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There is a general unawareness of food crops indigenous to the African continent that have contributed to Western culture. This under-appreciation is particularly relevant in the current context of societal movements to end historic racism and value the contributions of peoples of African origin and African skin colors. Lack of awareness of the contributions of Africa's crops has negative practical consequences, including inadequate investments in preserving and maximizing the use of crop diversity to facilitate breeding. This paper provides an overview and analysis of African crops that have made significant contributions to the United States and globally, and/or hold potential in the twenty-first century. The paper specifically discusses watermelon, coffee, kola, rooibos, oil palm, shea, cowpea/black eyed pea, leafy greens, okra, yam, sorghum, pearl millet, finger millet, teff, and fonio. The review focuses on the intersection of these crops with racialized peoples, with a particular focus on African-Americans starting with slavery. The analysis includes the sites of domestication of African crops, their historical migration out of Africa, their sociocultural contributions to cuisines and products around the world, their uses today, and the indigenous knowledge associated with traditional cultivation and landrace selection. The untapped potential of local genetic resources and indigenous agronomic strategies are also described. The review demonstrates that African crops played an important role in the development of American cuisine, beverages and household products. Many of these crops are nutritious, high value and stress tolerant. The paper concludes that African crops hold significant promise in improving the resiliency of global food production systems, to mitigate climate change and alleviate food insecurity and rural poverty, especially in dry regions of the world. It is hoped that this review contributes to teaching the next generation of agriculturalists, food scientists and international development professionals about the valuable contributions of Africa's resilient crops and peoples.
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INTRODUCTION

It can be argued that it is common knowledge that maize (Zea mays L.) originated from Mexico, bread wheat (Triticum aestivum) from the Middle East, and black tea (Camellia sinensis) from East Asia (Kiple and Coneè Ornelas, 2000). These crops, like many others from other centers of origin (domestication), have traversed global boundaries and are widely acknowledged for their contributions to the world's farmers and consumers (Nunn and Qian, 2010). Unfortunately, unlike crops originating from other continents, many plant biologists, agriculturalists, and consumers in the Western world may be unaware of the crops that were domesticated in Africa (National Research Council, 2006; Zuckerman, 2016). These crops include (but are not limited to) watermelon (Citrullus lanatus), coffee (Coffea arabica and C. canephora), kola (Cola acuminate and C. nitida), rooibos (Aspalathus linearis), oil palm (Elaeis guineensis), shea (Vitellaria paradoxa), cowpea/black eyed pea (Vigna unguiculata), okra (Abelmoschus callei), yams (Dioscorea sp.), various cereals, and leafy greens (Carney, 2001a). Such lack of awareness is problematic, as the geographic origin of a crop holds the greatest genetic diversity for breeding. Protecting these genetic resources (e.g., continuously evolving farmer landraces and wild relatives) requires public investments, both financial and scientific (Bargout and Raizada, 2013). Such investments have been challenging for Africa, perhaps because of a lack of public awareness (Nunn and Qian, 2010; Cloete and Idsardi, 2013). While the concept of protecting genetic resources is appreciated by crop scientists, sometimes less appreciated is the value of learning from indigenous oral knowledge despite the fact that it can include thousands of years of accumulated agronomic expertise (Altieri, 2001; Bargout and Raizada, 2013). Without knowing that important crops actually originate in Africa, agriculturalists may have not taken advantage of this experience. As our world is facing climate change, food insecurity, and a need for more sustainable agricultural development, these crops, and their associated resources including genetic diversity and indigenous knowledge may, in turn, provide potential solutions and pathways for resilience and adaptation to these issues (Altieri, 2001; Jarvis et al., 2011; Borelli et al., 2020). Finally, given the current reckoning of racism against peoples with African skin colors, it is important to honor the contributions of farmers of African origin.

The objective of this paper is to provide readers with a comprehensive analysis of the contributions that resilient African food crops have made to the United States and beyond. The paper specifically is intended to provide an understanding of the origins of domestication of these crops, their migration histories out of Africa, their contributions to nutrition, cuisine, culture and household products, their current significance to smallholder farmers and known indigenous cultivation practices. For African crops that influenced Brazil and the Caribbean, the readers are encouraged to consult Vandebroek and Voeks (2018). For a more comprehensive quantification of the interconnections between foreign crops and primary regions of crop diversity in the era of globalization, readers should see Khoury et al. (2016). Lastly, it is important to note that in addition to the Trans Atlantic Slave Trade, millions of African slaves were also forcibly exported throughout the Asian Slave Trade (800 AD to 1900 AD) (Collins, 2006). The contributions of these latter enslaved peoples to the provisioning of indigenous African crops to the rest of the world are not included within the scope of this paper, but perhaps offer a future opportunity for inquiry.

Each crop discussed will begin with tracing and understanding their origins of domestication, migration histories out of Africa, contributions to nutrition, cuisine, culture, and household products, along with available indigenous cultivation practices and their current significance to smallholder farmers. Next, this paper will describe the African-American connections to these crops, where noted in the literature, including the contributions made by slaves, in terms of their establishment beyond Africa. The intersection of racism and traditional African crops will then be analyzed. The paper concludes by discussing the untapped potential of these crops to promote resilient agricultural production and mitigate and adapt to climate change impacts.



SPECIFIC CROPS OF AFRICAN ORIGIN

While only a partial list of crops, this section provides a detailed analysis of traditional African crops and their contributions to the United States and elsewhere. Starting from their centers of domestication (Figure 1), this section will review the journeys of these crops around the globe and their contributions to, and potential for, agricultural development, food security, culture and cuisine, as well as potential pathways for climate change resilience and adaptation.
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FIGURE 1. Map showing the hypothesized centers of origin of African food crops. See main text for references.




WATERMELON (CITRULLUS LANATUS)

From the nineteenth century to the present day, the watermelon in North America has been a racial stereotype of African-Americans (Figure 2A). The watermelon signified Blacks as “lazy,” “irresponsible,” “criminal,” and as “simple creatures” who could be “satisfied” with a slice of watermelon—despite the deprivation of their civil rights (Lemons, 1977, p. 111; Von Blum, 2012, p. 41). This racial motif emerged during the height of the U.S. Civil War when violence against Blacks was at its worst and the “Negro” caricature was intended to humiliate (Lemons, 1977). Food associated with African-Americans, including the watermelon, eventually became a symbol of autonomy during and after the Civil Rights movement and served as a reminder of the journey captive Africans made through the Trans-Atlantic Slave Trade into America (Mitchell, 2009). Despite this breakthrough, the watermelon today is a reminder of the historical injustices that African Americans continue to face.


[image: Figure 2]
FIGURE 2. Watermelon (Citrullus sp.). (A) A racist caricature from 1922 depicting the African-American watermelon stereotype. Source: United States Public Domain. (B) Colocynths growing in the Adrar Desert, Mauritania. Source: Ji-Elle. CC BY-SA 3.0.


With the significance of watermelon as a racial trope in the West, watermelons, which belong to the Citrullus genus (Guo et al., 2013), actually originated from Africa. Before the emergence of the watermelon in horticulture, wild watermelons pervaded Pan African landscapes, where dry climates have preserved the seeds, allowing us to learn about their indigenous environments (Zhang et al., 2011; Paris, 2015). The specific origin of sweet, fleshy watermelon (C. lanatus) was widely debated between the northern, southern, and western regions of Africa (Nantoumé et al., 2012; Chomicki and Renner, 2015; Paris, 2015; Chomicki et al., 2019). Recent findings from genomic diversity analysis suggests that C. lanatus was likely domesticated in West Africa (Figure 1) between 4,000-5,000 years ago from C. mucosospermus, which in turn was derived from an earlier melon, C. colocynthis (Guo et al., 2013, 2019; Paris, 2015; Chomicki et al., 2019) (Figure 2B). Both extant ancestors are white, bitter melons, of which C. mucosospermus is widely consumed today in West Africa, not for its fruit, but for its protein- and oil-rich seeds (seeds of egusi melon, formerly C. lanatus ssp mucosospermus) which contribute significantly to food and income security (Achigan-Dako et al., 2008; Jensen et al., 2011b; Paudel et al., 2019).

The earliest archaeological evidence of watermelon (C. lanatus) cultivation was in North Africa, specifically watermelon seeds in Libya more than 5,000 years ago (Wasylikowa and van der Veen, 2004). Thereafter, a painting of an oblong, striped watermelon appears on the walls of an Egyptian pharaoh 4,000 years ago (Chomicki and Renner, 2015). Ancient Egypt has long been recognized as an early site of sweet watermelon cultivation, supported by Ancient Egyptian iconography, Latin, Greek, and Hebrew literature and through archaeological remains of seeds (Andrews, 1956; Paris, 2015).

From ancient Africa, sweet watermelon spread to the Middle East, China, and India, with records dating back to 800 A.D. (Wehner, 2008). Moorish conquerors of Spain introduced watermelon into Europe, but its spread northwards halted as a result of the unfavorable climate for the crop (Wehner, 2008; Paris, 2015). It is reported that Columbus, in his second voyage to the New World, introduced watermelon to indigenous groups and African slaves who then cultivated the crop (Romão, 2000; Dane and Liu, 2007; Pitrat, 2008). There is no archaeological evidence of watermelon in the New World prior to the arrival of Europeans (Blake, 1981). Today, watermelon in the U.S. is primarily produced in the Southern states (Wehner, 2008).

As of 2018, the world harvested more than 3.2 million hectares of watermelon, totalling 103 million tons, making it the second highest fruit crop by production weight in the world [Statistics Division of the Food and Agriculture Organization of the United Nations (FAOSTAT), 2018]. In terms of quantity by tons, watermelon accounts for approximately 12% of total worldwide fruit production [Statistics Division of the Food and Agriculture Organization of the United Nations (FAOSTAT), 2018]. Africa as a continent contributed 6% of this total production globally [Statistics Division of the Food and Agriculture Organization of the United Nations (FAOSTAT), 2018].

Wild Citrullus fruits, as xerophytes, are found in abundance in arid environments, as they need little water to survive, making wild watermelon an essential source of food, fodder, and water during dry seasons (Smith and Cooley, 1973; Yokota et al., 2002; Paris, 2015). Citrulline, derived from Citrullus, is a non-essential amino acid that accumulates in watermelon and is instrumental to oxidative-stress tolerance during drought conditions, including during the seedling stage (Yokota et al., 2002; Zhang et al., 2011; Guo et al., 2013). Other watermelon drought tolerance mechanisms include thick leaves and a deep root system. Due to its drought-resistance, watermelon is noted as a climate change resilient crop (Yokota et al., 2002; Zhang et al., 2011). Nutritionally, watermelon contributes sugars, lycopene (the phytochemical responsible for its reddish pigment), as well as arginine and glutathione, all of which promote cardiovascular health (Guo et al., 2013).

Watermelon additionally provides benefits to smallholder farmers around the world. The crop is usually grown alone or is intercropped with wheat, cassava, maize, pepper, and/or tomato, and improves the profitability of these systems (Adeoye et al., 2011; Nantoumé et al., 2012; Huang et al., 2015). A case study in Nigeria found watermelon grown on smallholder farms provided 100% returns on investment (Adeoye et al., 2011). Studies in China have found that when watermelon is added to a wheat-maize intercropping system, revenues increased by 60% (Huang et al., 2015). An important additional benefit of watermelon is its ability to suppress weeds, as it spreads along the soil surface (Adeoye et al., 2011). The latter trait is especially important in developing nations, where smallholder women farmers can spend up to 50% of their on-farm time removing weeds by hand (Grassi et al., 2015).

Domesticated watermelons have typically been bred for their sweetness or large size (Guo et al., 2019), leading to the disappearance of many varieties over the last century (Parris, 1949; Guo et al., 2013). Unfortunately, many watermelon varieties today are susceptible to different pests and pathogens (Guo et al., 2019). Although there are wilt and anthracnose resistant varieties, further breeding for pest and pathogen resistance is needed (Braun, 1942; Parris, 1949; Adeoye et al., 2011; Guo et al., 2013). Unexploited genetic stocks with potential for further breeding remain in the primitive watermelons in Africa (Guo et al., 2013) including the seven other African species of Citrullus (Guo et al., 2019). In fact, there is genomic evidence of past contributions of these African Citrullus species to disease resistance in modern sweet watermelon (Guo et al., 2019). Therefore, Africa may continue to contribute the benefits of this crop to the rest of the world. Interestingly, indigenous practices as observed in the Tombouctou Region of Mali (West Africa) include the cultivation of multiple types of watermelon side by side in strips within the same plot so as to conserve genetic diversity (Nantoumé et al., 2012).

With the intensification of watermelon production, there is a risk that ancient, indigenous cultivation practices in Africa may be lost (Mujaju and Fatih, 2011; Nantoumé et al., 2012) which might otherwise be informative for farmers elsewhere. Indigenous knowledge is the key to many livelihoods and provides access to genetic resources and conservation strategies (Robinson, 2005; Jensen et al., 2011a; Nantoumé et al., 2012). In North Africa, it appears that watermelon thrives on sandy, well-drained soils (Figure 2B) (Jensen et al., 2011b; Nantoumé et al., 2012). In the Tombouctou Region of Mali, indigenous farmers intercrop watermelon with beans (Jensen et al., 2011b), suggesting that farmers exploit the microbial nitrogen fixation potential associated with beans to help fertilize watermelons. Elsewhere in Mali, watermelon is intercropped with cereal crops (millet, maize or sorghum), interestingly by planting watermelon and cereal seeds in the same hole; one interpretation of this cropping system is that the spreading vines quickly protect cereal seedlings from weed pressure (Nantoumé et al., 2012). The Tombouctou farmers with access to land near a river grow watermelon with the décrue system which uses receding floodwater (Jensen et al., 2011b). This knowledge demonstrates the sustainable exploitation of water sources in the cultivation of watermelon. After sowing, typically no chemical inputs are used, though some farmers apply manure fertilizer (Jensen et al., 2011b).

It is hoped that a wider understanding of the African origins of this major global fruit may lead to a greater appreciation of the cultural importance of watermelons to the African diaspora, as well as new research and investment in conservation and breeding efforts to exploit traditional African watermelon landraces, and of the associated agronomic indigenous knowledge. Additional efforts to make use of watermelon as a nutritious, profitable, drought tolerant crop are especially required in a world in need of solutions to combat climate-change and food insecurity.



COFFEE (COFFEA ARABICA, COFFEA CANEPHORA, AND COFFEA LIBERICA)

There are many species of coffee trees, but approximately two-thirds of commercial coffee production globally comes from the beans of Coffea arabica (Figure 3A), which was domesticated at least 1,500 years ago in the highlands of Ethiopia (Figure 1) (Anthony et al., 2002). There are additional sites of C. arabica diversity in nearby Sudan and Kenya (Thomas, 1942; Sylvain, 1955). Much of the remaining one-third of commercial coffee comes from C. canephora, the more bitter and caffeinated robusta coffee, which is used for instant coffee and espresso; it originates from lowland tropical forests in Africa (Congo, Cameroon, Ivory Coast, Central African Republic, Guinea) (Leroy et al., 2014). A third African species of coffee, Liberica coffee (Coffea liberica), is less popular globally but is also commercially cultivated, mostly in Malaysia (Saw et al., 2015). Coffee is often consumed for its stimulating effects on the central nervous system. According to Ethiopian folklore, the psychoactive nature of the coffee berry was discovered when a goat herder's goats began to dance on their hind legs shortly after consuming the beans (Pendergast, 1999). Now, the world consumes over 2.5 billion cups of coffee per day (Arnot et al., 2006).
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FIGURE 3. Coffee (Coffea arabica and C. canephora). (A) Coffee (C. arabica) berries. (B) Roasted coffee beans ready to be husked. (C) Plantation workers picking coffee berries in Colombia. Source: M. Savage. CC BY 2.0.


It is thought that the dominant C. arabica coffee spread from Ethiopia to Arab societies through trade, or through the establishment of plantations in Mocha, now current-day Yemen, which was then part of Ethiopia in the sixth century A.D. (Pendergast, 1999; Carney, 2001a; Anthony et al., 2002). From the sixteenth century, the center of power in the Islamic world shifted to the Ottoman Empire, with Constantinople as its capital, and intended to protect their monopoly on coffee (Colburn, 2002). All beans to be traded had to be partially roasted (Figure 3B) to prevent their germination and establishment worldwide (Pendergast, 1999). These efforts were circumvented in the 1600s when a Dutch trader smuggled plants into the East Indies, now present-day Indonesia (Law, 1850; Pendergast, 1999; Carney, 2001a). Records show that coffee was brought to India, a country with a rich and longstanding history with the crop, prior to the establishment of the East India Company by way of Haj pilgrims and traders traveling from Yemen (Wild, 1994). By the end of the seventeenth century, drinking coffee was a habit of many Northern Europeans, leading to the desire to establish plantations in their respective colonies in the West Indies and Latin America in the eighteenth century including in Colombia and Brazil—today famous for their coffee (Aregay, 1988; Pendergast, 1999; Carney, 2001a). Indeed, though Arabica, Robusta, and Liberica coffee originated in Africa, they are now grown on five continents, with most of the world's coffee production concentrating in the Americas [Statistics Division of the Food and Agriculture Organization of the United Nations (FAOSTAT), 2018]. Brazil is the world's leading producer of coffee, producing over 3.5 million tons in 2018 [Statistics Division of the Food and Agriculture Organization of the United Nations (FAOSTAT), 2018]. The establishment of coffee plantations in the Americas (Figure 3C) is a result of the labor from imported African and Indigenous-American slaves, who were forced to work on the plantations of European colonies (Pendergast, 1999; Nunn and Qian, 2010).

While C. liberica is often used as a strong rootstock for grafting other Coffea species, there is an anticipated higher demand for C. liberica due to its lower caffeine levels and clustered fruit maturation, leading to higher quality of coffee and seed weights, which is of growing interest to breeding programs (Amidou et al., 2007; Patay et al., 2016).

The global coffee industry could learn from the traditional agronomic practices associated with African communities' longstanding history with coffee production. The Jimma Highlands of Ethiopia are recognized today to host the greatest genetic diversity of Arabica coffee (Denu et al., 2016; Hwang et al., 2020). Traditional coffee cultivation in the Jimma Highlands is described as “wild coffee,” “semi-forest coffee,” or “community forest” management systems, in which coffee berries are directly harvested from wild plants in natural forests (Gole, 2003; Denu et al., 2016; Wood et al., 2019). Here, as indigenous tree species in the forest are conserved to provide shade for the coffee trees, the ground vegetation between coffee trees is removed, and regenerated coffee seedlings fill in empty space between trees (Hwang et al., 2020). While this practice has occurred since the eighteenth century Ethiopian coffee trade, these systems are reported to be the most sustainable coffee production systems available today as they offer the greatest potential for carbon sequestration and indigenous species conservation (Gole, 2003), especially in comparison to exploitative plantations that require mass land clearing (Denu et al., 2016; Wood et al., 2019; Hwang et al., 2020). However, the remaining forests are increasingly threatened through various modes of degradation. Namely, increasing coffee prices and simultaneous increase in intensity of coffee forest production have led small-scale farmers to remove competing native understory shrubs in natural forests and fallen coffee beans from forest floors, which risks the ability of semi-natural coffee forests to regenerate and ultimately, risks the loss of this diverse genetic hotspot (Gole, 2003; Hwang et al., 2020). Therefore, while there is potential to offset greenhouse gas emissions from intensive agricultural land use by adopting indigenous coffee agroforestry practices (Denu et al., 2016), a question remains as to how global powers, pressures, and policies will affect participatory conservation of natural forests and applicable indigenous knowledge in sustainable production systems, such as wild coffee management systems, and the benefits the world can accrue from these resources in the future (Gole, 2003; Wood et al., 2019; Hwang et al., 2020).



KOLA TREES (COLA ACUMINATA AND C. NITIDA)

Coca cola is often considered “as American as apple pie,” despite the fact that its flavor came from kola nuts which originate from Africa (Hall, 2008). Kola nuts are found inside the pods of kola trees (Figures 4A,B) which originate from tropical West-Central Africa, from Sierra Leone to Congo (Figure 1) (Lovejoy, 1980; Carney, 2001a; Angiosperm Phylogeny Group, 2009). Kola made its way to the Americas during the 1700s as a lucrative export crop from Africa (Carney, 2001a). While many cola beverages today no longer contain kola nut extract, the flavor still resembles the taste of chewed kola nuts, which act as a stimulant, much in the same way as coffee or tea (Lovejoy, 1980; Hall, 2008; Durand et al., 2015).


[image: Figure 4]
FIGURE 4. Kola (Cola acuminata and C. nitida). (A) Kola fruit pods. Source: Scamperdale. CC BY-NC. (B) Split kola fruit pods. Source: M. Hermann. CC BY-SA 3.0. (C) Kola nuts for sale at a Nigerian market. Source: N. Chinenye. CC BY-SA 4.0.


In West Africa prior to European arrival, kola was a commercial crop (Hall, 2008) that was used in acts of hospitality for guests in one's home; in cultural or religious rituals including dowries, births, or puberty rituals; to curb hunger, fatigue, thirst, and other ailments; and to signify the wealth and heritage of the owners of the kola trees—even to recognize a new friendship (Adebayo and Oladele, 2012; Durand et al., 2015). For these reasons, kola nuts were desired by African slaves in the New World, leading to their export from Africa (Carney, 2001a). In the creation of soul food, kola nuts were used for flavoring and frying (Mendes, 1971).

Today, there is increased demand for kola, attributed to its use in pharmaceutical industries, leading to its high market value (Figure 4C) (Adebayo and Oladele, 2012; Durand et al., 2015). This demand makes kola an important source of income for many indigenous groups involved in its production; however the demand remains in excess of supply (Adebayo and Oladele, 2012; Durand et al., 2015). As of 2018, all of the world's production of kola came from Africa, with over half of Africa's production situated in Nigeria [Statistics Division of the Food and Agriculture Organization of the United Nations (FAOSTAT), 2018]. Kola production today is at risk of endangerment, due to fast rates of forest degradation, urbanization, and neglect from governments and scientists (Durand et al., 2015). Various West African indigenous groups have different prohibitions with the aim of conserving this crop, including prohibiting the use of productive kola trees as firewood (Durand et al., 2015).



ROOIBOS (ASPALATHUS LINEARIS)

Rooibos is an indigenous South African tea crop that grows abundantly in local mountains (Figure 5A) (Van Wyk and Gorelik, 2017). Rooibos represents 10% of the global herbal tea market and is enjoyed in over 37 countries today (Joubert and de Beer, 2011; Wynberg, 2017). The leaves and stems of rooibos, meaning “red bush,” are known for their health-promoting antioxidant-rich phenolic compounds, and as caffeine-free and low-tannin substitutes for coffee and tea (Joubert and de Beer, 2011). There is a huge diversity of cultivated and wild rooibos in South Africa, as well as 52 other species from the Cape region, that are used in the region for traditional herbal teas (Van Wyk and Gorelik, 2017)—most of which are not yet known outside of Africa. The use of rooibos goes beyond tea into cosmetics, novel foods, slimming preparations, extracts, and flavorings (Wynberg, 2017). Sensory aroma profiles of rooibos vary, partly due to differing climatic conditions in production years (Joubert et al., 2016; Jolley et al., 2017). Most samples of rooibos include aroma characteristics of either “rooibos-woody,” “fynbos-floral,” “honey,” and “hay/dried grass,” with varying defining attributes consisting of “fruity-sweet,” “caramel,” and “apricot” (Jolley et al., 2017). These unique sensory aroma profiles open doors for promoting this South African crop to niche markets around the world (Jolley et al., 2017).


[image: Figure 5]
FIGURE 5. Rooibos (Aspalathus linearis) growing in South Africa. (A) Rooibos bush harvest. Source: R. Bosch. CC BY-SA 2.0. (B) Needle-like leaves of rooibos bush. Source: R. Bosch. CC BY-SA 2.0. (C) Monocultures of rooibos. Source: B. Nel. CC BY-NC-SA 2.0. (D) Woman harvesting rooibos. Source: R. Bosch. CC BY-SA 2.0.


The rooibos industry has not extended beyond that of South Africa (Figure 1), however the industrialization of rooibos production today is built on the knowledge and tradition of the local San and Khoi peoples, after they introduced the species to foreign botanists in 1772 (Wynberg, 2017). The San represent the earliest extant relatives of the first humans (Schlebusch et al., 2012), while the Khoisan culture is known for its click-sound language (Knight et al., 2003). The exploitation of rooibos came about when indigenous groups taught colonial farmers that they could sift through sandy anthills, or “golden nests” around the rooibos bushes to find rooibos seeds accumulated by ants (Ives, 2014; Wynberg, 2017).

Traditionally, the local peoples of South Africa have a special kettle that permanently simmers rooibos to create a dedoction or fermentation, where the heating concentrates it into a non-alcoholic liquor rather than the simple tea infusion method adopted in the West (Van Wyk and Gorelik, 2017). In fact, local tools are used to bruise the leaves against rocks to aid in fermentation. This raises the question as to whether Westerners truly benefit from the health properties of rooibos, if consumed by using ways other than traditional means of preparing this tea.

Rooibos is a legume which associates with symbiotic root bacteria that convert atmospheric gas into usable nitrogen, and thus the crop requires little nitrogen fertilization (Muofhe and Dakora, 1999). Additionally, rooibos's needle-like leaves (Figure 5B) minimize moisture loss, and its vertical root structure is able to absorb water before evaporation, rendering the plant as drought tolerant (Ives, 2014).

While there is an argument that rooibos is a sustainable crop for Southern Africa since it is adapted to that region, increasing monocultures (Figure 5C) of the crop have led to degradation of the Mountain fynbos ecosystem through vast land clearing, habitat destruction, use of chemical inputs, introduction of unfavorable genetic materials, the reliance on a narrow genetic base of rooibos in plantations (Figure 5D), and the overexploitation of wild rooibos to meet global demand (Wynberg, 2017). Fortunately, rooibos is an example of an African crop enjoyed around the world that provides its primary economic benefits to Africa.



AFRICAN OIL PALM (ELAEIS GUINEENSIS)

African oil palm is a tree indigenous to the African continent (Singh et al., 2013b), and its reddish fruit (mesocarp) provides palm oil (Figure 6A). The whitish center of the fruit (Figure 6B) is a source of soap, and the origin of the soap brand Palmolive (Gibbs, 1939). Today, palm oil is the most consumed vegetable oil globally (Cramb and Curry, 2012). The center of origin for oil palm is in the tropical rainforest region of West and Central Africa (Figure 1), from Nigeria and Cameroon, southeast to the Congo Basin (Carney, 2001a; Hall, 2008). Fossilized pollen grains of oil palm found in the Niger Delta suggest that the plant evolved in this region millions of years ago (Zeven, 1964). Palm oil was brought by traders to ancient Egypt by 3000 B.C.E. (Kiple and Coneè Ornelas, 2000). It is hypothesized that oil palm trees dispersed from the center of origin across Africa through the migration of floating seeds in interconnected waterways, and through the droppings of seeds consumed by migrating birds (Davies, 1968; Hayati et al., 2004).


[image: Figure 6]
FIGURE 6. Oil Palm (Elaeis guineesnsis). (A) Oil palm fruits. Source: T. Crazzolara. CC BY 2.0. (B) Whitish center of an oil palm kernel. Source: N. Sujana. CC BY-NC-ND 2.0. (C) Indonesian palm oil plantation. Source: N. Sujana. CC BY-NC-ND 2.0.


Throughout the Middle Passage, oil palm was used in slave ship provisions throughout the 1700s, where many ingredients, both from Africa and Europe, would be mixed in an oil palm sauce to sustain slaves throughout their forced journey—thus contributing to the development of African-American and American cuisine (Hall, 2008). By the eighteenth century, oil palm was being cultivated by slaves in Jamaica and Martinique (Carney, 2001a). The spread of oil palm throughout the Americas eventually reached Brazil, where palm oil is known as dendé and has contributed to Afro-Brazilian cuisine (Carney, 2001a).

Palm oil played a very practical role in the preparation of many African dishes and African-American soul food cuisine. In Africa, palm oil was often used for frying, however as palm oil was not readily available in the U.S. South, slaves were forced to find alternative mediums for frying (Yentsch, 2008). Frying was often the fastest method of cooking (due to the specific high capacity of oil compared to water or air), especially when propane or electricity was/is not available, and many oils, including palm and shea, added extra flavor (Whit, 1999; Yentsch, 2008). Additionally, palm oil played a key role in the trading of slaves—the oil was rubbed onto the freshly shaved skin of enslaved African peoples before selling them in a market to make them look younger (Hall, 2008).

Presently, over 84% of the world's palm oil production (in tons) takes place in Malaysia and Indonesia [Statistics Division of the Food and Agriculture Organization of the United Nations (FAOSTAT), 2018]—another example of non-African nations being the primary economic beneficiaries of African crops. The Asian intensification of palm oil resulted from the Dutch introducing palms from West Africa to the Bogor Botanical Gardens in Indonesia in 1848, and the British introducing oil palm seeds to Malaysia in the 1870s—during the era of pan-continental colonization (Basiron and Weng, 2004; Cramb and Curry, 2012). Though there is another species of oil palm (E. oleifera) which originated in the Americas, African oil palm dominates Southeast Asia (Arias et al., 2015). The Yangambi research station in the Congo facilitated the oil palm Dura and Pisifera (D x P) hybridization, resulting in the tenera fruit form and ultimately a higher accumulation of oil in palm fruit mesocarp, which has led to production increases in Southeast Asia since the mid-twentieth century (Seng et al., 2011; Singh et al., 2013a; Teh et al., 2017; Gan et al., 2018). In addition to these genetic improvements made possible through breeding programs, it is argued that political and economic conditions have made large-scale production of oil palm outside of Africa more feasible than inside the continent (Shevade and Loboda, 2019; Yacob, 2019; Pakiam, 2020).

Oil palm has many edible and non-edible uses, including food industry products (salad dressings, margarine, processed foods, infant and health foods), medicinal uses, medium chain triglycerides (cosmetics and other personal care products), a substitute for polyethylene in food packaging, lubricants, and agrochemicals (used as an inert ingredient in pesticide formulations), renewable energy resources, and waste from its empty-fruit bunches as mulch and fertilizer (Basiron and Weng, 2004; Hall, 2008). Crude palm oil is one of the world's richest sources of carotenoids, containing 15 times the retinol content of carrots—this boosts the immune system and prevents night blindness (Nagendran et al., 2000). Additionally, palm oil possesses significant antioxidant properties and vitamin E (Nagendran et al., 2000; Basiron and Weng, 2004).

Initially, oil palm was promoted by the Malaysian government in a diversification program meant to reduce the dependency of large-scale commercial plantations on Hevea brasiliensis, the rubber tree, in the 1960s (Basiron, 2007; Shevade and Loboda, 2019). Oil palm is a high-yielding crop with a long productive lifespan. The fruit is produced starting at 3 years after planting and continues for another 25–30 years (Cramb and Curry, 2012). Unfortunately, most palm-production takes place on commercial plantations (Figure 6C), leading to vast environmental degradation and the undermining of smallholder farmer and indigenous peoples' livelihoods through global “land-grabs” (Tan et al., 2009; Cramb and Curry, 2012; Obidzinski et al., 2012). The genetic diversity of oil palm has deteriorated due to the clearing of natural oil-palm forests for intensified cultivation (Hayati et al., 2004). Consequently, the intensification of oil palm worldwide has come at the expense of tropical forest biodiversity loss (Koh and Wilcove, 2008). High genetic diversity has been observed in Nigeria, Cameroon, Sierra Leone, and Guinea, thus these regions hold promise for future oil palm improvement (Hayati et al., 2004) as do interspecific hybrids from African oil palm and E. oleifera from the Americas (Arias et al., 2015). Greater investment into Africa to preserve this biodiversity will ensure a brighter future for one of the world's most valuable crops (Sunilkumar et al., 2020).



SHEA TREE (VITELLARIA PARADOXA, FORMERLY BUTYROSPERMUM PARADOXA AND B. PARKII)

Shea butter is found in soaps and cosmetics around the world, but few may realize that it comes from Africa, specifically from the shea tree (Figure 7A) which originates in the African savannah, from the Atlantic Coast, inland to Lake Chad (Figure 1) (Carney, 2001a; Hall, 2008). The crop remains wild or semi-domesticated, and yet it is argued to be the most socio-economically important crop of the dry/semi-arid region of Africa today (Tom-Dery et al., 2018). Presently, two subspecies of shea trees exist, subspecies paradoxa ranging from Senegal to Central African Republic, and subspecies nilotica in Sudan and Uganda (Allal et al., 2011). Evidence suggests that the phylogeographic split of these two subspecies of V. paradoxa between West and East Africa are a result of past climate shifts (i.e., last glacial maximum) which fragmented the distribution of the species across the sub-Saharan part of the continent (Allal et al., 2011). Together, these subspecies are found stretching across a 6,000 km East-West belt covering a total of 21 countries; the trees can represent 70–80% of the woody vegetation in the dry regions of Benin, Togo and Ghana (Tom-Dery et al., 2018). It is hypothesized that the seed dispersal of both shea species across the shea belt occurred because of birds, ungulates, and primates consuming the fruit, as well as humans consuming and anthropogenically shaping savannah woodlands (Tom-Dery et al., 2018).
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FIGURE 7. Images of shea (Vitellaria paradoxa) growth and processing from Africa. (A) Vitellaria sp. tree in Burkina Faso. Source: M. Schmidt. CC BY-SA 3.0. (B) Shea nuts and some unripe shea fruits collected in Ghana. Source: F. Khron. CC BY-NC-SA 2.0. (C) Shea nuts. Source: U.S. Government Works. (D) Processed shea butter. Source: Daveynin. CC BY 2.0. (E) Women processing shea nuts into shea butter in Burkina Faso. Source: TREEAID. CC BY 2.0.


Vitellaria trees produce shea nuts (Figures 7B,C) (also known as karité nuts in French) from which a fat is extracted from the seed kernel that is known as “shea butter” (Figure 7D) (Maranz and Wiesman, 2003). The value of shea was widely recognized by British and French colonial administrations of West Africa in the nineteenth century, leading to the start of shea exports worldwide (Carney and Elias, 2006; Elias and Carney, 2007). Similar to the use of palm oil during the Transatlantic Slave Trade, shea was used to “bathe” slaves in West African markets during the Columbian Exchange to make them appear younger to potential buyers. Historical records show how in the Ouamkam Bayou market, in what is now Northern Ghana, shea and other oils were used cosmetically on enslaved peoples just before they were sold and forcibly shipped across the Atlantic (Block-Steele, 2011).

Sub-Saharan Africa continues to provide this desired product to the world, as currently all of the world's production of shea nuts is concentrated in West Africa, with Nigeria (53%) and Mali (24%) contributing the most to this production [Statistics Division of the Food and Agriculture Organization of the United Nations (FAOSTAT), 2018].

Shea has many uses around the world, including as a human food source: the pulp of shea can be consumed as it has a sweet taste due to its sugar content; it is also rich in protein, potassium, calcium, ascorbic acid, iron, and vitamin C; provides an important fat for human diets; and has anti-inflammatory and antioxidant properties (Maranz et al., 2004; Honfo et al., 2014). The nutritional profile of shea has led to its worldwide demand by consumers for cosmetic and pharmaceutical purposes (Honfo et al., 2014). It is also used as a cooking oil and for fueling lighting sources, most commonly in rural West Africa (Maranz et al., 2004; Carney and Elias, 2006). The leaves, roots, and bark of the shea tree are also used in making tools, for medicinal treatments, the litter as fertilizer, and the overall tree as firewood, all of which contribute to the livelihoods of the agriculturalists maintaining these trees (Maranz et al., 2004; Honfo et al., 2014; Elias, 2015).

Shea plays a key role in annual cycles of food security and income generation, especially in communities across the African shea belt: shea ripens at the start of monsoon rains, when food reserves are typically at their lowest (Carney, 2001a; Maranz et al., 2004; Honfo et al., 2014). At this time of vulnerability, various ethnovarieties of shea, as identified by local farmers and resource users through indigenous knowledge systems, provide food and income (Karambiri et al., 2017). For example, shea is part of the filière feminine, a female commodity chain, whereby the crop connects African women producers, whose livelihoods often depend on the harvest and processing of this crop, to Western women consumers, who are the main consumers of shea cosmetic products (Elias and Carney, 2007). Much like the gendered production of yam by males, the production, collection, processing, and trading of shea are performed by women (Figure 7E), often in social settings (Maranz et al., 2004; Elias and Carney, 2007). Processing of butter from shea nuts is derived from ancient knowledge that is passed on matrilineally (Elias and Carney, 2007). Additionally, phenotypic preferences for ethnovarieties of shea have been identified by various gendered and ethnic groups, based on shared geography, knowledge, and experiences in shaping parklands containing shea forest (Gwali et al., 2012; Karambiri et al., 2017). These ethnovarieties include those most resistant to changes in climate, as well as those with precocious shea fruit which bear nuts earlier in the season than other ethnovarieties. By lengthening the fruit bearing period, this trait reduces farmer competition for this valuable crop, providing more equitable access to harvests (Karambiri et al., 2017).

In recognizing the gendered dynamics of shea forest management, harvest, and processing, many women in Sub-Saharan communities act as stewards of shea tree conservation (Gwali et al., 2012). For example, many rural communities in Burkina Faso enforce a 2 week ban on the harvesting of early fruit, or prohibit the felling of healthy productive trees, especially as shea trees show peak production after 45 years but can live for hundreds of years (Carney and Elias, 2006; Elias and Carney, 2007). The shea trees of Africa thus provide inter-generational benefits, not only to local women in West Africa, but also to the world's consumers. Thus, many development initiatives have centered around shea in order to preserve local knowledge around shea ethnovarieties to benefit women, their local livelihoods, and in turn, species conservation of shea in the sub-Saharan context (Karambiri et al., 2017).

Remarkably, shea trees can thrive in as little as 400 mm of annual rainfall, and can survive 8 months of drought (Tom-Dery et al., 2018). The trees can protect the soil from erosion from cycles of drought-rainfall and provide shade to protect annual crop plants. Therefore, this crop may represent a strategy for mitigating and adapting to climate change impacts to agriculture, while providing an important food source to local communities in Africa and beyond. Unfortunately, shea tree numbers are declining, with overexploitation (i.e., overharvesting shea for food, timber, fuelwood, and animal fodder), shifts in eco-climatic zones, and intensive cotton production posing the most significant threats to parklands housing shea tree species (Gaisberger et al., 2017). Both in situ conservation (i.e., preserving local knowledge and understanding local priorities and conflicts over conserving existing genetic resources) and ex situ conservation measures, including the collection of valuable seed sources for planting in alternative climates, are needed (Gaisberger et al., 2017; Karambiri et al., 2017). Moreover, there are concerns about the loss of shea pollinators, as well as the need for domestication and grafting measures to maximize crop productivity and profitability (Karambiri et al., 2017; Tom-Dery et al., 2018). Therefore, more investment research is needed to protect this wild but valuable sub-Saharan African crop for both present and future generations with respect to genetic conservation and cultural agroforestry practices in order to enhance local food security and income generation opportunities during future droughts.



COWPEA/BLACK EYED PEA (VIGNA UNGUICULATA)

Cowpea (Figure 8A), otherwise known as black eyed pea, crowder pea, and southern pea in the West, originates from tropical west-central Africa (Figure 1), despite the popular belief that its center of origin is within the Americas (Carney, 2001a; Akpalu et al., 2014; Gilmer, 2015). Archaeological evidence has been found of human use of cowpea in Ghana in West Africa dating back to 3600–3200 B.P. with a later finding (1700–1500 B.C.) in India, demonstrating the long-distance migration of this crop by ancient peoples (D'Andrea et al., 2007). Interestingly, it is hypothesized that wild cowpeas dispersed throughout the African continent by birds (Timko and Singh, 2008). Beyond Africa, cowpea is primarily consumed in both the Americas and South Asia. Although it was originally believed that Spanish colonists of the Southwest introduced cowpea to the Americas, it is now thought that African slaves were responsible for its establishment in what is now the United States (Gremillion, 1993). Cowpea today plays an integral role in African-American culture, specifically in traditional soul food dishes such as “hopping John” (boiled black-eyed peas and rice), which have been synthesized from the experiences, history, and journeys of resilience of enslaved peoples (Whit, 2008).
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FIGURE 8. Cowpea (Vigna unguiculata). (A) Cowpea dry grain. Source: Global Crop Diversity Trust. CC BY-NC-SA 2.0. (B) Cowpea plants at the podding stage. Source: IITA. CC BY-NC 2.0.


As of 2018, the world harvested more than 12.4 million hectares of cowpea, with Africa contributing 98% of global production [Statistics Division of the Food and Agriculture Organization of the United Nations (FAOSTAT), 2018]. In Sub-Saharan Africa, cowpea is primarily consumed as a staple food source by over 200 million people (Nono-Womdim et al., 2012). This legume can be consumed in a variety of ways: leaves and immature pods (Figure 8B) can be consumed as leafy vegetables, either boiled, blanched, dried, or fermented, but mainly cowpea is consumed as a dry grain that is boiled or milled (Akpalu et al., 2014; Owade et al., 2020). The way that cowpea is consumed contributes to African sociocultural identities. For example, in many West African countries such as Nigeria, Benin, and Ghana, cowpea is prepared as a purée, made into a dough, milled into a flour, boiled, dehulled and steamed with banana leaf, or even fried—all of which typically are prepared as snacks and/or side dishes with cereals, roots, and tubers (Phillips et al., 2003; Madodé et al., 2011).

In rural areas of many developing nations, cowpea is a critical source of protein and nutrients which is particularly important since animal protein may be inaccessible, and many diets primarily consist of starchy root crops and cereals, which are amino-acid deficient or incomplete, respectively (Akpalu et al., 2014; Ravelombola et al., 2017). In terms of protein, cowpea grain provides the much needed amino acids lysine and tryptophan, along with minerals and vitamins such as folate, thiamin, and riboflavin (Phillips et al., 2003; Singh et al., 2003; Timko and Singh, 2008). Cowpea leaves added to grain cowpea dishes additionally improves their nutritional content (Madodé et al., 2011; Gonçalves et al., 2016; Owade et al., 2020). Overall, cowpeas consumed regularly in diversified diets can assist children and pregnant and/or breastfeeding mothers in attaining nutritional security, or fighting micronutrient deficiencies such as vitamin A deficiency (Akpalu et al., 2014; Owade et al., 2020). The high protein content of cowpea is derived from its association with symbiotic root nitrogen-fixing microbes which ultimately also contributes to sustainable agriculture and restoration of soil health (Akpalu et al., 2014; Martins et al., 2014; Horn et al., 2016). Reports of post-harvest losses of cowpea grain and leaves, however, are high, namely due to challenges in handling, distribution, and nutritional quality deterioration in storage (Owade et al., 2020). Solutions that mitigate these challenges are needed to benefit the smallholder farmers who rely on this crop the most, especially during the dry season when other vegetable crops may be scarce (Seidu et al., 2012; Owade et al., 2020). A promising example is the Purdue Improved Crop Storage (PICS) bag, which reduces post-harvest losses due to fungal pathogens and insect pests at a low cost for smallholders (Baoua et al., 2012).

In addition to its nutritional properties, the other hallmark of cowpea is its adaptability to drier regions, where many legumes normally do not perform well; in fact, cowpea is one of the most drought-resistant crops in regions without irrigation and irregular rainfall in Sub-Saharan Africa and parts of Asia (Singh et al., 1997; Akpalu et al., 2014). The crop is reported to be tolerant to drought even at the germination stage—a critical stage for successful plant establishment (Ravelombola et al., 2017; Carvalho et al., 2019). As a result, cowpea will become increasingly important and desirable in diets around the world, with anthropocentric demands and needs for protein sources concurrently increasing with climate change, and the stresses associated with it such as drought (Carvalho et al., 2019).

Unfortunately, cowpea is susceptible to numerous pests, and viral, bacterial and fungal diseases, as well as root-knot nematodes and parasitic weeds such as Striga (Timko and Singh, 2008), though recent efforts show promise in breeding resistance to Striga (Omoigui et al., 2017b). This means that the diversity of native cowpea landraces in East and Central Africa may serve as useful resources for resistance breeding (Omoigui et al., 2017a; Owade et al., 2020). Furthermore, the knowledge possessed by African cowpea farmers may be informative and beneficial for integrated pest management (IPM) practices, both for Africa and elsewhere. For example, smallholder farmers in Nigeria are reported to burn newly cleared lands to reduce pest populations, practice multi-cropping and mixed cropping to act as barriers to respective pests, and directly apply herbal mixtures as seed dressings, herbal smoke, and pesticides (Kitch et al., 1997). There is an unfortunate decline in the use of traditional pest management strategies, in part due to the perception of traditional methods as “backward” and “primitive” by smallholder farmers themselves (Kitch et al., 1997)—perhaps a legacy of colonialism. Nonetheless, the preservation of this knowledge may prove beneficial to IPM in cowpea production around the globe.

Further understanding of the origins of the cowpea legume may shine light on its significance to the African identity, and potential for future improvement especially in a time of needing to adapt to and mitigate the impacts of climate change. Indeed, cowpea is growing in popularity worldwide, particularly in developed countries, where it is experiencing a growth rate of 2.9% per annum in terms of the area under cultivation (Nedumaran et al., 2015).



AFRICAN LEAFY GREENS

Consumption of leafy greens representing a diversity of plant species is common amongst sub-Saharan African diaspora and African-Americans, but culinary use of many African vegetables is gradually being lost in tropical America (Vandebroek and Voeks, 2018). In sub-Saharan Africa, many consumed leafy greens are indigenous to the continent and include (but are not limited to) African nightshade (Solanum scabrum), baobab leaves (Adansonia digitate), jute mallow (Corchorus olitorius, origin debated), leaves of Cucurbitaceae plants, amaranth leaves (Figure 9A) (Amaranthus sp. which have both African and New World origins), spider plant (Figure 9B) (Cleome gynandra), slenderleaf (Crotolaria sp.), celosia (Figure 9C) (origin debated), and other leguminous leafy greens, such as cowpea (V. unguiculata, see above) (Jansen Van Rensburg et al., 2004; National Research Council, 2006; Cernansky, 2015; Moyo et al., 2020). West Africa (Figure 1), from which many enslaved peoples originated, has arguably the world's richest tradition of eating leafy greens (Vandebroek and Voeks, 2018). However, in African-American diets, the leafy greens typically consumed are surprisingly not indigenous to Africa but were introduced to the Americas from Europe via the Slave Trade (Whit, 2008). Using ingredients and techniques from European, American, and African cultures, and even plants introduced to slaves by other indigenous American slaves, slaves synthesized these elements to create African-American cuisine (Whit, 2008). Unlike many white Southerners in the United States, greens were seen as reserved for slaves, whom were resourceful in growing and consuming leafy greens on plantations and subsistence gardens, and even in foraging wild plants (Whit, 2008; Mitchell, 2009). In time, incorporating greens into African-American cuisine, or soul food, became tradition. Types of greens such kale, collard greens, mustard, spinach, poke, cress, turnips, beet tops, dandelion, milkweed, marsh marigold, and chard began to be prepared as boiled greens cooked with meat, usually served with corn bread and “pot likker” (Whit, 2008).
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FIGURE 9. African ‘Leafy Greens'. (A) Amaranth (Amaranthus cruentu). Source: Scamperdale. CC BY-NC-SA 2.0. (B) Spider plant (Cleome gynandra). Source: F. Starr and K. Starr. CC BY 2.0. (C) Celosia (Celosia sp.). Source: B. Pettinger. CC BY-NC-SA 2.0.


Leafy greens, both indigenous to Africa and those used in African-American cuisine, are highly nutritious, rich in calcium, copper, magnesium, manganese, potassium, zinc, iron, folic acid and vitamins A, C, B1, B2, B5, B6, and E, and are useful in promoting brain function, immune system health, and hormone production (National Research Council, 2006; Mitchell, 2009; Moyo et al., 2020). Folkloric reporting on the consumption and use of traditional African leafy vegetables suggests they have other valuable medicinal properties, including the ability to heal peptic ulcers, toothaches, jaundice, and intestinal helminthiasis (Moyo et al., 2020). Moreover, in combination with the above nutritional properties, many African leafy greens are reported to have antioxidant, anti-inflammatory, and anticancer properties (Moyo et al., 2020). Combined, these reports show the potential of African leafy vegetables to improve local food and nutritional security and in turn, prevent and mitigate many non-communicable diseases. However, the typical ways of cooking greens associated with soul food (simmering vegetables for long periods of time and cooking with high fat meats for flavor) compromise the nutritional value of greens (Mitchell, 2009). Soaking up the “likker” from the pot with cornbread, a common soul food practice, provided a way to consume some of the leached vitamins from cooking (Whit, 2008). It is interesting to note the value of teaching such traditional African-American food eating practices.

Today, however, leafy greens indigenous to the African continent are relatively underutilized and undervalued in diets and food systems, particularly among urban consumers across Africa and around the world (Faber et al., 2010; Cloete and Idsardi, 2013; Gido et al., 2017). This is often attributed to a lack of awareness surrounding the benefits of consuming these nutritious vegetables (Kansiime et al., 2018); the belief that consumption of these traditional vegetables is inferior or for the poor (Cloete and Idsardi, 2013; Ronoh et al., 2018); poor post-harvest storage, handling, distribution, marketing practices, along with a lack of access to seeds of leafy vegetables (Muhanji et al., 2011; Croft et al., 2016).

In sub-Saharan Africa, the value of leafy greens goes beyond health benefits and contributions to combatting malnutrition. Agronomically, many indigenous vegetables mature quicker than non-native plants, such as amaranth which can be harvested continuously in 3 week intervals, thus providing large yields within a small plot of land; or celosia which grows like a weed and is tolerant to pests, disease, poor soil, and drought (National Research Council, 2006). Many leafy greens can act as an in situ conservation mechanism, such that the planting of greens preserves ancient genetic heritage of these plants, protects native pollinator species by providing forages, and provides efficient and effective ground covers to protect and restore soil health while suppressing weeds (National Research Council, 2006; Aleni, 2018). Additionally, leafy greens require almost no capital investment, and are almost entirely produced, sold, and prepared by women—offering women a link to markets, income and empowerment (National Research Council, 2006).

A greater appreciation of the value of Africa's leafy greens is needed. These plants are increasingly being displaced, as preference for non-indigenous vegetables dominate markets, and land-clearing threatens the pervasiveness and genetic stocks of these wild greens (Jansen Van Rensburg et al., 2004; Cernansky, 2015; Vandebroek and Voeks, 2018).



OKRA (WEST AFRICAN ABELMOSCHUS CALLEI, AND INDO-AFRICAN A. ESCULENTUS)

African American historian Jessica B. Harris once wrote, “Everywhere that okra points its green tip, Africa has been” (Harris, 2003). Today, okra (Figure 10A) is integral to the food sovereignty, history and identity of many African-American cultural groups, such as the Creole peoples (Marks, 2015). Related to hibiscus (Hibiscus spp.) and cotton (Gossypium spp.), okra was cultivated in ancient Egypt and Abyssinia, including in present-day Ethiopia, Eritrea, and Sudan (Ahiakpa et al., 2017). Two okra species are important commercially: A. esculentus (“Indian okra,” responsible for 95% of global production) and A. callei (“African okra,” responsible for 5% of global production) (Kumar et al., 2010). An interesting feature of both species is their high chromosome number (2n = 130–200) associated with polyploidy (Ahiakpa et al., 2017). The genetic diversity of A. callei is located exclusively in West Africa (Figure 1), pointing to that region as the site of domestication (Figure 1), whereas A. esculentus landraces are located in Northern India (Uttar Pradesh), Africa and globally (Aladele et al., 2008; Kumar et al., 2010; Benchasri, 2012; Werner et al., 2016; Ahiakpa et al., 2017). Therefore, the authentic site of A. esculentus domestication is disputed and requires further combined archaeological and genetic diversity evidence.
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FIGURE 10. African okra (Abelmoschus callei). (A) Okra plant at the podding stage. Source: M. Shelton. CC BY-NC 2.0. (B) Sliced okra pods prepared for cooking. Source: S. Handa.


Regardless of origin, it is clear that both species, as well as other okra species, have been widely grown throughout Africa for centuries, thus rendering the continent as a launching point for okra into the Americas (Werner et al., 2016; Vandebroek and Voeks, 2018). Okra was in the New World by 1658, specifically in Brazil, and was brought and planted by slaves in Barbados by 1750, leading to its establishment in the Southern U.S. soon after (Carney, 2001a). Okra is also noteworthy for the preservation of slave history and food culture and is commonly remembered through oral tradition (Yentsch, 2008). A general consensus within the scholarship is that okra crops were either shipped to the Southern U.S. as cheap food for slaves, or that slaves brought okra harvests with them on the Middle Passage (Carney, 2001a; Hall, 2008; Whit, 2008; Marks, 2015). Either way, it is regarded that slaves planted okra in plantation gardens for sustenance (Yentsch, 2008). In Southern African-American food history, it is known that slaves often cooked okra as fried fritters or used its mucilage as a thickener in gumbo stews (Yentsch, 2008; Marks, 2015). Creole gumbo (gumbo meaning “okra”) is described as the “heart of Southern Creole food,” which synthesizes the African, Native American, Spanish and/or French cultural elements of Creole cultural heritage (Marks, 2015). Creole gumbo was traditionally accompanied by the left-over parts of a pig including the feet, tails, and chitterlings (small intestines) (Bower, 2008).

Often referred to as “the perfect villager's vegetable,” okra pods are rich in vitamins A, C, K, thiamin, soluble fiber, folate (essential for pregnant women), minerals such as magnesium and calcium, and balanced protein including the amino acids lysine and tryptophan which are deficient in cereal grains (Mitchell, 2009; Kumar et al., 2010; United States Department of Agriculture (USDA), 2020). An twentieth century observer in the Americas noted that okra soup provided “extraordinary health benefits to convalescents and underweight seniors (and could) revitalize those exhausted by sex” (Van Andel et al., 2012). Okra mucilage is useful as a topical medicine; dried and crushed okra seeds are used as a stimulant substitute for caffeine (Figure 10B); while the okra pith (stem fiber) is used in paper and biosorbents (Carney, 2001a; National Research Council, 2006; Benchasri, 2012; Vandebroek and Voeks, 2018). In eighteenth century Guyana, in South America, there are even reports of okra being used to induce abortions (Carney, 2001a).

Today, okra is a global crop. For example, it is widely consumed in the Americas, India, and in the global tropics and subtropics (Benchasri, 2012; Werner et al., 2016), with the majority of global production occurring in India (62%) and Nigeria (21%) [Statistics Division of the Food and Agriculture Organization of the United Nations (FAOSTAT), 2018]. Okra is yet another example of an indigenous African crop, nutritious and stress tolerant, which deserves more attention for its contribution to global food systems and societies.



AFRICAN YAM (DIOSCOREA SP.)

Cultivated yams comprise a diversity of global species of which guinea yam (Dioscorea cayenensis-rotundata complex) is the most cultivated and has a history rooted both in Africa and across the Atlantic. Western grocery stores frequently mislabel the small, orange-colored, dicot sweet potato (Ipomoea batatas) from the New World as yams, though true yams are monocots, evolutionary separated from sweet potato by more than 100 million years. Guinea yams are large tubers (5–10 kg each) that originated from a tree species in the Niger River basin between Eastern Ghana and Western Nigeria (Figure 1) (Carney, 2001a; Hall, 2008; Girma et al., 2014b; Scarcelli et al., 2019).

From West Africa, guinea yams (Figure 11A), along with water yams (D. alata from the Asia-Pacific that were later cultivated in West Africa) (Arnau et al., 2017), were introduced to the Americas via large slave ship provisions, where Portuguese colonizers expected slaves to subsist on the crop for the duration of their forced migration to the New World (Carney, 2001a; Hall, 2008; Mitchell, 2009). Once reaching the New World, the use of the introduced yams began to spread by Haitian slaves and black peasants all over the Americas (Hall, 2008), though there are indigenous yam species in the Americas which were, and continue to be, cultivated (Nascimento et al., 2013). According to the FAO, the world produced over 72 million tons of yams in 2018, where Africa's contribution alone makes up 92% of global production [Statistics Division of the Food and Agriculture Organization of the United Nations (FAOSTAT), 2018].
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FIGURE 11. African Yam (Dioscorea cayenensis-rotundata complex). (A) Sliced yam (Dioscorea sp.) Source: A. Denney. CC BY-NC-SA 2.0. (B) Traditional yam mound cultivation technique where mounds are covered with mulch. Source: IITA. CC BY-NC 2.0. (C) Harvested yams brought to a market (see motorbike for scale). Source: L. Kreusel. CC BY-NC 2.0.


Since the beginnings of slavery, yam has been adopted in the diets of the U.S. South, as the crop contributed to the nourishment of slaves in the face of oppression and dehumanization (Mitchell, 2009). Yams, along with other root crops introduced to the U.S. South, were eaten as a mash known as fufu—the same name used in West Africa (Holloway, 2005; Mitchell, 2009). By using blades of their hoes heated under the sun as frying pans, African-American slaves made hoecakes (later evolving into American pancakes) out of fufu (Whit, 1999; Holloway, 2005). Fufu today is a favored dish amongst traditional West and Central African cultures as well as Creole culture in the U.S. South (Holloway, 2005; Mitchell, 2009).

This African crop has a number of advantages. Farmers can easily regenerate yams asexually from pieces of tuber (referred to as seed-tubers), but this convenience can come at the cost of disease susceptibility, since the progeny are genetic clones (Washaya et al., 2016). Conveniently, yams can be left in the ground year-round until they are needed, which is particularly useful in poor countries lacking post-harvest cold storage (Coursey, 1961). This year-round access to a nutritional crop is useful during periods of food scarcity, as it is a valuable source of protein (7% content, greater than white rice), iron, dietary fiber, vitamin C, and carbohydrates (>75% starch) (Muzac-Tucker et al., 1993; Washaya et al., 2016). Yams are utilized mainly as food for human consumption, and can be processed by pounding, boiling, mashing, frying, drying or chipping (Mahalakshmi et al., 2007).

When yams are cultivated in traditional Nigerian farming systems, they are “gendered,” meaning men hold the primary responsibility for their production (Lagemann, 1977). This tradition excludes the role of women in agriculture, thus inhibiting their income generation through limits to access and control over on-farm resources.

Understanding the agronomic practices associated with African yam may provide lessons for the rest of the world. Traditionally, yams were grown in yam-mounds in African slave-plantations, perhaps to facilitate harvesting of the large-sized tubers—preventing having to dig underground (Figure 11B). The nineteenth century military ruler Oluyole in Ibadan, Nigeria, commanded local slaves (not to be confused with African-American slaves) to plant yam seedlings in large mounds of soil, weeds, and plantain stalks, and to have seedling roots grow throughout the mound (Hall, 2008). Farmers in Nigeria are known to fill mounds with palm oil leaves and residues to fertilize the yams (Lagemann, 1977). There are reports that the mound technique significantly increases yam yields by weight, with yields of up to 40 kg each (Figure 11C) (Hall, 2008).

There is historical and cultural significance behind the African yam. Devaluing the uses of yams has led to neglect of their production, and thus their potential roles in food security, income generation, and culture for the rural poor (Washaya et al., 2016). A greater appreciation of yams, including African yams, and their contributions to the New World, may lead to wider cultivation and consumption of this hardy and caloric crop.



AFRICAN CEREALS

Important drought tolerant cereal crops originated in Africa including sorghum (Sorghum bicolor), pearl millet (Pennisetum glaucum), finger millet (Eleusine coracana), fonio (Digitaria exilis), and teff (Eragrostis tef ). Of these, finger millet, teff, and sorghum were domesticated in Eastern Africa (Carney, 2001a), while pearl millet and fonio originated from western Africa (Burgarella et al., 2018) (Figure 1). All of these crops are millets—defined as small grain cereals. As significant portions of the mineral content and dietary fiber of seeds are in the seed coat, and given that these grains are eaten whole, millet grains are excellent sources of these nutrients and make people feel full (National Research Council, 1996). The captains and surgeons on slave ships commented that surplus sorghum and pearl millet from Africa were crucial to feeding human captives throughout the Middle Passage (Carney, 2001a). Slaves adopted cooking techniques associated with African cereals and applied them to Native American crops upon arrival. For example, knowledge of cooking millet porridge was transferred to Native American chickahominy corn grits (Mitchell, 2009). Relative to cereals such as maize (Zea mays), Asian rice (Oryza sativa), and bread wheat (Triticum aestivum), African cereals are not widely grown and/or known in most Western countries today, but they are all important to Africa, and many are critical to the survival of dryland farmers around the world.

Sorghum (Figure 12A) is the world's fifth most important cereal crop, and grows in dry regions of every continent, but was domesticated in Central Eastern Sudan more than 5,000 years ago with thousands of years of continuous archaeological evidence discovered in Egyptian Nubia at Qasr Ibrim (Winchell et al., 2017; Smith et al., 2019) (Figure 1). After sorghum arrived to the United States via the slave trade, the crop was heavily cultivated to be processed into sugar and molasses in the mid 1850s (Winberry, 1980; Rao et al., 2013). Sweet sorghum, in contrast to grain sorghum, refers to cultivated varieties with juicy and sweet stalks useful for syrup production (Rao et al., 2013); it was indirectly adopted into the cuisine of slaves. Slaves used molasses to sweeten meals such as candied yams or porridge, or to make pulled candy; however access to molasses was dependent on the amenities of the slave owner's kitchen (Yentsch, 2008; Mitchell, 2009).


[image: Figure 12]
FIGURE 12. African Cereals. (A) Sorghum (Sorghum bicolor). Source: USDA. Public Domain Mark 1.0. (B) Pearl Millet (Pennisetum glaucum). Source: CGIAR. CC BY-NC-SA 2.0. (C) Finger millet (Eleusine coracana). Source: D. Valke. CC BY-SA 2.0. (D) Fonio (Digitaria exilis). Source: T. Passages. CC BY 2.0. (E) Tef (Eragrostis tef). Source: ILRI. CC BY-NC-SA 2.0.


Today, grain sorghum is produced for human consumption whereas sweet sorghum is consumed for processing into syrup and/or biofuel (Sami et al., 2013). In general, sorghum is on its way to losing its reputation as an underutilized crop. Research over the last two decades has supported the development of this crop in order to maximize its agronomic potential, both in feeding the world and in counteracting climate change. For example, the diversity in sorghum genetics has led to the development of resistance to striga (a parasitic weed), pests and disease (including bird pests), biofortification (particularly of vitamin A), tannin-free genotypes and improved protein quality, along with tolerance to cold, heat shock, and drought in both commercial and traditional sorghum varieties (Rao et al., 2013; Akinseye et al., 2017; Reddy, 2017). Currently, sorghum is a staple food source for more than 500 million humans, and a critical source of feed and fodder for animals, in more than 30 countries around the world (Akinseye et al., 2017). Despite these genetic improvements which are of value to agricultural systems and diets around the world, 70% of global acreage dedicated to sorghum production remains situated within the African continent [Statistics Division of the Food and Agriculture Organization of the United Nations (FAOSTAT), 2018].

Pearl millet (P. glaucum) (Figure 12B) was domesticated in the Western Sahara more than 4,900 years ago (Figure 1) at the intersection of Southwestern Algeria, Northeastern Mauritania and Northwestern Mali, and reached South Asia in ancient times (Oumar et al., 2008; Clotault et al., 2011; Manning et al., 2011; Burgarella et al., 2018). Interestingly, in the last 1,000 years, pearl millet has had a history of being cultivated in agroforestry systems, particularly under the canopies of shea trees (Gwali et al., 2012). It is one of the most drought tolerant of all major cereals and today remains a major food crop throughout Africa and India (Jukanti et al., 2016; Serba and Yadav, 2016).

Finger millet (E. coracana), its name derived from its grain head shaped like fingers (Figure 12C), was domesticated in East Africa (Western Kenya to the Ethiopian highlands) 7,000 years ago (Figure 1) and reached India by 3000 B.C. (Hilu and de Wet, 1976; Hatakeyama et al., 2017). Finger millet is one of the richest grain sources of minerals including calcium and the amino acid lysine which is deficient in many other cereals (Chandra et al., 2016). Today, the crop is cultivated throughout Africa, India, Nepal, China, and Japan (Goron and Raizada, 2015).

In comparison to the millets and sorghum, fonio and teff are lesser known crops outside of Africa. The major benefit of white fonio (Digitaria exilis, Figure 12D), native to West Africa (Figure 1) (Olodo et al., 2018; Abrouk et al., 2020), is that certain varieties mature within 6–8 weeks of being planted (National Research Council, 1996), the fasting known maturing cereal. The short duration of white fonio may allow farmers to grow a nutritious cereal at the onset of the dry season using residual moisture from the rainy season or during shortened rainy seasons, expected to become more prevalent due to climate change. Given that the vast majority of chronic malnutrition globally occurs in the sub-tropics during extended dry seasons (e.g., Sahel, India), this crop could thus contribute to the alleviation of hunger and poverty. Indeed, fonio can provide food in the critical mid-season hunger period, before longer duration crops can be harvested (Vall et al., 2011). Nutritionally, white fonio has a high mineral content and possesses a balance of amino acids including tryptophan, cysteine, and methionine, which are deficient in many other cereals (Adoukonou-Sagbadja et al., 2006). Despite the benefits of fonio, it remains an incompletely domesticated crop, with seed shattering and lower yields—luckily, many landraces in West Africa exist based on varying maturity classes, which could prove useful for the future development of this crop (Ayenan et al., 2018). Currently, all global fonio production occurs in Africa, with over 70% taking place in Guinea [Statistics Division of the Food and Agriculture Organization of the United Nations (FAOSTAT), 2018]. Fonio has significant untapped potential and could be more widely shared beyond its current borders, particularly to mitigate climate change.

Teff (Figure 12), a staple crop of Ethiopia and Eritrea, is commonly used to make enjera bread. Evidence shows teff was domesticated in Ethiopia at least 2,000 years ago (Figure 1), but is possibly much more ancient (D'Andrea, 2008; Chanyalew et al., 2019). Teff has many underutilized benefits: it is resistant to heat, many diseases, pests, heavy and poor nutrient soils, and can be used as a ground cover for suppressing weeds, while the stover is useful as a building material (National Research Council, 1996; Chanyalew et al., 2019). Teff is also an excellent source of balanced amino acids unlike the world's major cereals, and similar to the other millets, it is consumed whole with its mineral-rich seed coats; it is accordingly valued by indigenous cultures to nourish pregnant women and children (Girma et al., 2014a; Chanyalew et al., 2019). As a “lazy-man's crop,” teff can be grown merely by broadcasting seeds onto the soils of recessional flood plains (National Research Council, 1996). Perhaps most critical, teff grain maturation can occur even during post-flowering drought (Girma et al., 2014a), which may become more prevalent; this tolerance is an unusual trait compared to most cereals. However, like the other millets from Africa, teff suffers from low yields (including from lodging) compared to the world's major cereal crops (at least under ideal conditions) (Girma et al., 2014a) and contributes to significant post-harvest labor for women (Chanyalew et al., 2019). Compared to the other lesser explored African cereals discussed in this paper, teff is relatively more well-known in Western countries, as it has a history of being promoted as a superfood throughout Europe in recent decades (Gebremariam et al., 2014; Koubová et al., 2018).

It is important that the development of sorghum, African millets, fonio and teff continues to provide solutions to the challenges posed by climate change worldwide. All are gluten free, thus providing opportunity to enhance their use and value as grains for people living with celiac disease (Girma et al., 2014a; Chanyalew et al., 2019). It may be that one day, pearl millet, finger millet, fonio, and teff will be as widely cultivated outside of Africa as sorghum is today.



DISCUSSION


The Intersection of Racism, Human Resiliency, and Africa's Crops

African crops hold a hidden truth behind how and why certain cultural and food histories are appreciated, and others are ignored. It should not be surprising that a large proportion of African crops grown and/or used throughout the world today originated from West Africa (Figure 1), since this region's ports were critical for the trans-Atlantic slave trade (Carney, 2001a). Furthermore, the West African region is gradually being identified as a major cradle of ancient crop domestication (yam, cowpea, sorghum, pearl millet, African rice, numerous leafy greens) to rival the more famous Mesopotamia and Mexico, to help redefine human food history (Scarcelli et al., 2019). While beyond the scope of this paper, a very useful area of future study would be to explore the impact of the slave trade from Africa to Asia and elsewhere on modern cuisine and agricultural resources. This appears to be less well-studied, as studies of the Trans-Atlantic Slave Trade has often overshadowed the institutionalization of enslaved Africans elsewhere (Collins, 2006; Lovejoy, 2012).

Twelve million slaves were stolen from Africa and shipped to the Americas between 1501 and 1866 (Nunn, 2008) including 4 million to the Caribbean islands and 400,000 to the United States (Voyages: The Trans-Atlantic Slave Trade Database, 2020). The persecution associated with the trans-Atlantic slave trade was backed by negative and racist ideologies that viewed indigenous and traditional food systems as inferior (Carney, 2001b; Turner and Turner, 2007; Coté, 2016). This view of inferiority is perhaps a side effect of why there are few preserved histories told from the perspectives of enslaved peoples and an accurate or fair representation of their contributions to agronomy and cuisine today (Carney, 2001b; Slocum, 2010; Chatelain, 2015; Gilmer, 2015). And yet, settlers extracted and exploited these same crops for their very own gain, as they had done with crops of indigenous communities in settler-colonial North America (Wolfe, 2006). It was, after all, African slave labor and knowledge of growing these crops that migrated out of Africa, which fed colonists, slaves, and slave owners, and partially led to the development of European colonies, food capitalism, and the current foodways in America (Carney, 2001a; Wolfe, 2006; Slocum, 2010; Esch and Roediger, 2014). The private property system imposed through colonialism played a large role in continuous land theft and the assimilation of indigenous groups around the globe (Wolfe, 2006), thus contributing to the negative intergenerational impacts on these communities, knowledge systems, and traditional uses of crops in our food system today (Borras and Franco, 2010; Peluso and Lund, 2011; Coté, 2016). Indeed, a common theme that emerges from examining the global crops that originate in Africa is racism. By acknowledging and appreciating these crops, and the injustices (i.e., slavery) associated with a subset of them, there is an opportunity for reconciliation. Additionally, in reconciling, celebrating, and conserving the histories and benefits these crops, there is a further opportunity for fostering equity and enhancing resilience in African communities, and learning from their knowledge systems to inform our shared food systems (Holt-Giménez, 2015).

In addition to forced slavery, Africa was colonized. While many of the crops native to Africa have delivered many benefits around the world, Africa has not had its fair share, impeded by colonization and historical exploitation including the persecution of indigenous groups (Maclean, 2002; Lange, 2004; Bjornlund et al., 2020). While Africa has, in some ways, benefitted from crops with origins outside of the continent (e.g., maize, cassava, peanut, Asian rice, etc.), these introduced crops have frequently displaced local crops (Bjornlund et al., 2020). For example, peanut, a native Brazilian crop widely grown in Africa, has largely overshadowed the nutritional, agricultural, economic, and culinary value of the bambara groundnut (Vigna subterranea), an African counterpart possessing equally important benefits in terms of nutrition and livelihoods (National Research Council, 2006). Colonization did not focus solely on nations, but on undermining people and their foods, histories, cultures, and local development (Turner and Turner, 2007; Coté, 2016). Similar to slavery, institutionalized colonial policies fed the racist view that African peoples and their crops, were inferior, and not advantageous in terms of economic or agricultural development (Demi, 2014). Even today, Africa is mainly studied through a Western-centric lens which focuses more often on crises related to food than Africa's indigenous plant domesticates, culture, histories, and practices (Akena, 2012; Bjornlund et al., 2020). Furthermore, the histories and potential of Africa's crops have been overshadowed by the focus of knowledge-transfer from the West (Carney, 2001a; Akena, 2012). Perhaps, these are the reasons that many Western consumers rarely know of the African origins of the foods and household products they consume (Zuckerman, 2016). Although, to be fair, do most Africans know that crops such as maize and cassava, which are central to many African food traditions today, originate from the New World?

Today, there are global movements to end anti-Black racism against African-Americans and other peoples of color (Burch et al., 2020). More than ever before, understanding Africa's food contributions has particular implications for African-American cultures and the wider society, particularly to deconstruct the racialized stereotypes of certain foods, like that of watermelon and the racist and derogatory “coon” caricature noted earlier (Lemons, 1977). For African-Americans, many of the crops discussed here, including leafy greens, yam, cowpea/black eyed pea, and okra, were key ingredients that comprised many soul food dishes accompanied by animal parts that were despised by slave owners and thus given to their slaves to eat (Vester, 2015). Thus, as a cuisine, soul food today is a mode of resistance, and a signal of resilience and racial pride, as African Americans used creativity to incorporate these ingredients, historically used to devalue their worth as humans, into their cultural cuisine (Slocum, 2010; Vester, 2015). By recognizing the history of soul food as well as other foods not popularly associated with Africa [e.g., coffee, cowpea (black eyed peas)], African-Americans have the capacity to connect with their ancestors or ancestral traditions from whom they may have been torn from due to slavery. With connections to food comes the opportunity to fill in the gaps of one's own personal story of resilience through adversity—and for others to recognize such resilience, including the world's current and future agricultural researchers, food scientists and international development professionals.



Future Potential of Africa's Resilient Crops

It is apparent from this review that Africa's crops, including watermelon, cowpea, leafy greens, okra, African yam, cereals, kola, coffee, rooibos, oil palm, and shea, have contributed to the world's farmers and consumers (Carney, 2001a). These crops have a wealth of untapped potential, given their benefits to nutritional diversity and security, plant breeding, biodiversity conservation, as well as resilience to environmental stress posed by the increasing need to mitigate and adapt to climate change impacts, and other global demographic and socioeconomic trends impacting agricultural production.

While climate change impacts will disproportionately impact African agriculture (Niang et al., 2014), the potential solutions may also be situated on the continent. The availability of these solutions, however, depends on the ability to conserve and sustainably utilize these crop resources. For instance, many of the African crops described in this review exhibit and possess traits for heat and drought tolerance, likely because they originated in the dry subtropics of Africa or regions with extended dry seasons. These crops include cowpea, sorghum, fonio, pearl millet, teff, watermelon (Fahad et al., 2017), and also other crops that were not the focus of this review (e.g., bambara groundnut) (Mabhaudhi et al., 2018). Furthermore, Africa's agroforestry crops (including palm, kola, coffee, and shea) have the potential to sequester carbon to mitigate and adapt to climate change impacts in agriculture (Mbow et al., 2014; Tschora and Cherubini, 2020). The low-input requirement of many of these crops is another principal reason why they should be used for sustainable agricultural development and climate change mitigation and adaptation purposes (Mabhaudhi et al., 2019). Climate change calls for the need to decrease the reliance on natural gas consumption associated with nitrogen fertilizer production (Mancus, 2007). In agronomic terms, this means shifting a more significant proportion of production to crops such as cowpea and rooibos, because of their association with nitrogen-fixing bacteria, as well as low-nitrogen tolerant crops like teff (Muofhe and Dakora, 1999; Akpalu et al., 2014; Assefa et al., 2015).

Despite these benefits, the fact is that many of Africa's indigenous crops have limited yields (e.g., teff, fonio), compared to crops such as maize, Asian rice, wheat, and soybeans, at least under ideal conditions and with chemical inputs (Girma et al., 2014a). Limited yields partially explain their underutilization in agriculture, even within Africa (Bjornlund et al., 2020; Borelli et al., 2020). Once again, Africa holds the solution: the traditional cultivation practices and landraces established by indigenous peoples in Africa, as well as the high genetic diversity at the centers of origin of these crops, hold the knowledge and stress-tolerance alleles needed to enhance agronomic practices and plant breeding, respectively (Ajani et al., 2013). African genetic resources may be used to restore the biodiversity lost from modern crop production systems, including coffee, kola, and oil palm, which today have a narrow genetic base following generations of intensive selection (Hayati et al., 2004; Durand et al., 2015). By investing in the preservation of these genetic stocks and landraces, these resources will be available for future breeding and development efforts. To enable such advancements, we recommend a greater global and philanthropic investment for neglected African crops, such as fonio, to establish seedbanks and breeding programs within the Collaborative Group of International Agricultural Research (CGIAR) system. For seedbanks of African crops that exist outside of Africa, some thought should be given to relocate or duplicate certain seedbanks in Africa (e.g., millets from ICRISAT in India). The goal should be to better integrate these seedbanks with domestic breeding programs and into communities, with the appropriate funding to address local African needs.

Fortunately, there have been investments by the Gates Foundation to fund the breeding of certain crops discussed, such as cowpea, which build upon highly-effective, long-term efforts by the CGIAR centers (Fatokun et al., 2020). Despite these investments, these institutions are typically cash-strapped given their broad global mandate to address a diversity of crops and challenges, as well as their inclination to further advancements in dominant global crops oriented for export (Bjornlund et al., 2020). Pressure should be placed on multi-national companies that profit from African crops (e.g., the coffee industry) to help fund such local African crop initiatives.

With respect to cultivation practices, it is interesting (and perhaps unsurprising) to note that whereas people migrate crops, the associated indigenous knowledge is often left behind (Mabhaudhi et al., 2019; Borelli et al., 2020). As one example, in pre-Columbian Haiti, cassava, beans and maize, indigenous to the Americas, were intercropped in conuco mounds by the Taino people, to prevent erosion and retain water and nutrients on hillsides (Whitmore and Turner, 2001; Bargout and Raizada, 2013). Yet, while these individual crops are now widely grown on vulnerable hillsides around the world, they are not produced within their original sustainable agronomic system (Bargout and Raizada, 2013). In this review, examples of indigenous cultivation practices in Africa were noted that may hold lessons in sustainability for the rest of global agriculture. Indigenous farmers and their experience should be better integrated into breeding programs, partnerships, and collaborative networks working to address contemporary issues in crop production. This integration may keep indigenous peoples connected to their culture and resources, for the long-term benefit of their livelihoods. A specific program should be established to collect and publish indigenous agronomic knowledge from Africa, either within the FAO or CGIAR system (e.g., Bioversity International). Additionally, funding is needed to support social scientists to gather and collect indigenous knowledge associated with specific African landraces, so that this information may be added to seed passport information for breeders.

Further improvements in Africa's crops have the potential to not only assist consumers globally, but also alleviate food and nutritional insecurity and poverty for many smallholder farmers and rural communities around the world. Diversifying crop production to include a wider availability of underutilized crops could enhance nutritional and income resiliency. This need is particularly relevant in Africa, where the population is projected to increase from its current 1.3 billion to 4.3 billion by 2100 (United Nations Population Division, 2019)—not surprisingly similar to the demographic histories of other post-colonial nations such as India (United Nations Population Division, 2019). The World Bank and regional organizations should allocate funds that promote local value addition (e.g., food processing, packaging, and storage) to create jobs and keep profits within Africa, mainstream these crops, and reorient the history of Africa being solely a source of cheap, raw commodities. In applying a gendered lens, we also see a greater need for research agendas focused on reducing the burden of labor for women farmers, which include subsidizing appropriate mechanization along the value chain (e.g., post-harvest processing such as milling) which will also increase interest and production in these crops.

The efforts recommended above are not possible, however, without first recognizing crop histories and the undervaluing and underutilization of indigenous knowledge in the conventional food system today. We encourage the development and implementation of learning resources for African and American educators to include food origins and histories in science, history, and geography curricula in schools, as well as in museums. We should do so with the intent to raise awareness, appreciation, and understanding of the histories of the foods today, and to harmonize further connections between people, our food, culture, and environments, to better support the opportunity for reconciliation and a more sustainable food system.
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