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Abstract Enhancing orphan crops productivity in

developing countries is of paramount importance to

providing quality diets to the growing population as

well as resilience options to smallholder farmers in

order to adapt to climate change. However, the status

of genetic resources diversity and the utilisation

patterns of many orphan crops have been poorly

investigated to inform breeding programs and man-

agement strategies. In this study, we assembled

Kersting’s groundnut diversity, associated farmers’

knowledge and production systems across three eco-

logical zones in Benin and Togo. We collected data

through focus group discussions in 43 villages. In

addition, semi-structured interviews were conducted

with 300 farmers. Four cell analyses was performed

using cropping areas and number of Kersting’s

groundnut farmers as criteria. We conducted a com-

parative analysis of the Kersting’s groundnut utilisa-

tions and production systems across ecological zones.

In total, 308 accessions of Kersting’s groundnut were

collected using farmers’ criteria such as grain colour,

grain size, maturity time, yield potential, medicinal

properties and marketability. Farmers grouped the

accessions into five landraces based solely on grain

colour. All landraces were cultivated in the Sudanian

zone while only three of them were found in the

Guinean and Sudano-Guinean zones. Most of these

landraces were produced by a few farmers on small

cropping areas. The choice of landraces for production

depended on local intention for production and

different use categories across ecological zones. Up

to 46.80% of decrease in cropping areas was observed

in most zones due to specific production bottlenecks

such as drought and diseases. We discuss our findings

and suggest tailored actions including effective in situ

and ex situ conservation strategies, germplasm col-

lection and characterization in other countries where

the crop is produced, development of new cultivars

with farmers’ preferred traits and enhancement of the

genetic base of the species.
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Introduction

With the overwhelming population growth and global

food demand, there is an unprecedented need to

increase agricultural productivity. Many research and

policy efforts were initiated to increase agricultural

productivity and economic development with a focus

on conventional staple crops (Jambo 2017; Tadele

2017). This has resulted in the development of

improved agronomic practices as well as high yielding

cultivars for several crops (Dalrymple 1986; Jambo

2017; Schroeder et al. 2013). However, food and

nutritional insecurity still remains a big challenge

especially in developing countries (FAO 2017).

Therefore, actions to increase food productivity in

these areas should also be reoriented towards other

crops commonly referred to as orphan crops since they

have been widely neglected by both researchers and

industries (Aworh 2015; Baldermann et al. 2016;

Padulosi et al. 2013). These resources play a pivotal

role in marginal lands where the bulk of their genetic

diversity and adaptive features help producers and

consumers to utilise various environments and to

develop natural resilience options (Cullis and Kunert

2017; Mayes et al. 2011).

In addition to increased productivity, crops of the

next decades must exhibit clear nutritional values to

attract more interest and contribute to resolving the

overwhelming malnutrition bottlenecks, particularly

in developing countries. In this regard, recent studies

put forward several health benefits of orphan legumes

for consumers (Cullis and Kunert 2017; Ebert 2014;

Kouris-Blazos and Belski 2016). Consumption of

orphan legumes provides essential proteins, vitamins

and dietary fibre (Curran 2012). Some of the most

reported orphan legumes include cowpea (Vigna

unguiculata (L.) Walp.), bambara groundnut (Vigna

subterranea (L.) Verdc.), and grass pea (Lathyrus

sativus L.). However, local populations and resource-

poor-farmers also rely on other orphan legumes

including Macrotyloma geocarpum (Harms) Marechal

et Baudet known as Kersting’s groundnut (Achigan

Dako and Vodouhè 2006; Dansi et al. 2012).

Macrotyloma geocarpum (Leguminosae) is an

orphan legume with high economic value. It is widely

consumed in West Africa and more increasingly

during festive periods when the price can hike from

XOF800 (US$ 1.45) per kg in abundance period to

XOF4000 (US$ 7.27) per kg in scarcity period in

Benin (Dansi et al. 2012). The grain is also used by

several communities for food and medicinal purposes

(Assogba et al. 2016; Ayenan and Ezin 2016).

Although the nutritional value of Kersting’s groundnut

is not fully documented, reports indicate that Kerst-

ing’s groundnut grains contain 21.3% of crude protein,

6.2% of crude fibre, 61.53–73.3% of carbohydrate and

3.2% of ash (Aremu et al. 2011). Also, Ajayi and

Oyetayo (2009) investigating the potential of Kerst-

ing’s groundnut as health food, reported that the grains

contain a very low crude fat (1.0%) and a high

concentration of arginine and amino acid for paedi-

atric growth. Although the capacity of the crop to cope

with severe climate adverse is yet to be investigated,

M. geocarpum is a crop with best performance in

drought-prone environments (Achigan Dako and

Vodouhè 2006; Ayenan and Ezin 2016). Kersting’s

groundnut provides local communities with increased

resilience options for sustainable livelihood.

Unfortunately, M. geocarpum has not benefitted

from any major improvement or promotion programs

despite its economic and nutritional importance. As

consequence, the productivity of the crop remains low

with a maximum of 500 kg/ha, and the production has

been decreasing from year to year (Ayenan and Ezin

2016). Besides, there is a low availability of Kersting’s

groundnut genetic resources in international gene-

banks, even in national genebanks of countries of

origin (e.g. Benin, Togo). This is a drawback in plant

breeding and conservation perspectives. Also, previ-

ous investigations on the potential of Kersting’s

groundnut in Benin did not include all production

zones (Assogba et al. 2016). As results, the authors

reported only three landraces which were previously

found to present a narrow genetic base (Ayenan and

Ezin 2016; Pasquet et al. 2002). Therefore, there is a

need to collect landraces of Kersting’s groundnut and

investigate associated indigenous knowledge in all

production areas in those countries (Ayenan and Ezin

2016).

Genetic diversity is said to be higher in primary

centre of origin (Hummer and Hancock 2015; Vavilov

and Dorofeev 1992). For Kersting’s groundnut, the

centre of origin was reported to be central Benin or

northern Togo (Achigan Dako and Vodouhè 2006).

Moreover, within the primary centre of origin can

emerge small areas with tremendous genetic diversity

(Harlan 1971; Zhukovsky 1975). With regard to this,

Benin and northern Togo could contain more than the
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three Kersting’s groundnut landraces reported by

previous studies. Furthermore, extensive survey for

mapping and on-farm assessment of diversity provides

key information to detect losses and define conserva-

tion strategies (Last et al. 2014). Understanding the

genetic diversity, uses, and distribution of orphan

crops is essential in determining what to conserve and

where to conserve, for sustainable utilisation (Rao and

Hodgkin 2002; Van Dusen 2005).

The objectives of this study were therefore: (1) to

collect Kersting’s groundnut genetic resources in the

production systems of Benin and Togo, (2) to assess

knowledge associated with Kersting’s groundnut

germplasm richness and utilisations, (3) to map the

distribution of Kersting’s groundnut genetic resources

and use categories across ecological zones, and (4) to

compare Kersting’s groundnut on-farm practices and

farmers’ constraints between ecological zones. The

following questions were addressed in this paper: (1)

what are the implications of farmers’ knowledge in

naming and describing Kersting’s groundnut and its

landraces and what is the current status of Kersting’s

groundnut resources diversity in farmers’ fields? (2)

How are Kersting’s groundnut landraces distributed

across ecological zones? (3) What are the use

categories of Kersting’s groundnut in each ecological

zone? (4) How is the production system organized and

what is the dynamic of the production in each

ecological zone? (5) What are the bottlenecks hinder-

ing Kersting’s groundnut production and how do they

relate to production zones?

We hypothesized that (1) the genetic diversity of

Kersting’s groundnut in Benin and Togo is higher than

reported by previous studies, (2) the knowledge

associated with Kersting’s groundnut germplasm is

relevant for the scientific classification and description

of the species and its landraces, (3) the distribution of

Kersting’s groundnut landraces and utilisation pat-

terns varies with ecological zones, and (4) on-farm

practices, production dynamic and farmers’ con-

straints are specific to ecological zones.

Materials and methods

Study area

This study was carried out from 2016 to 2017 in Benin

and northern Togo, West Africa (Fig. 1). Benin is

located on the Atlantic coast and borders Nigeria to the

east, Togo to the west, and Burkina Faso to the

northwest, and Niger to the northeast. It is composed

of 10,008,749 habitants (INSAE 2015). Togo is

situated in West Africa with a population size of

6,191,155 habitants (MPDAT 2011). It borders Benin

to the east, Ghana to the west, Burkina Faso to the

north (Fig. 1). These two countries are characterized

by a vegetation pattern showing a humidity gradient

northward due to the combined effects of climate

variation and soils (Adomou 2005). As Kersting’s

groundnut has been reported to be susceptible to high

humidity (Assogba et al. 2016; Ayenan and Ezin

2016), our study covered all ecological zones in the

area. Therefore, in Benin, the study was conducted in

three ecological zones namely the Guinean zone, the

Sudano-Guinean zone and the Sudanian zone. In

northern Togo, the study was carried out in two

ecological zones referred to as Zone I and Zone II

(Fig. 1).

The Guinean zone is characterized by an annual

rainfall varying between 1200 and 1300 mm/year

(Table 1). The temperature ranges from 24 to 30 �C.

The vegetation pattern is the Guinean savanna with a

mosaic of semi-deciduous rainforest or clear forests

with Elaeis guineensis Jacq., Tectona grandis L.f.,

Acacia spp. and Vitex doniana Sweet dominating. This

zone has a bimodal rainfall pattern with two rainy

seasons. Major crops include cereals [Zea mays L. and

Sorghum bicolor (L.) Moench], and legumes (Vigna

unguiculata, Arachis hypogea L. and Macrotyloma

geocarpum). The Sudano-Guinean zone is the largest

ecological zone with an annual rainfall from 1100 to

1300 mm/year (Table 1). The temperature in this zone

varies between 25 and 34 �C. Besides, the Sudano-

Guinean zone is a transitional ecological zone with a

trend to unimodal rainfall pattern. It is characterized

by some relics of semi-deciduous rainforests. In

addition, farming systems in this zone are dominated

by cereals (Zea mays and Sorghum bicolor), legumes

(Vigna unguiculata, Arachis hypogea and Macroty-

loma geocarpum) and roots and tubers (Dioscorea spp.

and Manihot esculenta Crantz). The Sudanian zone of

Benin and the two ecological zones of northern Togo

are characterized by a unimodal rainfall pattern with

one rainy season (Akoègninou et al. 2006; Fousseni

et al. 2014). The annual rainfall varies between 900

and 1100 mm/year while the temperature ranges from

21 to 35 �C. The vegetation pattern is characterized by
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wooded savannah dominated by Khaya senegalensis

(Desr.) A.Juss, Berlinia grandiflora (Vahl) Hutch. et

Dalziel, Uapaca togoensis Pax, Terminalia spp., and

Acacia spp. In addition, the farming systems in these

zones are based on cereals (Zea mays, Sorghum

bicolor, Digitaria exilis (Kippist) Stapf), and legumes

(Vigna unguiculata, Vigna subterranea, Glycine max

(L.) Merr.). In the analyses, we considered the Zones I

and II of northern Togo as part of the Sudanian zone

since both of them are characterized by the Sudanian

climatic conditions (Fousseni et al. 2014). As a result,

the whole research area was divided into three major

ecological zones, i.e. the Guinean zone, the Sudano-

Guinean zone and the Sudanian zone.

Data collection

In each ecological zone, main markets were visited as

entry points to identify Kersting’s groundnut produc-

tion municipalities. Thirteen municipalities were

identified in all ecological zones. Moreover, inter-

views with local extension agencies helped us to

identify one to nine Kersting’s groundnut production

villages in each municipality. The snowball technique

was used to select Kersting’s groundnut farmers in

each village. A total of 300 farmers were selected and

included in the survey. One focus group discussion

was conducted in each village with farmers on the

Kersting’s groundnut naming, description of landraces

and identification of rare and common landraces.

Therefore, during the focus group discussions, farmers

were asked to provide the rationale for Kersting’s

groundnut local names and describe the different traits

they use to recognize each landrace. Additionally,

bFig. 1 Study area. Ecological zones and surveyed departments

Table 1 Characteristics of ecological zones in Benin and northern Togo

Variables Guinean zone Sudano-Guinean zone Sudanian

zone

Zone I Zone II

Country Benin Benin Benin Togo Togo

Altitude (m) 56–223 153–308 214–609 191–330 261–264

Annual rainfall

(mm)

1200–1500 1100–1300 900–1100 900–1100 900–1100

Vegetation Guinean savannas, mosaic of semi-

deciduous rainforest or clear forests

Mosaic of semi-deciduous

rainforest and savannas

Wooded savanna with species

including Khaya senegalensis,

Berlinia ladiflora, Uapaco

togoensis, Terminalia spp, Acacia

spp.

Temperature

(�C)

24–30 25–34 21–35 22–35 21–34

Dominant soils Ferrallitic soils Ferruginous and ferrallitic soils Concreted or hardened ferruginous

soils with small deep

Seasons Guinean climate with two rainy

seasons

Transitional zone with a trend to

unimodal rain pattern

Unimodal rain pattern: one rainy

season and more than seven dried

months

Farming Cereal (maize, sorghum), leguminous

(cowpea, peanut, Kersting’s

groundnut)-based

Cereal (maize, sorghum),

leguminous (cowpea, peanut,

Kersting’s groundnut), Yam-

based

Cereal (maize, fonio, sorghum,

millet), leguminous (cowpea,

soybean, bambara groundnut,

Kersting’s groundnut)-based

Number of

surveyed

villages

11 24 04 01 03

Surveyed

socio-

linguistic

groups

Fon Fon, Mahi, Tchabè, Idaasha, Otammari,

Wama

Temb,

Kabiyés

Tem,

Kabiyès
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farmers were asked to indicate the minimum number

of households and the minimum cropping area

required before a given Kersting’s groundnut landrace

can be considered as common in the village. In

addition to the focus group discussions, each farmer

was interviewed using a questionnaire after their prior

verbal agreement. The questionnaire was composed of

five categories of questions, i.e. socio-economic

background of farmers, biophysical resources, system

management resources, Kersting’s groundnut utilisa-

tion patterns, and production constraints. The socioe-

conomic background data included household head

age, gender, household size and socio-linguistic

group. Besides, the biophysical resources were com-

posed of cropping areas, type of land, landrace

diversity and seed access. Kersting’s groundnut crop-

ping areas were recorded for 2015, 2016 and 2017.

The system management resources included cropping

system, sources of labour, sowing time, harvest time

and grain yield. Moreover, Kersting’s groundnut

utilisation patterns were composed of local intentions

for the production and the different use categories.

Finally, all production constraints were listed and

scored by the interviewed farmer using a score

between 1 and 10 for each identified constraint.

Data analysis

Descriptive statistics were used to account for socio-

economic background of households, biophysical

resources and system management. To identify com-

mon and rare landraces of Kersting’s groundnut in

each ecological zone, we conducted a four-cell

analysis based on the cropping areas and the number

of households cultivating a given landrace (Rana et al.

2005; Sthapit et al. 2006). On the horizontal axis, we

used 10 households as cutting point in the Guinean and

the Sudano-Guinean zones as indicated by farmers.

Likewise, on the vertical axis, we used 0.25 ha as

cutting points in these zones. In fact, in these zones, a

particular landrace is considered as common when it is

produced by at least 10 households on a minimum

cropping area of 0.25 ha. However, in the Sudanian

zone, farmers indicated five households and 0.25 ha as

cutting points, respectively, on the horizontal and the

vertical axes. As perceived by farmers in this zone, a

cropping area greater than 0.25 ha on average can be

considered as large scale for Kersting’s groundnut

production. To quantify the relative importance of a

particular intention for production of Kersting’s

groundnut and use category among farmers, we

calculated the fidelity level (FL) within each zone

and for each landrace (Ugulu 2012). The fidelity level

was calculated using the following formula:

FL ¼ FP
F

� �

� 100, where FL = fidelity level,

F = frequency of farmers who cited the species for a

particular use category and RF = sum of frequencies

of farmers per for all use categories (Hoffman and

Gallaher 2007; Ugulu 2012). To compare Kersting’s

groundnut production between ecological zones, we

performed analysis of variance or Kruskal–Wallis test

and multiple proportion test on all categories of

variables. Analysis of variance and Kruskal–Wallis

test were performed on quantitative variables while

the multiple proportion tests were conducted on

qualitative variables. Further, to check if there was a

significant change in the evolution of cropping areas

from 2015 to 2017, analysis of variance was conducted

over all zones and within each zone. To illustrate the

trends of cropping areas evolution over zones and

within each zone, a ggplot was constructed using geom

functions of the ggplot2 package (Wickham 2016). In

addition, the production bottlenecks were compared

between ecological zones using Friedman test

(Abeyasekera 2005) in order to identify specific

bottlenecks hindering Kersting’s groundnut produc-

tion within each zone. All statistical analyses were

performed using R version 3.4.3 (R Core Team 2017).

Results

Local nomenclature, description, and distribution

of Kersting’s groundnut landraces

In total, eight socio-linguistic groups were visited

where Kersting’s groundnut was referred to with

different local names depending on farmers’ socio-

linguistic groups and ecological zones (Table 2).

There are four names across the three ecological

regions visited: Doyikoun, Atchaka, Issanganané and

Issagnanré. Most socio-linguistic groups, even from

different ecological zones, used the same local names

for the species. In the Guinean and the Sudano-

Guinean zones, Fon and Mahi socio-linguistic groups

referred to the species as a cowpea (reference to Vigna
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unguiculata) with underground pods (Doyikoun).

Likewise, in the Sudano-Guinean zone, Tchabè and

Idaasha socio-linguisitc groups, considered Kersting’s

groundnut as a legume with high economic and

nutritional value (Atchaka). However, Otammari,

Wama, Tem and Kabyès socio-linguistic groups in

the Sudanian zone (of Benin and Togo) referred to

Kersting’s groundnut as bambara groundnut (refer-

ence to Vigna subterranea) with long cooking time

and many medicinal properties (Issanganané or

Issagnanré).

Furthermore, Kersting’s groundnut farmers used a

set of traits for describing the different landraces

(Table 3). Seed coat colour, grain size, maturity time,

yield, medicinal properties, cookability, and mar-

ketability were the traits used by farmers to describe

Kersting’s groundnut landraces. Although all those

traits were important to farmers, they first used seed

coat colour as a major trait (96.3% of farmers) to

distinguish among landraces. Grain size, maturity

time, yield, medicinal properties and marketability

were second rank criteria for naming landraces. Based

on farmers’ description, five landraces were identified

namely ‘‘White-seeded landrace’’, ‘‘Black-seeded

landrace’’, ‘‘Red-seeded landrace’’, ‘‘White with black

eye seeded landrace’’ and ‘‘White with yellow eye

seeded landrace’’ (Fig. 2).

Table 2 Kersting’s groundnut local names in socio-linguistic groups

Socio-linguistic group Local names Meanings

Fon Doyikoun Underground cowpea

Tchabè Atchaka High economic and nutritional legume

Otammari Issanganané Bambara groundnut with long cooking time and high medicinal properties

Wama Issanganané

Idaasha Atchaka High economic and nutritional legume

Mahi Doyikoun Underground cowpea

Tem Issagnanré Bambara groundnut with long cooking time and high medicinal properties

Kabyès Issagnanré Bambara groundnut with long cooking time and high medicinal properties

Table 3 Farmers’ criteria

for describing Kersting’s

groundnut landraces in

Benin and Togo

Trait Attribute Percentage of farmers (%)

Grain color White 96.32

Black

Red

White with black eye

White with yellow eye

Grain size Small 75.62

Medium

Large

Maturity time Early 20.15

Late

Yield potential Low 38.55

Medium

High

Medicinal properties Used 30.45

Not used

Marketability Low 90.25

Medium

High
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The analysis of the distribution (Fig. 3) showed

that in the Sudanian zone, all landraces were present

while in the Guinean the Sudano-Guinean zones only

three of them were found. The white-seeded, red-

seeded and black-seeded landraces were found in all

ecological zones. However, the white with black eye

seeded and the white with yellow eye seeded

landraces were specific to the Sudanian zone. At

farm level, the four-cell analysis revealed that in the

Guinean and the Sudano-Guinean zones, out of three

landraces cultivated, only the white seeded landrace

fell into the first cell where large cultivation areas

were devoted for cropping by many households

(Fig. 4a, b). However, the two other landraces

namely the black-seeded and the red-seeded lan-

draces are rare and produced by a few households on

a small cropping area. They fell into the second cell

(small cropping areas by a few households). In the

Sudanian zone, out of five landraces recorded, the

black-seeded landrace was commonly produced by

many households on a large cropping area (Fig. 4c).

The red-seeded landrace fell in the second cell; it was

grown by few farmers on a relatively large cropping

area. Further, the three remaining landraces namely

white with black eye seeded landrace, white with

yellow seeded landrace and the white-seeded lan-

drace fell into the third cell. These landraces were

considered as rare in the Sudanian zone as they were

produced by only few farmers on a small cropping

area.

Farmers’ choice of Kersting’s groundnut landraces

in ecological zones

Our study revealed that Kersting’s groundnut is

produced for two main intentions depending on the

ecological zones (Table 4). In the Guinean and

Sudano-Guinean zones, the main motive for Kerst-

ing’s groundnut production is the high price and

marketability of its grains. Over the year a kilogram of

Kersting’s groundnut grains vary from US$ 2 to US$

10. On contrary, in the Sudanian zone, Kersting’s

groundnut is mainly produced for its contribution to

dietary diversity. Moreover, grains were the part of the

plant mostly used by farmers in all ecological zones.

The use categories of Kersting’s groundnut depend

upon the ecological zones. The fidelity levels showed

that medicinal uses were more mentioned by farmers

in the Guinean and the Sudanian zones (22.0% B FL

B 25.00%). Also, grain processing was a common use

among farmers in the Sudano-Guinean and Sudanian

zones (20.3% B FL B 20.3%). Moreover, social use

was raised by some farmers in the Guinean and the

Sudano-Guinean zones. Uses for consumption and soil

fertility were common in all zones (Table 4).

Also, within each ecological zone, intentions and

use categories were specific to landraces. For instance,

the white-seeded landrace was mainly produced for its

Fig. 2 Kersting’s groundnut landraces (WSL white seeded landrace, BSL black seeded landrace, WYL white with yellow eye seeded

landrace, RSL red seeded landrace, WBL white with black eye seeded landrace, scale is in cm with 1 mm as step). (Color figure online)

cFig. 3 Distribution of Kersting’s groundnut landraces across

ecological zones. Color gradient to indicate type of landrace.

(Color figure online)
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high marketability and income provision to house-

holds (FL = 82.0%) while the black-seeded and the

red-seeded landraces were produced for their contri-

bution to dietary diversity (FL = 100%). The other

landraces namely the white with black eye seeded

landrace and the white with yellow eye seeded

landrace were produced in low quantity (Table 5).

Regarding the use categories, the black-seeded lan-

drace was specifically used for medicinal purposes

(FL = 27.9%) and ritual use (FL = 21.3%). The red-

seeded and the white-seeded landraces were used for

grain processing. Also, the white-seeded landrace was

used by some farmers for social actions such as gift of

Kersting’s groundnut grains to friends and folks

during festive periods (FL = 12.00%). The two other

landraces namely the white with black eye landrace

and the white with yellow eye landrace were used for

medicinal purposes and grain processing. Moreover,

uses for consumption and soil fertility management

were common to all identified landraces (Table 5).

Second cell: 
Red-seeded (8; 0.30 ha) 

Large area 

Small area 

Few HHsMany HHs 

First cell: 
White-seeded (51; 0.38 ha) 

Second cell: 
- Red-seeded (7; 0.021 ha) 
- Black-seeded (9; 0.015 ha) 

(a) 

Large area 

Small area 

Few HHsMany HHs 

First cell: 
White-seeded (177; 0.82 ha) 

Second cell: 
- Red-seeded (3; 0.02 ha) 
- Black-seeded (1; 0.025 ha) 

(b) 

Large area 

Small area 

Few HHsMany HHs 

First cell: 
Black-seeded (30; 0.4 ha) 

Third cell: 
- White with black eye seeded (8; 0.085 ha) 
- White with yellow eye seeded (7; 0.02 ha) 
- White-seeded (8; 0.15 ha) 

(c) 

Fig. 4 Results of four cell

analysis. a Guinean zone,

b Sudano-Guinean zone,

c Sudanian zone (HHs

households)

123

204 Genet Resour Crop Evol (2019) 66:195–214



Geo-referenced distribution of Kersting’s

groundnut accessions

In total, 308 accessions (Table S1, supplementary file)

were collected with 300 farmers in 43 different

villages (Fig. 5). On average we collected

7.16 ± 3.58 accessions per village. In the Sudano-

Guinean zone, we obtained a maximum of 27 acces-

sions per village on contrary to the Guinean and the

Sudanian zones where the maximum number of

accessions per village was 9. Also, about 55.8% of

surveyed villages were located in the Sudano-Guinean

zone while 18.7% of them were located in the

Sudanian zone. Likewise, 60.0% of surveyed Kerst-

ing’s groundnut farmers were found in the Sudano-

Guinean while 17.7% of them belonged to the

Sudanian zone. Within each ecological zone, the

production was limited to specific municipalities and

departments (Fig. 5). In the Guinean zone, the

production was restricted to the municipalities of

Abomey, Agbangnizoun, Zogbodomey, Za-Kpota in

the department of Zou and the municipality of Kétou

in the department of Plateau. In the Sudano-Guinean

zone, Kersting’s groundnut was cultivated in the

municipality of Djidja in the department of Zou and

the municipalities of Dassa-Zoumè, Glazoué and Savè

Table 4 Differential

utilizations of Kersting’s

groundnut in ecological

zones in Benin and Togo

n number of interviewees

per ecological zone,

F frequency, RF sum of

frequency per variant, FL

fidelity level

Criteria Variant Guinean zone Sudano-Guinean zone Sudanian zone

(n = 67) (n = 180) (n = 53)

F FL F FL F FL

Intentions High marketability 59 83.09 175 97.22 0 0.00

Dietary diversity 12 16.90 5 2.77 53 100

RF 71 – 180 – 53 –

Use categories Consumption 30 32.96 130 35.61 38 29.68

Medicine 20 21.97 40 10.95 32 25.00

Social 14 15.38 30 8.21 0 0

Ritual 0 0 0 0 2 1.56

Grain processing 10 10.98 85 20.33 26 20.31

Soil fertility 17 18.68 80 21.91 30 23.43

RF 91 – 365 – 128 –

Table 5 Specific intentions and use categories of Kersting’s groundnut landraces in Benin and Togo

Criteria Variant WSL BSL RSL WBL WYL

(n = 236) (n = 40) (n = 18) n = 8 n = 7

F FL F FL F FL F FL F FL

Intentions High marketability 210 82.03 0 0.00 0 0.00 3 30.00 5 41.66

Dietary diversity 46 17.97 40 100 18 100 7 70.00 7 58.33

RF 256 – 40 – 18 – 10 – 12 –

Use categories Consumption 228 49.78 34 27.86 14 37.83 8 38.09 7 36.84

Medicine 0 0.00 34 27.86 0 0.00 2 9.52 0 15.78

Social 45 12.00 04 03.27 0 0.00 0 0.00 0 0.00

Ritual 0 0 26 21.31 0 0.00 0 0.00 0 0.00

Grain processing 96 20.96 0 0.00 13 35.13 5 23.80 6 31.57

Soil fertility 89 19.43 24 19.61 10 27.02 6 28.57 3 15.78

RF 458 – 122 – 37 – 21 – 19 –

WSL white seeded landrace, BSL black seeded landrace, RSL red seeded landrace, WBL white with black eye seeded landrace, WYL

white with yellow eye seeded landrace, F frequency, FL fidelity level
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in the department of Collines. Further, in the Sudanian

zone, the species was cultivated in the department of

Atacora in Benin, and the departments of Kara and

Savanes in Togo.

Kersting’s groundnut farming systems

Kersting’s groundnut farmers included in this survey

were, on average, 48.24 years old with a range of

35–98 years. About 30.4% of farmers were women.

The average household size was nine members

(ranging from 3 to 10 members). Three sources of

labour were observed namely family labour, hired

labour and mutual aid. For various activities, 80.7% of

farmers combined family and hired labour while

19.3% of farmers used a combination of family labour

and mutual aid for farming activities (Table 6).

Labour was hired for farming practices such as land

clearing, tillage and weeding. All interviewed farmers

adopted ridge as the appropriate mode of tillage for the

species. The average cropping area devoted to Kerst-

ing’s groundnut production was 0.64 ha

(0.01–2.5 ha). After each harvest, 61.6% of farmers

stored seeds for the following season while 39.5% of

them purchased seeds in local markets (Table 6). On

average, each farmer produced 1.03 Kersting’s

groundnut landrace (one to two) on his farm. Like-

wise, Kersting’s groundnut farming can be divided

into two sets of practices: pre-harvest and post-harvest

practices. Pre-harvest activities include land clearing,

tillage, sowing and weeding (Table 6). Activities such

as fertilization and application of pesticide were never

practiced by farmers included in this study. Moreover,

bFig. 5 Distribution of Kersting’s groundnut accessions in

Benin and Togo with frequency of accessions collected per

village. Color gradient to indicate number of accessions. (Color

figure online)

Table 6 Description of socio-economic, cropping systems and biophysical resources (n = 300)

Categories Variables Unit Mean Freq. SE

Socio economic resources Age year 48.24 0.97

Gender % female 30.41

HH size Number of persons 7.21 0.04

Family and hired labours % of yes 75.66

Family labour and mutual aid % of yes 24.33

Biophysical resources Cropping area ha 0.64 0.03

Seed storage % of yes 61.55

Seed purchase % of yes 39.45

Landraces per HH Number of landraces 1.03 0.07

Land clearing % of yes 100

Tillage % of yes 100

System management Early sowing % of yes 55.78

Late sowing % of yes 44.46

Weeding % of yes 100

Cropping systems % of pure stand 84.64

% of intercropping 15.35

Land type % of non-fallow 80.92

% of fallow 19.07

Fertilization % yes 0.00

Pesticide use % of yes 0.00

Pods drying % of yes 100

Pods shelling % of yes 100

Grain yield kg/ha 420.93 4.93

HH household
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55.8% of farmers adopted early sowing while 44.5%

of them practiced late sowing. Post-harvest activities

include pod drying and shelling and were practiced by

all interviewed farmers. The average grain yield was

420.93 kg/ha. In the study area, two types of land were

used by farmers for Kersting’s groundnut production

namely fallow and non-fallow land. Fallow land in this

context refers to land that was not cultivated for a

maximum of 1 year. On the other hand, non-fallow

land is defined as land that was cultivated during the

season preceding Kersting’s groundnut production.

Furthermore, 84.6% of farmers produced Kersting’s

groundnut on a pure stand while 15.4% of them

intercropped the species with other annual crops

(Table 6).

Comparative analysis of Kersting’s groundnut

production in ecological zones

Our study revealed high significant difference for most

variables between the three ecological zones

(Table 7). Apart from household age, household size

and number of landraces per household, all variables

vary significantly across ecological zones. Hence, in

the Guinean and Sudano-Guinean zones, the propor-

tion of women in Kersting’s groundnut production was

relatively low (20% for Guinean zone and 17.8% for

Sudano-Guinean zone). In addition, all farmers in

these zones combined family and hired labour for

farming activities, and produced Kersting’s groundnut

in pure stand (Table 7). Local markets were the main

source of seeds used by most farmers in these zones

(between 74.5 and 80.3%).

However, the results showed some differences

between the Guinean and the Sudano-Guinean zones.

Firstly, farmers in the Guinean zone produced Kerst-

ing’s groundnut on a small cropping area (0.35 ha on

average). Also, most farmers (89.7%) in Guinean zone

adopted late sowing while in Sudano-Guinean zone

farmers (69.7%) preferred early sowing of Kersting’s

groundnut. Early sowing of Kersting’s groundnut was

done from 1st to 15th July while late sowing was done

between 1st and 15th August. Lastly, the average

Kersting’s groundnut yield in the Guinean zone is

lower (352.30 kg/ha) compared to the Sudano-Gui-

nean zone (525.36 kg/ha).

Table 7 Analysis of Kersting’s groundnut farming practices across ecological zones

Variables Unit Mean Frequency Diff

GZ SGZ SZ GZ SGZ SZ

Age Year 55.16 45.17 52.14 ns

Sex % female 20 17.81 95.62 ***

HH size Number of persons 6.33 5.66 4.86 ns

Family and hired labours % of yes 100 100 1.25 **

Family labour and mutual aid % of yes 0.00 0.00 98.75 ***

Cropping area ha 0.35a 0.83b 0.27a ***

Seed storage % of yes 20.66 25.55 98.25 ***

Seed purchase % of yes 80.33 74.45 1.75 **

Landraces per HH Number of landraces 1.16 1.01 1.00 ns

Early sowing % of yes 10.33 76.66 100 ***

Late sowing % of yes 89.66 23.33 0 ***

Cropping system % of pure stand 100 100 0 ***

% of intercropping 0 0 100 ***

Land type % of non-fallow 100 79.10 100 ***

% of fallow 0 20.90 0.00 ***

Grain yield kg/ha 352.30a 525.36b 531.88b ***

GZ Guinean zone, SGZ Sudano-Guinean zone, SZ Sudanian zone, HH household, Diff statistical difference between ecological zones,

ns = no significant difference
a, bAre used to separate means of quantitative variables; values followed by the same superscript letter are statistically identical

***p\ 0.001; **p\ 0.01
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On contrary to the Guinean and the Sudano-

Guinean zones, most of Kersting’s groundnut farmers

(95.26%) in the Sudanian zone were women (Table 7).

Besides, farmers in the Sudanian zone produced

Kersting’s groundnut on smaller cropping areas (on

average 0.27 ha) and used a combination of family

labour and mutual aid (98.8% of farmers) for farming

activities. Most of the farmers (98.3%) stored their

own seeds for Kersting’s groundnut production. Also,

all farmers in this zone adopted early sowing (1st–15th

July). They intercropped Kersting’s groundnut with

Zea mays and Sorghum bicolor. The average Kerst-

ing’s groundnut yield in this zone was higher

(531.88 kg/ha) compared with the Guinean and the

Sudano-Guinean zones.

Evolution of Kersting’s groundnut cropping areas

and production bottlenecks in ecological zones

Analysis of Kersting’s groundnut cropping areas from

2015 to 2017 revealed a highly significant decrease for

the whole study area and within ecological zones

(Fig. 6). In the Sudano-Guinean zone, there was a

significant decrease (p = 0.03) in Kersting’s ground-

nut cropping areas. Average cropping areas in this

zone were 0.93 ha in 2015, 0.82 ha in 2016 and

0.68 ha in 2017. Likewise, in the Guinean zone the

decrease in cropping areas was highly significant

(p\ 0.001) during this period. The average cropping

areas were 0.47 ha in 2015, 0.34 ha in 2016 and

0.23 ha in 2017. On contrary to the Guinean and the

Sudano-Guinean zones, the decrease in Kersting’s

groundnut cropping areas in the Sudanian zone from

2015 to 2017 was not statistically significant

(p = 0.12).

Moreover, many bottlenecks accounted for the

decrease in Kersting’s groundnut cropping areas in

ecological zones (Fig. 7). The main bottlenecks hin-

dering Kersting’s groundnut production were disease

pressure (85% of farmers), weather variability (70% of

farmers), high seed price (62.5% of farmers) and

mistakes in sowing period (60% of farmers). Other

bottlenecks include stored seed susceptibility to

beetles and labour requirements. Most of these

constraints were significantly dependent on ecological

zones (Table 8). Disease pressure, seed price and

mistakes in sowing period were highly scored by

farmers in Guinean and Sudano-Guinean zones.

Weather variability was raised by farmers in

Sudano-Guinean and Sudanian zones.

Discussion

The meaning of local names attributed to Kersting’s

groundnut by socio-linguistic groups within the three

ecological zones, were relevant for the classification of

the species. In all ecological zones, socio-linguistic

Fig. 6 Evolution of

Kersting’s groundnut

cropping areas in ecological

zones from 2015 to 2017.

(Color figure online)
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groups recognized the species as an underground grain

legume. This revealed the correspondence between the

folk nomenclature and the scientific classification of

the species (Khasbagan and Soyolt 2008; Whaanga

et al. 2013). Also, in Idaasha and Tchabè socio-

linguistic groups of the Sudano-Guinean zone, the

local name of Kersting’s groundnut (Atchaka) high-

lights the high economic and nutritional value of the

species. In Wama, Otammari, Tem and Kabyès socio-

linguistic groups of the Sudanian zone, Kersting’s

groundnut local names revealed the high medicinal

values of the species and the relatively long cooking

time of its grains compared with bambara groundnut.

This is the evidence that in addition to revealing the

botanical traits of the species, folk nomenclature

helped to understand the place of Kersting’s groundnut

in socio-linguistic groups across different zones and

other quality attributes associated with the species.

Moreover, farmers used a set of traits including seed

coat colour, grain size, maturity time, yield potential,

medicinal uses and marketability for intraspecific

description of landraces. However, when it comes to

naming the different landraces, farmers solely focused

on seed coat colour. The main reason is that seed coat

colour is unique to each landrace while other traits

may be commonly shared. Furthermore, using seed

coat colour as discriminant trait, we recorded five

Kersting’s groundnut landraces. Previous authors

reported three traditional cultivars only (Adu-Gyamfi

et al. 2011; Assogba et al. 2016). The two new

landraces are the ‘‘White with black eye seeded’’ and

the ‘‘White with yellow eye seeded’’. In fact, previous

studies did not include all production areas. As a

result, a part of the existing genetic diversity was left

out.

Our results also revealed that Kersting’s groundnut

landraces presented different distribution patterns.

The new landraces i.e. ‘‘White with black eye seeded’’

and ‘‘White with yellow eye seeded’’ were specific to

the Sudanian zone while the three other landraces were

Fig. 7 Kersting’s

groundnut production

bottlenecks in Benin and

Togo

Table 8 Scoring of Kersting’s groundnut production bottlenecks in ecological zones in Benin and Togo

Bottlenecks Guinean zone Sudano-Guinean zone Sudanian zone Friedman’s test

Disease pressure 8.42 7.97 2.48 ***

Weather variability 2.47 5.96 6.55 ***

High seed price 6.36 7.50 1.60 ***

Mistakes in sowing period 6.68 5.02 0.00 ***

Seed susceptibility to

beetles

2.10 2.02 2.39 ns

Labour requirement 4.36 4.53 4.15 ns

ns no significant difference, 1 = lowest score, 10 = highest score

***p value\ 0.001

123

210 Genet Resour Crop Evol (2019) 66:195–214



recorded in all ecological zones. This finding provides

more precision on the centre of origin of the species

previously reported to be central Benin or northern

Togo (Achigan Dako and Vodouhè 2006). In fact, the

Sudanian zone can be considered as the primary centre

of origin of Kersting’s groundnut, therefore, important

for the collection and the conservation of Kersting’s

groundnut genetic resources.

Further, the on-farm level diversity of Kersting’s

groundnut was specific to ecological zones. In the

Guinean and Sudano-Guinean zones, the ‘‘White-

seeded landrace’’ was commonly cultivated on large

cropping areas. The two other landraces namely the

‘‘Black-seeded’’ and the ‘‘Red-seeded’’ landraces

were disappearing from those areas and should be

considered for conservation. However, in the Suda-

nian zone, the ‘‘Black-seeded’’ and the ‘‘Red-seeded’’

landraces were produced by farmers on large cropping

areas. The ‘‘Black-seeded’’ landrace was cultivated by

many households in contrast to the ‘‘Red-seeded’’

landrace. The three other landraces were considered as

rare in the Sudanian zone. Therefore, conservation

strategy should be clearly defined for those landraces.

Farmers choose a Kersting’s groundnut landrace based

on several reasons related to local perceptions and use

categories across ecological zones. Thus, in the

Guinean and Sudano-Guinean zones, farmers culti-

vated Kersting’s groundnut for the market. As conse-

quence, only the ‘‘White-seeded’’ landrace was

commonly cultivated because of the price and the

high marketability of its grains, and consumers’

preferences. This ascertained that market integration

has significantly reduced Kersting’s groundnut genetic

diversity as also reported by Van Dusen and Taylor

(2005) on in situ conservation of crop diversity in a

context of ecological and market environments in

Mexico.

In contrast, most farmers in the Sudanian zone

cultivated Kersting’s groundnut to mainly diversify

their diets and gain from the health benefits of the

species. Therefore, farmers of this zone preferred the

‘‘Black-seeded’’ landrace as it serves for rituals and

has multiple medicinal properties. According to those

farmers, ‘‘Black-seeded’’ landrace is used to treat

malaria, diarrhoea and cysts. In addition, farmers

cultivated the ‘‘Red-seeded’’ landrace for self-con-

sumption and grain processing into infantile flour and

traditional cakes. Moreover, the ‘‘White with black

eye seeded’’ and the ‘‘White with yellow eye seeded’’

landraces combined according to farmers both market

traits and medicinal properties. In consequence, they

are conserved by some farmers of the Sudanian zone.

From our results, it was clear that tailored inter-

ventions should be undertaken for a sustainable

production and promotion of Kersting’s groundnut in

Benin and Togo. Improving Kersting’s groundnut

production requires the definition of relevant conser-

vation strategies of the genetic resources of the

species. Both in situ and ex situ conservation strategies

should be implemented. In situ conservation is a

fundamental requirement for conservation of genetic

resources diversity (Iwanaga 1996). In our context, the

Sudanian zone is the appropriate zone for the imple-

mentation of in situ conservation of Kersting’s

groundnut since all the landraces are being cultivated

by farmers in that zone. Also, actions aiming at

maintaining intercropping systems in the Sudanian

zone will facilitate in situ conservation of Kersting’s

groundnut genetic resources. Farmers in the Sudanian

zone intercropped Kersting’s groundnut with cereal

crops while in other zones the Kersting’s groundnut

was cultivated in pure stand. According to farmers in

the Sudanian zone, intercropping benefits the produc-

tion and the management of cereals crops. As a legume

crop, Kersting’s groundnut has an intensive symbiotic

activity with a high atmospheric N2 fixation ratio for

its growth and the benefit of other crops (Mohammed

et al. 2015, 2016). Moreover, intercropping systems

integrate high crop diversity that increases farmers’

income and provides them with tools for a good

environmental risk management in rainfed agriculture

(Di Falco and Chavas 2006).

Moreover, effective preservation of genetic

resources of Kersting’s groundnut also requires ex

situ conservation strategies to supplement on-farm

conservation. This implies that all genetic resources of

Kersting’s groundnut must be thoroughly collected in

other production countries including Ghana, Burkina

Faso and Nigeria. Subsequently, the collected germ-

plasm should be properly characterized in different

environments for at least 2 years to get an accurate

understanding of the genetic diversity of Kersting’s

groundnut with regards to farmers’ traits. After the

characterization, all accessions should be handed over

to national and international genebanks for long-term

conservation. Improving Kersting’s groundnut pro-

duction also requires the development of new cultivars

with farmers’ preferred traits. Given farmers current
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needs, plant breeders should target high yield, large

grain size, disease resistance, drought tolerance, early

flowering time, early maturity time and reduced grains

cooking time. In these conditions, multiple traits

selection could be an appropriate strategy to create

new cultivars for the sustainable production of Ker-

sting’s groundnut. Since Kersting’s groundnut is a

self-pollinated crop, the existing diversity may not

encompass all favourable alleles required to address

farmers’ needs. In this condition, broadening the

genetic diversity in the species becomes a necessary

action. Given the existing morphological variation in

the species, crosses between landraces from different

geographical and climate regions is a useful pathway

to explore. Furthermore, interspecific hybridization

with sister species such as Macrotyloma tisserantii

Pellegr. could be of great interest. In addition, with the

availability of genomic information, Targeted Induced

Local Lesion IN Genomes (TILLING) could help

identify new mutants with favourable alleles.

From our results, farmers are already processing

grains of most landraces into infantile flour and

traditional cakes. Therefore, improving industrial

processing of Kersting’s groundnut is a relevant action

to enhance the promotion and the production of all

landraces across ecological zones. This action will

help to improve in situ conservation of the existing

diversity of the species. As for implication, large

germplasm of Kersting’s groundnut should be

screened for nutritional profile for the selection of

high nutritious cultivars to reduce malnutrition and

chronic diseases in rural populations.

In addition to labour requirements and high seed

price identified by Assogba et al. (2016), we found that

major bottlenecks hindering Kersting’s groundnut

production across zones include disease pressure and

high susceptibility to beetles, and weather variability

that cause mistakes in sowing date. Therefore, a

sustainable production of Kersting’s groundnut also

requires effective pest and disease management

strategies to assist farmers in controlling field diseases

as well as post-harvest insects. Disease pressure was

specific to the Guinean and the Sudano-Guinean

zones. Diseases caused seedlings death, plant wilting,

stem and pods rot. Pulse beetle, Callosobruchus

maculatus (F.) (Coleoptera: Bruchidae) was the major

post-harvest insect of Kersting’s groundnut. Investi-

gations are required on effective and low risk insec-

ticides products for a better preservation of the grains

(Badii et al. 2014). Also, a pathway to disease and pest

resistant cultivars should be developed.

Moreover, farmers referred to weather variability as

erratic rain and drought spells. Water shortage during

the flowering time was found by farmers to reduce

seed set and grain size. The finding implies that severe

water shortage can reduce Kersting’s groundnut yield.

Similar results were obtained by Daryanto et al. (2016)

on other grain legumes including cowpea and peanut.

To cope with erratic rain and drought spells, farmers

managed sowing date differently across production

areas. For instance, most farmers in the Guinean zone

have adopted late sowing contrary to farmers in the

Sudano-Guinean and the Sudanian zones. Farmers

delay the sowing to make sure that the maturity period

of the crop will not coincide with heavy rain which

huge causes grain losses. With erratic rain and drought

spells, farmers need improved cultivars resilient to

stress and that produce higher yield.

Conclusion

In this paper, we assessed farmers’ knowledge,

Kersting’s groundnut diversity and distribution across

three ecological zones in Benin and northern Togo.

We also conducted a comparative analysis of Kerst-

ing’s groundnut production and farmers’ bottlenecks

across the three ecological zones. Based on farmers’

knowledge and description we obtained five landraces

with different distribution patterns across ecological

zones. Two new landraces were found to be specific to

the Sudanian zone. Landraces were cultivated to

different extents across zones depending on local

intentions and use categories. A highly significant

decrease in cropping areas occurred in most of the

zones due to specific production bottlenecks. Inter-

ventions to improving Kersting’s groundnut produc-

tion and promotion include the definition of effective

in situ and ex situ conservation strategies, germplasm

collection and characterization, development of new

cultivars with farmers’ preferred traits, enhancement

of the genetic base of the species, improvement of

Kersting’s groundnut ‘processability’ and definition of

effective pest and management strategies.
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Baudet] and prospects for its promotion. Agric Food Secur

5:1

Badii BK, Adarkwah C, Obeng-Ofori D, Ulrichs C (2014)

Efficacy of diatomaceous earth formulations against Cal-

losobruchus maculatus (F.) (Coleoptera: Bruchidae) in

Kersting’s groundnut (Macrotyloma geocarpum Harms):

influence of dosage rate and relative humidity. J Pest Sci

87:285–294

Baldermann S et al (2016) Are neglected plants the food for the

future? Crit Rev Plant Sci 35:106–119

Cullis C, Kunert KJ (2017) Unlocking the potential of orphan

legumes. J Exp Bot 68:1895–1903

Curran J (2012) The nutritional value and health benefits of

pulses in relation to obesity, diabetes, heart disease and

cancer. Br J Nutr 108:S1

Dalrymple DG (1986) Development and spread of high-yielding

rice varieties in developing countries. International Rice

Research Institute, Washington

Dansi A et al (2012) Diversity of the neglected and underutilized

crop species of importance in Benin. Sci World J

2012:932947

Daryanto S, Wang L, Jacinthe P-A (2016) Global synthesis of

drought effects on cereal, legume, tuber and root crops

production: a review. Agric Water Manag 179:16

Di Falco S, Chavas J-P (2006) Crop genetic diversity, farm

productivity and the management of environmental risk in

rainfed agriculture. Eur Rev Agric Econ 33:289–314

Ebert AW (2014) Potential of underutilized traditional vegeta-

bles and legume crops to contribute to food and nutritional

security, income and more sustainable production systems.

Sustainability 6:319–335

FAO (2017) Regional overview of food security and nutrition in

Africa 2017. The food security and nutrition–conflict

nexus: building resilience for food security, nutrition and

peace. FAO, Accra

Fousseni F, Madjouma K, Dieudonné GY, Li PD, Hai ZX, Koffi
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