value, sweetpotato can be an impotent crop to improve household food insecurity [11]. The United States emerged as the world’s sixth largest, sweetpotato producing country in 2013, fifth in 2017 and tenth in 2020 with an annual production of 1.1 million metric tons, ~1% of world’s total sweetpotato production [18, 37]. Southeastern region in US is popular for sweetpotato production and North Carolina is the leading State in sweetpotato production [17, 36, 41, 42].
There has been a piqued interest in alternative agricultural production systems that are environmentally friendly due to concerns on how sustainable it is to grow conventionally [6, 30]. Organic farming has been recommended as its goals include the production of produce nutritious food with little or no pesticides while bringing more profit, maintaining and sustaining healthy ecosystems, people and environment [8, 22, 32] for present and future generations. However, it is often argued that organic agriculture yields less than the conventional and would require more land area to produce equal amounts of food, leading to deforestation, and loss in biodiversity thus nullifying the environmental gains of organic farming techniques [32, 38]. Organic agriculture has grown steadily worldwide over the last few years and the United States is one of the world highest consumer of organic food [36]. For example, the consumer surveys revealed that organic products that have been certified are easily seen in most grocery stores, are purchased by 84% of American consumers and obtain price premiums of substance in the United States [36]. According to an organic survey and certified organic farm data by the USDA National Agricultural Statistical Service (NASS) in 2015, 229 organic sweetpotato farms were spanning 2831 ha with a total production of 105.2 million kg of sweetpotatoes worth $70.8 million [40, 42]. The sweetpotato was on record as the fourth highest commodity sales of all organic vegetables grown in the open [43].
Techniques for analyzing the economic impacts of alternative farming practices at the farm level can involve several methods, but at the heart of this is a basic benefit–cost analysis [4]. The common way a producer can use to determine the profitability of his farm business after employing the use of more sustainable farming techniques is by measuring the impact of changes in input/output quantities and fluctuations in prices [4]. Enterprise budgets can be measured alongside other producers’ costs or industry averages to see if the individual farm’s costs are high or low in comparison and if costs are high, then budgeting will highlight particular areas that need further analysis [5]. Changes in the weather, insect attacks, and diseases, etc., can reduce yields and crop quality, minimal variances in total supply and demand for products can escalate rapidly to notable changes in prices, and variances in regulations can change growers’ production techniques and costs [15]. In the same vein, alterations in production methods that can lead to a reduction in production costs without influencing yields can result in increased profits [5]. However, the absence of detailed records can prevent adequate insight into the effect of changing production practices on profit [5].
According to US farm survey data, production risks varied by farm enterprises and geography [16]. Growers have reported that they can manage production risks by following prudent management practices; however, their greatest concern is the risk associated with commodity marketing [2]. As organic farming systems do not allow essential risk management tools like synthetic chemicals as in conventional farming, it may well present peculiar risks and methods of risks management [15]. Since organic farming depends upon on a whole range of management principles, such practices can help minimize risks in longer-term [15]. Reviews and meta-analyses of various crops produced in various regions around the world have shown that organic agriculture produces lower yields compared with conventional agriculture [7, 29, 33]. Since sweetpotato demand can be predicted to an extent, domestic production would mostly decide the price [2]. The global spread of organic agriculture would depend on how well it fares on the financial scale when compared to conventional farming [7, 14]. The main items that would decide the profit to be made from organic agriculture include yields, price premiums, labor, other production costs, and savings from the reduced reliance on off-farm inputs [45].
Consumers are concerned about adverse effects of excessive chemical use to humans and ecosystems and are willing to pay a premium price for food that they perceive to have no pesticide residues and to thus being safer than conventional produce [19, 24]. It is important to note that before farmers begin an alternative farming system, they must believe that the economic gains would be more than the costs incurred [4]. Meenakshi et al. [23] reveal that farmers who are aware of the benefits of consuming orange-fleshed sweetpotato (OFSP) are willing to pay more for OFSP roots than their counterparts. Similarly, a study by Mwiti et al. [26] reported that the willingness to pay for quality planting materials of biofortified OFSP and the non-OFSP varieties differs by region, agro-ecological zones and varieties. Accordingly, farmers are willing to pay more for quality planting materials of non-biofortified varieties, than for the biofortified OFSP varieties and that farmers’ demand for clean planting materials of non-OFSP varieties was stronger than for the OFSP varieties. Although uncertainty as to the availability of a buyer does not appear to be a major issue for sweetpotatoes, low prices at times, in combination with low yields, may cause growers to abandon a portion of their crop before harvesting [2]. Thus, market prices were cited as the primary source of risk in sweetpotato growing by several sources [2]. A research study comparing organic and conventional yields of crops in Austria reported conventional yield to be higher than organic and variations in yield gap exist between crop species and regions [3].
Given the importance of comparing the profitability and identify the factors responsible for variations in profit, the overall goal of this study is to analyze organic and conventional sweetpotato systems in US. The study aims at helping better understand, assess and compare yield, prices and production costs of organic and conventional sweetpotato production and their effect on net return. Findings from this study bear great potential to better understand and improve organic and conventional agricultural production systems. Furthermore, it is valuable to integrate economic aspects into holistic assessments of organic and conventional sweetpotato agricultural systems. It would help contribute to existing data and fill in the knowledge gaps on sweetpotato at the regional, national levels and worldwide. The objective of this study, therefore, is to analyze and compare the net return of organic and conventional sweetpotato production in Southeastern US and to assess the risk associated with profitability.
Materials and methods
Data source includes primary and secondary data from published studies. Secondary data utilized in this study were obtained from searching databases (google scholar), websites, journals, books and reference lists. A literature search was performed to identify the most recent studies between 2005 and 2017 highlighting the yields, market prices, variable and fixed costs of sweetpotatoes produced in organic and conventional management systems. Our literature search yielded 59 studies, however we identified 35 studies as appropriate data sources (see Additional file 1: references). These studies were examined for inclusion in our analysis based on the following criteria: (i) studies were conducted mainly in the mid-south or south-eastern regions of the United States where the sweetpotato industry is largely concentrated; (ii) studies presented the yields, prices, variable and fixed cost of sweetpotatoes produced either organically or conventionally; (iii) organic treatments were certified organic or following organic certification standards, i.e., farmers that make < $5000 from selling organic produce and exempt from certification requirements [21]; (iv) conventional treatments, on the other hand, essentially relied on the use of chemicals such as synthetic pesticides, herbicides and fertilizers to combat weeds, pests and provide plant nourishment; (v) studies reported primary data not already included in another paper (multiple counting); (vi) the scale of the organic and conventional yield observations were comparable. The comparability of organic and conventional yields was characterized by year of planting (beyond 2005); marketable yields (> 20,000 lb/acre and < 45,000 lb/acre); major commercial sweetpotatoes are widely grown, common in the United States for fresh root markets and the processing industry and organic sweetpotato yield data from Tennessee State University experimental trials [27, 28]. A 2005–2016 dataset of at least n = 5 and n = 16 from previous studies on organic and conventional yields, respectively was used in meta-analysis (see Additional file 2). For organic and conventional crop budgets, a dataset of n = 3 and n = 11 studies, respectively was utilized. Enterprise budget study, of total variable and fixed costs, from 2005 to 2016 was gathered and used in data analysis. The 2016 inflation rate was derived by first dividing the annual inflation rate of 2016 by the inflation rate in the year the study was conducted. The derived inflation value was then multiplied by the total and fixed cost prices to obtain the final 2016 southern prices used in meta-analysis. Price statistics for conventional sales prices from 2005 to 2015 and organic sales prices from 2017 were used (USDA-ERS, 2011, [39]. Thirty-five studies met these criteria representing mainly sweetpotatoes grown in the southern part of the United States, one of the 35 studies had government subsidies for organic or conventional sweetpotato.
Calculation of effect sizes
From the selected studies, we performed a meta-analysis comparing yield, price, input costs and fixed costs of organic and conventional agriculture using the following classifications: (i) sweetpotato cultivars (n = 54) and (ii) prices (n = 69) and (iii) enterprise budgets variable/fixed costs (n = 24). For each data point, we calculated effect sizes comparing organic agriculture with conventional agriculture for the following: (a) yields—average yields; (b) price—average selling price that varies with the quantity of sweetpotato yield without (conventional) and with premiums (organic); (c) unit costs and net profit returns—the value of crops produced, calculated as price × yield. For studies on organic sweetpotato which did not include premiums, the average premium was listed at 34.57%, calculated based on organic and conventional sweetpotato prices between 2005 and 2008 [39]. Thus, derivation of the 34.57% organic sweetpotato premium price was made based on the formula organic-conventional prices)/organic prices × 100%. Random number generation using Monte Carlo simulation from the @risk software by Palisade company was used (Palisade, N.D.). Many samples, minimum, maximum and most likely samples, where inputted and iterations made out of them to create some likely scenarios based on those inputs.
Simulation model
Given the different systems of sweetpotato production, evaluation of profitability is important for producers to identify the most appropriate choice that provides the highest income. Therefore, risk analysis is mainly focused on the producer’s point of view concerning sweetpotato production under organic and conventional systems. In sweetpotato, the cost of production includes commonly used cost categories from land preparation to harvesting, thus various uncertainty variables need to be identified and considered for a possible range of net return from sweetpotato production. Monte Carlo simulation is a mathematical method that primarily measures risk through data analysis before a decision is made. It functions by randomly generating risk profiles or possible outcomes values of factors with uncertainty, calculates profit and the probability of obtaining the expected profit. The profit function can be represented by:[image: $$\pi_{j} = \, \Sigma \left[ {\left( {P_{j} *Y_{j} } \right) - \left( {Q_{j} *P_{Ij} } \right) \, {-} \, FC_{j} } \right],$$]



where πj represents the profit of jth farm ($/ha), Yj represents a yield of sweetpotato in jth farm (kg/ha) which is stochastic, Pj represents selling price of sweetpotato ($/kg) in jth farm which is stochastic, Qij represents ith variable input for sweetpotato in jth farm, PIj is the price of input i and FCj represents total fixed cost for jth farm.
Results and discussion
Distribution of input costs, yield and price
During the Monte Carlo simulation, a large number of random iterations are created based on the input data provided and the range of net returns with different distributions is simulated. We used pert distribution to create a probability distribution for price, yield and input costs (Fig. 1). The Pert distribution is a smooth version of the uniform distribution or triangular distribution and it helps us get a better estimate. For the pert distribution, the more the surface area of the curve, the more likely the samples would come from that area and vice versa. There is a bias toward the middle of the distribution where the peak houses the most likely to occur values. The height of the curve shows the probability or likelihood that the measured value would happen, and the x-axis shows the range. Below 100% of the blue area represents 100% of our samples on the graph ranging between the minimum selling price of sweetpotato at $0.08 and the maximum selling price at $0.09/kg. The pert distribution on the unit cost price of conventionally produced sweetpotato vaguely shows that there is a 5% chance it would be $0.04 or less and a 5% chance the sweetpotatoes would be $0.09/kg or greater. On the issue of yield in conventional production, there is a 90% probability of having the sweetpotato yield in the range of 25,982–35,846 kg/ha−1.[image: ../images/40066_2021_298_Fig1_HTML.png]
Fig. 1Distribution of a selling price, b unit cost, c yield of sweetpotato under conventional production


On the other hand, the pert distribution on the selling price of organically produced sweetpotato shows there is a 5% chance that sweetpotatoes would sell for more than $ 0.13/kg and a 95% chance, it would sell for less than that. The production cost distribution, of organically produced sweetpotato, showed (at the 90th percentile) that, the production costs varied between $0.03 and $0.05/kg of sweetpotato. A 90% probability value is possible of organic sweetpotato yields falling within 24,850–35,014 kg/ha−1.
According to our estimated results, the minimum selling price of sweetpotato was $0.08 and the maximum was $0.13/kg (Figs. 1, 2). Our results showed that the highest selling price of sweetpotato was noted in the organic systems. It is important to note, however, that in the pert distribution (as a better triangular distribution) it is hard to identify the weighting of prices. In this study, minimum and the maximum cost of production was higher in the conventional inferring such method of sweetpotato production could be potentially riskier. The findings from this research revealed that lower sweetpotato yields are to be expected in the organic sweetpotato production systems compared with the conventional within the 90% percentile. However, the overall maximum yield of sweetpotatoes was higher in the organic system than in conventional (Fig. 2). A previous meta-analysis study of available data, on global yield performance by researchers, had reported overall, that organic yields are typically lower than conventional yields. Scientists have determined that these variations in yield depend on the production method, crop cultivated, soil properties and climatic conditions [34].[image: ../images/40066_2021_298_Fig2_HTML.png]
Fig. 2Distribution of a selling price, b unit cost, c yield of sweetpotato under organic production


De Ponti et al. [7] compiled and analyzed a meta-data set 25 of 362 published organic–conventional comparative crop yields and discovered yield gaps and that organic agriculture differed between crops and between regions. However, it was difficult to provide explanations for the differences. De Ponti et al. [7] concluded that to some extent, there was an increase in the yield gap between organic and conventional agriculture as conventional yields increased.
Probability distribution and fit comparison
This distribution helps us calculate the measure of uncertainty or certainty associated with our net profit in sweetpotato production. In conventional sweetpotato production, range of net returns (Fig. 3) shows that there is a 5% probability of having either a net profit of − $315/ha ̄1/year and a 95% chance of gaining a net profit of $1,467/ha year−1. The fit comparison shows a profit follows beta general distribution with a baseline mean net profit value of $581.93/ha year−1 for the conventionally produced sweetpotato. The histogram charts (Fig. 3) show different percentage values on the horizontal axis above the chart. On the horizontal axis below the chart, the range of our minimum values ($− 1188) and maximum or best case scenario ($2513) net profit values for conventional sweetpotato has been shown and also on the legend on right side of the histogram. This results may be of a concern because a negative net profit value could be generated. In the upper 95th percentile, there is only a 5% chance that a net profit of over $1467 would be generated per hectare and the reverse is the case with a 5% chance of − $315 produced in the lower 95% percentile.[image: ../images/40066_2021_298_Fig3_HTML.png]
Fig. 3Probability distribution of range of net return for conventional sweetpotato production


The probability distribution of net return of organic sweetpotato (Fig. 4) at 90% confidence interval reveals that the range of net return could vary from the minimum gain of $1250 to a maximum of $2500. The baseline means net profit value of sweetpotato produced in the organic system was estimated to be $1866.93/ha year−1.[image: ../images/40066_2021_298_Fig4_HTML.png]
Fig. 4Probability distribution of range of net return for organic sweetpotato production


Sensitivity analysis
The spider graph shows on the horizontal axis (Fig. 5) percentile of the input and the value of the net profit output on the vertical axis that an increase in unit cost leads to decreased profit and vice versa as evidenced by the red line going in the opposite direction (see scatter plot chart to see the detailed relationship between the unit cost input and net profit output) within conventional production systems. The higher selling price and yield show an increasing trend for net profit. There is very little relationship between the sweetpotato selling price and yield and the net profit. The blue line indicating selling price is not nearly as steep as the red for unit cost. It illustrates that the higher the selling price, the higher the net profit value and vice versa. The near flatness of the green line indicating sweetpotato yield illustrates that it is not an important factor influencing the net profit in sweetpotato production and there is an extremely little relationship on sweetpotato yield and whether we make a profit or loss. Overall, the net profit return is higher with decreased unit cost in organic. As sweetpotato yield (green line) and selling price (blue line), respectively, increase, there is a decrease in net profit, thus both have a stronger influence on net profit in organic sweetpotato production than in the conventional (Fig. 6).[image: ../images/40066_2021_298_Fig5_HTML.png]
Fig. 5Sensitivity of risk factors on net return of conventional sweetpotato production

[image: ../images/40066_2021_298_Fig6_HTML.png]
Fig. 6Sensitivity of risk factors on net return of organic sweetpotato production


The tornado graphs illustrating net profit, further provide evidence on the sensitivity of comparison of risk factors on profitability and builds relationships between inputs. In organic production systems, sweetpotato yield has more effect on net return than price. A negative correlation relationship was observed between the selling price and the number of units sold. Increasing selling prices and sweetpotato yields have positive correlation while unit costs have decreased relationship in the conventional sweetpotato production system. The same trend is observed in the organic systems where sweetpotato yield and prices have positive effect on net return while unit costs shows negative effect on profitability.
Because sweetpotatoes are a traditional part of the holiday meal, many consumers are reluctant to forego their purchase of sweetpotatoes even when supplies are short and prices relatively high [2]. Consequently, small changes in the number of sweetpotatoes result in relatively large changes in price [2]. Large year-to-year changes in prices are associated with relatively small changes in the available supply and this type of price and quantity relationship is referred to as an inelastic demand [2]. One widely quoted study of the demand for food commodities in the United States estimates that each 0.5% rise (decline) in the quantity of fresh sweetpotatoes demanded is associated with a 1% decline (increase) in the farm price [12].
Time and energy should be focused on decreasing the cost of sweetpotato production in conventional sweetpotato production systems as this has the most impact on our net profit output. While North Carolina, have posted the largest production gains, all producers have benefited from the price-bolstering effects of rising export volumes and domestic demand for sweetpotatoes [18]. Indeed, sweetpotato prices have increased by more than 50% between 2000 and 2014 to attain a new record high for the 2013/14 marketing year [18]. Further, per capita consumption and trade trends indicate that demand for sweetpotatoes will be sustained into the near future. Dobbs et al. [10] indicated that “price premiums associated with organic niche markets and ‘family farms’ are at risk when large-scale organic producers or processors enter the market if demand does not expand sufficiently”. Conversely, organic farming practices, especially crop rotation, can be used to lower risk over a very long period [15]. Hansen et al. [15] discovered, however, that crop rotation as cultural practice in organic farming, provided higher annual profit on average than crop rotation methods applied in conventional farming, only when a premium price was placed on the organic product. For several years, the price premium ranged between 100 and 250% of conventional vegetables [4]. In recent years, however, the price premium has declined slightly [13]. Organic agriculture and research which only started to garner attention in the 1970s, close to 50 years after the introduction of conventional agriculture, involves a wide range of systematic production practices, that are a lot more challenging to establish and would require more time to develop profitably [4]. Brumfield et al. [4] used budgeting methods to analyze the costs and benefits of adopting integrated crop management (ICM) or organic methods versus conventional agriculture for tomatoes (Lycopersicon esculentum Mill.), sweet corn (Zea mays L. var. saccharata), and pumpkins (Cucurbita pepo L.). In their study, organic systems for tomatoes, corn, and pumpkins were shown to require more labor and have lower marketable yields than conventional or ICM systems. The organic systems also had the lowest net returns however because of the organic price premium, the net returns were fairly close to those for conventional and ICM systems.
As organic vegetable production becomes a goal for many, premium pricing might drop and organic growers would need to develop alternative means to reduce costs and expand yields [4]. The net profit results from our study support the school of thought that in some circumstances, with proper management practices, certain crops and some growing conditions organic systems can thus nearly match and surpass conventional yields. For organic agriculture to be used effectively as a means of producing food sustainably we must first fully grasp the reason why organic yields are lower as we concurrently examine the many socio-economic and environmental gains of organic crop production systems. [34]. A major question posed by members of developing nations is whether organic agriculture can support an increase in income among smallholder farmers while improving global and household food security [34].
It has been suggested that organic agriculture may improve farmer livelihoods owing to cheaper inputs, higher and more stable prices, and risk diversification [33]. However, it is pertinent to remember that, organic agriculture in developing countries and many parts of the world is often an export-oriented system tied to a certification process by international bodies, and its profitability can vary between locations and years.
Conclusions and recommendations
In this study, the economic risks or variability in net income of organic and conventional sweetpotato production methods as influenced by yields, selling price and unit cost of production was evaluated. The results based on primary and secondary data analysis revealed that, the unit cost of production was observed to be 17% higher in the conventional sweetpotato production, inferring such method of producing sweetpotatoes could be potentially riskier. Despite it is high production cost, farmers are encouraged to go into sweetpotato production as it appears to be profitable. Additionally, 2% lower sweetpotato yields and 14% higher selling prices are to be expected in the organic sweetpotato production systems when compared with the conventional. Furthermore, when compared to the conventional, profitability could be up to 52% higher in organic production systems. Our findings suggest that organic sweetpotato production is profitable even with slightly lower yields than the conventional. The results of this study which consists of the determination of the economic feasibility of organic and conventional sweetpotato production, can be applied in the financial analyses of tuber/root production in both developing and developed countries.
Generally, farming is a risky business. Production risks may be minimized by following prudent management practices and farmers may continue to reevaluate labor requirements from day to day to determine if there are changes that can be made to become more labor efficient. If the same yield can be maintained with less labor, costs per unit should decrease. In addition, more research should be done on consumer-based pricing to see how consumers’ value sweetpotato produced using both systems. A clearer picture of consumer attitudes and willingness to pay may help both industries in the future. Further studies should be conducted on conventional treatments without synthetic pesticides and fertilizers as these systems perhaps, may display lower external input costs that might make them more profitable and similar to organic systems.
While this study makes every effort to model a production system based on typical, real-world practices, it cannot fully represent financial, agronomic and market risks, which affect the profitability and economic viability. There are many factors to consider in balancing the benefits of organic and conventional agriculture, and there are no simple ways to determine a clear ‘winner’ for all possible farming situations. However, instead of continuing the ideologically charged ‘organic versus conventional’ debate, we should systematically evaluate the costs and benefits of different management options.
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