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Abstract: Yam (Dioscorea sp.) is an understudied tuber crop despite its importance for food security,
income generation, culture, and health in West Africa. Traditional yam cropping practices in West
Africa deliver low yields and lead to environmental degradation. In the context of a ‘research
for development’ project, we developed and implemented a participatory and transdisciplinary
research approach as a means to derive more sustainable yam production practices. We identified
and studied different soil and plant management technologies adapted to varying biophysical and
socio-economic contexts. For this purpose, we established innovation platforms (IPs) in four yam
growing regions of West Africa, to validate the new technologies and to promote their adoption.
These co-developed technologies were set up and tested first in researcher-managed plots before
doing the same in farmer-managed plots. The new technologies resulted in a significant increase in
yam productivity compared to conventional practices. The results discussed in the IPs gained interest
from regional stakeholders and were shared through the media at local and national levels. Overall,
this development-focused research approach showcases the relevance of purposeful stakeholder
involvement to improve agricultural research outcomes.
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1. Introduction

Yam (Dioscorea sp.) is a tuber crop that feeds about 300 million people in the world [1]. It is
an important source of income, especially for smallholder farmers in West Africa, while serving as
a medicinal crop in some regions of production [2]. The two yam species, D. rotundata and D. alata
dominate production in west Africa. The origin of D. rotundata is West Africa, while that of D. alata is
South-East Asia and Oceania and is present in all the tropics. Rooted in the local history, yam also has
a high socio-cultural importance in many communities of West Africa [3].

West Africa produces about 90% of yam in the world [4]. The “yam belt” spans from the humid
forest to the Guinean savannah in the north-south direction and from Cote d'Ivoire to Cameroon in the
east-west direction [5]. In the region, yam is traditionally cropped through slash-and-burn agriculture
and requires high soil fertility [6]. The duration of the yam growth cycle depends on the cultivar and
period of rainfall, varying from six to 12 months from shoot emergence to senescence. Yam is cultivated
on mounds or ridges by planting small whole seed tubers or portions of the tuber that contain a part of
the epidermis. The plant may be staked depending on the cultivar and local cultural practices and
harvested tubers can be stored for up to six months [5]. Traditionally, yam is cropped without using
external inputs [6]. According to FAOSTAT (Food and Agricultural Organization of the United Nations
On-line and Multilingual Database), the tenfold increase in yam tuber production observed within
the last 50 years has been driven by a sevenfold increase in cultivated areas [4]. However fresh tuber
yields have increased by only 14% during the same period.

A lot of challenges impede the increase of yam productivity. First, there is a lack of fundamental
knowledge about the crop. While it was highlighted a multitude of factors that can affect yam
productivity such as weather conditions, seed weight and quality, cultivar, planting density and date,
staking, disease, weed management, and plot history [7], their real effects on tuber productivity are
not well-known. This lack of knowledge strongly limits agricultural extension activities for the crop.
Secondly, African governments provide very little support for the development of new technologies
to improve yam productivity in comparison to other crops like maize, sweet potato, cassava, cotton,
cocoa, or cashew. Thirdly, conventional research approaches in yam systems do not allow a good
uptake of new technologies. Indeed, in the review on the challenges for improving soil fertility in
yam cropping systems in West Africa, it was stated that the application of integrated soil fertility
management in yam-based systems should be related to the preferences of different actors along the
value chain [6]. The same review also stated that sustainable improvement of yam productivity would
require a transdisciplinary approach to allow inputs from practice into research and vice versa. This
approach would better define the problem and co-design acceptable and feasible solutions.

Transdisciplinary approaches are known to involve stakeholders from various domains of science
and practice in information exchange and mutual knowledge development [8]. The approach has
shown the potential in solving problems in the fields of environment and health, urban and landscape
development, and adoption of new technologies [9]. Innovation platforms (IPs) are a useful tool in the
transdisciplinary approach as they allow multi-stakeholder interactions, and the marshaling of ideas,
people, and resources to resolve specific societal problems [10].

This study is the first that shows how a transdisciplinary approach can be used to sustainably
improve yam productivity in West Africa. It aims to present the experiences in setting up innovation
platforms as a tool to develop, in a transdisciplinary manner, soil and plant management technologies
that are adapted to various biophysical and socio-economic contexts. The study also tried to determine
the extent to which the technologies were adopted.

We hypothesized that IPs allow an objective identification of the bottlenecks of yam production
by considering the opinions of researchers and various yam value chain stakeholders as well as the
co-development of acceptable technologies that contribute to increase yam productivity sustainably
at farm level. To test this hypothesis, we organized yam stakeholders in IPs in four yam growing
regions of West Africa and used a stepwise process to co-develop technologies. Then, we assessed the
technologies on researchers’—and farmers’—managed plots to note their impact in improving yam
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productivity and the level of interest of farmers in them. In this paper, we present the characteristics
of the yam growing regions, and the methods used to organize stakeholders in IPs and work with
them. Then, we discuss the findings relating to the activities of IPs, including the co-development of
technologies, and their evaluation in farmers’ fields. Finally, we present the limits of the study, the
challenges faced, and lessons learned.

2. Materials and Methods
2.1. The Yam Growing Regions

2.1.1. Biophysical and Socio-Economic Characteristics

The work was conducted in two yam growing regions in Cote d’Ivoire (Liliyo in the south west
and Tiéningboué in the centre), and two regions in Burkina Faso (Midebdo in the south west and Léo
in the south). The regions were located along a gradient of vegetation and rainfall from the south west
of Coéte d’Ivoire to the south of Burkina Faso (Table S1 of supplementary material). The land use as
described with the Land Degradation Surveillance Framework [11] showed that cropland (mostly
perennial plantation of cocoa and oil palm) fully covered the region of Liliyo [12], while cropland
covered about 50% of the lands in Tiéningboué and Léo, and 23% of Midebdo. Forest was present
only in Tiéningboué and covered about 1% of the area. The study of Baumann showed that soil
surface horizons sampled from yam fields had the highest values of total carbon and clay contents in
Tiéningboué, whereas the lowest values were observed in Léo [13]. The highest soil water infiltration
rate was also recorded in Tiéningboué (425 mm/h) and the lowest in Léo (162 mm/h).

The studied yam growing regions with the rapid rural appraisal method [14] showed different
autochthonous and migrant groups across the four regions (Table S2 of supplementary material).
The highest population densities were found in Liliyo (150 inhabitants/km?) followed by Léo (75
inhabitants/km?), Tiéningboué (31 inhabitants/km?), and Midebdo (25 inhabitants/km?). Yam was
found to be a staple food crop in Tiéningboué, Midebdo, and Léo but not in Liliyo where the staple
food crop was rice.

2.1.2. Cropping Practices

Yam cropping practices varied across the different regions. Local yam varieties were mostly
cropped at the regions. However, improved varieties were observed in Liliyo (C18) and in Midebdo
and Léo (Florido) (Table 1). In Liliyo, cash crops including cocoa are priority crops for farmers, while
the cultivation of food crops is of less importance. In addition, yam was often planted after a fallow,
or in an old or diseased cocoa farm plantation. In Tiéningboué and Léo, yam was intercropped with
cereal and legume after a fallow. Yam was rarely intercropped in Léo while in Tiéningboué and Liliyo
intercropping of yam with vegetables, banana, taro, cassava, or cocoa and cashew (when the trees
are young) was very common. In Midebdo yam was intercropped with millet. Mineral fertilizer
application on yam was only observed in Léo. Herbicides were used in all the regions, except in
Midebdo. The yam planting density was higher in Cote d’Ivoire than in Burkina Faso.

2.2. Setting up Innovation Platforms

In each region, a rapid rural appraisal (RRA) was conducted. Discussions in consultation groups
allowed identifying between 18 to 26 key stakeholders per region who volunteered to become IP
members without any compensation (Table 2). These members included researchers (agronomists,
economists, and sociologists), farmers, traders, transporters, processors, agricultural extension agents,
input suppliers, media, microfinance institutions and security agents as well as traditional, religious,
and administrative authorities.
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Table 1. Current yam cropping systems of selected farms and soil properties of four regions in Burkina

Faso and Céte d’Ivoire. The cropping practices and yam productivity were described by Pouya in

Burkina Faso [15] and Ouédraogo in Céte d’Ivoire [16].

Regions
Cropping Practices - - -
Liliyo Tiéningboué Midebdo Léo
D. alata
D. alata (florido)/
Dominant yam species (and (woroba)/D. D. alata (florido)/D. D. rotundata
. D. alata (C18) U
variety) rotundata rotundata (pahinté) (wassara,
(krengle) sandjare,
pouna)
Fallow or old cocoa
Most common position of yam in plantation/ yam/with Falloyv/yam/m.alze Fallow/yam/maize Fallow/maize
. . groundnut or or rice or grain or groundnut or or groundnut
typical rotations .
cassava /new cocoa legumes/yam sorghum/millet or cowpea/yam

plantation

. . Yam + earl
Most common intercropping am + early stage

Yam + early stage
cashew trees

. . cocoa trees Yam + millet None
including yam Byam +
Byam + vegetables
vegetables
Mineral
Glyphosate to fertilizers and
manure added
clear the land, .
. . . Glyphosate to clear . to yam, maize,
External inputs in yam fields the land mineral None d post
elan fertilizers added pre and pos
to maize and rice emergence
herbicides used
against weeds
Number Of3 D. alata 13.5(2.4) 7.6 (1.2) 4.0 (0.3) na
mounds (10
mounds/ha) D. rotundata na 7.5(2.0) 4.0(0.3) 49(0.4)

Note: The number of mounds per hectare was determined on four plots of 5 X 5 m; data in parentheses are standard
deviations; na = not applicable (no field with the corresponding yam species was investigated).

Table 2. Categories of stakeholders of innovation platform (IP) for yam in four yam growing regions in

Burkina Faso and Cote d’Ivoire.

Regions

Category of Stakeholders - - -
Liliyo Tiéningboué Midebdo Léo

Researchers 2 2 2 2

Farmers 4 6 6 6

Traders 1 1 2 1

Transporters na na na 1

Processors 1 na 2 1

Extension agents 2 3 3 5

Inputs suppliers 1 1 1 1

Microfinances na 1 1 1

Media na 1 na 1

Security agents na 1 na 1

Traditional authorities 5 4 2 1
Religious authorities 1 1 na na

Administrative authorities 1 5 6 2
Total 18 26 25 23

Note: na = not applicable (no stakeholder was not found for this category).

The IPs identified the problems related to yam systems and co-developed potential solutions
which were tested. The results were then discussed and communicated to the stakeholders and the
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public through the government administrative authorities (Figure 1). The researchers moderated the
IP meetings. The first meeting of each IP was used to decide on the name for the IP and develop a joint
vision. The meetings were documented, and the minutes shared with all the IP members.

Discussions of problems and
Innovation Platform co-development of technologies
Stakeholders consul-
« Researchers - > :
tation group
« Farmers
o Traders

. Communication
« Transporters <

« Processors

o Agricultural extension agents

¢

o Agricultural inputs suppliers
Testing, evaluation

« Microfinances it
and application of

Field visits/Communication

» Media technologies
«  Security agents Public
« Traditional authorities (chief of vil- i @isuslcatl‘o“
lage, Chief of land) | 1 oﬂuﬂ‘mt £
o Religious authorities
o Administrative authorities (Mayor,
“Haut commissaire”, “Prefet”, MOther/Baby trials
“Sous prefet”) Field visits/Communication Field schools

Figure 1. Organization and functioning of innovation platform for yam in Burkina Faso and Cote
d’Ivoire. The IP is composed of various groups of stakeholders and local government authorities.
The stakeholders organize meetings to identify problems that are brought to the IP. The IP identifies
solutions that are taken to the stakeholders and tested in research-managed plots (mother trials) and
then in farmers’ fields (baby trials). Farmers are trained in field schools by researchers. The authorities
in the IP convey the decisions to the public as well as representatives of stakeholders’ groups through
stakeholders” meetings and during visits to the field trials.

2.3. Problems Ranking in Yam Production and Co-Development of Technologies

Each group of stakeholders (researchers, farmers, traders, etc.) met to identify the problems they
perceived as most important in the yam value chain of their region. Then the IP members representing
the different groups brought the problems to the IP meetings. Only problems raised by at least
three members from different groups of stakeholders were discussed and ranked. For each problem,
technologies to solve it were proposed by IP members. These technologies were then reported by the
representatives to their respective groups for feedback. The feedbacks were then discussed in another
IP meeting and the most acceptable technologies were selected.

In 2016, most of these technologies were tested in field trials managed by researchers, “mother
trials,” while training on seed treatment and improved storage and fertilizers application was provided
to the farmers in field schools by the researchers upon request of the IP. The technologies were tested
and were constantly evaluated by IP members, resulting after each year in new adaptations (Figure 2)
based on the experiment results of the researchers and the concerns of the practitioners. For instance,
researchers proposed the use of improved yam varieties to solve the problem of diseases, whereas yam
farmers from Léo proposed the use of ashes to treat seed yam before planting and the national water
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and forestry commission of Tiéningboué proposed the introduction of improved staking method to
reduce deforestation. All these propositions were tested.

Co-develop technologies to Treat seeds Evaluate socio-economic accaptance Improved
" i with wood I fachnologies and envi rtal :
improve productivity of Mprove —  Change rate of oftechnologiss and enviranmantal | o b oo pning
yam systemns ashes staking method  fartilization sustainability of the new systams A
e - ———— practices
ldertify and rank @ e o & -
the problems g / \ // \ / \
Mother trials / (Methe / Baby trials other / Baby trials
Davalop a '.-" "'. /
= / f

vision |

| | | | l
Traditional | A5 | [ g .% |
yam cropping | & - | ‘ | i &8 |
i | Te i ! | o= 2 |
practices \ 1} / \ = 8|
\ 2 = =&/
\ /! \ 7l /
\ i h = /
\ Improve
] storage
Select healthy ~—-—— e
seeds and treat Change variaties

with pasticides

I B L S HE

Figure 2. Stepwise co-development of yam production technologies through IPs established in four
yam growing regions of West Africa between 2015 and 2018. The small circles show the different steps
of co-development of technologies, evaluation, adaptation of technologies, new evaluation.

2.4. Transfer of Technologies from Research to Farmers’ Fields

In 2017, the “baby trials” were set up in farmers’ fields, with each comprising two plots of equal
size, one named T1 where a set of technologies chosen by the farmer was tested and a control named
T0 which was managed according to farmers’ traditional practice. The size of the T1 plots varied from
100 to 312 m? depending on the land area that the farmer decided to allocate to the trial. The T1 and TO
plots were generally spaced apart from each other by about a maximum of 20 m to minimize the risk of
high heterogeneity. The farmers decided on the yam field and where to allocate the T0 and T1 plots.
However, before applying the technologies in the T1 plots, we ensured that there were no visible signs
of differences in soil properties (soil color, soil texture, signs of erosion, cropping history) and slope of
land between the two plots.

Farmers tested a combination of two technologies or more. The TO planting and harvest dates
were fixed by the farmers according to their usual practices. In 2017, farmers requested the assistance
of researchers in their T1 plots for specific operations such as seed treatment, mounds making at a
density of 1 mound/m?, and fertilizer application which resulted in delayed planting. From 2018, the
baby trials were set up by the farmers themselves. The mineral fertilizers, pesticides, and yam seeds
were provided to farmers by the researchers, while organic fertilizers were sourced locally by the
farmers. At harvest, the germination rate was estimated by considering the number of mounds having
yam plant divided by the total number of mounds in the plot. The total and marketable fresh tuber
yields were measured by the researchers. Information was collected on date of planting, number of
weeding, as well as rate and type of fertilizers applied in TO and T1 plots. The marketable fresh tuber
yield was measured based on the marketable tubers selected according to the opinion of the farmer.
Data on the baby trials of Midebdo in 2017 were not collected because the research protocol (plots size
and allocation) was not fully respected.

3. Results and Discussion

3.1. Names and Visions of Innovation Platforms

The names and visions given by the members to their IPs (Table 3) were indicative of the
expectations they had from this transdisciplinary research. For example, by naming the IP “Lets crop
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yam” in Liliyo, the group wanted to express the fact that rice (their favorite food crop) cropping was
becoming difficult due to scarcity of low lands and bird attacks, and therefore yam was foreseen as a
solution. In Tiéningboué, “Hope” signified that the IP members hoped to improve their livelihoods
through yam production. In Midebdo, “Wake up yam” was chosen to highlight the fact that farmers
in this region used to be the best yam producers, but now there is a dire need to revive this past
performance. In Léo, “Star of yam” was selected to express the importance of yam for the people, and
the desire to increase production.

Table 3. Name given and vision of the innovation platforms (IPs) for yam system located at four
studied regions in Burkina Faso and Céte d’Ivoire.

IP Name and Regions
Vision 8
Liliyo Tiéningboué Midebdo Léo
IP name Aglossié (Bété  Djiguisémé (Koro  Si-Jia-Por (Lobiri Pia-kakila-kio
language) language) language) (Gourounsi language)
Let’s crop yam Hope Wake up yam Star of yam
Increase yam and Develop cropping Make yam the pillar of
. . systems that Develop yam seed
-, rice production to . the local economy by
IP vision preserve the and processing . )
decrease expenses . improving yam
environment and sectors

for food quantity and quality

increase yam yields

The vision of the IP members in Liliyo suggests that an increase in yam and rice production will
lead to decreased food expenses. Indeed, cocoa and other cash crops (rubber trees, oil palm) leave very
limited land for food crops. Farmers thus use part of their income from cash crops to buy food. It
was interesting to note that in Tiéningboué, the only region which still had some forest area, the IP
wanted to develop environmentally friendly yam production practices, i.e., involving less deforestation
and less wood cutting for training yam vines. The vision proposed by the Midebdo IP to develop a
processing sector was not expected given the low yam production in this region. The vision expressed
in Léo indicated that a high economic value was placed on tuber crops.

3.2. Identified Problems and co-Developed Technologies

Discussions held in the IPs revealed that land scarcity (due to competition with perennial crops),
soil fertility depletion, and lower and irregular rainfall distribution were perceived as the most
important constraints for yam production. Researchers added to this list the bad quality of yam
planting material (seed tubers) used by farmers. The researchers made this addition when they realized
that at the four regions, farmers were not able to distinguish soil constraints from other factors such as
poor seed quality.

Members of the IP discussed the technologies mentioned in Table 4 to solve the identified problems.
Crop rotations and associations and increased planting density of 10,000 plants/ha were considered as
a solution to land scarcity. The application of mineral and/or organic fertilizers was seen as a solution
to soil fertility decline. Given the importance of healthy seed, researchers proposed to select the tubers
of plants with no visible disease symptoms as seeds for the next cropping season, to use a mixture of a
fungicide and an insecticide to treat seeds just before planting and to improve tuber storage in order to
keep the tubers healthy until the next cropping season.
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Table 4. Identified problems of yam cropping and co-developed technologies implemented to improve
yam productivity in mother trials in four studied regions in Burkina Faso and Coéte d’Ivoire.

Solutions per Region

Probl Soluti
roblems olutions Liliyo Tiéningboué Midebdo Léo
Water soluble mineral WSMF: co
Low soil L fertilizer (WSMF) alone; WSMF; PM; WSMF s cow WSMF,; CMV;
o Fertilization manure (CM);
fertility poultry manure (PM) +PM WSME + CM WSMF + CM
alone; WSMF + PM
Crops in Maize; groundnut;
Scarcity of land rotation with C’O%V ea ’ Rice; groundnut; Maize; groundnut Maize; groundnut
yam p
Crops
Scarcity of land  intercropped Maize Maize Millet Cowpea
with yam

Bad
performance of
traditional yam

Introduce new
yam species

D. alata: (C18) in 2016,
and 2018; D. rotundata:

D. alata: (Woroba)
in 2016, 2017; (C18)
in 2018; D.
rotundata: (Krengle)

D. alata:(Florido) in
2016;(C18) in 2018;
D. rotundata:

D. alata: (Florido)
in 2016; (C18) in
2018; D. rotundata:

. (varieties) (R3) in 2017 . X (Pahinté) in 2017; (Wassara) in 2017;
varieties in 201.6, 2017; (R3) (R3) in 2018 (R3) in 2018
in 2018
Increased
. planting
Scarcity of land density to 1 Yes Yes Yes Yes
plamt/m2
Poor seed Seed treatment
ualit with wood ash Yes Yes Yes Yes
quatity and fungicide
Poor storage fmproved Yes Yes Yes Yes
Storage
Deforestation Improved
to produce pk. Yes Yes Yes Yes
stakes Staking

Notes: Improved storage to maintain seed quality till the next harvest; staking using fewer wood and strings to
train the vines on strings of D. rotundata.

Farmers decided to use wood ash as seed treatment, recalling that this was the practice of their
forefathers instead of the insecticide suggested by researchers. In Tiéningboué, Midebdo, and Léo,
farmers wanted to produce seeds of local yam varieties (woroba, wassara, pahinté, and krenglé)
because they are highly appreciated by consumers for their taste, suitability for processing and the
preparation into specific dishes, as well as having high market value. However, after obtaining yields
of more than 40 t/ha for the D. alata variety C18 in Liliyo in 2016 (Figure S1 of supplementary material),
and observing the presence of many black spots within the tubers of the traditional varieties—a sign of
poor tuber quality—the IP members decided to introduce variety C18 in all the mother trials in 2018.
Nevertheless, researchers subsequently found a high variability in the response of C18 to soil fertility
management with very heterogeneous tuber yields, making this variety difficult to control. Farmers
then became more interested in another variety of D. rotundata (referred to as R3) which responded
better to soil fertility management and attained the highest yield in Léo (15 t/ha) (Figure S2 of the
supplementary material).

In Midebdo and Léo where significant responses of yam tuber yield in the mother trials were not
observed (Figure S1 of the supplementary material) because of late planting and poor soil properties
respectively, farmers were still convinced on the positive effects of the new technologies by seeing
the differences in the volume of yam foliage (biomass). The last technology was a staking system
using less wood compared to the traditional practice which requires a large quantity of wood, thus
contributing to deforestation. A staking system based on using strings to train the vines was proposed
by two members of the National Water and Forestry Commission in the IP of Tiéningboué.

The similarities between the technologies implemented at each region can be explained by the
similarities of problems encountered, and by the fact that there was an intense communication between
regions mediated by the researchers. Nevertheless, the technologies were adapted to the local contexts,
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considering different crops, different types of organic matter inputs (poultry manure in Cote d’Ivoire
vs. cattle manure in Burkina Faso), and different rotations. Besides, these similarities can also be
explained by migration (leading to a mixing of populations), leading to a progressive change in habits
and finally to similar needs despite differences in the autochthonous groups between regions. For
instance, yam cropping in Liliyo was introduced by the Baoulés who migrated in the 1980s from the
center of Céte d’Ivoire to grow plantation crops, especially cocoa [17]. Recently, Bété people who
are autochthonous to the region of Liliyo and who usually grow rice, have started to produce yam
probably because of the influence of the Baoulés. Similarly, the Mossi ethnic group, known as cereal
producers, who immigrated to Léo from the central plateau of Burkina Faso in search of better land
and a better climate [18], also became yam producers.

3.3. Application of the Technologies in Farmers’ Fields

The stakeholders have various preferences for varieties as attested by the diversity of varieties
they selected to achieve healthy seed production (Table 5). The low number of trained farmers in
Midebdo indicate a low interest of farmers from this region to our investigations compared to the
other regions.

Table 5. Healthy yam seed production in 2016 in four yam growing regions in Burkina Faso and Cote

d’Ivoire.
Regions
Seed Production Aspects - - "
Liliyo Tiéningboué Midebdo Léo
Number of farmers trained 73 59 18 105
Number of seed of 200-250 g 50,345 36,307 4370 14,763
produced
Surface that can be sown 503 363 0.44 1.48

with the seeds (ha)
D. alata (woroba),
Species (varieties) produced D. alata (C18) D. rotundata D. alata (florido)
(krenglé)

D. rotundata
(wassara)

In the baby trials conducted in 2017, the fresh yam tuber yields were highly variable both in
the TO and T1 plots (Table 6). This could be explained by different factors such as plot history, soil
quality, planting and harvest dates, size of seed tubers, weeding regime, and the amount of fertilizers
applied. These factors probably affected the crop establishment, which is critical in determining yam
yield [7]. The high variability of yields also explains the low yield difference between the plots where
technologies were applied and farmers’ practice plots. Nevertheless, the difference in total fresh tuber
yield for D. alata was higher in Liliyo (5 t/ha) compared to Tiéningboué (1.8 t/ha), probably due to
the use of improved varieties, which have higher yield potential and disease resistance [19]. The
difference in total fresh tuber yield for D. rotundata is higher in Tiéningboué (5.7 t/ha) than in Léo (2.3
t/ha), probably due to the high technicity of the farmers in Léo. Indeed, farmers from Léo were used
to applying mineral and organic fertilizers on yam, while in Tiéningboué fertilizers are only applied
on crops other than yam, like maize and rice (Table 3). Similarly, difference in marketable fresh tuber
yield due to the technologies were observed in Liliyo (4.16 t/ha) for D. alata and Tiéningboué for D.
rotundata (4.43 t/ha) while no significant difference was observed in Léo. The yam germination rates
in all the plots were higher than 80% and, except for D. alata in Liliyo, no significant difference was
observed between the TO and T1 plots. This good germination rate is due to the fact that farmers
applied seed treatments in their TO plots as they rapidly realized its positive effect in the mother trials.
The difference in the germination rate between T1 and TO plots in Liliyo is probably due to an effect of
the improved variety.
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Table 6. Yield responses of yam species of D. alata and D. rotundata to technologies in farmers’ plots
(baby trials) in three yam growing regions in Burkina Faso and Céte d’Ivoire in 2017.

Regions
Species Yield Aspects Treatments , ! p
Liliyo Tiéningboué Léo
Total fresh Tlplots ! 11.13 (6.05) 7.97 (4.78) na
tuber yield TO plots 6.25 (3.71) 6.18 (5.36) na
(t/ha) p-value 2 <0.001 0.138 na
D. alat Marketable Tlplots 8.18 (5.69) 498 (4.41) na
-aata fresh tuber TO plots 4.02 (2.32) 4.48 (4.64) na
yield (t/ha) p-value <0.001 0.730 na
o Tiplots 96.0 (5.24) 95.7 (7.89) na
Gerr:;e”z‘;“)"“ T0 plots 84.9 (11.8) 94.6 (6.28) na
’ p-value <0.001 0.149 na
Total fresh Tlplots na 10.02 (6.08) 11.58 (6.25)
tuber yield TO plots na 4.25(4.17) 9.30 (5.00)
(t/ha) p-value na 0.001 0.068
D. rotundat Marketable Tlplots na 6.93 (5.41) 5.53 (3.21)
- rotundata fresh tuber TO plots na 2.50 (3.66) 5.20 (3.09)
yield (t/ha) p-value na 0.002 0.620
G L. Tlplots na 90.7 (11.4) 93.4 (5.78)
ermtm";‘/t“’“ TO plots na 86.9 (13.1) 94.2 (5.03)
rate 7o p-value na 0.404 0.495

Note: na = not applicable (means no field with the corresponding yam species was investigated); ! T1 plots are
the plots where technologies are tested while TO plots represent the practices of the farmers; the numbers within
brackets are standard deviations; 40, 33, and 43 baby trials were established in 2017 in Liliyo, Tiéningboué, and Léo,
respectively; 2 p-value is from Chi-square Kruskal-Wallis test.

3.4. Key Success Stories Resulting From the Study

A survey conducted in 2018 with 44, 48, and 50 yam farmers who implemented baby trials in
2017 in Liliyo, Tiéningbou€, and Léo, respectively, showed that about 9%, 12%, and 24% of them,
respectively, deliberately decided to apply the technologies on the total surface of their fields in
2018 (Figure 3). The higher adoption of technologies by farmers across their fields in Léo and
Tiéningboué could be explained by the marketing network developed due to the large wholesale
market in Bouaké [20] near Tiéningboué and the proximity of Léo to the Ghanaian border, which
offers cross-border marketing opportunities. However, the investigation also showed that a greater
proportion of farmers in Tiéningboué (40%) and Léo (24%) did not adopt any technology, compared to
Liliyo. As Tiéningboué and Léo are traditional yam-growing areas, some farmers may not initially
trust these technologies because they have a high level of confidence in their traditional knowledge. In
Liliyo, the high population density due to the influx of national and international migrants attracted
by employment opportunities along the cocoa value chain [21] is putting pressure on land. This would
explain why farmers allocated only a small area of their fields to adopt the technologies.

During the yam forum in February 2019 in Léo, a yam farmer trained in a field school by the
researchers was awarded the “best yam farmer.” In Léo, a farmer started to produce seed yam to sell to
other farmers thanks to the technologies he learnt. In Liliyo, a farmer from the Bété ethnic group who
conducted a baby trial increased his yield from 4 t/ha in 2017 when using his traditional practices to 19
t/ha in 2018 in the same field using the co-developed technologies. In Midebdo, an old farmer (known
as “Chef des Terres”) expressed his gratitude when he realized that an increase in yam planting density
allowed him to reduce his field surface without reducing his yam production.
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Liliyo

Tiéningboué Léo

2%

- No adoption m Adoption in a portion of the field u Adoption in the whole field

Figure 3. Adoption rates of technologies to improve yam productivity at three sites in Burkina Faso
and Cote d'Ivoire by yam farmers after having tested the technologies in trials that were implemented
a year before in their fields by researchers. The number of farmers involved in the study is 44, 48, and
50 for Liliyo, Tiéningboué, and Léo, respectively.

Other stakeholders beyond farmers and researchers also gained benefit from the IPs. For instance,
in Léo, a micro-credit institution belonging to the IP was able to offer credit for yam production
because they realized that lack of financial resources was a limiting factor in investing in soil fertility
management in yam production. Extension agents involved in the IPs in the four sites were trained
by researchers on yam cultivation when the researchers realized their limited knowledge on the
crop. In Léo, input suppliers received training from researchers at their request in order to provide
better services to farmers. During an exchange visit between farmers in Léo, Tiéningboué, and Liliyo,
discussions between farmers and yam traders resulted in a commitment by farmers to produce tubers
between 1 and 2 kg to satisfy consumers’ demand.

These results suggest that our transdisciplinary approach implemented through IPs and the
constant feedback loops leading to technologies adaptation, motivated stakeholders to improve yam
productivity by applying the co-developed knowledge.

3.5. Limitations, Challenges, and Lessons Learnt

The IP is an appropriate tool for stimulating dialogue among local stakeholders allowing
co-development of technologies, but it has shown weaknesses when not appropriately managed. A
major risk is that, as stakeholders in the IPs, researchers often dominate discussions and influence
the decisions. Another point is that a limited number of representatives of stakeholders may hinder
the dissemination of the results. This reaching out to their larger consultation group (Figure 1) is
not often happening as expected, and the follow-up to ensure proper transmission of information
is not always possible. There was no guarantee that the representatives were the right persons who
would work primarily for the interests of the group and not their own [22]. Often because of some
socio-cultural rules, certain important categories of stakeholders, such as women and migrants, cannot
contribute objectively to the discussions. The transdisciplinary approach requires time and patience
to make a relevant diagnostic and to co-develop solutions. Hence, stakeholders, such as farmers,
microfinancers, and policymakers who are looking for immediate solutions may not be interested
to remain in the IP. Our transdisciplinary approach included feedback loops (Figure 2) in which
technologies were tested, evaluated, and tested again. While this approach allows permanent and
strong involvement of the actors in the process, this make the results of the research difficult to publish
because of frequent changes in the protocol of the field experiments. In addition, although the IPs
involved various stakeholders, they were mainly focused on researchers and farmers, as the main
obstacle to be addressed was the low productivity of yams in farmers’ fields. However, this did not
prevent other stakeholder groups from contributing to and benefiting from the discussions.
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It was a challenge to implement such an approach on a traditional crop like yam that is also
associated with a variety of superstitious beliefs. Indeed, some of the stakeholders were skeptical
at the beginning and told the researchers: “I was born with yam and have been producing it for
decades! I do not think you can teach me more than what I know” (D.X., Léo, 2015). “I am a farmer and
went to school, but you cannot convince me that if a woman enters a yam field during her menstrual
period, that it will not affect its productivity” (N.S., Léo, 2016). We were unknowingly evaluated
by some farmers in Léo who provided very degraded soils for the mother trial saying that “if you
researchers are able to grow yam on this soil we will definitely believe your message” (N.F., Léo, 2016).
In Tiéningboué, we faced a challenge to avoid a distortion of the main purpose of the IP by local
politicians. Indeed, during a meeting which was filmed by the media, a political appointee started his
statement by thanking the President of Cote d’Ivoire for his efforts to boost yam production. There
were expectations by people located in the vicinity of the regions covered by the research to also benefit
from our actions. For example, some peoples also expected that we would organize the markets so
that they can get good prices.

Farmers were more interested by the mineral fertilization and seed quality than by soil quality. In
fact, the impact of fertilizer was rapid, and healthy seed increased the tuber yield. In Léo for instance,
an old farmer argued that “soils were fertile in the past but are now degraded because of inappropriate
cropping practices because the younger generation of farmers are interested only on immediate yield
increase” (NX, Léo, 2019). The application of mineral fertilizer on yam can lead to increased soil
organic matter mineralization [23] and therefore, without appropriate accompanying measures, could
lead to accelerated soil degradation. The interaction with actors at Midebdo was more difficult than in
the other regions. Indeed, despite the good interactions with stakeholders in the IP, it was difficult to
have the farmers involved in the field visits and the implementation of the baby trials. We believe that
this is cultural and specific to this region. It was observed that some producers who visited the mother
trials applied the technologies in their fields in secret. In our opinion this was due to the belief that it is
a sign of weakness when you openly show that they are learning from others. This is understandable
because the Lobis, the majority ethnic group in this region, are historically known as warriors who do
not obey a leader and do not accept submission [24].

The stakeholders recognized some positive aspects of the technologies but also some difficulties
that can be overcome (Table 7).

Table 7. Advantages, disadvantages, and propositions to cope with disadvantages (solutions) of the
co-developed technologies for yam stakeholders; the information was gained through discussion within
innovation platforms and discussion with yam farmers in four yam growing regions in Burkina Faso
and Cote d’Ivoire.

Co-Developed

Technologies Advantages Disadvantages Solutions
Seed cleaning AHOV‘{S gc?od T}me consuming EqulpmenF for protection
germination Risk of poisoning Use of bio pesticides

Increased planting
density (1 plant/m?)

Reduces cropped surface
Reduces labor
Allows water harvesting

Additional work to
remake mounds
Destruction of roots
when mounds are
remade due to the small
size of mounds

Remake the mounds
when plants are still
young and have less root
biomass

Staking that requires less
wood

Reduces the weeds
pressure
Maintains soil moisture

Lack of wood
Difficult to get
authorization from the
national forestry
commission to get wood
Requires technical
knowledge

Plant trees to have more
wood
Strengthen exchange
with the national forestry
commission
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13 0f 15

Co-Developed
Technologies

Advantages

Disadvantages

Solutions

Balanced mineral

Improves plant growth

Fertilizer formulation for
yam not available at

Train farmers to make
the formulations
Raise awareness among
input sellers about yam

fertilization Improves tuber quality market cultivation
Develop the yam and
fertilizer markets
Improves soil structure Not available Train farmers to make

Organic fertilization

Maintains soil moisture
Improves plants growth
Increases tuber size

Lack of transportation
Increases weeds
population

composts
Intensify livestock
farming

Organic + Mineral

Improves plants growth
Improves crop yields

Fertilizer formulation for
yam not available at
market

Train farmers to make
the formulations
Raise awareness among
input sellers about yam
cultivation

Develop the yam market

It was interesting to note that stakeholders recognized that the increase of the planting density and
improved staking allowed for better water harvesting. However, this needs to be further scientifically
checked. The lack of wood as a constraint to improving staking is that this technique initially requires
larger pieces of wood than the traditional technique. However, these large pieces of wood can be
reused up to three times. The lack of organic resources mentioned is a known problem in African
agricultural systems and the composting and livestock intensification as proposed by the stakeholders
are known solutions. Our mineral fertilization was balanced and provided potassium as well as
nitrogen, allowing a better conservation of the tuber and therefore a better quality as recognized by
the stakeholders.

4. Conclusions

With varying conditions at different regions, our transdisciplinary approach allowed the
co-development of technologies, and instigated the interest of farmers to improve yam productivity.
The approach required accounting for the knowledge of the stakeholders within the co-development
of technologies and evaluation of the results. IPs have proven to be very useful for the co-development
of technologies for yam systems. For the IPs to be effective they must be managed appropriately to
ensure that the concerns of all parties are properly addressed. It is also important to ensure that all
stakeholders in each group are informed of the decisions taken and that their opinions are taken into
account by their representatives.

Further research is needed to test and validate the approach and the co-developed technologies
in other yam growing regions. There is a need to disseminate the approach in integrating IPs and to
upscale the technologies in engaging national institutions of agricultural research and agricultural
training and extension. Indeed, up to now the agricultural extension services of Burkina Faso, for
instance, had no information on yam production. Also, there is the necessity to develop adequate
advocacy for yam at the national level in both countries in order to reach decision-makers, get them to
understand the importance of yam, and to develop pro yam policies.

Supplementary Materials: The following are available online at http://www.mdpi.com/2071-1050/12/10/4016/s1,
Table S1: Selected biophysical characteristics of the four studied yam growing regions in Burkina Faso and Coéte
d’Ivoire, Table S2: Selected socio-economic aspects of the four studied yam growing regions in Burkina Faso
and Cote d’Ivoire, Figure S1: Fresh tuber yields of yam (D. alata) in the four mother trials at the end of the 2016
(local varieties) and 2018 (improved variety, C18) seasons, Figure S2: Fresh tuber yields of yam (D. rotundata) in
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three mother trials in Burkina Faso (Léo and Midebdo) at the end of the 2017 (local variety) and 2019 (improved
variety, R3) seasons and in Cote d’Ivoire (Tiéningboué) at the end of 2016 (local variety) and 2018 (improved
variety, R3) seasons.
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