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ABSTRACT
In Mayotte, 80% of the island population food needs are covered by the local food-crop productions (banana
and cassava). However, a tremendous demographic pressure gradually led smallholder farmers to grow on
shrinking land areas, and to abandon the traditional practice of fallow. Fallow was one of the key element for
sustaining soil fertility and production levels. Previous research works suggested that using a cover crop would
be a suitable alternative option to restore the soil fertility, but knowledge gaps remained to be filled. This
research project outlined how to co-design innovative cropping systems using cover crops among Mahoran
smallholders despite the knowledge scarcity and heterogeneity. A step-by-step co-design approach was
implemented. First, data about perceptions of changes in production levels and soil fertility, soil fertility
management practices, uses and limitations of cover crop were collected among 34 smallholder farmers during
semi-directed interviews. Seventeen farmers were also asked about banana management and associated
production levels. Later on, a rapid diagnosis enabled the identification of different banana management types.
Then, a participatory workshop was organized to validate data, and reflect about possible solutions for
improving soil fertility and banana production levels. Finally, solutions were assessed ex-ante using DEXi, a
modelling tool for multi-criteria decision making. Three banana management were identified and validated by
farmers and experts: extensive management with low planting density, low manure application and no irrigation
(3.2 t banana/ha/year), semi-extensive management with medium planting density, medium manure application
and no irrigation (15.4 t banana/ha/year), intensive management with high planting density, high manure
application and irrigation (28.8 t banana/ha/year). Five nitrogen-fixing legumes were described by farmers as
possible cover crops: Pueraria phaseoloides (tropical kudzu), Cajanus cajan (pigeon pea), Vigna radiata (mung bean),
Vigna umbellata (rice bean) and Vigna unguiculata (cowpea). Beyond the ecosystem service of soil fertility
restoration, these 5 cover crops were relevant from an ecological perspective since they provided other
ecosystem services: soil erosion control, pest, disease and weed control, moisture retention, feed for cattle
and/or food for humans. A knowledge gap did not allow the development of distinct scenarios for each cover
crop species with DEXi. Overall, introduction of a cover crop at the banana management level might lower
losses in extensive and semi-extensive scenarios (very high to high losses, moderate to low losses respectively),
and it might maintain very low losses in intensive scenario. A sound data triangulation enabled the rapid
production (in a few months) of a reliable data repository necessary for the success of further research projects.
Dealing with a combination of farmer knowledge and scientist knowledge was possible with the use of DEXi.
However, tracks were identified for further research works, e.g. the characterization of functional traits of the
cover crop species under the local pedo-climatic conditions and the local agroecosystem management. By doing
so, scenario could be refined. The scaling-up, from the crop management to the cropping system level, is the
next step. It will be worthwhile reflecting upon the spatial and temporal arrangements of cover crops with
banana plants. Furthermore, technical (and perhaps financial) support will be essential to encourage a great
adoption of the innovative options among smallholders. To put it in a nutshell, method employed here and
activities carried out in this step-by-step co-design process enabled the creation of scenarios of banana
management using cover crops, being representative of the farmer diversity in Mayotte.
KEYWORDS
Farmer knowledge, Data scarcity and heterogeneity, Ecosystem services, Cover crops, Soil fertility, Banana
crop management, DEXi.
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CHAPTER I – INTRODUCTION
1.1.

Context of the study

1.1.1.

General overview of Mayotte

1.1.1.1.

Geography

Situated in the Mozambique channel in the Indian Ocean, about 300 kilometres northwest of Madagascar,
Mayotte (12° 80’ S, 45° 20’ E) is geographically part of the Comoros archipelago (Figure 1). Its area is 374
square kilometres, split into two main islands, Grande-Terre (or Mahoré) and Petite-Terre (or Pamandzi), and
several uninhabited small islets. Dzaoudzi is the administrative centre, even if most of head offices and main
authorities are located in Mamoudzou, the largest city. A volcanic mountain range crosses the island from
the North to the South, and the Mount Benara is culminating at 660 meters above sea level. Relief is
mountainous with medium to steep slopes (Raunet, 1992). Mayotte is surrounded by a lagoon enclosed in
a coral reef and subjected to heavy silting up (Petit & Prudent, 2010).

Figure 1: Mayotte, a French overseas department in the Mozambique Channel
1.1.1.2.

History

Since the ninth century, several migration waves of Bantu and Austronesian populations occurred. The
island was rapidly Islamised with the coming of Persian traders in the fifteenth century. From the sixteenth
century, European navigators used to stop in Mayotte before continuing on the route to India. At the end
of the eighteenth century, Malagasy invaded and populated Mayotte. Later on, Mayotte was ceded to France
in 1841. During the decolonization in 1974, Mayotte opted to remain a French dependency rather than
joining the Union of the Comoros via a referendum. Its status has changed more recently in 2011, thus
1

becoming a French overseas department (like Guadeloupe, Martinique, French Guyana, Reunion Island)
and an outermost region of the European Union, some 8000 km from metropolitan France.

1.1.1.3.

Climate

According to the Köppen classification, Mayotte has a tropical monsoon climate. Raunet (1992) described
two distinct seasons. A warm, humid and rainy season occurs from December to March (Kaskasi); monsoon
winds blow from the North-West thus bringing forth rains and consequent splash erosion. A cooler and
dry season occurs from June to September (Kusi); dry winds blow from the South-East. Miombéni (from
October to November) and Matoulaï (April to May) are two transitional periods between these two distinct
seasons. Average annual temperatures slightly vary from 21°C in dry season to 28°C in rainy season. Coasts
remain warm, but inlands are cooler. Moreover, temperature is assumed to drop by 0.8°C for an elevation
of 100 metres. Annual rainfall exceeds 1500 millimetres in the middle and North of the department, and is
below 1500 millimetres in the South (Figure 2).

Figure 2: Average annual rainfall (in mm) in Mayotte, 1981-2010 (Météo France, 2016).
Blue arrows indicate the origin of the winds (Raunet, 1992).
1.1.1.4.

Soils

Raunet (1992) described the morpho-pedological characteristics of Mayotte:
Andic undisturbed ferralsols. They are mostly found on patterns unaffected by erosion such as
Combani and Coconi plateaux, and Bandrélé planezes, in the Centre of the island. Undisturbed ferralsols
are heavy clay soils, reddish-brown to dark red soils, 1-5 m deep. These ferralsols are sensitive to drought
because they mainly consist of kaolinitic clays. They are favourable for cultivation but scarce in Mayotte:
absence or little slope, no stones, deep and naturally fertile soils.
2

Disturbed ferralsols by lateral shifts. They are largely found on slight slopes from the North to
the South of Mayotte. Disturbed ferralsols are the results of the following dynamic: when moist, andic
undisturbed ferralsols may break off in blocks and shift in the downstream. Disturbed ferralsols are reddishbrown to dark red, 1-5 m deep, and not permeable (because compacted). They are less fertile than andic
undisturbed ferralsols (lower organic matter content) and they might encounter potassium deficit.
Moreover, they are sensitive to drought and susceptible for erosion, which must be taken into account for
cultivation.
“Truncated” ferralsols or badlands locally called padzas. Badlands are often located on the
mountain ridges, i.e. uneven areas. After soil stripping and lifting, the clay toplayer slides and gully erosion
occurs. The latter stage of this process is the disappearance of the B horizon the bedrock alteration.
Therefore, truncated ferralsols are less than 1 m deep. The high soil compactness, the low porosity and the
low water reserve stop the plants deep rooting and the establishment of woody vegetation. Badlands are
either totally bare, or covered by Poaceae such as Imperata cylindrica, Heteropogon spp. and Hyparrhenia rufa (Nees)
Stapf (Figure 3). Besides natural erosion, the site topography may speed up the topsoil sliding down, as well
as anthropic activities (e.g. deforestation, slash-and-burn practice, over-grazing). To that must be added than
erosion also causes the accumulation of terrigenous deposits into the lagoon, thus silting it up and
compromising other economic sectors such as fishing, aquaculture and tourism.

Figure 3: Badlands in M'tsangamouji partially covered by Poaceae

Alluvial and colluvial soils on slight slopes. They are the products of erosion scraped down
from upstream sides. These soil types are found in coastal plains, valleys and slightly sloping glacis. Alluvial
soils have a high smectic clay content and are therefore susceptible for hydromorphy in the rainy season
and crack formation in the dry season. Colluvial soils are rich with high basic cation saturation ratio and
cation-exchange capacity, particularly those located in the South of Mayotte (presence of cation-rich clays
such as smectic and montmorillonite clays). Alluvial and colluvial soils are considered to have the best
potential of cultivation of Mayotte, with a high chemical fertility and a flat topography.
Colluvial soils on steep slopes. They are found on steep hillsides (M’Tsapéré, Bénara,
Hachiroungou) and capes. This soil type is made of coarse components (from gravels to blocks) and clay.
Colluvial soils on steep slopes are rich in minerals and organic matter, but because of their topography and
their inherent erosion potential, only perennial crops should be cultivated on these soils. These soils are also
very sensitive to drought.
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1.1.2.

Agriculture in Mayotte

Based on subsistent systems, agriculture provides a large proportion of staple food for Mahoran households
(cassava and banana). Indeed, less than one third of farm products are marketed, but 80% of the crop
production needs are covered in Mayotte (DAAF Mayotte, 2016b). Hence, challenges of the Mahoran
agriculture are the following:
ensuring the quantity of food products (because of a booming population),
ensuring the quality of food products (because life conditions are increasing),
preserving the natural resources,
ensuring the sustainability of the farming systems.
1.1.2.1.

Traditional agroforestry systems

For a long time, Mahoran farmers managed agroforestry
systems called “Mahoran gardens” producing staple foodcrops. Traditionally, a wooded and bushy land left in fallow for
years was cleared, only tall trees were kept. Residues were
burnt, ashes enriched the soil. Farmers sowed rain-fed paddy
rice with maize in the first year. In the second year, while soil
fertility diminished, cassava was planted with pineapple and
pigeon pea. Then, banana was grown in the third year. Lands
were cultivated for 4 to 5 years, and they gradually turned into Figure 4: Chombo gori (round-tipped blade) and
chombo pidja (bent blade)
fallow lands for 15 to 20 years (DAAF Mayotte, 2016b). Even
now, lands can be stony, often located on steep slopes and difficult to access, which hampers mechanisation.
Hence, manual labour is the prevailing way of cultivation: a traditional hand tool called chombo is used for
many tasks (Figure 4), such as weeding or digging a hole. This system was balanced as long as the island
population was little. Nowadays population is booming in Mayotte due to a high fertility rate of 4 births per
women (INSEE, 2016) and high illegal immigration influxes from neighbouring islands where life
conditions are much lower. It was estimated to be 235,000 inhabitants in 2016 as compared with 160,000
inhabitants in 2002 (INSEE, 2016). The explosive growing food demand led to a tremendous shortening
of fallow periods, the soil depletion and the subsequent sharp yield drop. According to the most recent
general agricultural census, 15,700 households practiced agricultural activities in Mayotte in 2010,
encompassing around 60,000 people, or almost one third of the population in 2010 (Agreste, 2011). Plurality
of professional activity is nowadays usual, with only 48% of farm households principally living on farm
incomes. Total cultivated land area is 0.45 ha per farm on average, and 44% of farmers are cultivating on
less than 0.25 ha (Agreste, 2011).

1.1.2.2.

Cropping systems

Cash crop, fruit, vegetable and fodder production
Vanilla and ylang-ylang, cash crops for exports, are being gradually abandoned in favour of food-crops to
better meet the local demand. Moreover, cash crop prices are set according to the world largest producers
production volumes (e.g. Indonesia, Madagascar). They are consequently low-paying activities in Mayotte
where labour is expensive. Since Mayotte departmentalisation in 2011, dietary trends changed along with
the increasing population coming from/to metropolitan France. Thus new distribution channels emerged
for fruits, vegetables (e.g. lettuce, tomato, eggplant, chilli, pepper, cucumber, leafy vegetables, cabbage),
dairy and meat products (e.g. supermarkets, collective caterings). As a result, agricultural lands area allocated
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to fruit (2%), vegetable (1.9%) and fodder (1.5%) productions are increasing (Figure 5), trying to satisfy the
local demand.

Food-crop production
Food-crops are the major production systems in Mayotte, covering 92.2% of the total agricultural land area
(Figure 5). Nowadays, banana and cassava are the two fundamental crops, often associated with annual or
perennial crops. Agroecosystems are mostly extensively cultivated, with very low external chemical inputs.
Banana are mainly consumed green and cooked (boiled, roasted or fried), not as fruits. Banana plants are
omnipresent in the Mahoran landscape: in any place of the island, banana plants are visible. Cassava tubers
are consumed boiled or fried, cassava leaves are consumed for the preparation of mataba (a traditional
Mahoran dish made from young cassava leaves and coconut milk). Cassava can be seen as a “pantry” since
it can be left underground from 7 months to more than 2 years, depending on the variety.

Pigeon pea
11,1%

Other food crops
20,9%

Cassava
24,7%

Cash crops
7,8%

Orchards
2,0%

Fodders
Vegetables
1,5%
1,9%
Ylang-Vanilla
2,4%

Banana
35,5%

Figure 5: Distribution of the different crop productions to the total agricultural land area in Mayotte
(Agreste, 2011)

1.1.2.3.

Livestock systems

A third of the Mahoran farmers are also livestock keepers (Agreste, 2011). Poultry, large and small ruminants
are found in small numbers on the island: on average 4.8 zebus and 6 goats per farm. Only 23% of livestock
keepers have access to modern facilities, prophylaxis and concentrated feeds (Figure 6a). Herd management
practices are still mainly traditional and extensive: animals are penned (or tied to a pole) in fallow lands in
the rainy season (Figure 6b), they are freely grazing around farms in dry season basically fed on spontaneous
local vegetation. Many woody species known as fodder species are traditionally used, Indian laurel (Litsea
glutinosa) in particular, which help to overcome the lack of feed in dry season when grass production is low.
Livestock also feed on crop residues such as crushed banana pseudo-stems and legume tops. Animals are
slaughtered and consumed during festivities throughout the year, e.g. season of Great Weddings in August,
Muslim holidays (Céleste & Djalim, 2001). They are seen as saving banks, since they are sold to cope with
important expenses, e.g. house building, wedding, pilgrimage to Mecca.
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6a

6b

Figure 6a: A modern stable house - Figure 6b: Zebu tied to a tree and fed on Indian laurel (Litsea glutinosa).

1.2.

Current challenges

1.2.1.

Soil fatigue: a growing issue

Ferralsols naturally have a high erosive potential, and they are sensitive to wind and water run-off erosion
when they are bare after slash-and-burn and over-grazing (Soquet, 2003). Moreover, erosion is even more
important on sloping lands: farmers should not cultivate when slopes are more than 12 % (Latrille, 1981).
As described in 1.1.2.1., Mahoran farmers traditionally practice slash-and-burn agriculture while alternating
short cultivation periods and long fallow periods. Fallow lands resulted in a tree vegetation after a few years.
Soil fertility was maintained in this way. However, demographic pressure led to a necessary intensification
of farming practices to meet the food needs for a population of nearly 240,000 islanders today. Traditional
farming systems, i.e. the Mahoran garden, is no longer aligned with the socio-economic development of the
department. Thus, monoculture becomes more frequent to the detriment of crop associations. Moreover,
length of fallow periods decreases a lot over time. For instance, it was 10 years long in 1930, compared with
2 years on average in 2003 (Raunet, 1992 in Michellon, 2003). Nowadays some farmers abandoned the
practice of fallowing. Fertilizers are still marginally applied: in 2010 only 5% of farms applied organic
fertilizers, and 3% applied mineral fertilizers (Agreste, 2011). As a consequence, although 80% of the food
needs in crop productions are covered (DAAF Mayotte, 2016b), soil fatigue is already having a considerable
impact on agricultural productivity since banana and cassava yields fall according to farmers (Chabalier,
2006). External inputs are expensive and not accessible for most smallholder farmers. An ecological
intensification of smallholder farming systems in Mayotte, advocated by Griffon & Weber in 1996 under
the term “Doubly green revolution”, should be implemented.

1.2.2.

Previous and current research works in Mayotte about cover crops

At the beginning of the 2000’s, Vandamme (2001) carried out a botanical census of the natural spontaneous
flora identified in Mayotte for his master thesis. He also studied the farmer perception and uses of the main
natural spontaneous flora throughout farmer interviews. Later on, another master student, Chabierski
(2003), studied the cropping systems and farming practices in Mayotte, aiming at identifying the perspectives
of introducing cover crops into the systems. Based on these master theses, Autfray et al. (2004b)
implemented trials in experimental stations and on-farms, mostly about the introduction of cover crops
meant for livestock feeding in smallholder farming systems. However, since a top-down approach was
implemented here (i.e. farmers were not involved in the farming system designing), the transfer of
knowledge from researchers to farmers has been limited.
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Nowadays, BIOFERM1 project initiated under the RITA2
framework aims at designing innovative cropping systems
based on conservation agriculture and organic fertilisation
for maintaining or restoring soil fertility. Unlike previous
research works, BIOFERM project is more oriented towards
participatory agricultural development by working with
farmers’ networks. Moreover, the capitalization of all
knowledge (i.e. results from previous works, results from
current trials, and also local farmer knowledge) allows a quick
transfer of knowledge.
1.2.3.

Figure 7: RITA projects in the 5 French overseas
departments

Focus on cropping systems using cover crops around the world

Conservation agriculture relies on three main principles
about integrated soil fertility management (FAO, 2016 in
Naudin et al., 2015b): (1) minimum soil tillage, (2)
permanent soil cover through the integration of cover
crops and (3) diversification of cultivated species in
rotation and/or association. Research works in other
French overseas departments (Gaba et al., 2015;
Lesueur-Jannoyer et al., 2015), but also more globally in
the international context (Scholberg et al., 2010 in
Lichtfouse, 2010; Naudin et al., 2015a), demonstrated
the relevance of integrating multifunctional cover crops
in cropping systems. They have multiple properties and
they can provide one or several ecosystem services
(Appendix 1).

Figure 8: Banana plants intercropped with Pueraria
phaseoloides in the West Indies (© CIRAD)

For instance, introduction of a legume cover crop, e.g. Pueraria phaseoloides, into banana systems in the French
West Indies represents a reliable alternative to conventional chemical inputs (Figure 8). Indeed, this cover
crop legume enhances soil fertility via biological N2 fixation, limits run-off erosion, controls weeds, pests
and diseases. Moreover, it provides fodders for animals. Ecological intensification of cropping systems is
gradually achieved, while conciliating a better resource efficiency, decreasing environmental negative
impacts and increasing food production. However, if cover crops are not well managed, or if the selected
cover crops are inappropriate, they can have negative effects to the cropping system. When selecting a cover
crop for a specific cropping system, it should not foster the development of pests and diseases and compete
with the cultivated crop in terms of water and nutrients in particular. Moreover, a transition period is needed
to achieve the system profitability since cover crops may not provide benefits over the short term, but rather
the middle or the long terms.
In Mayotte, there are still knowledge gaps about cover crop species (or an association of cover crop species)
to introduce in cropping systems aiming at restoring the soil fertility. On the one hand, cover crop species
of interest were identified but only from the scientific perspective. The selection must be also relevant for
Gestion conservatoire des BIOmasses, des nutriments et de la FERtilité des sols dans les petites
exploitations familiales de Mayotte (BIOFERM), i.e. Biomass, nutrients and soil fertility management in
smallholder farming systems in Mayotte
1

RITA (Réseaux d’Innovation et de Transfert Agricole, i.e. Networks of innovation and agricultural transfer) were
initiated at the end of 2011. They are projects funded by the European Agricultural Fund for Rural
Development (EAFRD) in the 5 French overseas departments through 3-years action plans (Figure 7).
2
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the farmers in economic terms, adapted to the sociocultural and environmental context, and accessible with
resources locally available. On the other hand, too little information about agronomic performances of the
cropping systems and ecological properties of the cover crops are available to enable a successful cropping
system redesign using cover crops.

1.3.

Research question & Hypothesis

Previous research works and literature review revealed that using appropriate cover crops could be a relevant
solution for improving soil fertility in Mahoran smallholder banana cropping systems (Figure 9). However,
the following research question along the master thesis project must be asked:

How to co-design innovative cropping systems using cover crops among Mahoran smallholders
despite the knowledge scarcity and heterogeneity?

Indeed, we assumed that farmers might know about the use of cover crops, either available species in the
natural environment, or cultivated species. Do these species provide the required service of soil fertility
restoration? Do they provide other services to farmers?
Later on, aiming at proposing a basket of innovative options corresponding to the diversity of Mahoran
farmers, we might identify the current banana management practices in Mayotte. Is there a diversity in
management practices?
Since farmers do not record anything about agronomic performances, and since there is a gap between local
units and conventional units, how to quantify banana production levels?
How to assess an innovative option while combining both farmer and scientist knowledge? Which tools
could be used?

Figure 9: Ecosystem services possibly provided by a cover crop in a cropping system
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CHAPTER II – METHODOLOGY
2.1.

Conceptual methodology framework

2.1.1.

Participatory process for re-designing farming systems: why?

For a long time, agricultural development was based on a top-down approach of spreading knowledge
(Compagnone et al., 2015), from “those who know” to “those who do” (Darré, 1999). Darré (1999)
promoted action research, in which practitioners (i.e. farmers) jointly identify their concerns and issues with
extension workers in order to develop together solutions. Scientific knowledge is no longer a theoretical
production preceding practical application (Compagnone et al., 2015). Time for thinking about delivery of
clear-cut recipes, therefore, is over. As highlighted by many authors such as Meynard et al. (2012) and Vall
et al. (2016), “innovation is more effective and sustainable when it is the product of a collective and
partnership work”. Indeed, through observation and choices of their farm management, farmers acquire
empirical knowledge in everyday life that must be taken into account in re-designing processes.

“Farmers – the hands-on managers of agroecosystems – have enormous stores of knowledge about what works and what does
not and why. They understand the locality in which they farm, the variations and extremes in its weather, the pests that must
be contented with, the crops that respond best, the soil and what it needs to remain productive. Regardless of how sustainable
an individual farmer’s practices are, his or her knowledge is an important resource, and his or her concerns and point of view
are something the agroecologist must take into account. For these reasons, a central tenet of agroecology is that local, farmerbased knowledge is a key starting point in the movement toward sustainability” (Gliessman, 2007).

2.1.2.

Diverse approaches for designing innovative cropping systems

According to Giller et al. (2011), farming system co-innovations could be designed with the DEED
approach (i.e. Describe, Explain, Explore, Design). DEED approach is similar to the participatory de novo
or step-by-step approaches described by Meynard et al. (2012). In the initial phase of de novo design approach,
conditions of innovation implementation and transition period needed between current and new systems
are not taken into account. It allows designers not to stifle creativity and to think about farming systems
breaking away from existing systems. Prototypes of new systems are often simulated and assessed with
modelling tools. In the step-by-step approach, an initial diagnosis of current farming systems identifies the
limitations and rooms for improvement of the agronomic performances. This initial diagnosis aims at
ensuring later achievement of expected objectives. New system is assessed for improving the remaining
weaknesses according to an iterative loop. De novo and step-by-step approaches should not be strictly
opposed, because intermediary methods exist (Toffolini, 2016). Advantages and disadvantages of both
approaches were summarized in the following Table 1.

Table 1: Comparison between "de novo" and "step-by-step” design approaches (Meynard & Dourmad, 2014)
De novo design approach
Step-by-step design approach
Designing a farming system breaking Continuous improvement of an existing
Principle
away from existing systems
system
Exploration of very innovative solutions
Iterative learning process of the new
Inspiration source for the step-by-step systems
Advantages
approach
Adaptation to specific constraints
(smooth transition period)
Low realism
Conservatism
Disadvantages
Difficult transition period
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Step 2/ Rapid diagnosis of the current banana cropping systems
______________________________________________________
ü Descriptive statistics of data (means, minima, maxima, standard deviations),
ü Analysis of farming practices to determine different cropping managements
ü Identification of limitations and leverages of the current agronomic
performances

DESCRIBE

0.5 months

max

σ

%̅

min

EXPLORE

ü Ex-ante assessment of the agronomic performances of the solutions:
- parameterization of DEXi by combining both farmer-based and scientistbased knowledges (through literature review and experts consultations) at
the cropping management level
- simulation of different scenarii

DESIGN

Step 4/ Ex-ante model-assisted assessment of the solutions
______________________________________________________

1 day

ü Presentation of the main results from smallholder farmers interviews
ü Collective validation and regional scaling-up of these results
ü Identification of solutions for improving soil fertility and banana production:
- reflections about possible solutions, i.e. solutions achievable today
- assessment of the conditions for cover crop implementation

1 month

Evaluation

Step 3/ Participatory workshop with smallholder farmers
______________________________________________________

Step 5/ Innovative cropping systems in pilot farms
______________________________________________________

New
system

ü Solutions scaling-up at the banana cropping system level
ü Implementation of the ICS using cover crops in pilot farms
ü Assessment of the ICS:
- monitoring and measuring agronomic performance indicators
- chemical soil fertility analysis

Figure 10: Conceptual methodology framework implemented during the 6-months thesis assignment
(dotted box indicates that a limited time span of 6 months did not allow the implementation of this step)
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EXPLAIN

Current
system

EVALUATE

ü Additional smallholder farmers interviews and adjustment measures to
complete missing data and/or adjust uncertain data

+

ü Tracking down innovations during semi-directed interviews with 34
smallholder farmers by collecting local knowledge:
- about cover crops (plants of interest sampled in an herbarium)
- about agricultural practices of soil fertility management
- about cassava and banana cropping managements

2.5

ü First contact with local networks:
- to sample smallholder farmers to interview
- to identify an interpret
ü Writing a questionnaire to help conducting the field interviews

+

Step 1/ Data collection
______________________________________________________

0.5

ü Literature review
ü Explorative field visits

1 month

Step 0/ Immersion into the Mahoran agricultural context
______________________________________________________

0.5 month

2.2.
Step-by-step design approach
Iterative step-by-step participatory approach was implemented during the thesis project for co-designing
innovative banana cropping systems using cover crops (Figure 10):

2.2.1.

Step 0: Immersion into the Mahoran agricultural context

Mahoran smallholder farming systems have been widely described since the 1990’s during previous works
of CIRAD (Fouré, 1999; Parain et al., 1999; Parain et al., 2000). Aiming at discovering the context and
gaining awareness of the issues in terms of soil fertility, a first preliminary phase of visiting some farms and
reviewing the literature was necessary. This phase was also relevant for preparing the fieldwork, and
highlight potential difficulties while conducting interviews with farmers (e.g. communication barrier, local
units used to express quantitative data).

2.2.2.
2.2.2.1.

Step 1: Data collection
Sampling of smallholder farmers

Aiming at describing innovations found among smallholder farmers, and since “no farming system is
organized exactly like any other” (Kuivanen et al., 2016), we preferred to consider the diversity of situations
better than their statistical representativeness (Salembier & Meynard, 2013). Hence, by selecting 34 farmers
from relevant local agricultural networks (COOPADEM3, CAPAM4, CIRAD, GVA5 of Acoua and GVA
of Tsingoni), we target a contextualised representation of the farming system heterogeneity. Twenty-six
farmers were located in the food-crop production basins, i.e. in the Centre and North of Mayotte. But as
we chose not to exclude any situation, we also investigated among 8 farmers in the South of Mayotte.

2.2.2.2.

Questionnaire and graphs used for the interviews

To help conducting semi-directed interviews among the 34 selected smallholder farmers, a questionnaire
was prepared (Appendix 2). Themes about farmer perception of the changes in food-crop productions and
soil fertility over time were discussed, with a focus in local knowledge about practices in soil fertility
management, particularly with cover crops, their uses and limitations. Farmers were also asked to describe
farming practices for banana and cassava crop management and associated production levels. Moreover,
graphs were used to facilitate the discussion and particularly the expression of quantitative data by farmers
when necessary, e.g. the level of slope, the level of banana production (Appendix 3).

2.2.2.3.

Identification of local resources

During interviews plant species mentioned by farmers and plant species found in the fields having a cover
crop potential were named in their local language. This is why it was necessary to collect samples of these
plants of interest in an herbarium and produce a set of pictures for further identification. Identification of
the plants could be done via consultation of experts in weed science, or via IDAO which is an open source
computer software for the identification of weeds in the Indian Ocean. IDAO is available online on the
WIKWIO portal (Appendix 4).

3

Coopérative des Éleveurs de Mayotte (COOPADEM), i.e. Cooperative of livestock keepers in Mayotte

Chambre de l’Agriculture, de la Pêche et de l’Aquaculture de Mayotte (CAPAM), i.e. Chamber of
agriculture, fishing and aquaculture in Mayotte
4

Groupement de Vulgarisation Agricole (GVA), i.e. Group of farmers working together with extension
workers
5
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2.2.2.4.

Fieldwork conditions

Objectives of collecting local farmer-based knowledge were:
characterizing the current situations,
describing innovations that might be interesting for the co-designing process,
engaging farmers in a network for co-designing.
Semi-directed interviews
Most Mahoran smallholder farmers did not speak French, but Shimaore or Shibushi. Translators attended
the visits for the dialogue facilitation. Semi-direct interviews preferably occurred on the farmer fields when
possible. Indeed, interviews were sometimes conducted on the market place or at farmer’s home, because
of bad weather conditions or limited availability of the farmer (fields could be far away from the farmer’s
home). Only two or three visits could be daily planned, and several visits to each farmer were sometimes
necessary to get accurate and quality data. As a consequence, a first set of interviews was conducted among
34 farmers for themes 1 to 3 of the questionnaire (Appendix 2). Later on, only 14 farmers were contacted
again to discuss the second set of interviews about their banana and cassava crop management (i.e. themes
4 and 5 of the questionnaire in Appendix 2). These 14 farmers were selected out of the 34 farmers, because
they had the most ease to provide detailed quantitative information.

Field measurements
Two days a week were planned to fill a database, check the data, and estimate if additional interviews and
measurements on the field were needed (for a data cross-checking, or data triangulation). Indeed, some data
were hardly obtainable and reliable via farmer interviews.
The banana planting density, i.e. the number of banana mats per hectare, was first expressed by the farmers
during interviews. It was estimated by the intra-row and inter-row banana plant spacing (Figure 11). Later
on, the banana planting density was also on the one hand estimated by counting banana mats in a delineated
area recorded by GPS tracking, on the other hand by counting banana mats on pictures taken from above
by a drone (Appendix 5 for the specific vocabulary about the physiology of a banana plant).

Figure 11: Methods of density calculation according to information collected during farmers’ interviews (*)
The mat productivity, i.e. number of banana bunches per mat, was also directly counted in the fields.
The weight of a banana bunch was estimated by farmers during the interviews. The expression of the
quantitative information was either realized through direct banana bunch weighing with a weighing scale if
farmers agreed to harvest a bunch, or with the graph in Appendix 3 if no bunch was ready for harvest.
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2.2.3.
2.2.3.1.

Step 2: Rapid diagnosis of the current cropping systems
Description of the sample

First, all data from the surveys were entered into an Excel database. These data were the perceptions of the
changes in production levels and soil fertility, soil fertility management practices, uses and limitations of
cover crops. Then, descriptive statistics were performed to describe the 34 smallholder farmers’ sample
throughout collected observations and to get more insights about the local knowledge

2.2.3.2.

Characterization of the current situations

During surveys, 14 farmers were also asked to describe precisely their practices and related production
levels. Aiming at characterizing distinct banana crop management among Mahoran farmers, a rapid
diagnosis was implemented. All local units expressed during interviews (e.g. 2 buckets of zebu manure per
hole) were standardized into conventional units (e.g. kg N/ha). Then, banana production levels were
calculated according to the following formula summarizing some data collected and measured during
fieldwork (Appendix 5 for specific vocabulary about the physiology of a banana plant):
𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛*+,+,+ = 𝑊𝑒𝑖𝑔ℎ𝑡*2,34 × 𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑣𝑖𝑡𝑦9+: × 𝐷𝑒𝑛𝑠𝑖𝑡𝑦 *+,+,+ × 1000 (Eq. 1)
ProductionBanana is the production level (T/ha).
WeightBunch is the weight of a banana bunch (kg).
ProductivityMat is the productivity of a banana mat (banana bunches/mat).
DensityBanana is the banana planting density (banana mats/ha).

Having a closer look to the farming practices, several types of crop management were identified. Descriptive
statistics of the farming practices were derived for each crop management type (means, minima, maxima
and standard deviations). Experts in banana production having awareness of the Mahoran agroecological
context were contacted. They were asked to express a production level (or a range of production levels)
associated to the types of crop management we described, thus enabling a data checking. A possible typology
based on farming practices about banana crop management in Mayotte was thereby developed.
The distribution normality of each term defining the production level equation (cf. Eq. 1 above) was verified
using the Shapiro-Wilk normality test under the open source R software. A one-way analysis of variance
(ANOVA) was performed to test both the differences in each term (cf. Eq. 1 above) and the differences in
the production level between the crop management types. The null hypothesis (H0) supported the absence
of significant difference between types, whereas the alternative hypothesis (H1) supported a significant
difference between types. The level of significance (alpha) was set at 5%. Therefore, if the p-value was
greater than 5%, then H0 was accepted (reciprocally, if the p-value was lower than 5%, then H0 was rejected,
and H1 was accepted).
Finally, it was possible to identify limitations and rooms for improvement of the current agronomic
performances for each type of crop management.

2.2.4.
2.2.4.1.

Step 3: Participatory workshop with smallholder farmers
Workshop participants

A participatory workshop was organized, at the experimental station in Dembéni, central place for all. All
34 interviewed farmers were invited, but also other farmers and stakeholders (researchers, agricultural
13

engineers, technicians and extension workers), aiming at achieving the double objective of broadening the
co-designing network and validating results at a larger regional level. Farmers were here considered as the
experts, whereas other people were present to support and help in animating the discussion.

2.2.4.2.

Workshop program and expected results

Farmers were involved in the different activities by being asked to think and speak as much as possible,
individually and in focus group. Different activities were approached during this workshop with expected
results (Appendix 6). Various communication media were used for the presentation of the results and for
supporting the discussion (Appendix 7). Later on, a report on the workshop was written and sent to
participants via their network.

2.2.5.
2.2.5.1.

Step 4: Ex-ante model-assisted assessment of the solutions
Dealing with heterogeneous knowledge

Agronomic performances of innovative solutions were assessed ex-ante using a modelling tool. Most modelbased approaches feed on quantitative and precise data that are complex to collect in a short time span, and
parameters that are not always available in the tropics (Scopel et al., 2013). Since data collected during
interviews were mostly qualitative, we used a less sophisticated model enhancing a combination of
heterogeneous knowledge (Meynard et al., 2012), i.e. scientific knowledge and empirical farmer knowledge
(Figure 12).

Figure 12: Co-designing innovations by combining scientific and empirical farmer knowledge in a model
(Meynard et al., 2012)
2.2.5.2.

DEXi, a multi-criteria decision support system

DEXi 5.02 is a computer program for multi-criteria decision making developed by Bohanec (2009) and
available online (http://kt.ijs.si/MarkoBohanec/dexi.html). The main feature of DEXi is its capability to
deal with qualitative data (Rozman & Pazman, 2012). According to Craheix et al. (2015), DEXi-based
models were widely used by French agronomists for an ex-ante or ex-post assessment of farming system
sustainability (Gerber et al., 2009; Pelzer et al., 2012; Alaphilippe et al., 2013). More globally, Rozman &
Pazman (2012) showed the possible applications of DEXi in agriculture for decision problems integrating
local expert knowledge, thus enhancing a participatory approach.
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Indeed, DEXi is basically based on the decomposition in a tree structure of the decision problem into
smaller and less complex sub-problems (Craheix et al., 2015). Sub-problems are more easily solved than the
whole decision problem. Sub-problems are described by criteria. Criteria are hierarchically organized into a
tree. Each criterion is individually described by a name (e.g. “Fallowing period before planting”) and a scale
of possible qualitative or quantitative values depending on the precision of available data (e.g. “No”;
“Short”; “Medium”; “Long”). Criteria are either basic (i.e. user will inform the value for basic criteria when
describing a crop management), or aggregated (i.e. resulting from an aggregation of immediate descendant
criteria, aggregation rules being described by utility functions) as seen in Appendix 9a. Values of the basic
criteria chosen by the user are the inputs of the model, aiming at creating various scenarios to evaluate. The
utility functions defining the aggregation of criteria are “if-then” decision rules (e.g. if “BLSD Incidence” is
“High” and if “BLSD Severity” is “High”, then “Black leaf streak disease pressure” is “High”). It is possible
to change the relative weight (expressed in %) of the criteria in order to give them more or less importance
(last part of Appendix 9a). The utility functions will be consequently affected according to the different
criteria relative weights. Finally, the choice of the criteria (both basic and aggregated criteria), their hierarchy
in the tree, the definition of their possible values, their utility function and their weight have been informed
by combining heterogeneous knowledge:
empirical local farmer knowledge collected during farmer interviews,
scientific knowledge extracted from a literature review,
technical knowledge given by experts from various disciplines including banana production, general
agronomy, weed science, phytopathology.
A detailed description of the DEXi hierarchical tree was available in Appendix 9a and Appendix 9b. Thus,
DEXi enabled the ex-ante assessment of the co-designed innovative solutions at the crop management level
(i.e. the introduction of cover crops into smallholder cropping systems) by evaluating the effect of different
crop management (i.e. of different scenarios) on the agronomic performances.
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CHAPTER III – RESULTS
3.1.

The farmer local knowledge

3.1.1.

Banana production levels over time

3.1.1.1.

Perception

Thirty-four farmers were asked whether they perceived a change, or not, in their level of banana production
over time (Figure 13). Only 1 farmer perceived an increase in his banana production level over time. Five
farmers did not perceive any change, i.e. the production level of banana remained stable, and 2 of these
farmers added that their production level was “enough to feed the family”. Twenty-eight farmers perceived
a decrease. Among the 28 farmers who perceived a decrease, 8 farmers were not able to quantify their past
and current production levels, even with graphs (Appendix 3). Among these 28 farmers, 1 farmer expressed
a 10% decrease in a few years, explaining that “the number of fruits per bunch decreased as well as the
individual weight of a fruit”. Five farmers reported a decrease varying from 26% to 50%; thirteen farmers
reported a tremendous decrease of 51% to 75%; one farmer reported a decrease of 75%.
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Figure 13: Perception of the change in banana production level among farmers (n = 34 farmers).
N.B.: increase in green; stability in yellow; decrease in orange.
3.1.1.2.

Production-limiting factors

Farmers were also asked to express the reasons why they thought the production levels dropped over time
(Figure 14). Thirty farmers mentioned the land characteristics (stony land, steep land, poor soils), 9 farmers
said they were too old or they had another professional activity. This was why they could not spend as much
energy and time in farming as they would like in order to improve their production level. Thirty-three
farmers complained about the climate change (more and more limited rainfall6 and excessive sunshine).
Seventeen farmers expressed a need in improving their access to infrastructures (roads and land availability),
inputs (fertilizers), financial and technical supports to sustain their production levels. Eight farmers
mentioned diseases (black leaf streak disease), 14 farmers mentioned different pests (banana weevils, snails,
lemurs, flying foxes, birds, rats), and 10 farmers said there were more and more thefts in their fields.

Agriculture in Mayotte is mainly rain-fed agriculture, i.e. very few farmers have access to irrigation facilities
(e.g. water pond, pipes, drop-by-drop or aspersion systems, etc), crop water needs consequently rely on the
rainfall.
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Figure 14: Production-limiting factors according to farmers (n = 34 farmers)
3.1.2.
3.1.2.1.

Soil fertility over time
Perception

Later on, farmers were asked to express their perception about the changes in soil fertility over time. The
same farmer who perceived an increase in banana production level, also perceived an increase in soil fertility.
7 farmers did not perceive any change, while 26 farmers perceive a decline in soil fertility.

3.1.2.2.

Bio-indicators of soil fertility and poverty

Later on, this following question was asked to the 34 farmers: “What visual observations lead you to think
about a healthy soil and a poor soil?”. Farmers listed plant species they knew to indicate the soil fertility or
poverty (Figure 15). Sixteen plant species were mentioned to be bio-indicators of soil fertility and 5 plant
species to be bio-indicators of soil poverty. Two other plants that were not precisely identified (tall Poaceae
locally called sandze and gamba, and Cyperaceae) were also considered as bio-indicators of soil fertility by
farmers. Moreover, answers about two plant species (Panicum umbellatum Trin. and Imperata cylindrical (L.)
Rausch) were conflicting. Indeed, some farmers perceived these two plants as bio-indicators of soil fertility,
whereas other farmers perceived them as bio-indicators of soil poverty.
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Tall Poaceae
Cyperaceae
Vigna radiata (L.) R. Wilczek
Striga asiatica (L.) Kuntze
Solanum americanum Mill.
Plectranthus amboinicus (Lour.) Spreng.
Panicum umbellatum Trin. (Syn. Brachiaria…
Nicotiana tabacum L.
Mucuna pruriens (L.) DC.
Moringa oleifera
Mimosa pudica
Macroptilum lathyroides (L.) Urb.
Litsea glutinosa (Lour.) C.B. Robins
Launaea intybacea (Jacq.) Beauverd
Lantana camara L.
Imperata cylindrica (L.) Rausch
Centrosema pubescens Benth.
Capsicum spp. (frutescens L. ou annuum L.)
Bidens pilosa (L.)
Albizia lebbeck (L.) Benth.
Achyranthes aspera L.
0

1

2

Soil poverty bio-indicator

3

4

5

6

7

8

9

Soil fertility bio-indicator

Figure 15: Bio-indicators of soil poverty (in orange) and soil fertility (in green) according to farmers (n = 34 farmers). The
two first bio-indicators (i.e. Tall Poaceae and Cyperaceae) were not specifically identified.
Dark soil (1 farmer), green and vigorous plants (1 farmer), might be indicators of soil fertility. Another
farmer answered with humour: “Many people wants to buy my piece of land, it may be a great indicator”!
The reduced weed population might also be an indicator of soil poverty (1 farmer).

3.1.2.3.

Soil fertility management

Farmers were aware of the need to improve soil fertility in order to improve production levels. Soil fertility
management practices, their advantages and inconvenient, were described by the 34 farmers (Figure 16).
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Figure 16: Soil fertility management practices (n = 34 farmers)
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Mulching
Mulching was practiced by 32 farmers. Mulching materials could be
crop residues, weeding residues, banana sanitary deleafing residues
(Figure 17), woody feed refusals, coco coir. By covering the soil,
mulching mainly maintained soil humidity and limited sun drying
effect (29 farmers), limited weed pressure (11 farmers) and limited
water run-off and subsequent soil erosion (6 farmers). By
decomposing, mulching improved soil fertility (11 farmers). But 4
farmers mentioned that mulching attracted pests, and 4 farmers said
mulching is a physical work.

Figure 17: Mulching with banana
leaves

Mixed cropping with banana
29 farmers associated banana with other crops (Figures 18 & 19):
Fruits: pineapples (10 farmers), citrus trees (1 farmer), coconuts (8 farmers), any other fruit trees
(19 farmers);
Legumes meant for human consumption and/or cattle feeding: Cajanus cajan (10 farmers), Vigna
adenantha (2 farmers), Vigna unguiculata (5 farmers), Moringa oleifera (1 farmer), Phaseolus lunatus (1
farmer), and other local beans not specifically identified (1 farmer);
Vegetables: squash (9 farmers), ladyfingers (1 farmer), eggplants (4 farmers), chilies (6 farmers),
tomatoes (3 farmers), and other vegetables (2 farmers);
Poaceae: rice (2 farmer) and maize (15 farmers);
Tubers: arrow-root (1 farmer), ginger (4 farmers), curcuma (2 farmers), cassava (7 farmers), sweet
potato (3 farmers) and cocoyam (3 farmers).

Figure 18: Rice, maize, cassava and citrus trees
associated with young banana plants

Figure 19: Vigna unguiculata (cowpea) cultivation in
association with banana

Mixed cropping generally occurred in the two first years of the banana plantation, when banana plants were
still small and did not compete a lot for the resources in water, light and nutrients. Since some species were
perennial, others were annual or semi-annual, most farmers did not follow any particular planting pattern
(e.g. intercropped rows or strips, staggered rows). They rather thought about the negative and positive
interactions between two species (e.g. “I never plant cassava next to banana, otherwise cassava will give a
bitter taste to banana”, “I like to plant banana next to bunwara [Albizia lebbeck (L.) Benth], because bunwara
helps banana to grow”), and about the distance between two species to allow both species uptake without
competing for the water, the light and the nutrients (e.g. “I sow Mtsuzi [Cajanus cajan] every 5 meters, because
it is “greedy” and it needs a lot of water”). One to 7 associated crops were observed in the farmers’ fields.
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Instead of leaving empty spaces between banana plants, mixed cropping was seen as a mean to make the
maximum use of land availability by 19 farmers. It was also seen as a mean to optimise their time by 13
farmers (since two plants were close to each other, when weeding for the first plant, weeding for the second
plant was also done). Mixed cropping also greatly covered the soil (like mulching) according to 9 farmers,
but 6 farmers mentioned a possible competition between banana and the associated crops.
Fallowing period
Cultivated fields lied fallow from 0 to 8 years, and 1.8 ± 2.2 years on average. Only half of the surveyed
farmers practiced fallowing, i.e. 17 out of 34 farmers. Four farmers said they collected organic resources in
the fields when lying fallow (e.g. fruits, wood, fodders). One farmer sowed seeds of the legume Pueraria
phaseoloides (tropical kudzu) in the fallow fields in order to enhance even more the soil fertility regeneration.

Organic fertilization
Most surveyed farmers were also livestock keepers (22 out of 34
farmers). But only 6 farmers had quite modern livestock facilities to
easily collect the manure by scraping the stable house floor (Figure
6a). Two farmers collected with difficulty the manure from cattle that
were tied to a pole or freely grazing (Figure 6b). One farmer made her
own green compost with crop residues and weeds. Seven farmers
imported manure into their farm (purchase of manure of laying hens,
goat and zebu manure gotten from other farms). Altogether, 16
farmers used organic fertilizers. From a few handfuls to several
buckets, 11 farmers applied the organic matter directly in the planting
hole, 4 farmers scattered the organic matter around, and 1 farmer
whose fields were steep applied the organic matter downstream
(Figure 20).

Figure 21: Downstream application of
manure in a banana steep field

Anti-erosion barrier
Fourteen out of 34 farmers installed anti-erosion barriers in their
steep fields. Barriers were made of: branches (4 farmers), stones (1
farmer), branches and weeds (4 farmers), weeds (2 farmers), citronella
rows (2 farmers; Figure 21), vetiver rows (1 farmer). Anti-erosion
barriers were installed, mainly aiming at preventing the run-off
erosion, thus limiting the soil fertility depletion (14 farmers). But this
farming practice occupied quite a lot of space in the fields, according
to 5 farmers.

Crop Rotation

Figure 20: Anti-erosion barrier with
Cymbopogon citratus (DC.) Stapf.

Among the 17 farmers who practiced fallow (that could be already considered as a crop rotation since it
contributed to the crop diversification in time), 6 farmers implemented crop rotation in their cropping
system. Crops following banana plantation were cassava, fodders (Pennisetum purpureum Schumach. and Mucuna
pruriens) and/or rice.
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Mineral fertilization
Mahoran farmers were globally reluctant to use mineral fertilizers. Only 1 farmer, who was one of the largest
producer in Mayotte, used 0.3 kg of N15 P5 K20 fertilizer per banana planting hole.
3.1.3.

Cover crops: knowledge, uses and limitations

Aiming at identifying the local resources in cover crops that could restore soil fertility, farmers were more
broadly asked about their knowledge in plant species that might useful for them for any purpose. Which
“service(s)” or “function(s)” could these plant species provide? how to use them? and what were the
limitations on their use? As a result, 34 plant species were mentioned by farmers during interviews. Main
functions of the cover crops were described: soil loosening, erosion limitation, moisture retention, soil
biological activity enhancement, soil fertility restoration, weed control, fodder provisioning, human food
provisioning, medicinal plant, other (e.g. wood provisioning, fish poison). A database was developed
gathering the data about the farmers’ knowledge about the 34 cover crops, their uses, and their limitations.
Farmers mentioned 12 Fabaceae (legumes) and 10 Poaceae (grass fodders). Fabaceae provided from 1 to 6
functions, and 4.4 functions on average (Appendix 10). Three quarters of the mentioned Fabaceae were
seen by farmers as a mean to restore soil fertility (Figure 22). Particularly due to a great soil cover, 83% of
the Fabaceae mentioned by farmers limited erosion, 67% maintained the moisture, and 58% controlled the
weeds. Moreover, 92% provided fodders for the cattle, and 50% provided food for the human consumption.
Poaceae provided from 2 to 4 functions, and 3.1 on average. Ninety percent of the mentioned Poaceae
could limit erosion due to a well-developed root system. Fifty percent were able to compete with weeds.
Eighty percent provided fodders for cattle.
FABACEAE
POACEAE
Soil loosening/aeration
100%
90%
Other
Erosion limitation
80%
70%
60%
50%
40%
Medicinal plant
Moisture retention
30%
20%
10%
0%
Soil biological activity
enhancement

Human food provisioning

Fodder provisioning

Soil fertility restoration
Weed control

Figure 22: Main functions provided by the Fabaceae and Poaceae mentioned during the farmers’ interviews.
3.2.

Banana crop management & associated production levels

3.2.1.

Reference crop management

Reference banana crop management (RITA Mayotte, 2014) was described in a document edited by different
agricultural technical institutions in Mayotte having the role to support and advice farmers (Appendix 5 for
specific vocabulary about the physiology of a banana plant). First, farmers were recommended to plant a
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mix of varieties tolerant to the black leaf streak disease (BLSD) in order to break pest and disease cycles.
After a fallow period, land needed to be manually cleared up and mechanically tilled. Healthy and small
banana PIF7 suckers were purchased to a nursery. At the beginning of the rainy season, when rainfall started,
suckers were planted in association with legumes with a planting density of 1300-1600 plants per ha. NPK
needs were met with several applications of organic and mineral fertilizers, before and during the banana
growth and development. Banana harvests occur 9 to 15 months after planting. During this 9- to 15-month
crop cycle, banana plants were carefully treated: irrigation was regularly provided to meet the water needs,
mulching was applied to maintain the moisture and choke weeds among others (Figure 17), sanitary
deleafing aimed at suppressing diseased leaves attacked by BLSD (Figure 23), regular weeding aimed at
limiting competition for water and nutrients between banana and weeds. A few weeks before harvesting, it
was recommended to cut the male flower to enable a greater fruit enlargement (Figure 24). After harvesting,
the pseudo-stem was coppiced to give vigour to the following suckers and to avoid weevil predation (Figure
25), and the number of suckers was limited from 2 to 5 per mat. A banana plantation never lasted more
than 4 years.
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Figure 23: Sanitary deleafing - Figure 24: Male flower suppression - Figure 25: Pseudo-stem coppicing after harvesting
However, farmers did not necessarily follow the recommendations described in the reference crop
management, depending on their available resources and usual farming practices.
3.2.2.

Farmer crop management

Fourteen farmers (out of the 34 sampled farmers) were asked about their banana crop management from
the land-clearing to the harvest (Table 2). An analysis of the practices described by these farmers enabled
the identification of three different types of banana crop management. Therefore, planting density, irrigation
and fertilization, differed between these types: extensive management (5 farmers), semi-extensive
management (6 farmers) and intensive management (3 farmers).
3.2.2.1.

Extensive crop management

Five farmers managed bananas extensively. By comparison with the reference crop management, they rather
cultivated Kontrike8, a variety which was susceptible to BLSD, but which they preferred the taste. Land
preparation was also manual, with only a shallow tillage due to the use of the chombo (Figure 4). The sucker
quality was lower in the extensive crop management, because suckers were self-produced (i.e taken out of
the mother plant) and planted with no special cares, thus perhaps carrying pests and/or diseases (Figure
26). The planting density was very low, ranging from 300 to 600 banana plants per ha. Very little organic
Plants Issus de Fragments de tiges (PIF), i.e. a method meant for producing suckers of great sanitary
quality.
7

Kontrike is the local name for the well-known variety Cavendish “Grande Naine”.
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fertilizers were applied (0.4 kg N/ha, i.e. a few handfuls) and no mineral fertilizers at all. Farmers practicing
an extensive crop management had no access to irrigation facilities. A minimum care was applied during the
crop cycle with mulching, but with no sanitary deleafing, no regular weeding, no suppression of male
flowers, no pseudo-stem coppicing and no de-suckering (up to 15 suckers could be observed in a mat).
Banana plantation was more or less permanent, since it lasted at least 10 years.

3.2.2.2.

Semi-extensive crop management

Six farmers practiced a semi-extensive banana crop management. They also planted Kontrike banana plants
after a shallow manual tillage. A medium planting quality was observed with the choice of small selfproduced suckers, for which the corm was well pared (i.e. banana corm freed of necrotic parts and/or weevil
tunnels). The corm paring aimed at cleaning up suckers before planting by limiting pests (particularly
nematodes and weevils). When the young sucker was taken out of the mother plant (Figure 27), the soil was
scraped off as well as the roots, in order to check if there are necrotic parts and/or weevil tunnels. If so, the
sucker was thrown away. The planting density was medium, ranging from 800 to 1050 banana plants per
ha. Several buckets of organic fertilizers were applied (21.6 kg N/ha) but no mineral fertilizers. Like in the
extensive crop management, farmers had no access to irrigation facilities in the semi-extensive crop
management. Special plant cares were applied during the crop cycle, including mulching, regular weeding
and not regular sanitary deleafing. Male flowers were cut off before harvesting, but pseudo-stems were not
coppiced after harvesting. Farmers suppressed a few suckers, in order to limit their number from 2 to 5 per
mat. Banana plantation lasted from 4 to 10 years.
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Figure 26: Tall banana suckers - Figure 27: Banana corm not pared
3.2.2.2.

Intensive crop management

Three farmers practiced an intensive crop management. Here, we used the term “intensive” crop
management comparatively with the two other crop management observed. However, it is still a low-input
external inputs. Unlike the reference crop management, when planting, they used self-produced pared corm
of the Kontrike variety without realizing a mechanical tillage. They applied large amount of organic fertilizers
(63.8 kg N/ha) but no mineral fertilizers, they also applied irrigation and they cared the banana plants with
special attention during the crop cycle (i.e. mulching, regular sanitary deleafing and weeding, male flower
suppression). Only 1 sucker per mat was maintained in the intensive crop management. Banana plantation
never lasted more than 4 years.
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Table 2: Reference banana crop management recommended by technical institutions, and different banana crop management
observed among interviewed farmers (n = 14 farmers):

n = 5 farmers

SEMIEXTENSIVE
n = 6 farmers

Tolerant
Yes

Sensitive
Yes

Sensitive
Yes

Sensitive
Yes

Manual
Mechanical

Manual
Manual

Manual
Manual

Manual
Manual

<1m

> 1.50 m

<1m

Sucker origin

Nursery

Self-produced

Self-produced

<1m
Selfproduced

Sucker quality

PIF

Corm not
pared

Corm pared

Corm pared

Yes
Yes

Yes
Yes

Yes
Yes

Yes
No

Beginning of
rainy season
1300
Yes

Beginning of
rainy season
300-600
Yes

Beginning of
rainy season
800-1050
Yes

Beginning of
rainy season
1300-1600
Yes

8,7

0,4

21,6

63,8

2
2
7
1

0
0
0
0

0
0
0
0

0
0
0
0

Yes

No

No

Yes

Yes
Yes
Yes
Yes
Yes
2-5
4 maxi

Yes
No
Not regular
No
No
No
> 10

Yes
Not regular
Yes
Yes
No
2-5
4 - 10

Yes
Yes
Yes
Yes
Yes
1
4 maxi

Cropping practices:
VARIETY
Variety tolerance
Mix of varieties
LAND PREPARATION
Clearing
Tillage
SUCKER
Sucker size

CROP ASSOCIATION
Crop association
Crop association with legumes
PLANTING
Planting date
Density (mats/ha)
Planting in a hole
ORGANIC FERTILISATION
Organic fertilizer
(kg N/ha)
MINERAL FERTILISATION
Urea (nb of applications)
monoP (nb of appl.)
N15 P4 K30 (nb of appl.)
K (nb of appl.)
IRRIGATION
Irrigation during the dry season
PLANT CARES
Mulching
Regular sanitary deleafing
Regular weeding
Male flower suppression
Pseudo-stem coppicing
De-suckering (nb suckers/mat)
Banana plantation length
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REFERENCE

EXTENSIVE

INTENSIVE
n =3 farmers

3.2.3.

Production levels

The different terms of the equation (Equation 1 in 2.2.3.2.) defining the banana production level associated
to each crop management were estimated through different methods: farmers’ interviews, expert
consultation and field measurements.
Table 3: Characteristics of reference, extensive, semi-extensive and intensive banana management
Reference

Mean
Planting density
(mats/ha)
Mat productivity
(bunches/mat)
Bunch weight
(kg/bunch)
Banana production
(T/ha)

3.2.3.1.

Extensive

Semi-extensive

Intensive

5 farmers

6 farmers

3 farmers

Mean

SD

Mean

1450

300

0

1050

1,0

1,8

0,42

27,5

5,85

39,9

3,2

SD

ANOVA

F

P

Significance
(α = 5%)

Mean

SD

0

1600

0

n.a.

n.a.

n.a.

n.a.

1,3

0,09

1,0

0,00

8,78

5,26E-03

<α

yes

1,17

11,21

2,26

18,00

2,61

34,48

1,83E-05

<α

yes

1,3

15,4

2,6

28,8

4,2

93,15

1,27E-07

<α

yes

Planting density

The planting density (DensityBanana in Eq. 1) was first expressed by the 14 farmers during interviews, by
estimating the intra-row and inter-row banana plant spacing (Figure 11). Farmers cultivating bananas
extensively expressed a density of 592 ± 157 banana mats/ha, farmers cultivating semi-extensively expressed
a density of 958 ± 236 banana mats/ha, and farmers cultivating intensively expressed a density of 1733 ±
2500
231 banana mats/ha (Figure 28).

Banana mats / ha

2000
1500
1000
500
0

592

958

1733

Planting density (farmers' interviews)

Extensive

Semi-extensive

300

1050

1600

Planting density (field measurements)

Intensive

Figure 28: Mean planting density according to farmers' interviews (left) and according to field measurements (right)
Later on, by counting banana mats on pictures taken from above (Figure 29), by counting banana mats in
the fields per area delineated by GPS tracking, 300 banana mats/ha were found in the extensive crop
management, 1050 in the semi-extensive, and 1600 in the intensive (Figure 28). The densities estimated by
field measurements were used for further calculations (Table 3).
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Figure 29: Banana planting density estimated by counting banana mats on pictures taken from above by a drone
3.2.3.2.

Mat productivity

The mat productivity (ProductivityMat in Eq. 1) was first estimated during farmers’ interviews. However,
only 6 out of 14 surveyed farmers were able to express such information. Mat productivity was otherwise
set up at 1 bunch per mat by default, which created great standard deviations and potential source of error.
As a result, mat productivity was on average 1.40 ± 0.65 bunch/mat in the extensive crop management,
1.08 ± 0.20 bunch/mat in the semi-extensive crop management, and 1.33 ± 0.29 bunch/mat in the intensive
crop management (Figure 30).

Banana bunch(es) / mat

Field measurements, i.e. direct counting of banana bunches per mat in the fields, was implemented to refine
these results: mat productivity for further calculations was henceforth considered to 1.76 ± 0.42 bunch/mat
in the extensive crop management, 1.32 ± 0.09 bunch/mat in the semi-extensive crop management, and 1
bunch/mat in the intensive crop management (Figure 30). The mat productivities were significantly
different between types (Table 3). Also, the standard deviation was lesser in field measurements, thus
meaning a less
variability within a crop management type.
2,50
2,00
1,50
1,00
0,50
0,00

1,40

1,08

1,33

1,76

Mat productivity (farmers' interviews)

Extensive

Semi-extensive

1,32

1,00

Mat productivity (field measurements)

Intensive

Figure 30: Mean mat productivity according to farmers' interviews (left) and to field measurements (right)
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25,00

Bunch weight

The weight of a banana bunch (WeightBunch in Eq.
1) was estimated by farmers during the interviews:
extensive crop management allowed the production
of banana bunches of 5.85 ± 1.17 kg on average,
semi-extensive crop management allowed banana
bunches of 11.21 ± 2.26 kg, and intensive crop
management allowed banana bunches of 18 ± 2.61
kg (Figure 31). These results were compared with
results from the grey literature, and they were
similar. Banana bunch weights were significantly
different between types (Table 3). Bunch weights
collected during farmers’ interviews were used for
further calculations.

20,00

kg / banana bunch

3.2.3.3.

15,00

10,00

5,00
5,85

0,00

11,21

18,00

Bunch weight (farmers' interviews)
Extensive

Semi-extensive

Intensive

Figure 31: Mean bunch weight collected during interviews
3.2.3.4.

Banana production levels

Finally, banana production levels (ProductionBanana in Eq. 1) were calculated with the terms obtained from
different collection methods (Figure 32):
50,00
45,00
40,00

T / ha

35,00
30,00
25,00
20,00
15,00
10,00
5,00
0,00

4,55

11,27

40,57

3,16

Banana production (farmers' interviews)

Extensive

15,37

28,80

Banana production (adjusted)

Semi-extensive

5,00

15,00

27,50

Banana production (experts' consultation)

Intensive

Figure 32: Mean banana production according to different collection methods
Both banana production levels according to farmers’ interviews and banana production level after
adjustments with field measurements were compared to the expert knowledge. “Farmers cultivating
extensively in Mayotte (i.e. crop association limiting the planting density, no irrigation, no or very low levels
of fertilization) could reach from 4 to 6 T/ha/year [our extensive crop management?]. Farmers cultivating less
extensively (but still no access to irrigation) could reach from 12 to 18 T/ha/year [our semi-extensive crop
management?]. These same farmers could reach from 25 to 30 T/ha/year if they could irrigate regularly [our
intensive crop management?]” (Thierry Lescot, 2017, personal communication).
Banana production levels according to farmers’ interviews considered the initial planting density which did
not take into account the spatial heterogeneity of the planting pattern, and the initial mat productivity with
uncertainties associated to missing data. An overall of 4.55 ± 1.63 T/ha could be reached by following an
extensive crop management, 11.27 ± 2.72 T/ha could be reached by following a semi-extensive crop
management, and 40.57 ± 5.18 T/ha could be reached by following an intensive crop management (Figure
27

32). By comparing them with the expert information, average banana production was low for semi-extensive
crop management, and particularly high for intensive crop management.
Banana production according to adjustments with field measurements considered the density from direct
counting, and the mat productivity from direct counting as well. From now on, the extensive crop
management could provide 3.2 ± 1.3 T/ha on average, the semi-extensive crop management could provide
15.4 ± 2.6 T/ha, and the intensive crop management could provide 28.8 ± 4.2 T/ha (Figure 32). Results
were now closer to the expert information, and SD were much lesser, thus indicating less variability and
consequently more homogeneity in individuals in each crop management type. Moreover, banana
production levels were significantly different between types (Table 3).

3.3.

Validation of results

The typology of banana crop management based on farming practices described by farmers, and associated
production levels were validated from an expert in banana cropping system in Mayotte. A next phase of
validating these results among the farmer sample, and also among other smallholder farmers and agricultural
technicians was implemented by organizing a workshop. Thirty people responded to the invitation: 10
surveyed farmers, 6 farmers from other local agricultural networks, 14 technicians/engineers/researchers.

3.3.1.

Validation of the typology

After presenting the typology of crop
management based on farming practices
observed during the fieldwork phase
(Appendix 7), farmers were asked to identify
themselves in one type (Figure 35). To avoid
influencing farmers, (1) crop management
were not hierarchically presented in terms of
intensification,
(2)
extensive
crop
management was coded by “yellow” crop
management, semi-extensive by “pink”, and
intensive by “blue”. No farmers identified
themselves in the extensive crop
management,
11
farmers
identified
Figure 33: Farmers were asked to identify themselves in a crop
themselves in the semi-extensive crop
management type after a presentation of the results
management, 4 identified themselves in the intensive crop management, and 1 farmer did not vote. A
discussion followed the vote to let farmers express their difficulties, if there were:
“I am blue [intensive] but I have no water”
“I do a bit like the blue type [intensive], a bit like the pink type [semi-extensive]”
“I am the three types at the same type: I do like the blue type in a plot [intensive], like the pink in
another plot [semi-extensive] and like the yellow again in another plot [extensive]”.
Some farmers had difficulties to understand they should identify themselves in the type for which they had
the most common farming practices, and according to what they did in most cases. Also, they rapidly
identified that “yellow” types, i.e. extensive types, would be the less productive. They might not have dared
to vote “yellow” and appear as “small” farmers in the sight of other people. Therefore, they might have
tended to over-estimate their vote.
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3.3.2.

Validation of the production levels

Three banana bunches with different weights and representative of attainable production levels for each
crop management were shown to farmers. When asking “Which banana bunch for which crop
management?”, nobody hesitated and nobody went wrong: the small bunch for the extensive crop
management, the medium one for the semi-extensive crop management and the large one for the intensive
crop management.
Later on, farmers played the game of guessing the weight of each banana bunch. This workshop activity
aimed at getting awareness of the level of certitude farmers were able to reach while estimating the bunch
weight. It also aimed at verifying whether data about banana bunch weight presented in 3.2.3.3. were reliable.
Farmers were able to estimate with more or less accuracy the weight of the small bunch. Then, the level of
certitude of the estimates seemed to decrease with the bunch weight (Table 4).
Table 4: “Guess the weight of a banana bunch” game, farmers’ estimates and real weight
Range of estimates by farmers
Real weight
Small bunch
5 – 8 kg
5.10 kg
Medium bunch
6 – 10 kg
12.15 kg
Large bunch
19 – 25 kg
18.30 kg
3.4.

Co-designing innovative solutions

3.4.1.

Maintaining or improving the banana production level

Farmers were asked to reflect in focus group about the following questions: “What are the possible solutions
(achievable today) for maintaining or improving your production level? Today, what are the limitations (if
there are) limiting the implementation of these solutions?”. Farmers listed and discussed several farming
practices to improve in their future crop management, and they evaluated the conditions for these solution
implementation by formulating limitations when existing:
Indeed, farmers thought it was necessary to plant suckers of better quality from the very beginning
(i.e. young, small and vigorous suckers) to limit the pests. But farmers recognized the lack in technical and
financial supports to achieve this solution.
Also, since rainfall delayed and since no irrigation facilities was affordable for farmers, planting later
would be a solution for meeting the banana plant water needs, which was an important production-limiting
factor.
Farmers insisted on the improvement of special cares during the crop cycle (the weeding, the
sanitary deleafing and the de-suckering), but this was still limited today with the difficult access to the fields.
On top of that, farmers complained about the local pest pressure (lemurs and flying foxes) and repeating
thefts that discouraged them to better produce.

3.4.2.

Maintaining or improving the soil fertility

Several solutions, achievable today, were proposed by the farmers for maintaining or restoring the soil
fertility.
Farmers expressed the lengthening of the fallow period (4 to 5 years) with a possible livestock
paddocking, and a manual land clearing rather than slash-and-burn before planting. However, when lied
fallow, fields were not productive, and some farmers hardly accepted it in a context of limited land
availability.
Moreover, farmers thought about making a greater and more regular use of the available resources
in organic manure. But farmers would have to purchase manure if they did not keep livestock, a financial
29

support would encourage them. In both cases (the farmer being a livestock keeper, or not), managing the
manure was described as a time-consuming farming practice.
The last farming practice was about the reducing the banana planting density to introduce a cover
crop, and particularly a nitrogen-fixing legume. Five crop species were mentioned: Cajanus cajan (pigeon
pea), Vigna umbellata (rice bean), Vigna unguiculata (cowpea), Vigna radiata (mung bean) and Pueraria phaseoloides
(tropical kudzu). These crop species were selected by farmers because planting material was locally available
and it could even be self-produced. Moreover, farmers really liked it, either for human consumption
(cowpea, mung bean, rice bean, pigeon pea), or for livestock fodder (tropical kudzu). These crop species
were also mentioned by farmers during the interviews about the local knowledge about the cover crops, and
main functions were available in the Appendix 10.

3.5.

Exploring the solutions with DEXi

3.5.1.

Scenario creation

Aiming at evaluating ex-ante the effect of the co-designed innovative solutions, i.e. the introduction of cover
crops, on the agronomic performances, 7 scenarios were created by adjusting the values of the basic criteria
(Appendix 9a & Appendix 11):
1 scenario for the reference crop management,
1 scenario for the current extensive crop management, and 1 scenario for the innovative extensive
crop management (i.e. with the introduction of a cover crop),
1 scenario for the current semi-extensive crop management, and 1 scenario for the innovative semiextensive crop management,
1 scenario for the current intensive crop management, and 1 scenario for the innovative intensive
crop management.
3.5.2.
3.5.2.1.

DEXi outputs
Overall crop management losses

The seven scenario (3.5.1.) were evaluated in terms of crop management losses occurring from the land
preparation to the harvest, taking into account the pest, disease and weed pressure. All possible leverages
when introducing a cover crop in the banana cropping system were identified with dotted white boxes in
Appendix 9a.
Overall crop losses at the crop management level were assessed, all criteria together (Figure 34, bar chart).
As a general result, introduction of a cover crop might lower the level of losses from very high to high losses
in extensive scenario, and it might lower losses from moderate to low in semi-extensive scenario, it might
maintain a level of very low losses at the crop management level in intensive scenario.
Later on, crop losses were assessed per aggregated criteria (Figure 34, spider diagrams) for each scenario.
As a remind for a better understanding of the spider diagrams in Figure 34:
BLSD pressure is the aggregation of BLSD severity and BLSD incidence.
Weevil pressure is the aggregation of Weevil severity and Weevil incidence.
Weed pressure is the aggregation of Weed control and Weed germination management.
Before planting is the aggregation of Land preparation and Sucker size.
Planting is the aggregation of Planting date, Planting density and Crop association.
Crop maintenance after planting is the aggregation of Fertilisation, Irrigation and De-suckering.
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Figure 34: Overall crop management losses, and losses per aggregated criteria for each scenario
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3.5.2.2.

Overall disease, pest and weed losses
Figure 35 gives the losses generated by diseases, pests and weeds (DPW)
found in banana cropping systems in Mayotte. Overall, by introducing a
cover crop, DPW losses were not affected in extensive scenario and
remained high, they decreased from moderate to low in semi-extensive
scenario, and they remained very low in intensive scenario.

Very low

Null

By introducing a cover crop, losses generated by BLSD were not affected
in extensive scenario (very high losses), they were reduced in semi-extensive
scenario (from high to moderate), and they remained the same in intensive
scenario (very low).

Moderate
High

Before planting

Low

The losses generated by banana weevils were reduced from high to
moderate in extensive crop management with the introduction of a cover
crop, they remained low and very low in semi-extensive and intensive
scenarios respectively.

Intensive systems

Intensive systems

Intensive systems + Cover crop

Semi-extensive systems + Cover crop

Semi-extensive systems + Cover crop

Semi-extensive systems

Extensive systems + Cover crop

Reference

Extensive systems

Very high

Since there was no mean to control lemur and flying fox pressure, losses
were still the same among scenarios, including reference. Therefore, losses
were not taken into account in the spider diagrams in Figure 34.
The introduction of a cover crop had little effect on weed losses: indeed,
losses were reduced from high to moderate in extensive scenarios, but they
remained the same for semi-extensive and intensive scenarios (moderate
losses).

Figure 35: DPW losses
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Null

By comparing the reference scenario with all other scenarios, it was possible
to identify potential rooms for improvement. Indeed, the reference
management had lower DPW losses, and particularly lower BLSD and
weevil pressures, than the alternative management practices. The results of
the impacts of the management scenarios can be found in Appendix 11.
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Intensive systems
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Extensive systems

Reference

Very high

Before planting

Low
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3.5.2.3.

Overall crop cycle losses

Figure 36 gives the losses generated during the in banana crop cycle: before
planting (land preparation and sucker size), at planting (planting date,
planting density and crop association), and crop maintenance after planting
(fertilisation, irrigation, de-suckering). Global losses generated during the
crop cycle were decreased from very high to high in extensive scenario, they
were decreased from moderate to low in semi-extensive scenario, and they
were remained very low in intensive scenario.
The introduction of a cover crop could not change anything in what
happened before planting (no dotted box in this aggregation in Appendix
9a). As a result, losses remained very high for extensive scenario, whereas
they were low for both semi-extensive and intensive scenarios.
At planting, the introduction of a cover crop could decrease the losses from
high to moderate in extensive scenario, from moderate to low in semiextensive scenario, but losses remained very low in intensive scenario.
After planting, during the crop maintenance, losses remained very high in
extensive scenario with the introduction of a cover crop, they decreased
from high to moderate in semi-extensive scenario and they decreased from
very low to null in intensive scenario.

Intensive systems + Cover crop

Intensive systems

Semi-extensive systems + Cover crop

Semi-extensive systems

Extensive systems + Cover crop

Extensive systems

Reference

Crop cycle losses

Very high

High

Moderate

Low

Very low

Null

The reference management had the lowest crop cycle losses among all other
alternative management practices. Therefore, the three innovative crop
management still had rooms for improvement. The detailed results of the
impacts of the management scenarios can be found in Appendix 11.

Figure 36: Crop cycle losses
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CHAPTER IV – DISCUSSION
4.1.

Production of a reliable data repository

4.1.1.

Data variability among collecting methods

In a context of data scarcity and in a limited time-span of 6 months, we were able to implement activities
to produce a reliable data repository. Data were later used, among others, for the identification of 3 banana
management types and associated production levels in Mayotte. But, some data presented variability
according to collecting methods: data collected during farmers’ interviews, data collected by field
measurements, and data expressed by experts (Table 4, Figure 28, Figure 30, Figure 32). Moreover, some
other outputs from farmers’ interviews were conflicting: e.g. Imperata cylindrica (L.) Rausch and Panicum
umbellatum Trin. were both seen as indicators of soil poverty and fertility (Figue 15). Without being too
sceptical, our results shown that farmer knowledge might be erroneous, inaccurate and/or biased. Indeed,
variability can be explained because farmers are not used to record their harvested productions (Goldstein
et al., 2016 & Orsini et al., 2013 in Perrin et al., 2017). Moreover, Van Asten et al. (2008) listed other reasons
why farmers provided biased answers, which might be true in our study:
“The question is improperly formulated or posed, which leads the farmer in a certain direction,
Farmers hope that certain answers will increase their chances of getting (financial) benefits through
the development/research project,
Farmers provide a ‘correct’ answer, to show that they are knowledgeable or out of politeness (…).”
4.1.2.

A gymnastics for data triangulation

Later on, Van Asten et al. (2008) expressed a set of recommendations to overcome the challenge of
collecting accurate and reliable farmer knowledge in developing countries, thus succeeding in our research
objectives of co-designing innovations. By being aware of this, there was a constant need for data
triangulation (or cross-checking) to be able to produce a reliable data repository about the banana crop
management found in Mayotte and associated production levels. Data triangulation is often used in
qualitative research. It relies on the use of multiple methods to collect data on the same topic in order to
test the data validity.
To give a tangible example, planting density estimated during farmers’ interviews (Figure 28) were higher in
extensive and intensive crop management than results found in the grey literature. Indeed, the formula used
to estimate the planting density in Figure 11 assumed a spatial homogeneity in banana planting pattern (e.g.
intercropped straight rows uniformly implemented in the plots). In reality, it was not the case at all.
Therefore, other methods were implemented to verify the planting pattern and estimate the planting density.
On the one hand, banana planting pattern was visually observed from pictures taken from above by a drone
(Figure 29), and indeed it was not homogeneous over the entire plot. The field measurements allowed an
adjustment of the initial planting density expressed during farmers’ interviews.
To put it in a nutshell, we succeeded at producing reliable data by implementing the following activities:
realizing multiple individual visits to the same farmers (to get more accurate data and to collect missing data
from earlier visits), cross-checking data after farmer visits (expert consultation, field measurement,
comparison with other farmers’ answers and with literature results), implementing sound crossed validations
from experts, from the sampled farmers in focus group, and also from other farmers who were not surveyed
(to aspire to a validation of our results scaled up at the regional level). Also, repeatedly visiting farmers and
creating a collective dynamic during a workshop helped at gaining farmers’ trust and understanding the
importance to provide the most accurate data.
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4.1.3.

Reliable data for further success

In our case study, we identified 3 banana management types. It was therefore essential to produce a reliable
and accurate data repository aiming at proposing adapted innovative options to each management type
(Giller et al., 2011; Meynard et al., in press). Reliable data are also useful for administrative purposes, e.g.
calculation of the farmers’ subsidies granted by the European Common Agricultural Policy. For instance,
data collected were collected on the basis of farmers’ statements without any data triangulation for the
general agricultural census edited by regional governmental authorities in agriculture. Therefore, we could
call the reliability of these official data into question.
4.2.

Combining heterogeneous knowledge

4.2.1.

Farmer knowledge for the choice of cover crops

The adoption of agricultural inventions from the top-down approach implemented by CIRAD in the
beginning of the 2000’s (chapter 1.2.2.) was not satisfactory. Farmer participatory research, i.e. involving
farmers in the research project, is nowadays mainstream (Van Asten et al., 2008). Indeed, farmers hold an
empirical knowledge that is not “formalised” yet (Guichard et al., 2013). Moreover, “innovation is more
effective and sustainable when it is the product of a collective and partnership work” (Vall et al., 2016). It
is why it was consequently worthwhile to value farmers as experts in our study.
The choice of cover crops was defined through farmers’ interviews and a participatory workshop (Figure
37). Five cover crops were defined. Livestock keepers preferred a legume providing fodder for the cattle
(Pueraria phaseoloides), whereas other farmers preferred legumes mainly providing food for the household
consumption (Cajanus cajan, Vigna radiata, Vigna umbellata, Vigna unguiculata). All cover crops were nitrogenfixing legumes which was a required service for improving the soil fertility, and meeting the banana needs
in nitrogen. Depending on species, they might also provide other ecosystem services according to farmers,
e.g. erosion control and moisture retention through a great soil cover, and weed control through a high
cover rate (Appendix 10).
It was interesting to identify a basket of options (i.e. several cover crop species). Indeed, as mentioned
before, since diversity is found in banana management types, there is a need to propose a variety of
innovative solutions for improving the current state, instead of building a single consensual solution (Giller
et al., 2011; Meynard et al., in press). Farmers could consequently find an innovation that suit them fine.

5

4

1

3

2

Figure 37: Cover crops of interest for farmers.
1: Pueraria phaseoiloides; 2: Vigna radiata; 3: Vigna umbellata; 4: Vigna unguiculata; 5: Cajanus cajan.
© Balandier (1,2,4,5) – © Marnotte (3).
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4.2.2.

Cover crop – banana plant interactions from an ecological perspective

A literature review validated the ecological interest of the cover crops brought forward by farmers.

4.2.2.1. Niche differentiation for nutrient and water uptakes
The selected cover crops should not outcompete banana plants for nutrients and water resources. While
54% of the banana plant roots are located in the first 30 cm of the topsoil layers (Lassourdière, 2007), all
mentioned crops has a deep taproot (Suriyakup et al., 2007; CIRAD & IT2, 2015; Heuzé et al., 2016).
Therefore, there is a significant spatial niche differentiation between selected cover crops and banana plants
when associated, which consequently reduce the interspecific competition (Justes et al., 2014; Gaba et al.,
2015). Moreover, on the one hand all mentioned cover crops are annual crops with a short cycle. On the
other hand, NPK banana plant needs are very limited during the 3 first months after planting (Lescot, 2013).
Therefore, a temporal niche differentiation might occur when planting banana plants and cover crops
together.
4.2.2.2. Soil fertility restoration
All cover crops mentioned by farmers provide the service of restoring the soil fertility according to farmer
knowledge (Appendix 10). Indeed, a literature review confirmed that Pueraria phaseoloides and Cajanus cajan
are able to supply up to 120 kg N/ha, with a mineralization rate allowing N availability to associated crops
within 3 months and up to 6 months respectively. Vigna unguiculata can supply up to 140 kg N/ha and its
nitrogen mineralization occurs within 3 months (CIRAD & IT2, 2015). Much less information was found
for Vigna radiata and Vigna umbellata. These two species are seen as underutilized legumes by Padulosi et al.
(2013). Overall, banana plant N requirements in the vegetative phase are 80 kgN/ha/year when planting
density is about 800 banana plants/ha (RITA Mayotte, 2014).
4.2.2.3. Pest, disease and weed control
Pueraria phaseoloides can cover the soil within 1.5 to 3 months and it can rapidly outcompete weeds. Cajanus
cajan and Vigna unguiculata cover the soil in 6 months after sowing, but they are still outcompeting weeds
when fully developed (CIRAD & IT2, 2015). No information about the functional traits (e.g. cover rate,
leaf area index, biomass) was available to quantify the performance of Vigna radiata and Vigna umbellata in
completing other ecosystem services. More globally, studies demonstrated that BLSD severity could be
limited by increasing soil fertility, e.g. with a nitrogen-fixing legume (Appendix 9b). Weevil incidence could
be limited by implementing a biological control: introduction of a cover crop in the banana cropping systems
increased the abundance of the ant Solenopsis geminata, a predator for banana weevil’s eggs, thus decreasing
the abundance of weevils (Appendix 9b).
4.2.3.

Effect of innovative options on crop management losses with DEXi

We used DEXi for its potential to deal with qualitative data (Rozman & Pazek, 2012): it was suitable with
our data set, containing both qualitative and quantitative data. Moreover, the design of innovative cropping
systems throughout on-farm experimentations might be very time-consuming and not cost-effective, and it
only allowed the comparison of a limited number of scenarios (Guichard et al., 2013). Since we wanted to
test 7 scenarios, DEXi could support the exploration of many diverse scenarios, aiming at designing and
evaluation a basket of options (Rossing et al., 1997; Jeuffroy et al., 2008; Meynard, 2008).
Literature review and expert consultation were necessary to get a broader understanding of the possible
leverages when introducing a specific cover crop (dotted boxes in Appendix 9a). As a brief summary of the
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literature review (chapter 4.2.2. & Appendix 9b for more details), the selected cover crops brought forward
by farmers:
do not outcompete banana plants since complementary root systems allow a great spatial niche
differentiation, moreover crop cycle lengths and associated nutrient needs possibly allow a temporal
niche differentiation (chapter 4.2.2.1.),
® [in DEXi: Crop association > Very competitive/Competitive/No competitive]
are able to fix atmospheric nitrogen, thus improving soil fertility (chapter 4.2.2.2.) and reducing
BLSD severity (chapter 4.2.2.3.),
® [in DEXi: Association with legumes > No/Low BNF/Medium BNF/High BNF]
are fast-growing, thus allowing a great soil cover for weed control (Figure 37 and chapter 4.2.2.3.)
® [in DEXi: Mulching > No/Slow-growing/Dead material/Fast-growing]
enhance the weevil egg predation (cf. chapter 4.2.2.1.)
® [in DEXi: Cover crop > No/Yes]
When creating scenarios to assess the effect of the introduction of a cover crop for each banana crop
management, the underlined values were selected to define the basic criteria related to cover crops.
According to the Figures 34, 35 and 36, the introduction of a cover crop might improve or maintain the
banana production level in the long term. DEXi outputs could be used as a discussion support with
smallholder farmers, to convince them about the benefits of adopting the innovation. Appendix 11 provided
details about the impact of the different management scenarios. By having a closer look to this document,
farmers could compare their farming practices to the reference crop management and identify possible
rooms for improving their production level beyond the introduction of a cover crop.
4.3.

Perspectives of the study

4.3.1.

Refining the current scenarios

Functional trait characterization for each plant species can explain the provisioning of services from an
ecological perspective (scientific knowledge), e.g. a species with a great cover rate might outcompete weeds.
Functional traits description can therefore assist the selection of the cover crops concerning their
performance to meet the required services. Literature review provided relevant information about the
performances of various cover crops in many different contexts. However, pedo-climatic conditions (i.e.
soil, climate, geology) and agroecosystem management (i.e. species, varieties, practices) influence the
expression of the cover crop functional traits, thus the potential for service provisioning (Faucon et al.,
2017). Unfortunately, no such data were available for the Mahoran context. There are still knowledge gaps
that need to be filled in the future. As a consequence, the accuracy of available data was not sufficient to
distinguish species of cover crops with DEXi.
Therefore, there is a need in getting local scientific knowledge about the functional traits of the 5 cover crop
species. Indeed, criteria and scales of values in the DEXi hierarchical tree could be sharpened by integrating
functional traits of each cover crop species in Mayotte (and possibly for the two seasons, i.e. rainy and dry
seasons). By doing so, less coarse scenarios than the current ones could be proposed, taking into account
the cover crop species. In our study, 35 basic criteria were defined in the hierarchical tree, 19 aggregated
criteria and consequently 19 utility functions defining the decision rules for the aggregation (Appendix 9a).
As a comparison, Pelzer et al. (2012) described 75 basic criteria and 85 aggregated criteria (thus 85 utility
functions) in their DEXi hierarchical tree. There is room for being more accurate in our model and getting
more precise results. However, this would make the use of DEXi more complex for the final user. As
supported by Pelzer et al. (2012), “the user might feel uncomfortable with a high number of criteria to
estimate”.
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4.3.2.

Scaling up at the cropping system level

Constraining by a time span of six months, it was not possible to carry out the last step of co-designing
process (dotted box in Figure 10). But as a perspective, innovative solutions will be scaled up at the cropping
system level, thus taking into account the effect of crop rotation and the environment. It will be necessary
to think about the effective introduction of the cover crop in the cropping system, either by introducing it
during the fallow period between two banana plantations, or introducing it as intercropping with the banana
plants. As examples found in the French West Indies (CIRAD & IT2, 2015):
Pueraria phaseoloides is often intercropped with banana plants (Figure 8),
Cajanus cajan is often cultivated during the fallow period after banana plantation.
Vigna unguiculata is often intercropped with banana plants.
Reflecting about the spatial and temporal arrangements is necessary to enhance ecological niche
differentiation and species complementarities as described in chapter 4.2.2. Indeed, designers should be
aware that selected cover crops should not outcompete banana plants for water and nutrient resources
(Gaba et al., 2015).
PERSYST (Figure 38) is a model for the evaluation of the agronomic performances of a cropping system
at the landscape level (Guichard et al., 2008). PERSYST considers the crop management (DEXi
component), the crop rotation effect (what is before, what is after) and the environment effect. In a context
where data were not limiting, 6 months were necessary for developing scenarios of innovative solutions at
the cropping system level under PERSYST (Guichard et al., in press).

Figure 38: PERSYST, a model to evaluate agronomic performances of a cropping system (Guichard et al., 2008)
Later on, co-designed innovative cropping systems will be implemented on pilot farms, and assessed by
monitoring and measuring agronomic performance indicators and analysing soil fertility. Is the production
level greater? Is the soil fertility better? Farmers will learn by doing, step-by-step the innovations, and later
on, weaknesses of the new system will be assessed. The co-designing process will start again from step 1
(Figure 10), to allow a continuous improvement (Figure 39).
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Figure 39: New systems become objects to be assessed for co-designing, thus allowing a continuous improvement through an
iterative process (Meynard et al., 2012)
4.3.3.

Ensuring the adoption of innovative options among farmers

During the participatory workshop, farmers were asked to evaluate the conditions for implementing the
innovative options of cover crops. Since the innovative options were knowledge-intensive, farmers willing
to get more skills expressed needs for training and technical support. Moreover, the economic investments
for the implementation of the innovations might dampen farmers’ motivations. Therefore, farmers might
need a financial support to encourage them adopting the innovations.
In the literature, even if “innovation is more effective and sustainable when it is the product of a collective
and partnership work” (Vall et al., 2016), farmers could be reluctant while adopting new farming practices
(Blazy et al., 2011). The risk of non-adoption is even more important in the de novo design approach where
inventions are breaking away from existing systems (Table 1). Designers should be aware of the level of
technicity of the proposed innovative options. Moreover, Blazy et al. (2011) and Giller et al. (2011),
expressed the need to provide economic governmental incentive when farming systems were in transition.

39

CHAPTER V – CONCLUSION
Unlike the previous top-down approaches implemented up to now, farmer knowledge was considered as a
very valuable knowledge that must be taken into account in the redesigning process. Co-designing
innovative cropping systems in a context of data scarcity and heterogeneity was therefore possible in a
timespan of a few months. Little data about agronomic performances were initially available in Mayotte. By
adapting the step-by-step participatory approach design to the Mahoran context, an accurate and reliable
data repository integrating farmer knowledge was produced. The accuracy and reliability of the data were
validated through a data triangulation. Later on, scenarios evaluating the current banana management and
the introduction of cover crops as an innovative option to sustain soil fertility were created. Farmers
proposed five nitrogen-fixing legume cover crops offering various ecosystem services, including the soil
fertility restoration, and being of ecological interest according to the literature. The multi-criteria decision
making tool DEXi could combine heterogeneous knowledge to assess the different scenarios. However,
local knowledge gaps remained about the functional traits of the selected cover crops. Therefore, farmer
knowledge did allow the creation of scenarios taking into account the diversity of banana management types
found in Mayotte. But the knowledge gap did not allow the creation of accurate scenarios taking into account
the diversity of cover crop species. Functional traits of each cover crops need to be characterized to improve
the current scenarios. Furthermore, it will be necessary to reflect with farmers about the spatial and temporal
cropping arrangement between cover crops and banana plants. Another relevant output of this work could
be a recommendation that main governmental authorities in agriculture in Mayotte should call their
collecting methods into question, since they only rely on farmer statements without any data triangulation
for producing official data.
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APPENDICES
N.B.: A list of references used in the different appendices in available in Appendix 12.
Appendix 1 - Ecosystem services

Provisoning
Products obtained
from ecosystems
(food, wood, energy,
freshwater, fibers,...)

Supporting
Services necessary
for other services
production
(soil formation, nutrient
cycling, photosynthesis...)

Regulating
Benefits obtained
from ecosystem
processes regulation
(H2O filtration, crop
pollination, climate
regulation, disease
control...)

Cultural
Nonmaterial
benefits obtained
from ecosystems
(aesthetic, spiritual,
personal growth, leisure...)

(Millenium Ecosystem Assessment, 2005)
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Appendix 2 - Questionnaire used for the smallholder semi-directed interviews

1.
Perception of the changes in food-crop productions over time
1.1.
Have you noticed a yield decrease over the past years?
1.2.
Could you indicate your production levels:
- in banana in the past?
- in banana nowadays?
- in cassava in the past?
- in cassava nowadays?
1.3.
Are your crop productions homogeneous in your fields?
1.4.
What are the main yield limiting factors?
2.
2.1.
2.2.
2.3.

Perception of the changes in soil fertility over time
Have you noticed a soil fertility decrease over the past years?
What visual observations lead you to think about a healthy soil and a poor soil (a spontaneous plant,
the colour of the soil, others)?
How do you maintain your soil healthy? Can you describe your practices, their advantages and
disadvantages?

3.
Cover crops: knowledge, uses and limitations
(if the use of cover crops did not emerge during the discussion after asking the previous question)
3.1.
3.2.
3.3.

Do you know “natural” or cultivated plants that can enrich the soil?
How do you use them?
Are there limitations for implementing them with other crops?

4.
4.1.
4.2.

Crop management – Banana
Can you describe all your practices from the planting to the harvest?
What are your minimal, average and maximal production levels?

5.
5.1.
5.2.

Crop management – Cassava
Can you describe all your practices from the planting to the harvest?
What are your minimal, average and maximal production levels?

II

Appendix 3 – Graphs used during interviews to help expressing quantitative
Levels of slope:

Levels of banana production (most banana bunches were pictured and weighed on local markets
in Mamoudzou):

III

Appendix 4 - IDAO, an open source software for the identification of weeds in the Indian Ocean

Available online on the WIKWIO portal: http://portal.wikwio.org/

IV

Appendix 5 - Description of the physiology of a banana plant

“Bananas are rhizomatous herbaceous plants. A mat consists of an underground corm from which one or more plants (shoots)
emerge. The corm is differentiated into a central cylinder containing the vascular bundles and an outer cortex comprised of
parenchyma cells. New plants (ratoons) are produced by suckers emerging from lateral buds in the corm. These can be left in
situ or serve as a source of planting material in which case they are removed and planted elsewhere. Suckers used to establish
new fields are called the mother plant or plant crop. Normally, a banana mat consists of three or more plant generations (=
ratoons or crop cycles) at any one time. Plant density is controlled by the farmer through desuckering” (Gold et al., 2004).

(FAO, 1977)

or pseudo-stem

or corm

V

Appendix 6 - Activities, contents, expected results, communication media and time schedules
implemented during the participatory workshop

Activity

Welcome &
Introduction

Presentation of
the main results
of smallholder
farmers
interviews

Collective
validation &
Regional scalingup of the results

Main content
- Short reminder about
the thesis project
- Presentation of the
workshop program
- Roundtable session
during which all were
invited to introduce
themselves
- Farmer sample
description
- Perception of the
changes in banana
production level
- Soil fertility
management practices
Validation of the
typology (i.e. the
different types of
banana crop
management)

Validation of the
production levels

Improving the
soil fertility &
the banana
production level

Conclusion &
Visit of the
experimental
station
Lunch

VI

Reflections about
possible solutions,
including the solutions
with cover crops
Assessment of the
conditions for the
solution
implementation
Collection of a set of
twenty cover crops
species for further
functional traits
characterization during
dry and rainy seasons

Expected results

Do the farmers identify
themselves in the
typology? If not, why?
Are the farmers able to
estimate the weight of a
banana bunch? Are the
farmers able to determine
the production level
associated to a specific
crop management?
What are the possible
solutions (achievable
today) for maintaining or
improving your soil
fertility and your
production level?
Today, what are the
limitations (if there are)
limiting the
implementation of these
solutions?

Communication
media

Time
schedule

- Powerpoint
presentation
(Appendix 7)
- Roundtable session

9:30 –
9:45

- Powerpoint
presentation
(Appendix 7)
- Collective question
session

9:45 –
10:15

- Flipchart and
pictures
(Appendix 8)
- Collective question
session and individual
vote
- Banana bunches of
different weights
- Collective question
session and individual
vote

- Reflection in a
focus group (groups
were defined
according to the type
farmers belong to)
- Discussion with
other groups

10:15 –
11:15

11:15 –
12:45

12:45 –
13:00
13:00 –
14:30

Appendix 7 - Introduction and presentation of the main results of smallholder farmer interviews

VII

VIII

Appendix 8 - Validation of the types of banana crop management found among surveyed farmers

IX

Appendix 9a - Description of the DEXi hierarchical tree for banana crop management

Basic criteria

Basic criteria
(cover crop)
Aggregated
criteria

X

The following literature review aimed at constructing the hierarchical tree. Moreover, the choice of the
criteria and their hierarchy in the tree were discussed with Dr. Raphaël Achard from CIRAD-GECO. The
definition of the possible values of the basic criteria were defined according to the farming practices
observed in the three distinct types of banana crop management (Table 2). The criteria weight and the utility
functions defining the aggregation were parametrized according to the literature. The figure below
represents the hierarchical tree, with basic (not bold) and aggregated (bold) criterion, and the possible values
for each criterion. On the one hand, the final user could choose the values for the basic criteria in order to
create different scenarios). On the other hand, utility functions defined the values for the aggregated criteria.

XI

A report of all utility functions taking into account the weight of each criterion was available. We provided
below the table summarizing the utility function defined for the overall crop management losses. For
example, in the line 9 in the table beside, we could read: if the “Disease, pest and weed losses” were “High
to moderate”, and if the “Crop cycle losses” were “Moderate”, then the “Crop management losses” were
“Moderate”.

XII

Appendix 9b - Description of the DEXi hierarchical tree for banana crop management
Disease, pest and weed losses (50%):
Disease, pest and weed (DPW) losses contributes to 50% of the global losses occurring at the crop
management level. Black leaf streak disease (BLSD) pressure, Weevil pressure, Lemur & Flying fox pressure,
Weed pressure were the 4 main sources of DPW losses in Mayotte.

BLSD pressure
BLSD is due to a fungus, Mycosphaerella
fijiensis Morelet, and it is the most
devastating fungal disease for banana
plants in the world (Lassourdière,
2007). It appeared in Mayotte from
1993 onwards (Mourichon, 2003).
Symptoms are the presence of
brownish streaks on the leaves, the
severe leaf drying, thus causing
important production losses. Beside is
the BLSD life cycle (Bennett &
Arneson, 2003). Losses due to BLSD
has been reported to be between 20%
and 50% (Stover, 1983; PasbergGauhl, 1989; Mobambo et al., 1993 in
BLSD life cycle (Bennett & Arneson, 2003)
Etebu & Young-Harry, 2011), and
between 30% and 50% according to Lopez & Perez-Vicente (2013). Weevils contributed up to 42% of the
global losses in the fourth year of the banana plantation (Gold et al., 2004). Losses related the local pressure
of lemurs and flying foxes were estimated to be 7% (DAAF Mayotte, 2016a). No quantitative information
was found on weed pressure, it was set at 25% by default (if the four criteria defining the DPW pressure
equally contributed to the crop management losses, the contribution of each criterion would have been one
quarter, i.e. 25%). Pests and diseases were divided into their severity (proportion of plant area that is
affected) and their incidence (proportion of a plant community that is diseased). Weeds were defined
according to the weed germination management (before weed population is established), and to the weed
control (after weed population is established).

BLSD severity
The banana plantation length (Mwangi, 2007), the variety tolerance (Onautshu, 2013) and the fertilization
(Mobambo, 2002; Etebu & Young-Harry, 2011) explained the BLSD severity. “Black Sigatoka [BLSD]
severity is less on fertile soil than on poor soil” (Etebu & Young-Harry, 2011). Different criteria defined the
fertilization: fallow period before planting, association with nitrogen-fixing legumes, mineral and organic
fertilization.

BLSD incidence
All farming practices limiting the environmental humidity controlled the fungi development, particularly the
de-suckering (Lassourdière, 2007), the weeding frequency (Lassourdière, 2007), and a low planting density
XIII

(Mourichon, 2003; Lassourdière, 2007). Moreover, a regular sanitary deleafing, by cutting infested leaves
and turning them upside down on the ground, could limit the fungus development (Etebu & Young-Harry,
2001; Vargas et al., 2009; Onautshu, 2013). The planting material quality and the planting date (Mobambo
et al., 1996; Onautshu, 2013) should be also taken into account. Indeed, the rainy season is more favourable
for the BLSD development than the dry season. No chemical inputs were used to fight against this fungus
in Mayotte.
3
Weevil pressure
Banana weevils, Cosmopolites sordidus, are one of the main banana pests. The
imagoes are very sensitive to the drought. Therefore, they are mostly found
in wet materials, such as leaf sheathes at the base of the banana plants, plant
residues, coppiced pseudo-stems in decomposition (Dassou, 2014). When
prone to weevil attacks, the banana plant suffers from drought (dry leaves
and roots), and produce tiny banana bunches. The banana plant may also
uproot because of its dry roots (Onautshu, 2013). Beside is the life cycle of
the banana weevil (Mille & Cazères, 2006): eggs layed in the banana corm
(1), larva (2), pupae or nymph (3), imago or adult (4).

1

Banana weevil life cycle
(Mille & Cazères, 2006)

Weevil severity
The banana plantation length (Gold et al.,
2004) and the fallow period defined the
weevil severity (Dorel et al., 2011; Rhino et
al., 2010; Dassou, 2015). Indeed, the elder
the plantation, the more banana mat
disappearance due to weevil infestation
(Gold et al., 2004).

4

2

Gold et al., 2004

Fallow period could break the weevil cycle:
destruction of banana plants leads to a
decrease in resources for weevils, therefore
imagoes leaves the field (Dorel et al., 2011).
This dynamic has been observed by Rhino et
al. (2010) who measured the weevil capture
by trapping after fallow was implemented.
Weevil incidence
The planting material quality (Lassourdière,
2007; IAC, 2012; Onautshu, 2013), the
predation enhancement by introducing
associated crops (Dassou et al., 2015) or
cover crops (Dorel et al. 2011; Carval et al.,
2016), the adult trapping (Dorel et al. 2011),
the pseudo-stem coppicing after harvesting
(Lassourdière, 2007) defined the weevil
incidence. Indeed, PIF suckers if well done,
and in-vitro suckers, were of greater sanitary
XIV

X
weeks
after
implementation

fallow

Y weevils captured/week/ha

Weekly weevil capture by trapping after fallow implementation
(Rhino et al, 2010)

quality than self-produced suckers (Lassourdière, 2007; IAC, 2012). Their use could limit the re-infestation
of fields that have been cleaned during fallow (Dassou, 2014). Also, paring the corm could be a good option
to identify weevil tunnels and decrease the number of infested suckers planted (Lassourdière, 2007;
Onautshu, 2013). No tolerant varieties were identified for now (Dassou, 2014). Biological control could be
implemented with the introduction of more crop diversity: the introduction of a cover crop in the banana
cropping systems increased the abundance of the ant Solenopsis geminata, a predator for banana weevil’s eggs,
thus decreasing the abundance of weevils (Dorel et al., 2011; Dassou et al., 2015):

Weevil abundance in bare soils vs. introduction of a cover crop (Dorel et al, 2011)
Adult trapping could significantly decrease the weevil incidence (Dorel et al., 2011; Carval et al., 2016).
Pheromons traps could be used, as well as less sophisticated traps. Weevils are moving in the night and they
are attracted by wet environment (Dassou, 2014). Therefore, a cut pseudo-stem could be left in a field
during the night, and insects could be collected and destroyed in the next days. But more generally, pseudostem should be coppiced after harvesting to limit the weevil abundance (Lassourdière, 2007).

Lemur & Flying fox pressure
Nowadays, there are no mean to limit the lemur and flying fox pressure. Moreover, lemurs, Eulemur fulvus
mayottensis, are protected species.

Weed pressure
Weed germination management
Weed germination management occurred before the weed
population established. Losses could be limited with an
appropriate land preparation (MOFA Ghana, 2016) and
planting date (Pascal Marnotte, 2017, personal
communication). A mechanical tillage a few weeks before
planting would enable a false seedbed (germination of new
flushes of weeds due to a light stimulus), and it would also
bury weed seeds. Also, shifting the banana planting date could
limit the weed germination.

Fongod et al., 2010

Weed control
Mulching, including the use of cover crops (Baijukya, 2004; Fongod et al., 2010; Dorel et al., 2011; Tixier et
al., 2011) and weeding frequency were the two criteria defining the weed control. Indeed, weeds could be
controlled by introducing a cover crop, that will overcome the weed population but not the banana plants
(Fongod et al., 2010).
XV

Crop cycle losses (50%):
Crop cycle losses contributes to 50% of the global losses occurring at the crop management level. Each
different crop cycle losses (i.e. before planting, planting, crop maintenance) contributed to 33% by default,
since no data was available.

Before planting
Land preparation with a great elimination of bushes and weeds limited the crop cycle losses. Moreover, the
sucker size limited the crop cycle losses. Indeed, “large suckers […] were generally better planting materials
than medium and small ones” (Karikari & Amankwah, 1977).

Planting
An appropriate planting date taking into account both the DPW peaks in the rainy season and the starting
date of the rainfall, a high planting density (up to 1600 banana plants/ha), and a crop association with species
not being competitive for nutrients and water (Pascal Marnotte, 2017, personal communication; Raphaël
Achard, 2017, personal communication) supported a high banana production by limiting the losses during
the crop cycle.

Crop maintenance
Finally, special cares during the crop cycle played a role in limiting crop losses, and particularly: the
fertilisation (organic and mineral fertilization, association with nitrogen-fixing legumes, fallow period before
planting), the irrigation during the dry season (Pariaud, 2003; Autfray et al., 2004a), and the pruning of
unwanted suckers by de-suckering (Govea, 1989). Banana plants are generally planted in the beginning of
the rainy season in Mayotte. But rainfall is scarce during the dry season, thus irrigation could help meeting
the banana water needs by filling the deficit from April to November (Lescot, 2001). Banana plants need
125 to 150 mm of water per month (CIRAD GRET, 2002).

Banana plant water needs vs. water availability in Mayotte (Lescot, 2012)
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Appendix 10 - Plant species and their main functions mentioned during the farmers’ interviews

*Fabaceae

Lebbeck tree,
flea tree
Pigeon pea
Centro
Phasey bean
Velvet bean
Lima bean
Tropical kudzu
Fish-poison-bean
Adzuki bean,
Wild pea
Mung bean

*Fabaceae

Rice bean

*Fabaceae

Cowpea

Lamiaceae

Country borage

Lauraceae

Indian Laurel

Moringaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae

Moringa
Bread grass
Signal grass
Vetiver
Citronella
Jaragua
Rice
Guinea grass

Poaceae

-

Poaceae
Poaceae
Solanaceae

Elephant grass
Maize
Chili
American black
nightshade
Tickberry

Fabaceae
*Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
*Fabaceae
Fabaceae
Fabaceae

Solanaceae
Verbenaceae

Other

Medicinal plant

Human food

Fodder

Achyranthes aspera L.
Launaea intybacea (Jacq.) Beauverd
Spathodea campanulata P. Beauv.
Ananas comosus (L.) Merr.
Ipomea batatas (L.) Lam.
Cucurbita spp.

Weed control

Chaff flower
Bitter lettuce
African tuliptree
Pineapple
Sweet potato

Soil fertility

Amaranthaceae
Asteraceae
Bignoniaceae
Bromeliaceae
Convolvulaceae
Cucurbitaceae

Soil activity

Scientific name

Moisture retention

Common name

Erosion limitation

Family

Soil loosening

N.B.: plant species mentioned by farmers during the workshop identified with a *

X
X
X
X X
X
X
X X X

X
X X X
X X

Albizia lebbeck (L.) Benth.

X

X

Cajanus cajan (L.) Millsp.
Centrosema pubescens Benth.
Macroptilum lathyroides (L.) Urb.
Mucuna pruriens (L.) DC.
Phaseolus lunatus L.
Pueraria phaseoloides (Roxb.) Benth.
Tephrosia vogelii
Vigna adenantha (G. Mey.)
Maréchal, Macherpa et Stainier
Vigna radiata (L.) R. Wilczek
Vigna umbellata (Thumb.) Ohwi et
Ohashi
Vigna unguiculata (L.) Walp.
Plectranthis amboinicus (Lour.)
Spreng.
Litsea glutinosa (Lour.) C.B.
Robins
Moringa oleifera
Brachiaria brizantha hybride mavuno
Brachiaria decumbens Stapf.
Chrysopogon zizanioides (L.) Roberty
Cymbopogon citratus (DC.) Stapf.
Hyparrhenia rufa (Nees) Stapf.
Oryza sativa L.
Panicum maximum Jacq.
Panicum umbellatum Trin. (syn.
Brachiaria umbellata Tryn. Clayton)
Pennisetum purpureum Schumach.
Zea Mays L.
Capsicum annuum L. or frutescens L.

X

X X X X
X
X
X X X
X X X
X X X
X

X
X
X X
X
X

X
X
X
X
X

X

X

X

X

X X X X
X

X

X

X X

X X X X

X X

X X X X
X

X X X

X
X

X
X
X
X X
X
X X
X
X
X X

Solanum americanum Mill.

X

Lantana camara L.

X

X

X X X
X X
X X
X
X
X
X
X
X
X X

X X

X
X
X X X
X
X
X
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Appendix 11 - Summary of the values for each criterion for each scenario
N.B.: aggregated criteria calculated with a utility function are in bold, basic criteria chosen by the user are
not in bold on the left part of the tables.
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