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Abstract

:

Cocoyam [Colocasia esculenta (L.) Schott] also known as taro is regarded as an important staple crop in the Pacific Islands, Asia and Africa. But, Africa has been unpopular in the taro international market though it accounted for the highest share of the global taro production level in the last two decades. Therefore, this study explores the global taro production outlook in two decades (2000–2019) with a special focus on African countries noting their challenges and limitations. Also, industrial, nutritional and health benefits of taro were discussed to showcase other viable potentials of the crop beyond its usefulness as a food security crop on the African continent.
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1. Introduction


Taro (Cocoyam) [Colocasia esculenta (L.) Schott] is an important tropical root crop grown purposely for its starchy corms or underground stem [1]. It is regarded as one of the most important staple crops in the Pacific Islands, Asia and Africa [1,2,3,4]. It is one of the oldest world’s food crops believed to have been first domesticated in Southeast Asia before its eventual spread to other parts of the world [5,6]. The two most commonly cultivated species of Taro (Colocasia esculenta and Xanthosoma sagittifolium) belong to the Araceae family and are extensively cultivated in Africa.



Taro is an herbaceous monocotyledonous plant of 1–2 m height. The plant consists of central corm (below the soil surface) making the leaves grow upwards, roots grown downwards, while cormels, daughter corms and runners (stolons) grow laterally. The root system is fibrous and lies mainly at a depth of up to one meter of soil [3,7].



In most Pacific Island countries (PICs) where taro is widely cultivated and consumed, two species of Colocasia are recognized. They are C. esculenta var. esculenta, commonly called dasheen, and C. esculenta var. antiquorum, often referred to as eddoe [3,8]. The dasheen variety possesses large central corms, with suckers and/or stolons, while eddoes have somewhat small central corm and a large number of smaller cormels [3,9,10].



In Africa, Taro is commonly produced by smallholder, resource-limited and mostly female farmers [3]. Taro ranks third in importance, after cassava and yam, among the class of root and tuber crops cultivated and consumed in most African countries [3]. The crop is underutilized in the areas of export, human consumption, industrial uses, nutritional and other health benefits in Africa. Thus, the objective of this review is to provide a critical assessment of the leading players in the taro sub-sector globally and continentally with the most recent datasets useful for policy intervention and planning. Also, this study explores the nutritional, health and economic benefits of taro highlighting the role it can play in enhancing sustainable livelihoods especially in Africa.



This review relied largely on secondary data freely available at the Food and Agriculture Organisation of the United Nations Corporate Statistical Database (FAOSTAT) and Tridge.com (an online resource for agricultural crops’ international trade data). Other sources include selected peer-reviewed journal articles (from google scholar, Science Direct, Scopus, Mendeley etc), handbooks, conference proceedings, bulletins, and online materials that are germane to this study.




2. Global Taro Production Outlook (2000–2019)


In many parts of the world, roots and tubers such as cassava, sweet potato, yam, and cocoyam are important staple crops. They are commonly cultivated by smallholder farmers and used as food security and income crops especially in Africa. According to FAOSTAT [11], global taro production stood at 9.76 million tonnes in 2000 and reached 10.54 million tonnes in 2019 (Table 1) with Nigeria, Cameroon, China (mainland) and Ghana ranked 1st, 2nd, 3rd and 4th respectively (Table 2).



According to FAOSTAT 2021 [11], there are 47 major taro producing countries in 2019. These countries are from Africa, America, Asia and Oceania regions (Table 3). Nigeria is the highest producer of taro (cocoyam) globally with about 2.86 million tonnes and 27.14% (Table 2) share of world total production in 2019 while Maldives had the least production level of 8 tonnes [11]. Nigeria, Nicaragua, China (mainland) and Papua New Guinea had the highest production level in Africa, Americas, Asian and Oceanian regions respectively in 2019 [11]. Globally, taro production in terms of total area harvested has increased substantially in the last two decades, moving from 1.40 million tonnes in 2000 to 1.96 million tonnes in 2019 (Table 1). Asian region had its highest average yield of taro in 2019 (Table 3) from Palestine (37.00 tons/ha) while the average yield of 9.60 tons/ha from Madagascar was Africa’s highest. From the Americas, the highest average yield was from St. Lucia (25.00 tons/ha) while the highest yield of Oceania was 17.57 tons/ha from Kiribati.



According to [3], FAO’s projection that 70% growth in global agricultural production is required to feed the growing population of an additional 2.3 billion people by 2050 can only be achieved by increasing yields and crop production levels on available farmlands, rather than by increasing lands used for agricultural production. This is not the case in the African region. The increased production level noticed in the African region depended largely on increased farmland for taro cultivation rather than increased crop yield per hectare.




3. Global Taro Imports and Exports Outlook


On the taro global market, China is the leading exporter of taro followed by Mexico, USA and Canada, even though taro production levels in these countries are not as high as those of the top five producers in African countries namely; Nigeria, Cameroon, Ghana, Madagascar and Burundi respectively (Figure 1). From Table 4 and Figure 2, China had the highest taro export value in 2018 with $417.18 million (17.0% world share in US dollars) and about 177 thousand metric tonnes, followed by Mexico $264 million (10.8% global share in US dollars) with a total of 112.96 thousand metric tonnes (quantity exported) while USA had $161 million taro export value (6.6% global share in US dollars) and 50.97 thousand metric tonnes quantity exported in 2018 [12].



Surprisingly, no African countries made the top 20 exporters of taro in 2018 despite being the world leading producers of taro for decades. China and Thailand have consistently maintained their exporting and importing capability on the global crop market just like in cassava global market where Thailand was ranked 1st in export with a total export value of $1.19 billion and China ranked 1st in cassava import globally with a total import value of $1.37 billion in 2017 [13].



However, China’s total taro export value increased steadily from $338.29 million in 2009 to $417.18 million in 2018 [12]. Information on the international trade of taro from Africa seem to be very scarce. This may partly be due to the fact that these leading African producers like Nigeria, Cameroon, and Ghana do not have good documentation of trade in taro and also indicative of the fact that taro production in Africa (especially Sub-Saharan Africa) is mainly hinged on meeting the food security needs at national levels [3].



The global taro import value stood at $2.46 billion in 2018. United States of America (USA) imported a total value of $768.68 million in 2018 while Japan, United Kingdom, Netherlands and France are among the top 10 leading taro importing countries (Figure 3). Table 5 revealed the top 20 taro importing countries and their import shares and quantities (metric tons). USA had the highest import value of taro in 2018 with about $768.68 million (31.3% world share in US dollars) and about 393.68 thousand metric tonnes of importing quantities, followed by Japan with $227 million (9.3% global share in US dollars) with a total of 93.21 thousand metric tonnes (quantity imported) while United Kingdom had $157 million taro import value (6.4% global share in US dollars) and 75.85 thousand metric tonnes quantity exported in 2018 [12].




4. The Energy and Nutritional Values of Taro


Root crops, including taro, are very good sources of energy, fiber, calcium, iron and vitamins. Root plants provide up to 24% of the energy required and 100% of vitamin C. Taro is also a functional food, and possesses nutraceutical ingredients which act against chronic diseases and help maintain good health. Food innovations provide modern methods of food preservation.



Taro has a brown outer skin and white flesh with purple spots all over. When cooked, it has a slightly sweet taste and a potato-like consistency. Taro root is an excellent source of fiber and other nutrients. It is mainly grown for its corm starch, which can be baked, fried, boiled, or made into fresh or fermented paste, flour, drink, crisps or chips. Additionally, its leaves are eaten in sauces, soups or stews due to the high content of vitamins, minerals, secondary metabolites and fiber [8,14,15,16,17].



Nutritionally, taro contains more than twice as much carbohydrate as potatoes and gives 135 kcal per 100 g. Taro contains about 11% protein on a dry weight basis. It’s more than yam, cassava or sweet potato. Many authors have also stated that the protein content of taro is higher than that of other root crops in leaves and tubers, respectively. It contains 85–87% starch on a dry matter basis with small granules, 3–18 µm in size and the content of other nutrients such as minerals, vitamin C, thiamine, riboflavin and niacin [15,17].



Taro leaves are rich in nutrients including minerals such as calcium, phosphorus, iron, and vitamins such as vitamin C, thiamin, riboflavin, and niacin. The high levels of dietary fiber in taro are also beneficial due to their active role in regulating intestinal metabolism, increasing dietary weight and the consistency of stool due to their ability to absorb water. Most of the rural population suffers from malnutrition not because of their economic status, but from an inability to use the available nutritional resources to meet their daily needs. Today, zinc deficiency is common and affects the health and well-being of populations around the world, and since taro is one of the few sources of non-animal zinc, its use should be sought to help alleviate the zinc deficiency that is associated with dwarfism [16,17,18].



4.1. The Chemical Composition of Taro


Taro tubers are characterized by low protein and fat content, but high carbohydrate and mineral content. The small size of the starch granules helps to increase the bioavailability of the nutrients through digestive and absorption efficiency. The ash content in taro ranges from 0.6 to 2.11% fresh weight and 3.54–7.78% dry matter (Table 6). From a nutritional point of view, however, taro is rather low in iron and manganese. The nutritional composition of taro tubers can vary significantly depending on the genotype, growing conditions and interactions between the genotype and the environment [19,20,21]. The distribution of individual components (minerals) in different parts of the tuber is uneven.




4.2. Dry Matter Content


Taro has a rather low dry matter content and thus a high moisture content, accounting for two-thirds of the total fresh root weight [25,26]. The dry matter content of taro varies according to the variety, growing conditions and harvest time. Overall, the dry matter content is 27–40% of the roots [14]. Diversity of the dry matter of varieties, depending on the variety and part of tubers, is presented in Table 7. The lowest average dry matter content (19.5%) was produced by the Vu 1654 variety, and the highest (35.8%)—Vu 360. The dry matter content was different in all tuber sections. The varieties Vu 105, Vu 360, Vu 372, Vu 384, Vu 1765 and Vu 1822 showed the highest values in the middle and upper parts, Vu 468 in the middle and Vu 1654 in the lower part (Table 7). However, the differences were not large and may have been caused by differences in the lengths of the growing periods and the size of the tubers. The differences in the dry matter content between the cultivars revealed that they are closely related to the consumption quality of tubers. Varieties with a high dry matter content turned out to be more desirable for edible purposes than varieties with a low dry matter content [14] (Table 7 and Table 8).




4.3. Starch


Taro has 70–80% starch in the dry weight of tubers [27]. Due to the small size of the starch granules (1–4 m in diameter), taro is easily digestible and as such has been used in the preparation of baby food in Hawaii and other Pacific islands. Taro starch is considered to be easily digestible and is therefore widely used in infant foods and in the diets of gluten-allergic and lactose-sensitive children [27]. Taro starch, due to its small grain size, is used in industrial applications [27]. The very small size of taro starch granules makes them ideal for cosmetic formulations such as face powder and for dusting preparations that use aerosol dispensing systems. Despite these uses, large-scale extraction and utilization of starch from taro tubers is nowhere practiced. So, taro starch can get attention in the pharmaceutical research field. Taro starch is an easily digestible starch, because fine and very fine starch grains have hypoallergenic properties (low susceptibility to allergy), and the starch is gluten-free. Taro starch is also good for patients with peptic ulcers, patients with pancreatic disease, chronic liver problems and inflammatory bowel disease and gallbladder disease [28]. The size of the starch grains varies depending on the variety and ranges from 1.5 to 6.6 μm. The shape of the grains is polygonal. Taro starch contains about 50% less amylose than amylopectin, which is higher compared to other species. The amylose/amylopectin ratio is 1:7. The taro starch forms a clear and soft paste similar to potato starch. The starch gelatinization temperature depends on the variety and ripeness at the time of harvesting and is lower with age, ranging from 63–73 °C. [14,27]. Taro is grown for the starch of the corm eaten baked or cooked and processed into snack foods (chips or fries) to cater for the growing city markets. Most consumers prefer unsweet taros.



The high content of sucrose (non-reducing sugar), glucose and fructose (reducing sugars) in taro tubers is undesirable as they can brown snacks. Taro breeding to improve tuber quality is complex and phenotypic batch selection is impaired by a long growth cycle and low vegetative reproductive rate. Therefore, it requires high-throughput phenotyping tools and the selection of suitable hybrids in early clonal generations. Individual sugars are worth 60 hybrids exhibited by four different breeding programs that were compared with 300 varieties from six different countries. The average total sugar content in C. esculenta ranges from 1.83 to 6.28% FW in hybrids and from 1.32 to 7.69% FW in established, population varieties. The sucrose/reducing sugar ratio varies from 0.06 to 4.34% in hybrids and from 0.04 to 4.82% in fixed varieties. This technique can be used in taro breeding programs for early detection of unwanted hybrids with high levels of reducing sugars [28]. The chemical composition of the sugars is presented in Table 9.



Fresh taro tubers are often sold as French fries and can cater to the ever-growing market for these snacks. The high content of sucrose (non-reducing sugar), glucose and fructose (reducing sugars) in tubers represent undesirable characteristics as they cause browning of the fries (Maillard reaction). The individual sugars are a big problem when preparing taro for French fries, which can be easily replaced by frozen potato fries imported by Fast Foody in tropical countries. Sugars in tubers of Papua New Guinea varieties were identified in order of decreasing importance. They contained the highest levels of fructose (0.4% DW), glucose (0.4%), sucrose (0.1%) and maltose (0.1%). Considerable variation was also observed between different slices of the same tuber, of the same variety grown in different regions. The ratio of sucrose to reducing sugars (S/RS) (Table 9), indicates that some cultivars have this ratio lower than 1.00 and represent genotypes with a higher reducing sugar content than sucrose. There are also taro genotypes that contain five times more sucrose than reducing sugars, revealing the extent of their variability [28].




4.4. Protein


Taro contains approximately 11% protein by dry weight of tubers. This is more than the protein content of yam, cassava or sweet potato. The protein fraction is rich in essential amino acids such as: threonine, leucine, arginine, valine and phenylalanine. The essential amino acids include methionine, lysine, cystine, phenylalanine, and leucine, and the leaves are relatively more abundant than tubers. The protein content of the tuber is higher around the circumference of the tuber than in its center. This suggests that tubers should be peeled very thinly, otherwise a significant amount of protein may be lost during peeling. C. esculenta leaves contain approximately 23% protein by dry weight [25]. Taro leaves are richer in protein than tubers. Taro contains more protein than other root crops due to the presence of symbiotic soil bacteria in its root and rhizome parts [29]. The abundance of these symbiotic bacteria in soils help taro plants to grow under a variety of environmental and ecological conditions [30]. These properties have economic and ecological importance for the environment.




4.5. Lipids


Taro’s fat content is very low and consists mainly of cell membrane lipids and is also variable among varieties. Overall, the fat content of taro tubers ranges from 0.3–0.6% [25,30].



Crude Fibers


Taro contains dietary fiber. In studies on six cultivars in Cameroon and Chad, it was found that the crude fiber content in taro varied from 0.3–3.8% [26]. Taro grown in American Samoa has an even greater range of total, soluble, and insoluble fiber (5.02–9.01%) [31,32,33].



Crude fiber has many desirable functional properties. They include facilitating nutrition, helping in the micro-supply of components and glucose metabolism, as well as slowing down the process of absorption of undesirable dietary components such as cholesterol, they also shorten the intestinal transit time, lower the concentration of total and Low Density Lipoprotein (LDL) cholesterol in the blood, reduce postprandial glucose levels and of insulin in the blood, acts as a buffer and reduces excessive acid secretion in the stomach, prevents constipation, increases the water absorption of food, can increase food stability by modifying the structure and density of food, giving it texture, the form of a gel in food, and the ability to thicken food [33,34].





4.6. Mineral Compounds


Ash


Taro contains a fairly large amount of ash. Its amount in taro ranges from 3.54–7.78%. Essential minerals, like inorganic substances, are present in all body fluids and tissues and play an important role in metabolism and physicochemical processes, such as maintaining pH and osmotic pressure, muscle contractions, and gas transport. These minerals are important components of enzymes and hormones, crucial for bone formation and vitamin synthesis [35,36]. People require a sufficient intake of many mineral elements, depending on their needs. Taro is a very good source of minerals, including potassium (2271–4276.06 mg/100 g), sodium (82–1521.34 mg/100 g), magnesium (118–415.07 mg/100 g), calcium (31–132 mg/100 g), phosphorus (72.21–340 mg/100 g), iron (8.66–10.8 mg/100 g), zinc (2.63 mg/100 g), copper (1.04 mg/100 g). A high ratio of potassium to sodium is recommended for patients with high blood pressure [36,37,38]. Table 10 presents the content of basic elements in tubers, calculated on their dry weight, as well as their minimum, maximum and coefficients of variation. Potassium turned out to be the most stable element, and zinc the most variable [36,37].



For example, calcium oxalate is more concentrated in the distal part. Peeling, and especially deep peeling, can significantly affect the concentration of minerals accumulated in individual parts of the tuber. The uneven distribution of minerals in C. esculenta tubers results from their morphological and anatomical structure as well as from the stages of physiological development. The breakdown of taro occurs when the storage organ begins to grow and continues throughout the growing season. C. esculenta is characterized by continuous divisions with an almost linear increase in fresh and dry matter. The constant breakdown of aroids makes them similar to sugar beets.



Taro tuber includes tissues produced during two consecutive seasons: (1) tissue from the previous season (tuber base) and (2) tissue from the current growing season (tuber rest) [19,36,37]. The distribution of the various minerals in the tuber varies depending on the element. The distribution of essential or potentially toxic elements in the tuber flesh (in the tissues used in human nutrition) is generally little known. Data on the chemical composition of the marginal part is also needed for regulation during peeling. If essential minerals are dominant in the outer part, exfoliation or peeling should be limited to a very thin layer, but deeper, if there are harmful or undesirable substances in this part.



Mergedus et al. [37] found that P, Mg, Zn, Fe, Mn, Cu and Cd are found mainly in the upper part of the tuber, in the central part K, P, Mg, Zn, Fe, Cu and Cd are concentrated, and Ca is concentrated in the lower and marginal parts of C. esculenta tubers. The central part is always the most important from a nutritional point of view, but in order to increase the tuber yield it is necessary to reduce the amount of waste due to the removal of the marginal part. Data on the chemical composition of the four main tuber parts may also be useful in tuber processing, especially in the popular taro chips industry. Horizontal slices in the top should be avoided or parts with undesirable chemical composition should be removed. The youngest tissue is always in the upper part of the tuber (near the shoot). This part is of low edible quality (watery tissue with a low dry matter content). Data on the mineral composition of the tuber and the distribution of individual elements in the tuber can aid in the development of macro- and micronutrient biofortification programs in taro cultivation.





4.7. Anti-Nutritional Factors of Taro


The anti-nutritional factors that limit the use of taro have negative implications for taro as a food, but these also have positive effects on taro as a crop that can be grown with minimal pesticide use. The main anti-nutritional components found in taro are: mucus, oxalic acid, tannins, cyanides, alpha lectins, amylase inhibitors, protease (trypsin and chymotrypsin), and inhibitors [37].



Oxalic acid and oxalates are the main limiting factors in the use of taro. Their presence gives a pungent taste or causes irritation when consumed raw or unprocessed food. This pungent taste and stiffness are caused by calcium oxalate crystals like needles, raffids, which can penetrate soft skin. Then the irritant present in the reefs, possibly a protease, can cause tissue discomfort [13,14,33].



The high concentration of calcium oxalate in the leaves and tubers of plants consumed daily is of concern due to the detrimental health effects associated with high levels of oxalate consumption [5]. In high amounts, oxalic acid is a poison that is troublesome to humans, and it can also reduce the nutritional value of food by binding to calcium to form calcium oxalate. Calcium oxalates are destroyed by boiling the taro tubers for a long time at 90 °C for 30 min and soaking C for 24 h. Since taro is a food for humans and animals, it is important and necessary to investigate whether the oxalate content of taro leaves poses a risk and whether various tuber preparation and cooking methods can dissolve excess oxalate when consumed as a diet.




4.8. Secondary Metabolites


Muñoz-Cuervo et al. [38] analyzed 167 cultivars of C. esculenta and detected 70 substances that absorb UV radiation. These included 6 carotenoids, 35 flavones/flavonols, 6 flavanones, 2 flavanols and one indole. Twenty flavones, which were glycosylated forms of apigenin, luteolin and chrysoeriol. These compounds give the broths a yellow color and determine the chemotype of a low number (approx. 10% of varieties). Their accumulation is negatively correlated with the flavanones that were first recorded in taro. Orange flesh tubers are characterized by a high level of β-carotene. Nevertheless, chemotypes based on secondary metabolites did not show any pattern of geographic distribution [38,39].




4.9. Healing Values of Taro


In addition to being used as a staple food, tropical bulbous plants are also popular for their healing properties. Many of them are used in the preparation of Ayurvedic medicines and for many diseases. They are also used as stimulants, tonics, carminatives, diuretics and expectorants. C. esculenta also offers a number of potential health benefits, including better blood sugar control. Vitamin C and a complex of B vitamins, such as niacin, riboflavin and thiamine, important for the diet are present in significant amounts in taro tubers and leaves, but are not sufficient, but significant amounts of dietary fiber are significant and important [40]. Taro leaves are rich in beta-carotene, iron and folic acid, protect against acidosis, and contribute to the prevention of kidney stones [15,25,33,34]. Tubers have therapeutic value and are used to treat tuberculosis, ulcers, pulmonary congestion, fungal infections, to lower body temperature in a feverish patient, and other ailments. Phytochemicals are responsible for the healing effects of many plant species.



They also have the ability to treat a variety of ailments through their potential anti-inflammatory, antibacterial, antioxidant, antidiabetic, anti-hepatotoxic and antimelanogenic properties. Natural products from medicinal plants, whether in pure form or in extracted form, provide opportunities for new drugs due to the unmatched availability of chemical diversity. Due to the increasing demand for chemical diversity, therapeutic drugs from herbal products are being sought in screening programs. Recent studies have proven the presence of bioactive compounds in taro, such as flavonoids, steroids, β-sitosterols, etc., which have confirmed health properties [15,21,41,42,43]. Nowadays, when the consumer demands natural ingredients that integrate food products, taro has greater possibilities of application not only in the food industry, but also in the pharmaceutical industry.





5. Taro [Colocasia esculenta (L.) Schott] in Africa


In many parts of the world, (especially, African countries), roots and tubers such as cassava (Manihot esculenta), sweet potato (Ipoemea batatas), yam (Dioscorea sp), and cocoyam (Colocasia esculenta and Xanthosoma sagittifolium), are important staple crops commonly cultivated by smallholder farmers and used as food security and income crops [11,44]. Taro production in Africa (especially SSA) is commonly by smallholder, resource-limited and mostly female farmers [3]. However, the crop is mostly referred to as “poor man’s crop” because its consumption is mainly by the low income households in the society [3]. As mentioned above, Africa contributed to over 70% of global taro production consistently in the past two decades and accounted for about 76 percent of world share in 2000 but, witnessed a slight decline in production levels in two decades attaining 72.27% (7.6 million tonnes) share of world total production in 2019 (Table 10) [11]. Despite the global recognition of taro production in Africa, the crop has suffered serious neglect, receiving little attention from agricultural researchers and government policymakers [3,43,44,45,46].



The world is faced with enormous task of providing sufficient food for over seven billion people, with 690 million people suffering from hunger globally, Africa region accounted for 73 million out of the 135 million people suffering from acute food insecurity in 2019 [47,48,49,50,51,52,53]. Hunger and malnutrition continue to escalate as the world’s food system is being threatened by the emergence of COVID-19 pandemic in December 2019. The attendant total and partial lockdowns in many countries has led to increased level of hunger and food insecurity. The situation in Africa is the one referred to as “a crisis within a crisis” with very high prevalence of hunger and malnutrition in most Africa countries. African governments need to intensify efforts in boosting agricultural production and keeping the food value chain active in order to stem the tide of hunger and food insecurity in the continent [54,55,56,57,58,59,60].



However, one of the means of reducing the level of hunger and protein-energy malnutrition in Africa (especially SSA) is through increased production and consumption of indigenous staples of high energy content such as taro [61,62]. Taro is recognized as a cheaper yam substitute, notably during period of food scarcity (hunger season) among many households in SSA (especially Ghana and Nigeria) and its production remained an integral part of many smallholder farming households in many parts of West and Central African countries [3]. It is worthy of note that, most of the output that placed Nigeria as number one taro producer globally and other high producing African countries like Cameroon, Ghana, Madagascar and Burundi (Figure 3) are carried out by smallholder rural farmers employing primitive technology and traditional farming practices with limited intensive management system [3,11]. Taro leaves and tubers possess excellent nutraceutical and healing properties. Thus, its increased production and consumption should be encouraged because of these properties in addition to its usefulness as a food security staple.



5.1. Recent Taro Productivity and Yield Potential in Africa


Total output of taro has witnessed significant increase in Africa, (mostly in West and Central Africa) where total production level in 2019 reached 7.62 million tonnes (the highest in 2 decades) (Table 1). However, these were largely due to increased harvested area rather than increase in yield per land area [11]. The average yield per land area (tons/ha) in Africa has consistently remained relatively low (Figure 4), from 6.10 tons/ha in 2000 to abysmally low 4.34 tons/ha in 2019 while Nigeria (Figure 5) the leading taro producer was not spared in the declining trend of taro yield per land area in Africa, decreasing from 6.62 tons/ha in 2000 to 2.88 tons/ha in 2019 [11]. Consequently, while other taro producing regions experienced significant increase in their yield per land area from 2000 to 2019, Africa recorded a monumental decrease in taro yield per land area in this period (Table 11 & Figure 4) [11]. African region recorded the lowest taro yield per land area in 2019 (Table 11) when compared with other regions such as Asia (16.50 tons/ha), America (10.41 tons/ha), and Oceania (8.73 tons/ha). This unprecedented yield difference in Africa is indicative of the fact that current yield of taro (cocoyam) in the region (especially West and Central Africa) is far below its potential yield. This could be attributed to the fact that taro production in Africa is largely with limited input and mostly cultivated on marginal lands. The culture of merely increasing production level through increased area of farmland is obviously unsustainable, because it resulted in high demand for available land.



Increased taro production is a worthwhile venture. There are industrial, nutraceutical and healing uses for the crop both within and outside any of the producing countries. Exporting taro to other countries will boost the revenue base of the producing countries; livelihoods of the smallholder farmers and other actors along the value chain would also be enhanced.




5.2. Taro Trade Potentials in Africa


The unprecedented increase in total output of taro in Africa (especially, West and Central Africa) in the last two decades indicated that there could be further increase in another decade to come. The estimate from Tridge [12] in 2018 indicated that China (with export value of $417.18 million) remained the number one exporter of taro, followed by Mexico ($264.49 million), USA ($161.01 million) and Canada ($141.96 million) (Figure 1). However, no top taro producing countries from sub-Saharan Africa, which accounted for over 70% of global share of taro production in two decades (2000–2019), was listed among the top 20 cocoyam exporting countries (Figure 1). This may be due to the difficulty in obtaining consistent and reliable data on taro import and export for most African countries. Although 65% of the global taro production is accounted for by Africa in 2019 [11], there is insufficient information on the contribution of taro from these top producing countries to the international taro market. Apart from poor data on trade in taro in Africa, it could also be due to the fact that taro production in SSA is mainly for meeting local needs for food security [3].



In 2018, the three major importers of taro are USA ($768.68 million), Japan ($227.10 million) and United Kingdom ($157.17 million) (Figure 3). Like taro exports, no top producing African countries was listed among the top 20 importers of taro in 2018. There is enormous trade potentials for taro markets in Africa both within (between countries in Africa) and outside the region. There is urgent need to improve taro production and marketing structures in Africa in order to maximize of its gains for economic empowerment [3,12].




5.3. Challenges of Taro in Africa


The non-existent of effective research and policy interventions for the increased production and marketing (international trade) of taro in most African countries (especially SSA) has left the crop as an unpopular and under-utilized root and tuber crop when compared with other root and tuber crops such as cassava, yam and potato. The consistent increase in production levels (although with increasing reduction in yield per land area—Figure 4) of taro in most high producing Africa countries (Nigeria, Cameroon and Ghana) has not attracted the international market for more than three decades [3,6,63,64]. Taro production in most major African growing areas has remained at subsistence level with farmers depending mainly on traditional farming inputs [3,57,58,59].



To further worsen the challenges of taro production, consumption and commercialization in Africa, is the emergence of taro leaf blight (TLB) (Phytophthora colocasiae) in West Africa in 2009 [3,64]. The outbreak of TLB was opined to have accounted for more than US$1.4 billion economic loss annually with enormous impact on the genetic erosion of gene pool in the region [3]. Taro production is facing continuous decline due to rapid prevalence of TLB. This has resulted in continuous low yield, poor quality corms and reduced commercialization in most taro producing countries [3,65].





6. Implications of Taro for Increased Production and International Trade


Increased production of taro has huge implications on African economies and livelihoods. These include substantial foreign earnings from international trade, major addition to available foods commonly used in addressing food insecurity problems in Africa, industrial use as well as nutritional/medicinal values. Therefore, strategies have to be put in place to enhance its production and utilization on the African continent. These strategies as highlighted by [3,6] include:




	
Sensitization on the nutritional/medicinal values and food forms diversities of taro.



	
Improving the genetic base of taro in Africa through germplasm exchange



	
Taro production should not be targeted only for local consumption (as food security crop) but towards attracting the international (export) market.



	
Development of appropriate control measures to eliminate field and storage losses due to TLB and other diseases.



	
Fabrication of sustainable storage facilities to extend the shelf-life of taro after harvesting.



	
Establishment of regional network to foster effective collaboration and development of robust strategic approach to taro disease management.



	
Provision of research funds for agriculture-based institutes and institutions to enable them carry out result oriented researches that will improve the livelihood of both rural and urban households.









7. The Study Limitations


This study is limited to global trade in cocoyam with no consideration for intra-regional trade activities especially within the African region because of lack of data.



The study’s evidence on the level of awareness of the African people on the importance and benefits of cocoyam in their diet is limited.




8. Future Research Areas


Taro [Colocasia esculenta (L.) Schott] is recognized as one of the important root and tuber crops globally with enormous nutritional/health benefits and trade potentials as well as having prospects as sustainable food and nutrition security crop in Africa especially in Sub-Saharan Africa. Taro starch which is considered to be easily digestible could be widely explored in infant foods and in the diets of gluten-allergic and lactose-sensitive children while gaining prominence in pharmaceutical research field. Also, large-scale extraction and utilization of starch from taro tubers can further be enhanced in cosmetic formulations such as face powder and for dusting preparations that use aerosol dispensing systems. The huge trade potentials in taro’s international market can equally be explored especially by the heads of governments of the African producing countries that have contributed more than 50 percent share of global taro production consistently in the last two decades and recently accounted for 72.27% (7.6 million tonnes) share in 2019.



From the study, there is need for continuous research interventions to further explore the detailed molecular properties of the edible parts of Colocasia esculenta in finding better insight to their mechanical and gelatinization attributes for improved use. At present, there is insufficient data on the taro export activities in Africa, it is of utmost importance that African governments provide means of assessing both production and export data of cocoyam to help in harnessing Africa’s opportunities in cocoyam international markets which is capable of improving the economy and livelihood of the people especially, the smallholder households of the cocoyam producing Africa countries. Oxalic acid and oxalates are identified as the main anti-nutritional factors in the use of taro, there is need for robust research interventions on how to destroy calcium oxalates in taro tubers and be sure that oxalate content of taro leaves does not pose a risk to taro consumers’ health.
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Figure 1. Top 10 World Taro (cocoyam) Exporters (2018), Source: Authors’ graph using Tridge 2020 data [12]. 
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Figure 2. Top 10 World Taro Importers (2018), Source: Authors’ graph using Tridge 2020 data [12]. 
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Figure 3. Top 5 African Taro Producers (2000–2019). Source: Authors’ graph using FAOSTAT 2021 data. 
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Figure 4. Declining African region Taro (Cocoyam) yield with trend line (2000–2019), Source: Authors’ graph using data from FAOSTAT 2021 [11]. The vertical lines are the average of Taro and the horizontal axis represents the year of production. 
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Figure 5. Nigeria’s declining Taro yield with trend line (2000–2019); Source: Authors’ graph using data from FAOSTAT 2021 [11]. Note: The dotted line is the trend line; the solid line is the declining Nigeria Taro yield. 
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Table 1. World Taro Production (2000–2019).
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	Year
	Production (Tons)
	Area Harvested (Ha)
	Yield (Tons/Ha)





	2000
	9,763,562
	1,400,008
	6.97



	2001
	9,947,668
	1,434,219
	6.94



	2002
	10,525,900
	1,508,598
	6.98



	2003
	10,799,794
	1,514,534
	7.13



	2004
	10,981,473
	1,521,614
	7.22



	2005
	11,509,450
	1,546,206
	7.44



	2006
	11,905,642
	1,604,675
	7.42



	2007
	11,619,775
	1,615,377
	7.19



	2008
	12,13,3765
	1,562,163
	7.77



	2009
	9,611,224
	1,319,917
	7.28



	2010
	9,441,809
	1,351,094
	6.99



	2011
	9,535,315
	1,252,564
	7.61



	2012
	9,852,145
	1,428,827
	6.90



	2013
	9,627,651
	1,414,931
	6.80



	2014
	10,274,254
	1,519,899
	6.76



	2015
	10,282,311
	1,725,630
	5.96



	2016
	10,378,696
	1,780,637
	5.83



	2017
	10,524,371
	1,831,379
	5.75



	2018
	10,460,010
	1,881,127
	5.56



	2019
	10,541,914
	1,957,358
	5.39







Source: Authors’ compilation from FAOSTAT 2021 [11].
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Table 2. Top 10 Taro Producers in 2019.
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	Global Rank
	Country
	Total Production (Tons)
	Percent of Global Production





	1
	Nigeria
	2,860,909
	27.14



	2
	Cameroon
	1,909,738
	18.12



	3
	China (mainland)
	1,908,830
	18.11



	4
	Ghana
	1,518,436
	14.40



	5
	Papua New Guinea
	271,981
	2.58



	6
	Madagascar
	226,438
	2.15



	7
	Burundi
	217,510
	2.06



	8
	Rwanda
	171,803
	1.63



	9
	Lao People’s DR
	154,644
	1.47



	10
	Central African Republic
	140,957
	1.34



	
	Rest of the world
	1,160,668
	11.00



	
	World
	10,541,914
	100.00







Source: Authors’ Compilation using data from FAOSTAT 2021 [11].
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Table 3. World Taro Producing regions and countries 2019.
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Region

	
Country

	
Production (Tons)

	
Area Harvested (Ha)

	
Yield (Tons/Ha)






	
Africa

	
Benin

	
1050

	
335

	
3.13




	
Burundi

	
217,510

	
28,832

	
7.54




	
Cameroon

	
1,909,738

	
230,760

	
8.28




	
Central African Republic

	
140,957

	
42,366

	
3.33




	
Chad

	
25,136

	
11,533

	
2.18




	
Comoros

	
11,029

	
1,504

	
7.33




	
Côte d’Ivoire

	
81,049

	
69,428

	
1.17




	
DR Congo

	
69,134

	
17,846

	
3.87




	
Egypt

	
122,274

	
5,094

	
3.90




	
Gabon

	
94,776

	
15,521

	
3.13




	
Ghana

	
1,518,436

	
232,028

	
7.54




	
Guinea

	
110,042

	
28,854

	
8.28




	
Liberia

	
27,927

	
3,060

	
3.87




	
Madagascar

	
226,438

	
37,640

	
9.60




	
Mauritius

	
827

	
94

	
8.80




	
Nigeria

	
2,860,909

	
994,644

	
2.88




	
Rwanda

	
171,803

	
28,163

	
6.10




	
Sao Tome and Principe

	
9570

	
2008

	
4.77




	
Sierra Leone

	
2730

	
1070

	
2.55




	
Togo

	
17,340

	
5563

	
3.12




	
America

	
Antigua and Barbuda

	
39

	
10

	
3.90




	
Barbados

	
79

	
23

	
3.43




	
Dominica

	
12,758

	
1329

	
9.60




	
Guyana

	
7137

	
205

	
3.32




	
Honduras

	
5499

	
911

	
2.18




	
Nicaragua

	
24,359

	
2230

	
10.92




	
Saint Lucia

	
300

	
12

	
25.00




	
Trinidad and Tobago

	
2657

	
357

	
7.44




	
United States of America

	
1283

	
123

	
10.43




	
Asia

	
China (mainland)

	
1,908,830

	
95,950

	
19.89




	
China (Taiwan Province)

	
45,920

	
2614

	
17.57




	
Japan

	
138,730

	
11,045

	
19.89




	
Lao People’s DR

	
154,644

	
12,709

	
7.33




	
Lebanon

	
738

	
49

	
1.17




	
Maldives

	
8

	
1

	
8.00




	
Palestine

	
37

	
1

	
37.00




	
Philippines

	
104,943

	
14,877

	
7.05




	
Thailand

	
107,989

	
11,958

	
9.03




	
Turkey

	
903

	
52

	
17.37




	
Oceania

	
Fiji

	
51,509

	
2575

	
3.43




	
Kiribati

	
2001

	
318

	
17.57




	
New Caledonia

	
453

	
88

	
5.15




	
Niue

	
2286

	
355

	
6.44




	
Papua New Guinea

	
271,981

	
34,924

	
7.79




	
Samoa

	
27,564

	
5059

	
5.45




	
Solomon Islands

	
46,977

	
2752

	
17.07




	
Tonga

	
3615

	
488

	
7.41




	
World (total)

	

	
10,541,914

	
1,957,358

	
5.39








Source: Authors’ Compilation using data from FAOSTAT 2021 [11].
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Table 4. Top 20 Exporters of Taro (2018).
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	Rank
	Country
	Export Value (USD)
	Exporting Share (%)
	Exporting Quantity (Metric Tons)





	1
	China
	$417.18 M
	17.0
	177.43 K



	2
	Mexico
	$264.49 M
	10.8
	112.96 K



	3
	USA
	$161.01 M
	6.6
	50.97 K



	4
	Canada
	$141.96 M
	5.8
	-



	5
	Philippines
	$117.97 M
	4.8
	61.39 K



	6
	Thailand
	$112.66 M
	4.6
	59.75 K



	7
	Peru
	$71.18 M
	2.9
	46.08 K



	8
	India
	$67.94 M
	2.8
	64.21 K



	9
	Costa Rica
	$67.78 M
	2.8
	73.97 K



	10
	France
	$63.93 M
	2.6
	23.87 K



	11
	Germany
	$63.05 M
	2.6
	22.77 K



	12
	Netherlands
	$53.41 M
	2.5
	21.50 K



	13
	Chile
	$52.63 M
	2.2
	21.62 K



	14
	South Africa
	$52.81 M
	2.2
	20.10 K



	15
	Italy
	$46.15 M
	1.9
	23.42 K



	16
	South Korea
	$42.38 M
	1.7
	6.07 K



	17
	Ireland
	$41.58 M
	1.7
	64.10 K



	18
	Indonesia
	$39.55 M
	1.6
	20.10 K



	19
	Guatemala
	$38.82 M
	1.6
	48.99 K



	20
	Belgium
	$32.53 M
	1.3
	12.34 K



	
	World (total)
	$2.46 B
	
	







Source: Authors’ compilation from Tridge, 2020 [12], Note: M = Million, K = Thousand.
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Table 5. Top 20 Importers of Taro (Cocoyam) (2018).






Table 5. Top 20 Importers of Taro (Cocoyam) (2018).












	Rank
	Country
	Import Value (USD)
	Importing Share (%)
	Importing Quantity (Metric Tons)





	1
	USA
	$768.68 M
	31.3
	393.68 K



	2
	Japan
	$227.10 M
	9.3
	93.21 K



	3
	United Kingdom
	$157.17 M
	6.4
	75.85 K



	4
	Netherlands
	$131.61 M
	5.4
	74.36 K



	5
	France
	$131.61 M
	5.2
	-



	6
	China
	$63.29 M
	2.6
	52.50 K



	7
	Germany
	$61.77 M
	2.5
	26.27 K



	8
	Australia
	$59.11 M
	2.4
	-



	9
	South Korea
	$54.23 M
	2.2
	32.43 K



	10
	Russia
	$49.32 M
	2.0
	28.03 K



	11
	Italy
	$47.02 M
	1.9
	23.54 K



	12
	Poland
	$45.93 M
	1.9
	47.23 K



	13
	Canada
	$43.94 M
	1.8
	-



	14
	Belgium
	$29.61 M
	1.2
	17.34 K



	15
	Spain
	$28.79 M
	1.2
	-



	16
	Israel
	$28.79 M
	0.9
	12.15 K



	17
	Mexico
	$22.74 M
	0.9
	12.61 K



	18
	Denmark
	$22.64 M
	0.9
	12.25 K



	19
	New Zealand
	$22.55 M
	0.9
	-



	20
	Sweden
	$21.9 M
	0.9
	8.78 K



	
	World
	$2.46 B
	
	







Source: Authors’ compilation from Tridge 2020 [12], Note: M = Million, K = Thousand.













[image: Table] 





Table 6. Approximate storage of taro tubers in the fresh state.
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	Specification
	Author 1 [22]
	Author 2 [23]
	Author 3 [24]





	Dry matter
	31.9
	15–37
	34.31



	Carbohydrates
	26.80
	13–29
	26.30



	Proteins
	0.34
	1.43–3.3
	1.1



	Lipids
	0.11
	0.16–0.36
	0.40



	Crude fiber
	2.50
	0.6–1.18
	2.10



	Ash
	1.91
	0.6–1.31
	2.11



	Vitamin C (mg/100 g)
	14.3
	7.0–9.0
	<1.0



	Tiamine (mg/100 g)
	0.028
	0.18
	0.11



	Riboflavin (mg/100 g)
	0.029
	0.04
	0.02



	Niacin (mg/100 g)
	0.78
	0.92
	1.32







Source: Authors’ compilation from [22,23,24].
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Table 7. Average and standard deviation of tuber dry weight of different cultivars of Colocasia esculenta tubers.






Table 7. Average and standard deviation of tuber dry weight of different cultivars of Colocasia esculenta tubers.





	
Cultivar

	
N

	
Lower

	
Marginal

	
Central

	
Top




	
Content

(%)

	
Standard

Deviation

	
Content

(%)

	
Standard

Deviation

	
Content

(%)

	
Standard

Deviation

	
Content

(%)

	
Standard

Deviation






	
Vu 105

	
3

	
31.9

	
1.4

	
29.6

	
1.2

	
26.2

	
0.6

	
25.1

	
0.2




	
Vu 360

	
3

	
35.8

	
0.5

	
38.3

	
1.0

	
34.7

	
0.5

	
34.3

	
0.5




	
Vu 372

	
3

	
28.8

	
1.8

	
27.3

	
0.9

	
27.8

	
1.0

	
25.1

	
1.2




	
Vu 384

	
3

	
28.7

	
1.4

	
29.0

	
2.3

	
24.6

	
0.9

	
24.5

	
0.9




	
Vu 468

	
3

	
25.3

	
1.3

	
25.0

	
0.7

	
22.7

	
0.43

	
25.1

	
1.8




	
Vu 1654

	
3

	
19.5

	
1.2

	
21.7

	
1.8

	
20.2

	
0.6

	
21.3

	
0.3




	
Vu 1765

	
3

	
29.0

	
0.3

	
28.1

	
0.4

	
25.1

	
0.4

	
27.3

	
0.4




	
Vu 1822

	
3

	
30.4

	
1.6

	
32.2

	
2.1

	
29.6

	
1.4

	
29.2

	
1.9








Source: Study based on the literature.
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Table 8. The tuber dry weight of four different sections of Colocasia esculenta tubers.






Table 8. The tuber dry weight of four different sections of Colocasia esculenta tubers.





	Section
	N
	Content

(%)
	Standard Deviation

(%)
	Minimum

(%)
	Maximum

(%)
	Coefficient of Variation

(%)





	Lower
	24
	28.7
	4.7
	36.4
	18.8
	6.6



	Marginal
	24
	28.8
	4.9
	39.0
	20.0
	6.9



	Central
	24
	26.4
	4.3
	35.2
	19.4
	5.8



	Top
	24
	26.5
	3.8
	34.7
	20.4
	5.2







Source: Study based on the literature.
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Table 9. Average individual sugars contents and ratios depending on location.
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	Cultivars
	Maltose
	Sucrose
	Glucose
	Fructose
	Ribose
	Total Sugars (% FW)
	RS 1

(% FW)
	S/R 2

(% FW)
	Total

Sugars 3





	Local check
	0.35
	2.15
	0.19
	1.17
	0.00
	2.87
	0.72
	3.03
	0.96



	Vanuatu
	0.32
	2.00
	0.36
	0.28
	0.11
	3.07
	1.08
	1.85
	1.03



	Indonesia
	0.34
	1.84
	0.38
	0.37
	0.13
	3.16
	1.18
	1.91
	1.00



	Japan
	0.36
	2.34
	0.33
	0.28
	0.00
	3.42
	0.99
	2.45
	1.14



	Malaysia
	0.42
	2.43
	0.50
	0.45
	0.18
	3.79
	1.47
	1.69
	1.26



	Philipines
	0.43
	2.15
	0.42
	0.36
	0.29
	3.50
	1.35
	1.76
	1.17



	Tailand
	0.31
	1.76
	0.66
	0.56
	0.27
	3.59
	1.85
	1.44
	1.20



	Vietnam
	0.36
	1.94
	0.44
	0.41
	0.28
	3.45
	1.50
	1.52
	1.15



	Average
	0.33
	1.96
	0.38
	0.29
	0.12
	3.08
	1.12
	2.19
	1.03







1 Total reducing sugars = maltose +glucose + fructose + ribose; 2 Sucrose/total reducing sugars; 3 Estimated = % DW = % FW (based on mean dry mass of 35.81% FW for n = 315 acc. [29]). Note: all the columns in the Table have the same unit: % FW.













[image: Table] 





Table 10. Average and standard deviation, minimum, maximum and coefficient of variation (CV) of the mineral content of taro tubers (on a dry weight basis).






Table 10. Average and standard deviation, minimum, maximum and coefficient of variation (CV) of the mineral content of taro tubers (on a dry weight basis).





	Element
	Content
	Standard Deviation
	Minimum
	Maximum
	CV

(%)





	K (%)
	2.24
	0.48
	1.59
	2.90
	21.5



	P (%)
	0.139
	0.040
	0.115
	0.210
	28.8



	Mg (mg)
	1000.5
	230.1
	766.4
	1332.2
	22.9



	Ca (mg kg−1)
	867.2
	226.1
	581.3
	1159.2
	26.1



	Zn (mg kg−1)
	51.4
	26.1
	29.1
	93.0
	49.5



	Fe (mg kg−1)
	11.6
	4.4
	7.1
	18.6
	37.8



	Mn (mg kg−1)
	11.3
	3.2
	7.4
	13.8
	29.2



	Cu (mg kg−1)
	6.7
	2.9
	5.5
	5.4
	32.6



	Cd (mg kg−1)
	0.083
	0.039
	0.037
	0.136
	45.3



	Pb (mg kg−1)
	NA
	NA
	NA
	NA
	NA



	Cr (mg kg−1)
	NA
	NA
	NA
	NA
	NA







NA—Not Available.
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Table 11. Taro Regional Production (2000–2019).






Table 11. Taro Regional Production (2000–2019).





	

	
Africa

	
America

	
Asia

	
Oceania




	
Year

	
Prod (1000 t)

	
Area Harvested (1000 ha)

	
Yield (t/ha)

	
Prod (tons)

	
Area Harvested (ha)

	
Yield (t/ha)

	
Prod (1000 t)

	
Area Harvested (ha)

	
Yield (t/ha)

	
Prod (tons)

	
Area Harvested (ha)

	
Yield (t/ha)






	
2000

	
7435

	
1219

	
6.10

	
78,815

	
7621

	
10.34

	
1931

	
128,872

	
14.98

	
318,753

	
44,362

	
7.19




	
2001

	
7598

	
1251

	
6.07

	
81,871

	
8118

	
10.09

	
1947

	
139,676

	
15.01

	
321,062

	
45,321

	
7.08




	
2002

	
8112

	
1322

	
6.14

	
85,195

	
8571

	
9.94

	
1977

	
129,322

	
15.29

	
351,476

	
48,664

	
7.22




	
2003

	
8330

	
1322

	
6.30

	
82,214

	
8628

	
9.53

	
2026

	
133,626

	
15.16

	
361,416

	
50,192

	
7.20




	
2004

	
8557

	
1329

	
6.44

	
82,252

	
8669

	
9.49

	
1952

	
131,050

	
14.89

	
390,886

	
53,390

	
7.32




	
2005

	
9099

	
1354

	
6.72

	
82,994

	
8915

	
9.31

	
1914

	
127,935

	
14.96

	
413,900

	
55,658

	
7.44




	
2006

	
9510

	
1413

	
6.72

	
81,946

	
8731

	
9.39

	
1912

	
128,569

	
14.87

	
402,449

	
54,061

	
7.44




	
2007

	
9129

	
1426

	
6.40

	
80,343

	
7297

	
11.01

	
2014

	
129,513

	
15.55

	
395,889

	
52,735

	
7.51




	
2008

	
9617

	
1367

	
7.04

	
80,878

	
7227

	
11.19

	
2023

	
130,721

	
15.47

	
413,645

	
57,708

	
7.17




	
2009

	
7035

	
1125

	
6.25

	
81,350

	
7207

	
11.29

	
2082

	
133,211

	
15.63

	
412,859

	
54,574

	
7.57




	
2010

	
6904

	
1161

	
5.94

	
55,662

	
4883

	
11.40

	
2080

	
132,285

	
15.72

	
402,545

	
52,463

	
7.67




	
2011

	
6993

	
1062

	
6.59

	
46,999

	
3937

	
11.94

	
2074

	
131,868

	
15.72

	
421,634

	
54,973

	
7.67




	
2012

	
7196

	
1238

	
5.81

	
92,574

	
9884

	
9.37

	
2180

	
133,298

	
16.35

	
383,583

	
47,503

	
8.07




	
2013

	
6879

	
1219

	
5.64

	
103,142

	
10,638

	
9.70

	
2213

	
134,017

	
16.51

	
432,174

	
51,472

	
8.40




	
2014

	
7368

	
1312

	
5.61

	
101,393

	
8830

	
11.48

	
2388

	
147,551

	
16.18

	
417,198

	
51,031

	
8.18




	
2015

	
7366

	
1522

	
4.84

	
133,046

	
7785

	
17.09

	
2367

	
147,251

	
16.07

	
416,183

	
48,309

	
8.62




	
2016

	
7472

	
1574

	
4.75

	
74,274

	
7359

	
10.09

	
2440

	
152,588

	
15.99

	
392,197

	
46,725

	
8.39




	
2017

	
7646

	
1630

	
4.69

	
72,755

	
6930

	
10.50

	
2409

	
148,133

	
16.26

	
396,564

	
46,566

	
8.52




	
2018

	
7575

	
1682

	
4.50

	
43,865

	
4408

	
9.95

	
2438

	
148,380

	
16.43

	
403,122

	
46,595

	
8.65




	
2019

	
7619

	
1756

	
4.34

	
54,111

	
5200

	
10.41

	
2463

	
149,256

	
16.50

	
406,386

	
46,559

	
8.73








Source: Authors’ Compilation using data from FAOSTAT 2021 [11]; Note: t = Tonnes, ha = Hectare, Prod = Production.
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