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20 Abstract

21 Neglected and underutilised crop species (NUS) are increasingly discussed as options to enhance the 

22 resilience, diversity and nutritional quality of food systems under climate change. However, their 

23 productivity and nutritional contribution remain insufficiently quantified at larger scales, making it 

24 unclear to what extent they can contribute to food and nutrition outcomes. In South Africa, we 

25 compare the nutritional yield and climate response of sorghum, taro, and bambara groundnut with 

26 widely grown crops, namely maize, potato, and soybean, used here as reference crops. The analysis 

27 combines AquaCrop-simulated crop yields with nutrient composition data. Reference crops achieve 

28 higher yields and total nutritional outputs in most regions, with NUS supplying median nutritional 

29 yields of approximately 4-35% of their reference crops, depending on crop and nutrient. However, 

30 NUS match or exceed reference crops for specific nutrients in parts of eastern South Africa, with 

31 sorghum exceeding maize in iron yield and taro exceeding potato in zinc yield. Under climate change, 

32 reference crops maintain higher absolute yields across all crop pairs. Yield differences between NUS 

33 and their reference crops remain stable for sorghum-maize but increase for taro-potato and bambara-

34 soybean, favouring reference crops. Yield differences decrease in some locations, primarily due to 

35 declines in reference crop yields under less favourable, drier conditions, bringing them closer to NUS 

36 yields. Despite stronger gains in NUS productivity relative to reference crops in some locations, and 

37 advantages for specific nutrients, these remain limited. Without crop improvement, NUS are unlikely 

38 to substitute conventional crops at scale, but can complement them by contributing to micronutrient 

39 supply and production stability when integrated in suitable agroecological zones.

40

41 1 Introduction

42 Climate change and resource limitations are intensifying micronutrient deficiencies in many Sub-

43 Saharan African (SSA) countries, increasing the need for resilient food systems aligned with the 
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44 nutritional needs of the population. In South Africa, dietary diversity remains low, and deficiencies in 

45 iron, zinc, and vitamin A are widespread, particularly in rural and low-income communities 

46 (Labadarios, 2007; NDoH, 2017; Shisana et al., 2013). Across many low- and middle-income countries, 

47 particularly in SSA, smallholder and subsistence farming systems play an important role in household 

48 food security and dietary quality (4).

49 In many parts of SSA, food production is dominated by a small number of high-yielding staple crops, 

50 such as maize (5). While these staples support food energy supply, reliance on a narrow range of crops 

51 can reduce dietary diversity, limit micronutrient intake, and diminish agrobiodiversity (6,7). 

52 Furthermore, these systems are also increasingly exposed to climatic stressors, particularly in water-

53 scarce regions (8).  

54 Smallholder farmers are particularly vulnerable to climate change because their livelihoods and food 

55 supply depend heavily on rainfed agriculture and limited access to inputs. They can increase their 

56 resilience to climate change by adopting mixed systems that include climate-resilient crops, ensuring 

57 a more reliable food supply when mainstream crops fail (9). Diversifying farm production can also 

58 improve household nutrition by reducing production risks from shocks like extreme weather, 

59 increasing the availability of diverse food options, and increasing stable household incomes to buy 

60 diverse food items (7).

61 Neglected and underutilised crop species (NUS) have been proposed as one component of more 

62 diverse production systems. Many NUS are adapted to marginal environments, require fewer inputs, 

63 and can be more resilient to climate variability and extremes (10–12). Furthermore, NUS have been 

64 shown to enhance dietary diversity and promote important macro- and micronutrients, as well as 

65 serve medicinal purposes and contribute to cultural identity (9,13,14).

66 Despite growing interest in NUS, their role in food systems remains poorly represented due to gaps in 

67 agronomic data, modelling and incomplete nutrient composition profiles (15). As a result, they are 

68 largely absent from agricultural policy, investment, and development agendas (16). Although several 
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69 studies point to the nutritional and food security benefits of NUS, most are highly site-specific, 

70 represent only a narrow range of environmental conditions, and do not contextualise their 

71 performance relative to widely grown crops. Consequently, their productivity and nutritional 

72 contribution under diverse agroecological conditions remain insufficiently tested, leaving it unclear to 

73 what extent NUS can contribute to food and nutrition outcomes relative to conventional crops. These 

74 limitations, combined with their exclusion from modelling frameworks and climate impact 

75 assessments, continue to restrict their integration into food system planning and climate adaptation 

76 strategies.

77 Here, we assess the nutritional yield and climate resilience of selected NUS using South Africa as a 

78 case study, comparing their performance under a high-emissions future scenario with conventional 

79 crops across diverse environmental zones. Given widespread micronutrient deficiencies in the country 

80 and the wider region, we assess crops based on their contribution to micro- and macronutrient 

81 requirements rather than calories alone. Using the AquaCrop model (Steduto et al., 2009), we 

82 simulated rainfed yields for historical and future periods under a high CO2 emission trajectory. The 

83 model was implemented nationally across 5,838 altitude-based zones representing wide variation in 

84 climate, soil, and hydrological properties. Model outputs were combined with regional food 

85 composition data to compare nutrient outputs of three NUS versus three widely grown reference 

86 crops and to examine how yield differences between NUS and their reference crops change under 

87 climate change. This approach allows us to identify the extent to which NUS can contribute to food 

88 and nutrition outcomes relative to widely grown crops across diverse agroecological conditions.

89
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90 2 Methodology

91 2.1 Crops

92 This study compares the nutritional value (adult nutrient requirements met per hectare) and climate 

93 sensitivity (yield change relative to the historical baseline) of sorghum, taro, and bambara groundnut 

94 with those of maize, potato, and soybean. Crop pairings were selected based on functional similarity 

95 (i.e. similar roles within the food system): sorghum vs. maize (cereals), taro vs. potato (root crops), 

96 and bambara groundnut vs. soybean (legumes). Reference crops served as benchmarks to evaluate 

97 the relative performance of NUS for their nutritional yield and climate change resilience.

98

99 2.2 Crop model framework

100 Crop simulations were conducted using a national-scale implementation of the AquaCrop model (17), 

101 applied across 5,838 altitude-based zones covering the full extent of South Africa. These zones were 

102 derived by disaggregating each of the 1,946 quaternary catchments into three relatively 

103 homogeneous climate-soil response units for crop modelling. A quaternary catchment is the smallest 

104 operational unit for water resource management in South Africa as defined by the Department of 

105 Water and Sanitation. For each altitude zone, area-weighted averages of soil depth and soil hydraulic 

106 properties (field capacity, wilting point, saturated conductivity) were derived from a terrain unit-based 

107 database (18). The model simulated crop yields for three time periods: historical (1961-1990), near 

108 future (2015-2044), and distant future (2070-2099). Climate projections were derived from six CMIP5 

109 general circulation models (GCMs), dynamically downscaled and bias corrected to align with observed 

110 historical conditions. All simulations were run under the Representative Concentration Pathway (RCP) 

111 8.5 scenario to assess relative crop performance under a high-emissions future. All crops were 

112 simulated under rainfed conditions during the main summer rainfall season (September-March), 
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113 which represents the primary production window for smallholder systems in South Africa. Planting 

114 dates were set as follows: sorghum and bambara groundnut (15 Oct), taro (15 Nov), maize (20 Nov), 

115 potato (15 Jan), and soybean (15 Oct). Planting dates were standardised across zones to ensure 

116 comparability. They are based on typical planting windows and expert-informed dates, but do not 

117 capture local variation in management or adaptive planting decisions. Simulations assume optimal 

118 growth conditions without nutrient limitations and no weed stress. Locally calibrated and validated 

119 crop parameter files were used for sorghum (19), taro (20), bambara groundnut (21), maize (22), and 

120 soybean (23), while AquaCrop’s default parameter file was used for potato (24). To restrict the analysis 

121 to current production areas, a cropland mask was applied based on spatially disaggregated rainfed 

122 harvested area data from SPAM (25) for sorghum, taro (proxied by sweet potato as a comparable 

123 tropical root crop), and bambara groundnut (proxied by other pulses). The analysis was further 

124 restricted to zones with positive baseline yields of the NUS crops. For maize, potato, and soybean, the 

125 spatial mask of their paired NUS crops was applied to ensure comparisons were made within the same 

126 production zones. Simulated crop yields were compared against yield ranges for South Africa derived 

127 from estimates of crop production in low-input, subsistence farming systems (SPAM; IFPRI, 2020), 

128 national crop statistics reported by FAO (2026), and published field-based yield observations (Franke 

129 & Sekoboane, 2021) (S5 Fig).

130

131 2.3 Nutritional yield calculation and crop comparison

132 We assessed nutritional yields for dietary energy and five nutrients: protein, fibre, iron, zinc, and 

133 vitamin A. The nutrients were selected for their relevance to public health and dietary quality in South 

134 Africa based on national assessments (NDoH, 2017; Shisana et al., 2013). According to these reports, 

135 anaemia and iron deficiency are prevalent across the country, with the highest burden among young 

136 children and low-income populations. Vitamin A deficiency remains a concern, especially in infants 

137 and women, despite supplementation programmes. Zinc deficiency is also widespread in South Africa 
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138 (1). Energy, protein and fibre were included as proxies for overall dietary adequacy and quality. Low 

139 dietary diversity and insufficient intake of fruits, vegetables, and whole foods are reported across all 

140 population groups (3). The selected nutrients, therefore, reflect both macro- and micronutrient gaps 

141 affecting populations across all provinces in South Africa. Because national surveys report prevalence 

142 for these nutrient deficiencies at the provincial level, we describe nutritional yield and climate 

143 resilience results by province (see S1 Fig for provincial boundaries).

144 Nutrient composition values of NUS and reference crops were obtained from regional food 

145 composition tables. To reduce variability in nutrient content due to environmental factors and 

146 measurement differences, we calculated the mean value for each crop across available sources from 

147 southern Africa, including South Africa (27), Malawi (28), Lesotho (29), Zimbabwe (30), and 

148 Mozambique (31). Reported values were converted to dry-weight equivalents based on the crop’s 

149 water content.

150 Nutritional yields were calculated for each altitude zone and climate scenario as the number of adult 

151 equivalents (ages 19-50, male and female average) whose daily recommended intake (DRI) for a given 

152 nutrient could be met from the annual yield of one hectare (S1 Table). This metric combines yield and 

153 nutrient density to quantify the nutritional production potential of each crop and the extent to which 

154 that potential could meet local nutrient needs, following methods for nutritional yield assessment 

155 (32,33).

156 The nutritional yield (NY) was computed as:

157 𝑁𝑌𝑐,𝑛 =  
𝑌𝑐 ∗ 𝑁𝑐,𝑛 ∗ 10,000

𝐷𝑅𝐼𝑛 ∗ 365

158 where:

159 • Yc is the yield in t dry matter ha⁻¹ yr⁻¹ for crop c
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160 • Nc,n is the nutrient concentration per 100 g of dry matter for crop c and nutrient n (kcal, g, mg, 

161 or mcg)

162 • DRIn is the daily recommended intake for nutrient n (in the same units as Nc,n)

163

164 To evaluate the nutritional contribution of NUS, we compared their nutritional yields to those of 

165 matched reference crops. Nutritional yield ratios (in %) were calculated to identify areas where NUS 

166 provide comparable or greater nutrient supply per hectare than reference crops.

167 The nutritional yield ratio was computed as:

168 𝑁𝑢𝑡𝑟𝑖𝑡𝑖𝑜𝑛𝑎𝑙 𝑌𝑖𝑒𝑙𝑑 𝑅𝑎𝑡𝑖𝑜𝑛 =  
𝑁𝑌𝑁𝑈𝑆,𝑛

𝑁𝑌𝑅𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒,𝑛
∗ 100

169 where 𝑁𝑌𝑁𝑈𝑆,𝑐 and 𝑁𝑌𝑅𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒,𝑐 is the nutritional yield for nutrient n (adults ha -1) of the NUS and 

170 reference crop, respectively.

171

172 2.4 Climate impact calculation and crop comparison

173 To assess climate impacts, crop yields were compared across each 30-year time period: historical 

174 (1961-1990), near future (2015-2044), and distant future (2070-2099). Absolute yields (t ha⁻¹) were 

175 analysed for each crop and period, averaged across six bias-corrected GCMs under the RCP 8.5 

176 scenario.

177 To compare NUS with their reference crops under climate change, NUS yield differences were 

178 calculated at the zonal level as the absolute difference in simulated yields (t ha⁻¹):

179 𝑁𝑈𝑆 𝑌𝑖𝑒𝑙𝑑 𝐷𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 =  𝑌𝑁𝑈𝑆 ― 𝑌𝑅𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒

180 where 𝑌𝑁𝑈𝑆 and 𝑌𝑅𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒 represent simulated yields (dry t ha⁻¹) of the NUS and reference crop, 

181 respectively.
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182 Changes in yield differences over time were used to assess whether the gap between NUS and 

183 reference crops narrows or widens under climate change. This was computed as the change in the 

184 absolute NUS yield difference between historical and future values:

185 𝛥𝑌𝑖𝑒𝑙𝑑 𝐷𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 =  |𝑁𝑈𝑆 𝑌𝑖𝑒𝑙𝑑 𝐷𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒ℎ𝑖𝑠𝑡𝑜𝑟𝑖𝑐𝑎𝑙| ― |𝑁𝑈𝑆 𝑌𝑖𝑒𝑙𝑑 𝐷𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒𝑓𝑢𝑡𝑢𝑟𝑒|

186 Positive values indicate convergence, where the yield difference decreases, while negative values 

187 indicate divergence, where the yield difference increases.

188 To identify the drivers of these changes, yield changes over time for NUS and reference crops were 

189 compared to distinguish whether convergence or divergence results from yield increases or declines 

190 in one or both crops. In addition, NUS yield differences were compared with productivity levels of NUS 

191 and reference crops, and with key climate variables (aridity, temperature, and rainfall), to identify 

192 drivers of NUS yield differences.

193

194 3 Results

195 3.1 Nutritional yields of crops in South Africa

196 Nutritional yields of sorghum, taro, and bambara groundut as well as maize, potato, and soybean 

197 follow a strong west-to-east gradient, with the eastern half of South Africa showing the highest 
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198 productivity (Fig. 1). Western and central regions have lower nutritional yields for all crops assessed 

199 due to rainfall variability.

200

201 Fig 1: Spatial distribution of nutritional yields (adult equivalents ha⁻¹) for sorghum, maize, taro, potato, 

202 bambara groundnut, and soybean under baseline conditions. Maps show spatial patterns of nutritional 

203 yields (adult equivalents ha⁻¹) for energy (kcal), protein, fibre, zinc, iron, and vitamin A.

204

205 Sorghum has the highest nutritional yields primarily in the eastern and northeastern zones, notably in 

206 the provinces of Mpumalanga, KwaZulu-Natal, and Gauteng (cf. S1 Fig), particularly for iron. Taro 
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207 yields for fibre and zinc are highest in Limpopo, Mpumalanga and along the eastern coastal belt in 

208 KwaZulu-Natal. Bambara groundnut yields are comparatively lower but follow a similar geographical 

209 pattern, with the highest productivity in the eastern and northeastern zones, particularly in 

210 Mpumalanga and KwaZulu-Natal. Reference crops follow similar spatial patterns, with highest 

211 nutritional yields in the eastern provinces.

212

213

214 3.2 Nutritional yields of NUS compared to reference crops

215 On average, nutritional yields of NUS are lower than those of their reference crops (Fig 2). Whilst they 

216 can be more nutrient-dense (S2 Fig), crop yields are much lower (S3 Fig and S4 Fig).

217

218 Fig 2: Nutritional yield ratios (in %) of NUS compared to reference crops under baseline conditions. 

219 Boxplots show the distribution of nutritional yield ratios for NUS compared to reference crop for energy 

220 (kcal), protein, fibre, zinc, iron, and vitamin A. Comparisons are shown for sorghum vs. maize, taro vs. 

221 potato, and bambara groundnut vs. soybean. Boxplots show interquartile range (q25-q75) with 

222 medians as horizontal lines; whiskers span the 1st-99th percentiles. Triangles indicate nutrients with 

223 zero content in the reference crop.

224
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225 Sorghum generally has lower nutritional yields relative to maize across most regions (median ratios: 

226 16.9% energy; 20.7% protein; 8.2% fibre; 13.1% zinc; 48.3% iron; 5.76% vitamin A), yet Iron yields 

227 exceed those of maize in some areas. Taro has lower nutritional yields than potato across most regions 

228 (median ratios: 6.87% energy; 4.70% protein; 8.52% fibre; 29.8% zinc; 3.84% iron; 13.4% vitamin A), 

229 but shows advantages for zinc in higher-performing regions where yields exceed potato. Vitamin A is 

230 another nutrient where taro yields match or surpass those of potato at specific locations. Bambara 

231 groundnut consistently has lower nutritional yields than soybean (median ratios: 12.2% energy; 7.54% 

232 protein; 6.07% fibre; 13.9% zinc; 4.35% iron).

233 Areas with high nutritional yield ratios are concentrated in the eastern provinces for all crops and 

234 nutrients (Fig 3). Provinces with the largest areas where NUS achieve higher nutritional yields than 

235 their reference crops include KwaZulu-Natal and Mpumalanga.

236

237 Fig 3: Spatial distribution of nutritional yield ratios for NUS compared to reference crops. Maps 

238 highlight locations where nutritional yields of sorghum, taro, and bambara groundnut approach or 
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239 exceed (yellow) those of maize, potato, and soybean, respectively. Rows represent crop pairs; columns 

240 correspond to energy (kcal), protein, fibre, zinc, iron, and vitamin A.

241

242 Sorghum achieves higher iron yields than maize in parts of Mpumalanga and KwaZulu‑Natal, with 

243 smaller occurrences in other provinces. Additionally, in many areas within these provinces, sorghum 

244 yields reach at least half of maize yields. Taro achieves higher zinc yields than potato in Mpumalanga 

245 and KwaZulu-Natal, with smaller areas in Limpopo. In the same provinces, smaller areas also have 

246 higher vitamin A yields than potato, with yields in the surrounding areas reaching at least half of the 

247 reference crop’s yield. Bambara groundnut also performs relatively best in Mpumalanga and KwaZulu-

248 Natal, where zinc yields in several areas are more than half those of soybean.

249 3.3 Changes in yield differences between NUS and reference 

250 crops under climate change

251 Across most zones, simulated yields of NUS are lower than those of their reference crops (Fig 4). For 

252 sorghum compared with maize, the median yield difference remains relatively stable across time 

253 periods: −3.64 t ha⁻¹ under historical conditions, −3.66 t ha⁻¹ in the near future, and −3.70 t ha⁻¹ in the 

254 distant future. For taro compared with potato, the difference increases over time from −3.92 t ha⁻¹ 

255 under historical conditions to −4.65 t ha⁻¹ in the near future and −5.34 t ha⁻¹ in the distant future. For 

256 bambara groundnut compared with soybean, the yield difference is smaller but consistently negative, 

257 with median values of −0.89 t ha⁻¹, −0.95 t ha⁻¹, and −1.11 t ha⁻¹ for the historical period, near future, 

258 and distant future, respectively.
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295 For bambara groundnut relative to soybean, patterns are more heterogeneous and include both 

296 convergence and divergence in yield differences. These arise through multiple mechanisms, including 

297 simultaneous yield increases, joint declines, and cases where soybean yields increase while bambara 

298 declines, and vice versa. Areas where yield differences narrow occur across several eastern and 

299 northeastern production regions, particularly KwaZulu-Natal, Mpumalanga, Gauteng and Limpopo. 

300 Areas where yield differences widen are more widespread. Changes in yield differences are mainly 

301 driven by variation in soybean yields (S6 Fig). Yield differences also show a moderate relationship with 

302 climate conditions, with smaller differences in more arid and warmer zones (S7 Fig).

303 4 Discussion

304 4.1 Nutritional contributions of NUS

305 Nutritional yield comparisons show that average nutrient yields of NUS are generally lower than those 

306 of conventional crops due to reduced productivity. This mainly reflects that NUS are typically 

307 cultivated using traditional, locally adapted varieties rather than improved, high-yielding cultivars, and 

308 have received substantially less breeding and agronomic development than conventional crops. 

309 Nevertheless, in some areas NUS approach or exceed nutritional yields of their reference crops. For 

310 example, taro exceeds potato in zinc yield across several zones, and sorghum can surpass maize in 

311 iron yield. Bambara groundnut, despite having substantially lower productivity than soybean, can 

312 reach half its zinc yield in some areas.

313 Micronutrient deficiencies remain prevalent in South Africa, particularly in iron, vitamin A, and zinc 

314 (Labadarios, 2007; NDoH, 2017; Shisana et al., 2013). These deficiencies often occur in regions where 

315 NUS show competitive nutritional yields. For instance, iron deficiency is widespread in the eastern 

316 provinces, where sorghum’s iron yield exceeds that of maize.
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317 The location and context of NUS production matter for their nutritional impact. NUS are primarily 

318 cultivated by smallholder farmers in marginalised, resource-constrained settings and are typically 

319 consumed within rural households or sold in local markets, as formal value chains remain 

320 underdeveloped (10). As such, their cultivation can contribute directly to household nutrient intake in 

321 the areas where they are grown.

322 There are multiple use cases and culturally relevant recipes that support the inclusion of NUS in diets. 

323 Bambara groundnut has been suggested as a protein complement in cereal-based diets (34). Sorghum 

324 is present in many African culinary traditions and has been proposed for broader dietary reintegration 

325 due to its nutritional value and cultural familiarity (14). Taro leaves are rich in vitamin A and feature 

326 in traditional dishes combined with bambara groundnut (35). Edible leaves from certain NUS, such as 

327 taro, amaranth and okra, can contribute to dietary diversity without requiring additional land or 

328 cultivation effort. This dual-use potential enhances overall system efficiency and nutritional value, 

329 especially for micronutrients (36). However, antinutritional factors in some NUS, such as high phytate 

330 concentrations that reduce iron bioavailability, need to be addressed through improved processing 

331 techniques and crop breeding (37,38).

332 While many studies highlight multiple potential benefits of NUS for improving nutritional outcomes, 

333 our results show that NUS remain lower yielding than conventional crops in both crop and nutritional 

334 terms across most regions, with only limited areas of nutrient-specific advantages. NUS are therefore 

335 unlikely to substitute conventional crops under current levels of breeding and agronomic 

336 development, and are better integrated into diversified farming systems, where they can complement 

337 the nutritional output of conventional crops. 

338 Farm-level diversification, particularly where nutrient-dense crops are grown for home consumption, 

339 is associated with improved dietary quality (7). Within such systems, NUS can contribute specific 

340 nutrients, even where their overall productivity is lower. As the nutritional value of NUS varies by crop, 

341 nutrient, and region, effective integration will require aligning crop traits with local dietary needs and 
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342 environmental suitability. This will require targeted support, including spatially explicit and integrated 

343 crop suitability and dietary guidelines. As climate change shifts agroecological conditions, the 

344 suitability of regions for specific NUS may also change.

345

346 4.2 Climate response and yield trends

347 Yield responses to climate change vary across crop pairs. Within each pair, both crops generally follow 

348 similar trends at the national level, with differences arising mainly from variation in the magnitude 

349 and spatial distribution of their responses across South Africa.

350 Where climate change leads to less favourable growing conditions, declines in reference crops reduce 

351 yield differences, whereas where conditions improve, both crops benefit but gains are typically larger 

352 for reference crops, leading to wider gaps. Accordingly, smaller yield differences are more common in 

353 lower-productivity or drier regions, while larger differences occur in more productive regions where 

354 reference crops respond more strongly to better growing conditions.

355 Although NUS remain lower yielding overall, yield differences narrow in some areas where climate 

356 change leads to relatively stronger gains in NUS productivity. This pattern occurs across all crop pairs 

357 and shows that NUS can improve their performance relative to reference crops in specific contexts. In 

358 these cases, NUS can increase their contribution to nutrient supply alongside reference crops.

359 An important limitation is that the simulated climate impacts reflect long-term changes in rainfall, 

360 temperature and related climate conditions. While sorghum is widely recognised for its drought 

361 tolerance (39), this characteristic is not captured in our analysis, which focuses on long term trends in 

362 mean yield rather than performance under short-term droughts and other weather extremes.

363 The differences in climate responses between NUS and conventional crops suggest that integrating 

364 NUS into diversified farming systems can enhance resilience. Crop diversification reduces reliance on 

365 single crops and improves income stability by increasing the likelihood that some crops remain 
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366 productive when others are impacted by climate, pests, diseases or other risks. Previous studies show 

367 that households with more diverse cropping systems were better able to maintain dietary diversity 

368 during periods of stress, such as droughts (7).

369 NUS also present opportunities to expand production on land where environmental constraints limit 

370 more mainstream crops. Many species are well adapted to marginal conditions, offering a buffer 

371 against climate-related risks such as water scarcity and land degradation (11,12).

372 Our results show that nutritional yield advantages of NUS are limited to specific locations rather than 

373 widespread. This spatial heterogeneity indicates that NUS are best suited to specific agroecological 

374 niches, suggesting that promotion should prioritise suitable zones where NUS offer clear benefits 

375 rather than blanket expansion, underlining the need for nutrition and climate informed spatially 

376 explicit guidelines to support their deployment.

377 4.3 Policy and food system integration

378 Greater deployment of NUS in suitable areas can contribute to making food systems more climate-

379 resilient and nutrition-sensitive, but this will require addressing both agronomic and market barriers. 

380 Our results show that NUS are not uniformly high-yielding or climate resilient, but their advantages 

381 are crop- and location-specific and are likely to change over time due to the changing climate. NUS 

382 are not a direct substitute for mainstream crops but should complement them to diversify production 

383 systems and reduce risks.

384 Given the limited breeding and agronomic development of most NUS, their productivity is likely to 

385 remain lower than that of conventional crops, under current conditions. Long-term breeding 

386 programmes could increase genetic gains in these crops, although such efforts still remain limited (40). 

387 Where NUS already show relative advantages in specific nutrients or environments, such 

388 improvements could strengthen their role within those niches. This points to the need for spatially 

389 explicit targeting of niche environments where they have a comparative advantage. Suitability maps 
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390 provide a foundation for this targeting (11,12), but they should be expanded to incorporate nutrition 

391 needs so that NUS are deployed in areas where they are both well-suited for production and able to 

392 address specific nutrient gaps.

393 Even where NUS provide higher nutritional yields, adoption is constrained by practical and market-

394 related factors that need to be addressed. For example, sorghum faces limited uptake despite its high 

395 iron content due to deeply entrenched consumer preferences and existing market infrastructure that 

396 favour maize (14). Bambara groundnut remains limited by long cooking times, low consumer 

397 familiarity, and minimal commercial investment (41,42).

398 Substitution strategies that reintroduce NUS into familiar dishes, such as replacing maize with 

399 sorghum in porridges, can support gradual dietary change. Cultural familiarity with many NUS can 

400 facilitate uptake, particularly when paired with growing consumer demand for sustainable and 

401 nutritious foods. Addressing social stigma is also important, as NUS are still perceived as “poor 

402 people’s food” or “wild crops” (43). Public procurement programmes such as school feeding schemes 

403 can play an important role in stimulating demand for NUS and countering negative perceptions. In 

404 Kenya, incorporating NUS into school meals improved dietary diversity while reducing costs (44).

405 NUS intersect with multiple policy domains, and their inclusion can generate broad co-benefits. Their 

406 contributions to food and nutrition security are increasingly recognised by many studies (45), and 

407 many species are associated with specific health-promoting properties (13). Beyond nutritional 

408 benefits, NUS can support a range of objectives in natural resource management as they are suited to 

409 water-scarce and resource-constrained environments (46). Thus, broader adoption of NUS would align 

410 with policy goals for climate adaptation and sustainable land use. Several NUS also hold cultural 

411 significance and play an important role in traditional diets, local identities and support heritage 

412 conservation, particularly in rural communities (14). Given their multiple uses and co-benefits, such 

413 policies will require coordinated efforts across sectors including agriculture, water, environment and 

414 health.
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415

416 4.4 Limitations and uncertainty

417 This analysis is subject to several limitations related to both crop modelling and nutritional yield 

418 estimation. Nutrient composition data for many NUS is limited, with key nutrients less consistently 

419 represented in available food composition databases than for conventional crops. Furthermore, 

420 bioavailability and the effects of processing, which can significantly influence nutrient uptake (34), are 

421 not accounted for in the nutritional yield estimates. Improved food composition data are needed to 

422 refine future assessments.

423 Climate impacts were assessed using 30-year averages, which smooth over short-term variability. As 

424 a result, the resilience of certain NUS to acute events, such as droughts or heatwaves, is not captured. 

425 For instance, sorghum is often more tolerant of short dry spells than maize and is therefore planted 

426 by farmers in unusually dry years. Examining nutritional yield per unit of water rather than land may 

427 show additional benefits for water-efficient NUS, which may be overlooked in long-term averages that 

428 smooth over interannual variability. Future research should address short-term performance of NUS 

429 compared with reference crops, including responses to climatic extremes and water use efficiency.

430 Our crop model used uniform assumptions, such as fixed planting dates and input levels, and does not 

431 simulate adaptive practices like shifting planting windows or changes in crop management. These 

432 constraints may lead to over- or under-estimation of crop performances under future climate 

433 scenarios (47). In addition, crop model parameters were calibrated in a single growing region and then 

434 applied uniformly across all production zones in South Africa. For potato, our model used a generic 

435 parameterisation due to the lack of locally calibrated parameters.

436 Finally, the limited application of crop models to NUS (15) contributes to broader research gaps in 

437 understanding their productivity under different conditions, including input needs and responses to 

438 climatic stress. Compared to mainstream crops, for which a wide range of models and location-specific 
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439 calibrations are already available, NUS remain underrepresented. Identifying where NUS can be most 

440 beneficial requires more refined and spatially explicit modelling approaches to generate crop 

441 suitability maps. Such tools are essential to guide policy and investment, especially under changing 

442 climatic conditions.

443

444 5 Conclusion

445 This study assessed the nutritional yield and climate resilience of selected NUS and mainstream 

446 reference crops in South Africa by combining crop yield projections with nutrient composition data. 

447 Our findings show that, despite generally lower average yields than their reference crops, some NUS 

448 such as taro and sorghum can match or exceed conventional crops in micronutrient yield in specific 

449 regions. Climate projections indicate that NUS remain lower yielding than reference crops across most 

450 regions. However, they can become relatively more competitive in places where major crops perform 

451 poorly, and very occasionally when NUS themselves improve significantly.

452 NUS are not a direct substitute for mainstream crops but can complement them in diversified systems, 

453 providing nutritional, agronomic, environmental and socio-cultural benefits. Their potential is 

454 concentrated in niche environments, making spatially explicit targeting essential. Suitability maps 

455 offer a foundation for this targeting and should be advanced to integrate nutrition needs so that NUS 

456 are deployed where they are both productive and able to address dietary gaps. Expanding the 

457 application of crop models to underutilised species, as demonstrated here, will be critical for 

458 identifying these opportunities across SSA, where nutrient deficiencies and climate adaptation needs 

459 persist. 

460 NUS can complement major crops and improve nutrition if supported by better farming practices, 

461 breeding programmes, strong value chains, and coordinated policies. However, their benefits depend 

462 on having the right tools and support to make the most of their advantages in specific contexts.

This manuscript is a preprint and has not been peer reviewed. The copyright holder has made the manuscript available under a  Creative Commons Attribution 4.0 International
(CC BY) license and consented to have it forwarded to EarthArXiv for public posting.license EarthArXiv

http://creativecommons.org/licenses/by/4.0/
https://eartharxiv.org/


24

463

464 6 Author contributions

465 TC: Conceptualisation, Methodology, Formal analysis, Investigation, Visualisation, Writing - original 

466 draft. RK: Methodology, Conceptualisation, Writing - review & editing. TM: Methodology, 

467 Conceptualisation, Writing - review & editing. MN: Formal analysis, Writing - review & editing. PS: 

468 Conceptualisation, Supervision, Writing - review & editing. All authors read and approved the final 

469 manuscript.

470 7 Funding

471 This work was conducted as part of the Sustainable and Healthy Food Systems – Southern Africa 

472 (SHEFS-SA) programme, funded by the Wellcome Trust (grant number: 227749/Z/23/Z).

473 8 Competing interests

474 The authors declare that they have no competing interests

475 9 Data availability

476 The datasets generated and analysed during the current study are available from the corresponding 

477 author on reasonable request. Supporting information is provided to describe the modelling setup 

478 and additional analyses.

This manuscript is a preprint and has not been peer reviewed. The copyright holder has made the manuscript available under a  Creative Commons Attribution 4.0 International
(CC BY) license and consented to have it forwarded to EarthArXiv for public posting.license EarthArXiv

http://creativecommons.org/licenses/by/4.0/
https://eartharxiv.org/


25

479 10 Supporting information

480 S1 File. Supporting information. Supplementary methods, tables, and figures describing the crop 

481 nutrient density, crop yield comparisons, spatial patterns in simulated yields, crop model evaluation, 

482 and sensitivity of results across climatic and agroecological gradients.

483 S1 Fig: Map of South Africa's nine provinces.

484

485 S2 Fig: Nutritional composition of NUS (sorghum, taro, bambara groundnut) and reference crops 

486 (maize, potato, soybean), based on regional Food Composition Tables from South Africa, Lesotho, 

487 Malawi, Zimbabwe, and Mozambique. Bars indicate mean nutrient content per 100 g of dry matter; 

488 error bars show reported standard deviation values where available.

489

490 S3 Fig: Simulated rainfed crop yields (dry t ha¹) for NUS (sorghum, taro, bambara groundnut) and their 

491 reference crops (maize, potato, soybean) across three time periods: historical period (1961-1990), near 

492 future (2015-2044), and distant future (2070-2099). Boxplots show interquartile range (q25-q75) with 

493 medians as horizontal lines; whiskers span the 5th-95th percentile. Points indicate maximum values. 

494 Values represent model means from six bias-corrected CMIP5 GCMs under the RCP 8.5 scenario.

495

496 S4 Fig: Spatial distribution of simulated rainfed crop yields (t ha¹) for NUS (sorghum, taro, bambara 

497 groundnut) and reference crops (maize, potato, soybean) across three time periods: historical period 

498 (1961-1990), near future (2015-2044), and distant future (2070-2099). Values represent model means 

499 from six bias-corrected CMIP5 GCMs under RCP 8.5.
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500  

501 S5 Fig: Comparison of simulated and reference yield ranges across NUS and reference crops. Boxplots 

502 show the distribution of AquaCrop-simulated rainfed yields across South Africa for the historical 

503 baseline period (1961–1990). These are compared with reference ranges derived from spatially 

504 disaggregated estimates of crop production in low-input, subsistence farming systems (SPAM; IFPRI, 

505 2020) for sorghum, maize and soybean, FAO-reported yields for sub-Saharan Africa for taro and 

506 bambara groundnut (26), and published field-based yield observations for potato from smallholder 

507 production systems in South Africa (48). Whiskers indicate the 5th and 95th percentiles, boxes 

508 represent the interquartile range, and horizontal lines denote the median; for potato, the full range of 

509 observed yields reported is shown.

510

511 S6 Fig: Associations between baseline yields and NUS yield differences across crop pairs and time 

512 periods. Scatter plots show the relationship between NUS yield differences and either NUS baseline 

513 yield or reference crop baseline yield for sorghum versus maize, taro versus potato, and bambara 

514 versus soybean across the historical period, near future, and distant future. Lines show linear fits for 

515 each period, and labels report the corresponding coefficient of determination (R²).

516

517 S7 Fig: Associations between NUS yield differences and climatic conditions across crop pairs and time 

518 periods. Scatter plots show the relationship between the NUS yield differences and aridity (calculated 

519 as evapotranspiration divided by rainfall), rainfall, and temperature for sorghum versus maize, taro 

520 versus potato, and bambara versus soybean across the historical period, near future and distant future. 

521 Lines show linear fits for each period, and labels report the corresponding coefficient of determination 

522 (R²).

523

This manuscript is a preprint and has not been peer reviewed. The copyright holder has made the manuscript available under a  Creative Commons Attribution 4.0 International
(CC BY) license and consented to have it forwarded to EarthArXiv for public posting.license EarthArXiv

http://creativecommons.org/licenses/by/4.0/
https://eartharxiv.org/


27

524 S1 Table: Daily recommended intake (DRI) values for adults used in nutritional yield calculations.

Nutrient Unit DRI Source
Energy kcal 2245 Department of Health (UK) (1991)
Protein g 51 Institute of Medicine (U.S.) (2005)
Fibre g 25 EFSA (2010)
Iron mg 13 Institute of Medicine (U.S.) (2001)
Zinc mg 9.5 Institute of Medicine (U.S.) (2001)
Vitamin A mcg 800 Institute of Medicine (U.S.) (2001)
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