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SUMMARY

The Network for Innovation and Transfer in Agriculture (RITA) of Mayotte is piloting a project on
Recommended Technical ltineraries (ITR). The agricultural school of Coconi is the intermediary of the project.
The aim of this project, among others, is to improve technical support given to vegetable producers. The
vegetable sector of Mayotte is marginal but in constant progress. The producers are seeking technical support
but there are only two technicians for the entire island. The creation of three ITR documents on dwarf bean
production, organic amendments and sustainable plant protection would improve technical support and
sustainability of the sector. The tools used to create the documents were: establishing experimentations on
dwarf beans and organic amendments but also interviewing farmers and gathering all results on research
specific to Mayotte. The results of the experiments on dwarf beans showed that Contender is the most reliable
variety that can be cultivated in Mayotte. The Primel and Cora varieties presented good yields but
unfortunately it is not possible to purchase Primel in Mayotte and the Cora variety needs to be tested again
because of the large dispersion of its yields. The dwarf bean production seems more adapted to the dry season.
However the vegetable producers of Mayotte are not very enthusiastic about cultivating this crop because of
the amount of labor needed during the harvesting period. The experimentation on organic amendments has
not yet produced analyzable data. The experimentation will be conducted until June 2017. Out of the 20
farmers interviewed, 19 of them are using phytosanitary products to control pests but also dried chicken
manure to fertilize their crops. Most of them do not collect any data of their productions. The three ITR
documents created were distributed to technicians and are available on the internet web site of the RITA of
Mayotte. These new tools will help improve technical support for the vegetable production sector in Mayotte.

Key words: Mayotte, vegetable production sector, technical support, ITR.

Le Réseau d’Innovation et de Transfert en Agriculture (RITA) de Mayotte pilote un projet d’ltinéraires
Techniques Recommandés (ITR). Le lycée agricole de Coconi est I'intermédiaire du projet. L'un des buts de ce
projet est d’améliorer le conseil technique auprés des producteurs maraichers. Le secteur du maraichage a
Mayotte est marginal mais en constante évolution. Les producteurs sont trés demandeur de conseil technique
mais il n’y a que deux techniciens pour I'ensemble de I'lle. La création de trois documents sur la production de
haricot vert nain, sur les amendements organiques et la protection durable des cultures peut améliorer le
conseil et la durabilité du secteur. L'établissement d’expérimentations sur les haricots verts nain et les
amendements organiques mais aussi interviewer des fermiers et rassembler toutes les résultats de la
recherche spécifique a Mayotte sont les outils utilisés pour créer les documents. Les résultats des
expérimentations sur les haricots verts nains montrent que Contender est la variété la plus fiable qui peut étre
cultivé a Mayotte. Les variétés Primel et Cora présentent de bon rendements mais il n’est pas possible
d’acheter Primel a Mayotte et Cora a besoin d’étre a nouveau testée compte tenu de la large dispersion de ses
rendements. La production de haricot vert nain parait plus adaptée a la saison séche. Cependant, les
producteurs maraichers de Mayotte ne semblent pas tres enthousiastes en ce qui concerne cette culture du
fait des besoins en main d’ceuvre important lors des récoltes. L'expérimentation sur les amendements
organiques n’a pour l'instant pas produit de données exploitable. L’expérimentation va étre conduite jusqu’en
Juin 2017. Sur les 20 fermiers interviewés, 19 utilisent des produits phytosaintaires pour lutter contre les
bioagresseurs des cultures mais aussi des fientes de poules séchées pour fertiliser leurs cultures. La plupart
d’entre eux ne collecte pas d’informations sur leurs productions. Les trois documents ITR créaient ont été
distribués aux techniciens et sont disponible sur le site internet du RITA de Mayotte. Ces nouveaux outils
peuvent étre utiles pour I'amélioration du conseil technique du secteur maraicher de Mayotte.

Mots clés : Mayotte, maraichage, conseil agricole, ITR.
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INTRODUCTION

The island of Mayotte is the 101* Department of France since 2011. This tiny territory of 374km? is
located between Africa and Madagascar and is 9000 km away from mainland France. It is a world
biodiversity hot-spot. It is an ancient volcanic island with rugged reliefs and lush tropical vegetation.
There are two seasons: a hot and humid rainy season and a cooler dry season.

In 2012, the population of Mayotte was evaluated at 212 645 inhabitants and the first agricultural
census of Mayotte carried out in 2010, showed that 1/3 of the population living on the island rely on
agricultural production.

In 2010, the national institutions created the catch-up plan for Mayotte 2015. Its aim, among others,
is to improve all agricultural sectors of the island. That is why sector based programs were
established. The Chamber of Agriculture, Fishery and Aquaculture of Mayotte (CAPAM) was
designated to supervise the program on vegetable production. Yet this sector is marginal, only 1250
farmers are producing vegetables and only a few individuals are specialized in this production.
Nevertheless they are all seeking technical support but with only two technicians affiliated to this
sector, improving it seems to be a difficult task. So how is it possible to improve technical support for
vegetable production in Mayotte?

A project on Recommended Technical Itineraries (ITR) was established in order to facilitate the
improvement of each sector of production. The Network for Innovation and Transfer in Agriculture
(RITA) of Mayotte is supervising the project. It has for objectives to gather all research and
information proper to Mayotte and to facilitate their transfer to farmers.

The agricultural school of Coconi, one of the few institutions of Mayotte providing agricultural
education, is the intermediary of the project. It hires interns and gives them missions to create
documents designated to technicians and farmers. These documents are the tools dedicated to
improve the technical support of agricultural sectors of Mayotte. The farm of the agricultural school,
which is supposed to be a model for all the farmers of Mayotte, is hosting various experimentations
which will help in the creation of the documents.

First is described the study framework. Secondly the context and the problematic in which the
mission takes place are presented. Then analyses of experimentations, interviews and bibliographic
research follow. Finally the results are discussed.



A. STUDY FRAMEWORK

The agricultural school of Coconi is one of the few institutions providing agricultural education in
Mayotte. The school is part of a project on Recommended Technical Itineraries and is the reception
structure of trainees hired to work on different subjects of the project.

1. The agricultural school of Coconi

1.1. A singular history
The singularity of this institution, located in the centre of the island is that it started from being a
local associative centre to becoming a public school of agriculture (Figure 1). At the end of 1977 a
Pre-vocational Education Centre for Agriculture in Coconi (CFPA) was created, spurred on by the
Association for Rural Development in Mayotte (ADRUMA). The CFPA used to welcome twenty
students and had for objectives to support them in their establishment in agriculture. The center is
recognized as a private institution for agricultural education and is under contract with the State,
which gives it funds to create a Certificate of Professional Competences in Agriculture (CAPA).
The Association for Initial and Day Release Education of Farmers of Mayotte (AFICAM) created the 4™
of April 1980 becomes the legal support of the CFPA. It is under contract with the Ministry of Food,
Agriculture and Fishery (MAAP) as a non-affiliated private institution for agriculture. The AFICAM
develops actions of training in agriculture while considering the specificities of Mayotte.
In 1991 the Department of Mayotte asked the Ministry of Agriculture to create a public school of
agriculture. In return the Ministry ordered a mission of expertise that concluded the possibility of
transforms the AFICAM into a public school of agriculture. The decree n°94-1058 of the 8" of
December 1994 established the creation of the agricultural school of Coconi with the status of
National Public Institution (EPN). The creation in 2002 of the Centre of Professional Training and
Agricultural Promotion (CFPPA) completed the offers of training.
The transfer of classes from AFICAM to EPN would never be complete. Nowadays the agricultural
school of Coconi has the specific singularity of unifying a public school (EPN) and a private school
(AFICAM) to provide a mission of public service. They are grouping together their resources in order
to optimize the efficiency of the institution. All EPN and AFICAM are designated by the term school of
agriculture of Coconi (Eugénie, 2009) (DAF-SFD, 2010).

1977 : Creation of the CFPA spurred on by the ADRUMA. The legal support of the CFPA is the
Association for the Promotion of Pre-vocational Education (APFP)

1979 : Dissolution of the APFP

e

1980 : Creation of the AFICAM

S

1994 : The decree n°94-1058 establishes the creation of the agricultural school of Coconi with the
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status of EPN. It is chaired by the Director of Agriculture and Forest of Mayotte
2002 : Creation of the CFPPA. The transfer of classes from AFICAM to EPN would never be complete

Nowadays: The agricultural school of Coconi has the singularity of unifying a public and a private school

&

Figure 1: History of the agricultural school of Coconi
Source: (Eugénie, 2009) (DAF-SFD, 2010)



1.2.Sectors of activities
The agricultural school of Coconi is characterized by six sectors of activities (Figure 2).

The farm: 25 ha in two sites with high
diversity of production systems and
direct selling shop

. . A
CFP.PA: - Provides education for : Business Nursery PEP: Financial
agricultural workers .
- Supports professional and < . | and technical support for
social integration of trainees | ] School of agriculture | _...-: entrepreneurs in horticulture
) of Coconi
The spices garden: Small rsa. V "“2{ Food processing industry:
botanical garden conserving Support for valorisation of
edible trees Professional school of agriculture LPA: agricultural products. From
J Provides training from 5" grade to transformation to packaging

A-level in agriculture

Figure 2: Sector of activities of the agricultural school of Coconi
Source: (Lycée agricole de Coconi, 2011a) (Lycée agricole de Coconi, 2011b)

The farm, the food processing industry and the Business Nursery (PEP) are structures providing real
life situations of local agriculture. These structures are pedagogical supports used by teachers and
trainers for the education of their students and trainees. Practical workshops are held weekly.

The agricultural school of Coconi ensures five missions according to the law of modernization of
agriculture and fishery of the 27th of July 2010 (articles M811-1 and L813-1 of the rural code and
fishery code). Those missions, reinforced through the six sectors of activities of the agricultural
school, are:

- Initial and day release education, in general, technological and vocational training,

- Animation and development of rural territories,

- Scholar, social and professional integration of youths and adults,

- Development, experimentation and innovation in agriculture and food industries,

- Actions in international cooperation, especially promoting exchange of students, trainees

and trainers (Lycée agricole de Coconi, 2011c).

1.3.Focus on the farm
The farm of the agricultural school of Coconi presents a high diversity of production, symbol of the
agricultural diversity of Mayotte:

- Vegetal production: vegetable crops on open field and under greenhouse, food crops
(banana and manioc), fruit trees (citrus, pineapple, papaya, jack fruit, breadfruit and
coconut), vanilla, pepper and forage.

- Animal production: rabbit and duck breeding, battery-farming of chicken and dairy livestock.

All the products are sold directly on the spot at the “Banga des Délices” located at the entrance of
the school or at the farmer’s market that takes place at the agricultural school once a month.

The mission concerns the vegetable production. The school’s farm dedicates 5000 m? of greenhouses
and open fields for this type of production. The responsibility of the vegetable production was
transferred from the head of exploitation to the person in charge of the PEP: Emilie Perreard (who is



also in charge of experimentations in vegetable production). There are also two workers employed
annually.

No chemical inputs are used at the farm: fertilization of the soil is done by using exclusively duck and
chicken manure from the breeding systems and the only treatments used for plant protection are
macerations of plants. The six greenhouses, present on the farm, allow the development of off-
season productions. Three of them were built in 2012 in order to promote the exemplarity of the
farm. They are all equipped with shade nets and automatic drop by drop irrigation systems.

Besides its functions of production and commercialization and support for education of students and
trainees, the farm is associated with research and development programs in collaboration with the
International Centre of Agricultural Research for Development (CIRAD), the Department of Mayotte
and the agricultural institutions. Research is carried out on the regeneration of the coconut
plantation of Mayotte through the production of hybrids. It is also carried out on zootechnic support
for dairy farming with the production of technical and economical references for the management
and rationing of cattle. Experimentations on vegetable production are also regularly carried out at
the farm in order to improve the production of this sector; some recommended technical itineraries
were created (DAF-SFD, 2010).

2. The project on Recommended Technical Itineraries

2.1.Creation of RITA
The agriculture of Mayotte is in mutation. The sector is characterized by a dominance of pluri-active
households that practice subsistence farming. Nowadays, farmers are starting to professionalize and
hundreds are recognized as professionals by the Direction of Food, Agriculture and Forest (DAAF).
These farmers are making a living from their activity. They are deeply involved in the dynamic of the
development of the agricultural sector and are seeking support from the agricultural institutions.
In 2009, the General States of the UltraMarine (EGOM) reinforced the dynamic of professionalization
of the agriculture in Mayotte. One measure takes at this assembly was to do a catch up plan for
Mayotte 2015 with the aim of answering the needs of new markets (supermarkets, canteens,
restaurants, etc.). The goal of this plan is to improve the actions of training, research and
development in agriculture, in order to increase the efficiency of support in agriculture.
In 2009, the President of the Republic of France confirmed this plan, favoring the diversification of
agriculture in Ultramarines Domains (DOM). He asked a Pilot Committee (COPIL) to work on this
issue. The committee has enabled the creation of the Network for Innovation and Transfer in
Agriculture (RITA). There is one RITA in each DOM. The RITA of Mayotte has for objectives to
organize the dialogue between agricultural institutions in the assembly and the implementation of
any projects on research-development-training in Mayotte (Savignan, 2011).

2.2.Presentation of the project

The RITA has organized a project on Recommended Technical Itineraries in order to answer to the
catch up plan for Mayotte 2015. The main objectives of this project are to collect data of the
agricultural performances for each sector of production and to improve the transfer of research
results to farmers, technicians of agricultural institutions and teachers and trainers of the agricultural
school of Coconi (Savignan, 2011). Four agricultural sectors are subjected to research in this project:
the small animal breeding sector, the food crop sector, the fruit production sector and the vegetable
production sector.



There are four axes of work in this project:

- Register and identify: define technical and economical recommendations for the
management of main agricultural productions in order to improve farmers’ practices and
profitability of farms; but also to define new projects on research-development-training on
Mayotte.

- Transfer and communicate: make the agricultural school exemplary in the control of
recommended technical itineraries, improve its pedagogical support and communicate on
the project’s actions.

- Experiment: obtain reference data proper to Mayotte and propose technical solutions to
farmers in order to improve yield.

- Perpetuate: insure the perpetuation of the project after the end of the mission.

2.3.The project at the agricultural school of Coconi

The first Regional Program for Agricultural Education in Mayotte (2010-2015) entitled the
identification of a number of expectations of the professionals. The agricultural school of Coconi is
awaited on for its contribution to the development of the economical and social agricultural sector. It
is also looked-to for the visual and technical exemplarity that should present its farm and its food
processing industry as good pedagogical support. It is working this way in collaboration with the
DAAF, with the Direction of Agriculture, Terrestrial and Maritime Resources (DARTM), with the CIRAD
and with the Chamber of Agriculture, Fishery and Aquaculture of Mayotte (CAPAM). The agricultural
school of Coconi is deeply involved in the project on ITR: it is the intermediary for its progress.
Indeed, the school’s farm provided equipment and agricultural land for the benefit of the project.
The main experiments of this mission took place at the farm (Appendix 1).



B. CONTEXT AND PROBLEMATIC

1. The vegetable crop production in Mayotte

1.1.Overview of the actual situation
The vegetable production in Mayotte started with the creation of the first group of producers in
1981. It was composed exclusively of women with the objective of commercializing their production
(Varnaudon, 1994).
In 2010, the first agricultural census of Mayotte revealed that there are 1250 vegetable producers.
They represent 8% of the 15627 farmers censed in Mayotte. The land dedicated to vegetable
cultivation is 133 hectares (about 2.4% of the total cultivated land) (DAAF-SISE, 2011a). The
vegetable sector has kept on increasing until today but nevertheless remains marginal. The vegetable
production is the principal activity for only 1.3% of producers. Moreover, the adverage size of
production land is low: 0.11 ha per farm. However, 118 farmers have a production surface above
2000 m? (DAAF-SISE, 2011b).
Most of the land dedicated to vegetable production is located in the centre of the island (Figure 3),
due to the good pedoclimatic conditions (flat ground and access to water) and the proximity of
Mamoudzou (capital of the island), central zone for the commercialization of products.

Key:

Urban areas Pre-AC 2009
Artificial and natural reserves of water
Forests reserves

Density of vegetable production :
Above 4 %
From2to4 %
Under 2 %

Figure 3: Geographical repartition of the vegetable production
Source: (DAAF-SISE, 2011a)



1.2.Production
In 2012, the vegetable production was estimated® at about 5126 tons (Table 1). The consumption of
vegetables on the island is still dependent on imports: in 2010, there were 9275 tons of fruits and
vegetables imported (of which 157 tons of tomatoes and 6 tons of lettuce) (ODEADOM, 2010) (DAAF-
SISE, 2012).
Table 1: Production of vegetables (in tons)

Vegetables tons
Tomato (under greenhouse) 2000 (240)
Cucumber (under greenhouse) 1820 (50)
Lettuce 428
Cabbage 360
Eggplant 194
Pumpkin and squash 132
Brédes 117
Chili and bell pepper 46
Zucchini 29
Total 5126

Source: (DAAF-SISE, 2012)

Those vegetables could be produced in Mayotte. But there are some difficulties in doing so such as
little land available for the growing of vegetable crops (considering the topography), the costs of
production (especially investments in irrigation systems) and the rainy season. This season is
synonymous of high temperature, high humidity and high pest pressure (IEDOM, 2012).

There are twenty species of vegetables cultivated during the dry season whereas only a few species
are cultivated during the rainy season. Farmers mostly grow chili, tomato and eggplant in open field
(DAAF-SISE, 2011b). The production is very seasonal. The dry season from May to October is the time
where labor is available and is synonymous with overproduction whereas there is a lack of
production during the rainy season (Vanhuffel, 2013). In order to de-seasonalize the production,
funding is dedicated to the creation of greenhouses and tunnels. In 2010, 17 farmers cultivated
vegetables under greenhouses for a total surface area of 2.2 ha (DAAF-SISE, 2011a).

The diversity of production is low and there is a willingness of the agricultural institutions to promote
the diversification. Also the main constraints for the development of the vegetable sector are water
availability and market proximity (DAAF-SISE, 2011a).

1.3. Commercialization
Most of the vegetable producers do not have for principal objective to commercialize their
production. In 2010, 62% of vegetable producers where practicing donations or exchanges and 58%
of farmers where selling them. There are various ways of selling the products: direct selling (at the
farm or at the market) or to a middleman (Table 2).

! All numbers considering tonnage of production are based on estimations and have to be considered
carefully because the majority of the vegetable producers do not collect data about their production.
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Table 2: Type of commercialization

Commercialization (% of farms) *
Direct selling at Direct selling at To the final To a middleman
the farm the market addressee
24% 14% 7% 27%
* Multi-answering possible Source: (DAAF-SISE, 2011a)

The organization of the commercialization was developed through the creation of the farmers
cooperative (COOPAC) that was created in 2009. In 2013, the COOPAC counted 11 farmers and one
group of producers. It has for objective to commercialize the production by managing the volume
and the buyers. The importance of the COOPAC is increasing year after year. A new platform for
transformation and comercialization will soon be created. The project is supported by the catch up
plan for Mayotte 2015 and financed by the Service of Development of the Overseas Agricultural
Economics (ODEADOM) (Aufman, 2013).

The plan for Mayotte 2015 has also initiated a campaign for the valorization of local products entitled
“Let’s eat local” (Appendix 2) (DAF, 2009).

2. Need for support

2.1.Evolution of the sector
The agricultural census of 2010 highlighted an increase in the attractiveness of the vegetable sector.
This is the sector farmers would like to get involved in the most (Figure 4): 31 % of the 15627 farmers
would like to create that activity and 31 % of them would like to increase their production surface for
vegetables (DAAF-SISE, 2011a). It can be explain by the return on investment and development of
new markets (direct selling, collective catering and supermakets). This trend is likely to continue and
to further increase in the years to come.

31%
38%
H Keeping
M Increasing

Creating

31%

Figure 4: Dynamics of farmers in vegetable production
Source: (DAAF-SISE, 2011b)

The catch up plan for Mayotte for 2015 had established a methodology of sector based programs.
The program in vegetable prouction is coordinated by the CAPAM. This program regroups all
structures (DAAF, CAPAM, CIRAD, DARTM, and School of agriculture of Coconi) of the sector and has
for objective to professionalize and structuralize the vegetable production sector. Its aim is also to
improve the quantities and qualities of the products (IEDOM, 2012).



The main goals to achieve are (DAF, 2009):

- The realization of 2 ha of new irrigated vegetable fields, producing at least 40 tons per year,

- The realization of 5000 m? of new greenhouses.
The will to develop the vegetable production sector could be the starting point for the modernization
of agriculture and the progressive specialization of agricultural exploitations on those productions
that were previously developed just in complement of the traditional food crop system.

Technical support for vegetable producers and more generally for the agricultural sector of Mayotte
is very low. While there was one technician per municipality specialized in vegetable production
during the time of the Association for Development and Agricultural Valorization (ADVA), there are
only two technicians at the CAPAM today, for the entire island (Abdou M., 2013). In 2010, they were
providing regular support to 35 producers. Nevertheless, a lot of farmers are requesting technical
support but without more technicians it is not possible to answer their expectations (DAAF-SISE,
2011a).

2.2.Creation of Recommended Technical Itineraries
The stakeholders of the project on ITR wanted to focus on three topics in the vegetable production
sector: the production of dwarf bean, the use of organic amendments and the sustainable
management of pests and diseases.

- ITR on dwarf bean:
The dwarf bean (Phaseolus vulgaris) cultivation in Mayotte was observed for the first time in 1981.
Varnaudon (1994) mentioned that 3014 m? of land was dedicated to dwarf bean cultivation. In 2004,
the area was only 2500 m? (DARTM, 2010). Between 1999 and 2004, the ADVA observed that around
40 vegetable producers have cultivated that dwarf bean. There are no numbers available after 2004
because of the dissolution of the ADVA institution that was in charge of collecting data and
supporting farmers.
However this specie presents several interests. The dwarf bean belongs to the Fabaceae family which
has the ability to fix the nitrogen of the atmosphere (Carroue & al., 1999). Moreover, introducing a
different botanical family in crop rotations helps to avoid phytosanitary problems (Messiaen, 2012).
Promoting the cultivation of the dwarf bean is an integral part of the politic of diverisification of the
sector based program (Vanhuffel, 2013).
Two sets of research on dwarf bean cultivation was established during the rainy season at the
experimental station of Dembeni (Departement of Mayotte) in 1993 and 2006. Results of both trials
showed that Contender was the most productive variety (DAF, 1993) (Gimenez & Huat, 2006). It has
the particularity of being adapted to a tropical climate (Messiaen, 2012). Nowadays it is the major
variety cultivated in Mayotte (Abdou A., 2013).

However experimentations on dwarf bean production during the dry season never take place. It will
be interesting to test other varietes to see their behaviour compared to Contender and to establish if
there are differences in yield between seasons. An economic study of this production will lead to a
better management of this production and will increase the dynamic around this crop.

- ITR on organic amendments:
At the beginning of the nineties, public authorities started to subsidize the purchase of chemical
fertilizers and phytosanitary products in order to counter yield decrease (Varnaudon, 1994). With this
policy, chemical inputs started to be used by farmers in Mayotte (Abdou M., 2013). The promotion
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of mineral fertilizers was addressed to vegetable producers in priority. However, only 3% of total
farmers of Mayotte (467 farmers) used chemical fertilizers in 2010 (DAAF-SISE, 2011a).

At the same time, some battery farming of chicken appeared on the island. Chabalier (2006)
observed the general vulgarization of the use of hens’ manure that allows an intensification of the
production. Vegetable producers got manure for a cheap price or even for free if they collected it
themselves. According to the agricultural census of 2010, there are only 2% of farmers of Mayotte
that use manure and 5% that use compost or plant residues. Still, most of the farmers who adopt
these techniques are vegetable producers.

The agricultural institutions have the willingness to vulgarize the utilization of organic amendments
(instead of chemical fertilizers) necessary to maintain long term fertility of the soil. Experimentation
on organic amendments was carried out at the farm of the agricultural school of Coconi from 2010
until 2011. They used Ramial Chipped Wood (RCW) to produce maize, sweet potatoes and bell
peppers. In all experimentations, yields were increased with the incorporation of RCW into the soil
(Maignien, 2011). The fast growth of trees in tropical area makes this technique interesting for the
maintenance of the fertility of the soil in Mayotte.

During the time of the ADVA, the institutions sought to vulgarize the creation of composters with
groups of producers. The number of composters increased until the dissolution of the ADVA. Then
they have progressively been abandoned due to the lack of technicians to support them. The various
changes of institutions have broken the efforts made by the technicians (Abdou M., 2013). Even the
DAAF that had established a special agri-environmental measure (AEM) in favor of composting did
not make it. The only two vegetable producers that adopted this measure did not respect the criteria
for subsidy (Develter, 2013).

Considering this statement it seems interesting to perpetuate experiments on organic amendments.
The school of agriculture has the materials for the establishment of experimentation on different
types of organic amendments and the possibility to make compost. These topics will be source of
research during the mission.

- ITR on plant protection:

There are regularly stock shortages in Mayotte. Farmers have to anticipate the problem of supply of
inputs by themselves. It appears that often they do not find solutions and do not have the needed
products in time (Huat J. , 2008). The fight against pests is characterized by farmers systematically
using phytosanitary products or by farmers not doing anything. Only 3 % of the total number of
farmers uses phytosanitary products to protect their crops. Out of these 467 farmers, 71 of them
have a sprayer and 85 have sprayers in co-ownership (DAAF-SISE, 2011a). Only a few farmers have a
shelter to store the products and most of them are not equipped to use chemical pesticides safely.
They are therefore subject to health risks.

Moreover there are only a few controls on the handling of the phytosanitary products. The plant
protection section of the DAAF made a campaign of sampling in order to observe the quantities of
residues contained in vegetable products. It appears that only 3% of the samples were presenting a
too high quantity of phytosanitary products (Ben Ali, 2008). However, technicians have revealed a
case where a producer was carrying out 30 treatments during the cultivation of tomatoes
(Liachouroutu, 2013). The assessment on pesticides of 2007 showed that the molecule chlorpyriphos
ethyl (organo phosphate family) was present in two water reservoirs in Mayotte (Amalric, 2007). A
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presentation document of the utilization of pesticides was published in 2001 by the DAAF for the
farmers. It is in French but also in Shimaoré, which is the local language of Mayotte (DAF, 2001).

The problematic of the utilization of pesticides in Mayotte is characterized by the high level of
analphabetism of the population who has no clue about the safe handling of pesticides (no dosage
and no equipment). The DAAF regularly organizes training for farmers but because they do not speak
French or they cannot read, only a few farmers come to the meetings (Liachouroutu, 2013).
Moreover, for some species of vegetable such as brede mafane (Acmella oleracea) and bréde morelle
(Solanum nigrum) there are no legal phytosanitary products for the treatment; it is technically
impossible for farmers to stay within the law if they protect their crop with chemical products (Ben
Ali, 2008).

According to this statement it is necessary to improve the management of chemical plant protection.
The stakeholders of the project on ITR would like to facilitate a modal shift towards more
environmentally friendly plant protections.

2.3.Problematic of the mission
The context of the vegetable production sector developed above lead to a question:

How is it possible to improve technical support for the vegetable production in Mayotte?

The creation of Recommended Technical Itineraries (ITR) specific to Mayotte will be helpful tools
improving the work of technicians. The technical support that provides these documents will be
welcome in their toolbox. Also these documents will be available to all farmers. They will be useful
tools especially for farmers who are not subject to support from technicians. They will have
reference documents to work with.

During this mission, three ITR were created on the three topics developed above. Experiments and
interviews of farmers were carried out in order to obtain reference data proper to Mayotte. The
knowledge transfer and the communication on the experiments were done at the agricultural school
of Coconi in order to improve its exemplarity and its pedagogical support. Technical and economical
recommendations for the management of the dwarf bean cultivation were defined in one ITR in
order to improve farmers’ practices and profitability of farms. The perpetuation of the experiment on
organic amendments was assured by transferring its management to the person responsible of
experimentation at the school’s farm.
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C. MATERIALS AND METHODS

To answer the problematic it was necessary to coordinate actions of research and demonstration.
1. Process of creation of ITR documents

1.1.1% sequence

The creation of three ITR documents needed to follow some conditions that characterized all ITR
documents produced in Mayotte. First, the software Publisher had to be used to work on the
documents. Second, the same layout had to be used for all ITR created in Mayotte. Third, the color
green had to be used; it characterizes ITR from the vegetal sector.

The first sequence was from March 6™ to July 3™. In the middle of the mission (July 3™), a meeting
with stakeholders and farmers was set up in order to present the progress of the project and the first
drafts of the ITR documents. Discussion focused on how information would be presented in the final
documents. The objective was to make sure that information meets the expectations of
professionals. It was decided that the ITR were to be sent to all stakeholders for review on August
20"

1.2.2™ sequence

The second sequence was from July 4™ to September 6™. Considering the reviews of the stakeholders
on the drafts, the ITR documents were improved. From August 21" to September 2™ all technicians
presented their feed-back on the documents. All considerations were taken into account. Corrections
were made on the ITR after each meeting in order to present added documents to the technicians at
the next meetings.

A final restitution meeting took place on September 3™ at the agricultural school of Coconi to present
to all stakeholders the process of the mission and the final ITR. Last recommendations were made at
this meeting and a few changes were made to the documents. The ITR documents on vegetable
crops production in Mayotte were published to all stakeholders and farmers of the agricultural
community of Mayotte on September 6™.

All documents were created from a compilation of the results of experimentations done in Mayotte
before and during this mission. They are also made from the bibliography found in Mayotte in the
different institutions and from the results of the questionnaire. Some more information came from
the CIRAD from La Réunion and from the Agropolis foundation.

2. Preliminary researches

A literature review helped us to get an overview of the vegetable production sector in Mayotte. It
was necessary to obtain access to all the literature available in the different institutions. This
research was carried out in various documentation centers such as the library of the agricultural
school of Coconi, the library of the CIRAD, the library of the CAPAM and the one of the DARTM. Also,
research was carried out on the net, looking for scientific papers on the ScienceDirect web site.
Visiting and interviewing the stakeholders of the agricultural institutions gave us a better
understanding of the situation (Appendix 3). Those visits and interviews were done to get maximum
information about vegetable production in Mayotte and to discuss the establishment of different
experimentations. A report of each interview was written in order to keep advices and all
information needed for the future work.
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3. ITR of dwarf bean
Following the major points of discussion between stakeholders and the history of research done in
Mayotte, it appears that there was a lack of knowledge about the dwarf bean culture. That is why it
was decided to establish experimentations on this topic. Also, meeting some farmers before doing
experimentations gave us an overview of how to cultivate dwarf bean in Mayotte and which farmer
would be willing to establish a varietal trial on his farm.
At the end of experimentations, an economic study of the crop was done. This study flowed from an
analysis on costs and benefits of the experimentations.

3.1.Localisation of experimentations
Doing multi-sites experimentations provides more significant results (Gouet, 1991). That is why it was
decided to establish two varietal trials on dwarf bean production: one trial at the school farm of
Coconi (experimental site) and one trial at the EARL Lucile’s farm located in Ironi Bé, municipality of
Dembeni (real world situation site).
The rainy season was not totally finished during the establishment of both experimentations so it had
been decided to grow dwarf beans under greenhouse to prevent any excess of water in the field. The
meteorological station at the agricultural school was out of order so there was no control of
temperature and humidity in the trial.
In 2012 the CAPAM did soil analyses of both sites used for experimentation (
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Table 3). The soils contained clay and had a stable structural cohesion. But they were heavy and dried
slowly with significant risk of asphyxiation, so good drainage was required. The pH was slightly more
acidic at the school’s farm (from 6.8 to 7.1) whereas it was alkaline at the EARL Lucille’s farm (from
7.2 to 7.6). The stocks of organic matter (MO) are satisfactory and large. But the evolution of the MO
was low and very low. The cation exchange capacity (CEC) was also low compared to the clay
content. Soils were saturated in calcium, had a high content of magnesium and a very high content of
phosphorus and potassium. The nitrogen content was high at the agricultural school and satisfactory
at the EARL Lucille (Chambre d'agriculture de I'Aude, 2012a) (Chambre d'agriculture de I'Aude,
2012b).
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Physical
properties

Chemical properties

Texture

Structure

Drainage
pH
Organic matter
(MO)
Nitrogen
C/N ratio
Evolution of MO

Phosphorus (P) and
Potassium (K)

Magnesium
(MgO)
Calcium

CEC

Conductivity
Sodium (Na,0)
Zinc

Copper
Manganese

Table 3: Soil analyses of both experimentations

School of agriculture soil
0-15 cm depth 15-30 cm depth
Sandy clay loam Clay
Stable structural cohesion
Heavy soil slow drying with
significant risk of asphyxiation
Good drainage required

7.1 6.8
Large stock of MO
59 g/kg 44 g/kg
2,96 g/kg 2,16 g/kg
115 11.9
Slow

Very high content
P,0s: 1340 mg/kg | P,0s: 626 mg/kg
K,O: 647.6 mg/kg K;0: 462.5
High content

1941.7 mg/kg 1354.5 mg/kg
Saturated
Correct Low
209 meq/kg 172 meaqg/kg
0.28 mS/cm 0.25 mS/cm

Traces of Sodium,
possibility of local damage

117.18 mg/kg 92.07 mg/kg
39.3 mg/kg 28.4 mg/kg
19.4 mg/kg 16.9 mg/kg
15.5 mg/kg 32.4 mg/kg

EARL Lucille’s farm soil
0-15 cm depth 15-30 cm depth
Clay
Stable structural cohesion
Heavy soil slow drying with significant
risk of asphyxiation
Good drainage required
7.6 7.2
Large stock of MO
38g/kg 31g/kg
1,66 g/kg 1,3g/kg
13.3 13.7
Very slow
Very high content
P,0s: 1265 mg/kg P,0s: 436 mg/kg
K,0:1081.9 mg/kg = K,0:591.1 mg/kg
High content
1448.4 mg/kg 1369.4 mg/kg
Saturated
Low
220 meq/kg 232 meqg/kg
0.26 mS/cm 0.27 mS/cm
Traces of Sodium,
possibility of local damage
108.81 mg/kg 117.18 mg/kg

18.4 mg/kg 12 mg/kg
7.5 mg/kg 7.3 mg/kg
11.3 mg/kg 21.8 mg/kg

Source: (Chambre d'agriculture de I'Aude, 2012a) (Chambre d'agriculture de I'Aude, 2012b).

3.2.Varietal choice

It could be interesting to compare the variety Contender with new varieties that have never been
experimented in Mayotte. The objective of the varietal trials was to evaluate the behavior of six
varieties of dwarf bean (Table 4) cultivated under greenhouse during the dry season in order to
promote a diversification of production of vegetable crops in Mayotte. Contender and Cora are the

only two varieties of dwarf bean available for purchase in Mayotte. Four other varieties that are for

sell in La Réunion were imported by the CIRAD.
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Table 4: Characteristics of six varieties of dwarf bean

Variety Breeder Type Pods Nb of seeds /50 g
Contender | Technisem | Mangetout | Oval green pods, 14 -15 cm 110-120
Cora Technisem | Mangetout | Shiny green pods, 13 - 14 cm 205 - 215
Gourmandel | Vilmorin Stringless Round green pods 270-290
Rocdor Vilmorin | Mangetout Shiny butter pods 200 - 210
Primel Vilmorin | Mangetout Long green pods 130 - 140
Delinel Vilmorin Stringless Long green pods 170 - 180

Source: (Gimenez & Huat, 2006)

3.3.Establishment of trials
The varietal trial on dwarf bean at the agricultural school in Coconi took place from May 3™ to July
8". The greenhouse, built in March 2012, is covered by a Celloclim 4S agronomic thermal greenhouse
film and equipped with shade nets. It is a 234 m? greenhouse of 2.5 m high plus 1.5 m in half-moon.
Only one bed of 30 m? was available.
The varietal trial on dwarf bean at the EARL Lucille’s farm took place from May 29" to August 5. The
half moon plastic tunnel has a total surface of 125 m? and is 3 m high. Although even the soil of the
greenhouse is flooded during the rainy season. Two beds were available for the experimentation for
a total surface of 46 m? of cultivated land. In both experimentations the planting density was 23.3
plants/m?2.
Experimentations were established with the same objective and experimental framework but with a
different way of management. The plan of the trial taking place at the farm’s school and its
characteristics are described in (Appendix 4). The EARL Lucille’s trial plan and its characteristics are
mentioned in (Appendix 5). Also the technical itineraries of both trials are located in (Appendix 6).
There were four rows of dwarf bean at the agricultural school whereas there were three rows of
dwarf bean per bed at the EARL Lucille. At the school’s site the source of fertilization was duck
manure whereas it was chemical fertilizers at the EARL Lucille’s site. The trial at the agricultural
school followed a randomized complete block framework with three repetitions of one factor
(variety); whereas at the trial at EARL Lucille’s farm, four repetitions were done. The ‘variety’ factor
had six modalities.

3.4.0bserved and measured variables
The observed variables were the dates of sowing and harvests (from the first to the last harvest). The
measured variables were the earliness (from sowing to harvest), the yield of pods / m? and the
number of pods / m? (only for the experimentation taking place at the agricultural school). Yield and
earliness of each variety were integrated to the ITR on dwarf bean cultivation in Mayotte.

3.5.Data treatments
Data was treated with the software R (R Core Team, 2013) (De Mendiburu, 2013) (Deepayan, 2008)
(Warnes & al, 2013). The study of the data has started by looking at the eventual interaction
between yields and blocks in order to verify if experimentations were well conducted. In order to
show statistical differences between yields of dwarf beans it was necessary to begin by testing the
equality of variances of samples. The statistical model could be non correct because of an unknown
factor of variability which has not been taken into account. It is possible to test graphically the
normal distribution of residues through a histogram of residues to find an eventual bias. Once the
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normality was confirmed, it was possible to do statistical tests for the analysis of the variances.
However, to complete the test on the residues it was interesting to verify their independence. Then a
final graph with the possible groups was presented.

4. Additional experimentation

The dwarf bean is not the only type of bean cultivated in Mayotte. The long yard bean (Vigna
unguiculata ssp. Sesquipedalis) and the lima bean (Phaseolus lunatus) are also cultivated but by food
crops farmers. In order to enlarge the study on bean cultivation in Mayotte, experimentation on dry
bean was established. The objective of the varietal trial is to compare seven varieties of dry bean and
pea’ in association with maize, in open field. The results were not available at the end of the mission
and this experimentation did not answer to the problematic of how to improve support in vegetable
production in Mayotte so it has not been described in this section (Appendix 7).

5. Other ITR

5.1.1TR on organic amendments
Only a few experiments were done in the study of organic amendments in Mayotte. That is why it
was decided to establish experimentation on this topic. Experimentation on the comparison of three
types of organic amendments was established at the farm of the agricultural school of Coconi. The
experimentation started on June 7" 2013 and will continue till June 2017. The objective is to
compare three types of organic amendments used for fertilization of vegetable crops under
greenhouse. No results were available at the end of the mission so the protocol of experimentation
has not been described in this section (Appendix 8).
Moreover, to establish the trial, it was necessary to create compost (Appendix 9). Because it was
necessary to obtain compost rapidly it was decided to experiment the fast composting method of
Berkeley. In this experimentation, two composts bins, of 1 m* each, were built and placed under
trees to protect them from sun and rain. Then, one compost bin was filled up with several layers of
green and dry materials. The new formed heap was watered during the process of creation. After
three days, the heap was turned in the other compost bin. This shifting and turning of the compost
heap was done every day or every two days. Then to control the temperature of the heap two special
compost thermometers of 40 cm each were placed, one in the centre of the heap and one in its
periphery. Temperature was measured everyday and registered in a data collection sheet on Excel
and a final temperature curve of the compost was made. The compost was supposed to be ready in
one to two weeks.
Also a windrow composting method was made by using manure from the animal husbandry. 6 m® of
manure from one compartment were used to make a windrow of 1 m high, 1.5 m large and 6 m long.
A geotextile trap was covering the windrow composting method from the sun and some bamboo
sticks fixed the trap. The windrow was returned once a week or twice a month according to the
availability of the teachers.

5.2.1TR on plant protection
There were specific research programs on plant protection done by the CIRAD so this topic has not
been subject to any experimentation during the mission. The CIRAD is working on the utilization of
agroecological techniques to fight the fruit and vegetable flies (Diptera, Tephritidae). These flies are
considered the main pests of vegetable crops and they can cause 90% lose of production. The brown

’ Varieties of beans and peas were imported from the seed collection of the CIRAD of La Réunion.
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rot is also a large problem in Mayotte and the CIRAD is working on varietal tolerances and grafting.
During this mission, interviewing farmers and getting results of local research were the methods to
create an ITR on plant protection.

6. Interviews with farmers

The stakeholders and particularly the DAAF wanted to put on the ITR information about actual
practices used by the local farmers. That is why it was necessary to meet farmers. Those meetings
and questions put forward to farmers came in complement of the agricultural census of 2010. It
helped technicians to get a large overview of different types of farms. Notably the ones that are
generally not subject to agricultural support.

The first step of the interview process was to create an interview guide (Appendix 10). Preliminary
research and meeting few farmers were helpful for the process of its creation. Initially a
questionnaire was written up on Microsoft Word (in ten pages) software. But finding the Sphink
software set up a new deal and a shorter version of the interview guide was adopted.

The questionnaire was corrected by the internship master. Then it was tested with three farmers.
Time needed to complete the questionnaire had been reduced: from one or two hours to only 45 to
60 minutes to fill the questionnaire. The interview guide was constituted of six parts:

- General presentation of the farmer and his farm: mainly focusing on the location, surface
and productions of the farm. But also considering the name, age and status of the farmer.
Such information was needed by the agricultural school of Coconi that is looking for
internship placements.

- The vegetable production: this part is dedicated to crop rotations under greenhouses or
fields, irrigation access and revenues.

- The dwarf bean production: it was necessary to look for the technical itinerary of the crop,
considering practices used and time and labor needed. A final part on advantages and
disadvantages of the crop concluded the section.

- The fertilization: the questionnaire was focused on organic amendments, how they were
managed and used, in which quantities and how much did they cost.

- Crop protection: we were considering the main enemies present on the fields, the methods
of control (conventional and alternative), the phytosanitary products used and the
protection equipments of the farmers.

- The collaboration projects: this last part was looking for the will of farmers to host interns
from the agricultural school of Coconi and to establish experimentations on their property. It
was also interesting to learn about exchange of ideas and equipement between farmers.

There was no statistically representative sample done. The objective of the questionnaire was to get
a sample that can globally take into account the various typology of vegetable producer. Most
farmers spoke French and for the ones that only spoke Shimaoré, a translator was found directly on
field. Several methods were used to find vegetable producers:

- By making appointments from the list provided by the technician of the CAPAM.

- By transect on field: there were some chance to find farmers on their farm.

- By word of mouth: interviewed farmers or farmers without availability were directed us to

other producers.

All answers were treated with the Sphink and Microsoft Excel software. Some of these results were
added to the final ITR documents. Interviews were held out with 20 vegetable producers.
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D. RESULTS

1. ITR on dwarf bean
1.1. Experimentations on dwarf bean
1.1.1. Length of the cultural cycle

1.1.1.1. Earliness of production
The six varieties were conducted together. However the Gourmandel variety did not grow even after
re-sowing. It was decided to exclude this variety of the experimentations. Dates of harvest were fixed
according to the development of the dwarf bean plants. The first harvests for the experimentation at
the school’s farm were done 41 days after sowing and continued until day 62 (Figure 5). The first
harvest for the experimentation at the EARL Lucille started at day 50 and continued until day 68.

= Farm of the agricultural school of Coconi: +43 D
0D +41D +62 D
s
0}
® EARL Lucille’s farm: C;P
oD +50 D +68 D

: Vegetative Stage
B : Productive Stage
: Difference of earliness

C: Contender variety

P: Primel variety

O: Other varieties than Contender (Rocdor, Cora and Delinel)
A: All varieties (Contender, Rocdor, Primel, Cora and Delinel)

D: Days

Figure 5: Length of crop cycles of the five varieties experimented

The Contender and Primel varieties are distinguished by their (relative) earliness at the farm of the
agricultural school of Coconi. The first harvest at the EARL Lucille was done nine days after the first
harvest at the agricultural school. However the last experimentation finished six days later. The
length of harvest was reduced because of a longer vegetative stage.

1.1.1.2. Dynamic of production

The following graphics present the production of dwarf beans of each variety all along the harvest.

At the EARL Lucille, there were four harvests (symbolized by the marks on the Figure 6). The first
harvest was the most important for all varieties with a peak of production for Contender, Cora and
Delinel. Then the production decreased until the end of the experimentation for the Contender,
Delinel and Primel varieties. There was a very small increase of production for the Cora and Rocdor
after the second harvest. It seems that the plants gave their maximum for the first harvest. It might
be possible that it was done too late.
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Figure 6: Harvest profile of each variety at the EARL Lucille

The profiles of the harvests done during the experimentation taking place at the farm of the
agricultural school of Coconi (Figure 7) are very different from the previous profiles. The first harvest
did not produce lots of dwarf beans. However there is a peak of production at the third harvest for
Contender, and Primel and at the second harvest for Cora and Rocdor. There is even another peak of
production for Cora at the fourth harvest, then the production decreased for all varieties. Only
Delinel does not present a peak of production.
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Figure 7: Harvest profiles of each variety at the agricultural school of Coconi
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1.1.2. Statistical analyses on yields
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The scripts of both experimentations are located in Appendix 10: Interview guide
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Appendix 11 and Appendix 12.

1.1.2.1. Interactions

» Experimentation at the EARL Lucille
The graphic presents the means of yields per square meter, per variety and per block: the abscissa
represents the four blocks of the trial and the ordinate the means of yields (grams/m?). The five
curves represent the five varieties.
A quick overview shows that there is a variation of means of yields depending on the blocks and the
varieties (Figure 8). There is an interaction between means of yields and blocks. Yields of each variety
are at their highest in block 1 (B1), except for Primel.
Means of yield of the Contender and Delinel varieties follow the same dynamic: they are at their
highest in B1, than they decrease in block 2 (B2), increase in block 3 (B3) and decrease again in block
4 (B4). Rocdor seems to follow the same dynamic except that its yield keeps slightly increasing in B3
and B4. Primel has an opposite dynamic compared to Contender and Delinel. Its yields are low in B1,
increase in B2, and decrease in B3 and at last increase in B4. The yields of Cora keep decreasing from
B1 to B4, with a significant decrease in B4.
Rocdor seems to be the less productive variety. Contender presents the maximum mean of yield in
B1 (1915 grams/m?) and Cora the minimum one in B4 (836.7 grams/m?).
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Figure 8: Interactions of yields and blocks at the EARL Lucille

» Experimentation at the agricultural school
A quick overview of the graphic shows a general decrease of means of yields from B1 to B3 for
Primel, Contender and Cora (Figure 9). Yields of all varieties are at their highest in B1. There is an
interaction between means of yields and blocks.
The vyields decrease from B1 to B3 for Primel, Contender and Cora with a significant decrease of
yields for Cora in B3. Rocdor and Delinel present means of yields decreasing from B1 to B2 but
increasing from B2 to B3.
Primel presents the maximum mean of yield in B1 (1816 grams/m?) and Cora the minimum one
(1150 grams/m?). Primel seems to be the most productive variety whereas Delinel seems to be the
last productive (follow by Rocdor). It is difficult to distinguish yields of Contender and Cora,
considering the significant decrease of Cora in B3.
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Figure 9: Interactions of yields and blocks at the agricultural school

» Comparison of both experimentations
In both experimentations, there is an interaction between means of yields and blocks. Rocdor does
not seem to be a productive variety. Cora seems productive but its means of yields present sheer
drops in both experimentations.

The second step of the data treatment was to create box plots in order to visualize the differences of
medians and dispersion between varieties. It was done in order to get better details of the
differences between varieties.

1.1.2.2. Box plots

> Experimentation at the EARL Lucille
A box plot represents graphically the dispersion of the variable ‘yield’. Medians of yields are the black

lines in the boxes. There are the five varieties in abscissa and a scale of yields in ordinate (grams/m?2).
A first observation of the graphic show that there are no outliers in the box plots and that the
medians of the five varieties are not equal (Figure 10).

The median of Cora is the most important with 1500 grams/m?, followed by the median of Contender
at 1450 grams/m?, the median of Primel at 1350 grams/m?, the median of Delinel at 1300 grams/m?
and finally the median of Rocdor at 1100 grams/m?2. The dispersion of Contender and Cora are more
important than the dispersion of Delinel, Primel and Rocdor. Contender presents a positive
asymmetry (and the maximum value) whereas the asymmetry of Cora is significantly negative (and
presents the lowest value). It means that there are more chances to get high yields with Contender
and low vyields with Cora. The dispersions of Delinel and Primel are medium with respectively a
positive and a negative asymmetry. The median of Delinel is not very important but it is interesting to
remark that there are only a few chances getting yields under 1200 grams/m?2. Rocdor seems once
again the less productive variety.
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Figure 10: Box plots from the EARL Lucille

> Experimentation at the agricultural school
This graphic does not show any outliers but presents strong variations of medians (Figure 11). Cora

and Primel get the highest medians of yields at 1600 grams/m2. Primel seems to be the most
interesting variety, because of its high median, its medium dispersion and its positive asymmetry.
There are some chances to get very high yields (above 1800 grams/m?2). Cora presents a significant
dispersion and a negative asymmetry (and the minimum value). Even if its median is high, there are
chances to get very low yields. Contender has the third median at 1500 grams/m? and presents an
almost symmetrical dispersion. Rocdor has a higher median than Delinel (respectively at 1350
grams/m? and 1250 grams/m?) but also a more important dispersion. The dispersion of Delinel is
small. However, both varieties have a positive asymmetry.

The most interesting varieties, according to the box plots are Primel and Contender. There are too
many risks of getting a low yield with Cora. Rocdor and particularly Delinel do seem productive.
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Figure 11: Box plots from the agricultural school

» Comparison of both experimentations
In both experimentations, Cora presents high degrees of dispersions and negative asymmetries. This
variety does not seem very reliable even if it gets the highest medians in both experimentations.
Contender presents intermediate degrees of dispersions and seems reliable considering the
symmetry of its values. Moreover, it presents similar medians in both experimentations. Delinel is
interesting according to the experimentation at the EARL Lucille. But it presents a lower median in
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the experimentation at the agricultural school. Primel shows opposite dynamics but seems an
interesting variety. Finally, Rocdor seems to be less productive than other varieties.

1.1.2.3. Test of equality of variances
A Bartlett test is used to show if the variances in each of the samples are the same
(homoscedasticity). It was established a null hypothesis (Hy) mentioning that all variances are equal.
However, the results of the test are that all p-values are superior of 0.01 (Table 5). It means that Hyis
rejected and that variances of the samples are not equal.

Table 5: Bartlett tests

Bartlett's K-squared df p-value
) Yield/bloc 1.8379 3 0.6067

EARL Lucille’s farm . -
Yield/variety 1.5859 4 0.8113
) Yield/bloc 0.3081 2 0.8572

School of agriculture’s farm . -
Yield/variety 2.897 4 0.5752

Thanks to this result it was possible to create a model to analyze the variances. But before that, it
was necessary to test the hypothesis that the residues follow a normal distribution.

1.1.2.4. Analysis of the normality of the residues
In statistics, lots of tests can be used if the data set follows a normal distribution. But it is crucial to
test the normality before using those tests. The Shapiro-Wilk test determines if the data set follows a
normal distribution. It was established a null hypothesis (Hy) mentioning that the residues follow a
normal distribution. In both experimentations p-value > 0.01 that means Hy is accepted (Table 6). The
residues do follow a normal distribution.

Table 6: Shapiro-Wilk tests

w p-value
EARL Lucile’s farm 0.9254 | 0.1261
School of agriculture’s farm | 0.9362 | 0.3374

However, the sizes of the samples were probably not large enough for a correct application of the
Shapiro-Wilk test. Hence, a graphical analysis completed the Shapiro-Wilk test and the Bartlett test.

1.1.2.5. Graphical analyses of the residues

» Experimentation at the EARL Lucille
The histogram of residues confirms that the residues follow a normal distribution (Figure 12). The

rectangles are high around the value 0 and the red curve is confirms the observation. The blue curve
is a smoothed representation of the red curve.

The Quantile-Quantile graph presents the theoretical quantiles in abscissa and the sample quantiles
observed in the experimentations. The theoretical quantiles are represented by the line crossing the
graph. This line is symbolizing a normal distribution. The points of the sample quantiles are close to
the line and form a line between -1 and 1. It means that the residues follow a normal distribution.
However, there are some points far from the line symbolizing a normal distribution. Those points,
because there are not too many of them do not false the normal distribution of the residues.

29



Histogram of mod$res Normal Q-Q Plot

II’" 1 )
— 2 \lr R o° <
] S
TR 2
o
= o / L5 5 o 5
2 \! a
@ o , \'-I @
[ .'I \ = -
i / /(/\"f Y 53% S ’
§ _/’I I I - ILT .\ T‘Ir < ®
g I T T T 1 ] T T T T T
-600 200 0 200 400 -2 -1 0 1 2
mod$res Theoretical Quantiles

Figure 12: Normality of the residues at the EARL Lucille

> Experimentation at the agricultural school
The histogram of residues confirms that the residues follow a normal distribution (Figure 13). The
blue curve represents a correct Gauss curve. Compared to the histogram of residues resulting from
the experimentation at the EARL Lucille, the curve is less marked and more spread out. There is a
higher dispersion of the residues.
The Quantile-Quantile graph also confirms that the residues follow a normal distribution. There is

just one value that is a little bit far from the line symbolizing a normal distribution.
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Figure 13: Normality of the residues at the agricultural school

1.1.2.6. Independence of residues
» Experimentation at the EARL Lucille

The following graph presents the varieties in abscissa and the blocks in ordinate (Figure 14). The
colors represent the difference of elementary plot’s yield with the mean vyields. The white is the
mean vyield, the blue the yield with a positive difference and the pink the yield with a negative
difference. Every square symbolizes one variety in one block.

In B1 yields are higher except for the variety 4 (Primel). The variety 1 (Contender) even presents a
very high vyield. It is exactly the same as what was observed through the graphs of interactions of
means of yields and blocks. Hence, it is possible to say that there are no significant groups of squares
with the same colors so the residues are independent.
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Figure 14: Independence of residues at the EARL Lucille

» Experimentation at the agricultural school
There is the same observation as in the graph on the independence of residues at the EARL Lucille.

Key:

1: Contender
2: Cora

3: Primel

4: Delinel

5: Rocdor

There are no significant groups of colors. It means that the residues are independent of the blocks

(Figure 15).
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Figure 15: Independence of residues at the agricultural school

Key:

1: Contender
2: Cora

3: Primel

4: Delinel

5: Rocdor

While, all parameters were verified it was possible to do an analysis of variances (ANOVA). Results

are that there are no significant differences between sample means. However, a Student Newman
Keuls (SNK) test was established in order to verify the ANOVA.
Results of the SNK confirm the ANOVA: there are no distinctions between means of yields of the five

varieties. Even if it was possible to observe different dynamics of yields, notably in the graphs on

interactions between means of yields and blocks (Figure 8 and Figure 9) and the box plots graphs
(Figure 10 and Figure 11), there are statistically no differences between the five varieties.

Although there are no statistical differences between varieties, two final graphs were draw in order

to appreciate the differences of yields.

31



1.1.2.8. Final graph with the yields
» Experimentation at the EARL Lucille

The graph presents the mean of yield of each variety with their standard error (Figure 16). Contender
presents the highest yield with an average production of 1466.2 grams/m? of dwarf beans. But its
standard error is high. The variety Delinel gets an average yield of 1380 grams/m? and a medium
standard error. Cora presents the third mean of yield at 1377.3 grams/m? and a high standard error.
Primel comes fourth with an average production of 1324.2 grams/m? and a medium standard error.
Finally, Rocdor produce 1136 grams/m? of dwarf bean and has a medium standard error. Those
standard errors mean that it is possible to get same yields for all varieties (approximately 1250
grams/m?). It is interesting to remark that the high standard error of Contender and Cora are
correlating the observations of the box plots; those varieties presented high degrees of dispersions.
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Figure 16: Average yields and standards errors at the EARL Lucille

» Experimentation at the agricultural school

The most productive variety is Primel with an average production of 1640.3 grams/m? of dwarf beans
and a medium standard error (Figure 17). Cora produces on average 1510.3 grams/m? of beans but
presents a high standard error. Contender comes third with a mean of yield at 1498.1 grams/m? and
a medium standard error. In fourth is Rocdor that produces 1411.1 grams/m? of dwarf beans and
presents a medium standard error. In the final position is Delinel with an average production of
1319.2 grams/m? and a small standard error. Considering standard errors it is possible to get same
yields for Primel, Cora, Contender and Rocdor. However, it seems that Delinel produces less dwarf
beans than the other varieties and could be placed behind them. The standard error of Cora is high,
considering its significant dispersion observed in the box plot. Even if Cora had the same median as
Primel, its average production is 130 grams/m? behind because of the drop in production observed in
B3 in the interaction graph. According to this graph, it seems that it is more interesting for farmers to
grow Primel. Farmers willing to grow Cora take the risk of underproduction. Contender produces a
suitable average of dwarf beans.
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Figure 17: Average yields and standards errors at the agricultural school

» Comparison of both experimentations

A quick overview shows that the average productions of dwarf beans were more important in the
experimentation taking place at the agricultural school of Coconi than in the experimentation taking
place at the EARL Lucille. Moreover, the varieties are not placed in the same order because of the
difference of yields. In the first graph there are Contender, Delinel, Cora, Primel and Rocdor whereas
in the second graph the order is Primel, Cora, Contender, Rocdor and Delinel. Delinel, the second
most productive variety at the EARL Lucille was the least productive at the agricultural school.
However, its averages productions are almost the same in the two experimentations (plus 60.8
grams/m? at the EARL Lucille). Primel could produce approximately between 1200 grams/m? and
1750 grams/m? of dwarf beans which are synonym of good productions. It is the same phenomena
for Contender which comes first at the EARL Lucille and third at the agricultural school. But its
average productions are almost the same (plus 31.9 grams/m? at the agricultural school). This variety
produces yields from 1250 grams/m? to 1625 grams/m?2. Cora is the variety that presents the highest
standard errors in both experimentations but its average productions are not too far from each other
(plus 133 grams/m? at the agricultural school). This variety could produce correct yield (1190
grams/m?) or high yield (almost 1700 grams/m?2). Primel and Rocdor are both presenting very
different means of yields in both experimentations, with respectively 316.1 grams/m? and 275.1
grams/m? of difference. Primel is the most productive variety at the agricultural school but only the
fourth variety at the EARL Lucille. This variety could produce very high yields (1750 grams/m?) and
quite bad yields (1200 grams/m?2). Rocdor stays an underproductive variety in both experimentations.
It does not seem interesting to cultivate it, except for its color (it is a butter bean variety).

It would be recommended to farmers to grow Contender because of its regularity. Then if they are
willing to take some risks, they could cultivate the Cora and Primel varieties which can obtain very
important yields.

1.1.2.9. Conclusion
The statistical treatments of data revealed that the experimentations were not perfect. The size of
samples was not big enough to get correct results with statistical tests. It might be because there
were not enough harvests or because there would need to be more repetitions (blocks) in the
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experimental frameworks. Also there were external factors interacting with the yields and the blocks
which could have falsified the results. It is notably remarkable for the Cora variety for which there
were significant decreases of yields in both experimentations. This variety should definitely be tested
again in a future varietal trial as should be the Primel variety which gets excellent results in the
experimentation taking place at the agricultural school. The regularity of production of the
Contender variety confirms its predominant place in the dwarf bean production sector.

1.1.3. Statistical analysis on the number of pods

The experimentation at the agricultural school of Coconi was subject to another observation that
consisted in measuring the number of pods picked at each harvest. As for the statistical analyses of
yields, tests were made to establish if there are differences between varieties statistically
identifiable. Results are that it is possible to show differences of average numbers of pods (Figure
18). There are three groups: “a”, “ab” and “b”. Cora represents the group “a” and has an average
production of 409.7 pods/m?. As for the tests on yields, Cora presents a high standard error which
could be explained by the fact that there are great variations in its mean yield. Rocdor, Delinel and
Primel represent the group “ab”. They produce respectively 364.7 pods/m?, 354.2 pods/m? and 318.1
pods/m?2. The standard error of Rocdor is medium whereas they are small for Delinel and Primel. It
means that there could be more variations in the number of pods obtained when cultivating Rocdor
than there would be when cultivating Delinel and Primel. Contender represents the group “b” and
has the smallest average number of pods per square meter with 275.3 pods/m?.
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Figure 18: Average number of pods, standards errors and groups at the agricultural school

Considering the average yields obtained previously, it seems that Contender produces big pods and
Cora small ones. Those results are correlating the characteristics of varieties provided by the
breeders (
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Table 4).

The consumers are known to prefer small pods because they are supposed to be tastier, with small
seeds and no strings (Vanhuffel, 2013). However those consumers’ habits may not be significant in
Mayotte, considering that the population does not have the same habits as those living in mainland
France. Moreover, the varieties experimented in the varietal trial were all stringless (types
mangetout and stringless). So, it seems that it would not be a problem for farmers to grow dwarf
beans producing big pods. Considering this statement, the variety Contender is still very appreciable.

1.2. Economic analysis of the dwarf bean cultivation
The economic analysis of the crop was based on the technical itinerary used during both
experimentations at the school’s farm and at the EARL Lucille’s farm. But it was also based on the
selling prices observed in various markets.

1.2.1. Costs of production

It was possible to estimate costs of production of dwarf bean through the crop operations, the time
needed and the costs of inputs (Table 7). The crop cultivation was done under greenhouse, with
automatic watering of plants (drop-by-drop system) and without any phytosanitary treatments. The
amortization costs were not integrated to the estimation because no information was found. The
surface dedicated to dwarf bean cultivation was not very important in Mayotte, also the costs of
production were calculated for a production area of 100 m2. The total costs of production (without
amortization) were estimated at 287.25 € per 100 m? of dwarf beans or 2.9 €/m2 The main
expenditure items are the seeds (70€) and the labor with notably the time for harvesting (20h). The
use of drop by drop systems and power tiller reduce considerably the need of labor.

Table 7: Costs of production of dwarf bean cultivation

Quantity Price Total
Seeds (Cora) 1000 g 0.07 €/g 70€
Manure 20 kg 0.0625 €/kg 1.25 €
Fuel 1L 1.5€/L 15€
Total inputs 72.75 €
Tillage (power tiller) 0.5h 6.96 €/h 3.48 €
Fertilization 1h 6.96 €/h 7€
Sowing 3h 6.96 €/h 21€
Thinning - Re-sowing 1.5h 6.96 €/h 10€
Weeding 3h 6.96 €/h 21€
Mounding 1.5h 6.96 €/h 10€
Harvest - Sorting - Weighing (7 harvests) 20 h 6.96 €/h 139 €
Cleaning of the field 2h 6.96 €£/h 14 €
Total labor 325h 6.96 €/h 225.50 €
Total costs (amortization free) 287.25 €

The distribution of labor was not equal. Labor was mostly needed during the harvest period (Figure
19). It took 62% of the total labor. Then at a smaller scale were the sowing and the weeding at 9%.
The time dedicated to soil tillage was very low because of the use of a power tiller. Also there was no
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need to spend time watering the plants. This ideal case was not shared by all farmers. Some of them,
without any equipment will spend more time in soil tillage and plant watering.

Fertilization
3% Sowing
9%
Thining
5%

__Weeding
9%

\_Mounding
Harvest 5%

62%

Soil tillage
Cleaning

6% \1%

Figure 19: Distribution of labor of a crop cycle of dwarf bean

The total time requested for 100 m? of dwarf bean cultivation represented 4.6 days (32.5h) (Table 8).
The crop cycle was about two months (+1 to +6 days). It represented only 0.11 full-time equivalent
(FTE) per month for 100 m? of crop.

Table 8: Time requested for 100 m? of dwarf beans

Total time needed 4.6 days /100 m? 464 days / ha

Full-time equivalent / month for

0.11 FTE/ 100 m?
a two months crop cycle

11 FTE/ ha

1.2.2. Simulation of revenues

The net margin of this crop was linked to the average yields obtain during the experimentations. The
selling price varied according to the season and the place of sell. It was a high price at the shop of the
COOPAC (5 €/kg) and a low price when direct selling in informal markets (3 €/kg). The differences of
price were explained by the costs of labor between legal and illegal farms. The net margin simulation
for 100 m? of dwarf beans showed that with an average production of 0.75 kg/m? and a selling price
at 4 €/kg it was possible to own 13 € for 100 m? of crop (Table 9). With high yields obtained during
the experimentations (1.5 kg/m?) it was possible to win 463 € for 100 m? of crop sold at 5 €/kg of
dwarf bean. Also this simulation of net margin was not taking into account the amortization costs.

Table 9: Simulation of net margin for 100 m? of dwarf beans

Average yield of dwarf beans (Kg/m?)
0.5 0.75 1 1.25 15 1.75
2.5 -162 € -100€ -37€ 25€ 88 € 150 €
Price of sell
per Kg 3 -137 € -62 € 13 € 88 € 163 € 238 €
(in€)
3.5 -112 € -25 € 63 € 150 € 238 € 325€
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4 -87 € 13 € 113 € 213 € 313 € 413 €
4.5 -62 € 50€ 163 € 275 € 388 € 500 €
5 -37€ 88 € 213 € 338 € 463 € 588 €

1.3.Results of interviews

1.3.1. Technical itineraries

9 farmers were able to present the technical itinerary they used. The most cultivated variety is
Contender from Technisem (4 farmers grow it). Three other varieties were directly imported from
mainland France. The average surface area dedicated to dwarf bean cultivation is about 120 m? per
producer (mini. 20 m? and max. 300 m?) and it is mainly cultivated in open field (only one farm
produced dwarf bean under greenhouse). Farmers always practice tillage (manual or mechanical)
and direct sowing of two to three seeds per planting hole. The average spacing is 30 cm in rows and
35 cm between rows. The cultivation of beans is mainly done on beds of 1 m large. The management
of the crop consists of one weeding (for 78% of the farmers) and one mounding (for 44% of farmers).
The mounding is not a usual practice and has not been vulgarized because farmers do it at various
stages of the crop (when plants measures 15-20 cm high or when blooming). Dwarf beans do not
need fertilizer for their cultivation. One farmer does not apply any fertilizers, however five farmers
apply organic amendments, one applies mineral fertilizer and two mixed fertilization. The organic
amendments are added to the soil before the planting and the mineral fertilizer are added when
plants are blooming. 44% of farmers apply treatments on their crop and 56% do not do anything.
Farmers are harvesting dwarf beans every two to three days and keep the crop in place for two to
three and a half months. Unfortunately, no farmers were able to mention yields. The crop residues
are left out of the field or given to animals. Feeding animals with crop residues is a common practice,
especially during the dry season when forage becomes rare.

From the observation of what farmers do, the content of the bibliography, what researchers from
the CIRAD did and what was observed during the experimentations, a technical itinerary was
proposed in the ITR document (Appendix 13). In the ITR a table was made to present the main pests
of dwarf bean based on the inventory of pests and diseases of the vegetable crops in Mayotte
produced by Blancard (2012). In the table are presented two diseases and three pests, with their
symptoms, the prophylactic measures and their biological and chemical treatments. Also general
recommendations about pest control and observation are mentioned above the table. It was also
apparent that most of the farmers did not know how much time was needed for each task of the
crop cultivation so a sharing of the work was presented in the ITR (according to what was observed
during the experimentation).

1.3.2. Farmers’ interest in dwarf bean cultivation
50% of the farmers interviewed have produced dwarf bean at least once (but only 2 farmers were
producing dwarf bean when the interview was done). The cultivation of dwarf bean is not popular
with farmers; 55% of them do not want to grow it in the future. According to 12 farmers the
disadvantages of dwarf bean are a high cost of production and high pest pressure for 33% of them
(Table 10). Then there are the disadvantages of commercialization of the product, frequency of
harvest and time needed for harvest for 25% of them. It is also difficult to harvest for 17% of them
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(considering the height of the plant). It appears that the disadvantages of the crop are mainly linked
to the harvest tasks.
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Table 10: Disadvantages of the dwarf bean cultivation *

Nb. cit. Freq.
High cost of production 4 33%
High pest pressure 4 33%
Hard to sell 3 25%
Frequency of harvest 3 25%
Length of time for harvesting 3 25%
Difficulty of harvest 2 17%
Other 3 25%

* Multi-answering possible
12 farmers were able to answer

The costs of production of 100 m? of dwarf bean cultivation were calculated in the ITR, with and
without labor. Considering an average vyield of 1.2 kg / m?, the production costs without labor are
0.7€/m? and with labor they are about 2.6€/m% Moreover, a simulation of net margin was
established for 100 m? of culture. The table presents various yield ratios and sell price. It is a tool for
farmers in order to choose which selling price would be the more adapted to their case.

However, farmers found also some advantages of the cultivation of dwarf bean (Table 11). It is easy
to sell and it is highly productive for 42% of farmers. Moreover it maintains the soil fertility for 33%
of producers. At a smaller scale, for one farmer, it is a good specie for plant rotation and there is little
pest pressure (in opposition with the main disadvantages). One farmer mentioned the fact that
dwarf bean is good in association with maize.

The rotation and association aspects were developed in the ITR considering that the utilization of this
botanical family should be developed in Mayotte and that it can be associated with maize easily. A
rotation cycle with the main species cultivated in Mayotte was introduced.

Table 11: Advantages of the dwarf bean cultivation *

Nb. cit. Freq.
Easy to sell 5 42%
High production 5 42%
Maintain soil fertility 4 33%
Good crop rotation 1 8%
Good added value 1 8%
few pest pressure 1 8%
Other 6 50%

* Multi-answering possible
12 farmers were able to answer

Farmers did not collect any data about the cultivation of dwarf beans. It was necessary to create a
data collection sheet by recycling and improving the sheet created by the CAPAM. Such a sheet
would be useful for farmers to calculate the production costs, the time needed and the yields. This
sheet was made in a way that it could be used for all kinds of vegetable production. First there are
the characteristics of the farmer and the characteristics of the crop. Then there are tables for
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fertilization, treatments and observations of the crop. A final table is about yield, the quantities
harvested and the selling price.

2. ITR on organic amendments

2.1.Experimentation on organic amendments
Experimentation on organic amendments was initiated at the agricultural school of Coconi. The
experimentation was established for a period of five years. However the first cultivation of
cucumbers did not give satisfying results, considering external factors that have falsified the results:
there were some problems with the irrigation systems and significant pest attacks which destroyed
the crop.

In order to promote the production of compost by the technicians, two methods of composting were
experimented: the fast composting method of Berkeley and the windrow composting method. The
fast composting method did not get satisfactory results, new experimentation needed. The windrow
composting method was developed in the ITR. Temperatures of the heap of the fast composting
method were measured every day or every two days (Figure 20). However it did not help to figured
out why the method did not work. The temperatures raised up the first days than decreased. They
were supposed to decrease until the ambient temperature (synonymous of end of processus) but
they rose up again. This phenomenon was due to the watering of the heap on the 7 of June. After
21 days, the experimentation stopped.

75
65
o
& 55 —T°C
(]
5 center of
‘é 45 \ the heap
(]
Q.
GE, 35 =B=-T°C
= hedge of
25 the heap
15
R I I I I I I I T
> I & QOO S S S
G R G G OO O S S S
v\&\ Q,&\ Qo,\ Qo,\ QQ)\ QQ)\ QQ)\ . QQ)\ QQ)\ QQ)\ \QQ)\
A A NN A A I A NN AN N

Figure 20: Measured temperature of the fast composting method

2.2.Results of interviews
Farmers were questioned about their management of the fertilization of their fields. It appears that
95% of the farmers interviewed used organic amendments and 85% mineral fertilizers. In the
following results, only farmers using organic amendments will be considered (one farmer excluded).
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2.2.1. Time of fertilization
Organic amendments are added to the soil before plantation of vegetable crops for 80% of the
farmers (Table 12). Whereas mineral fertilizers are added to the soil during the cultivation (when
crops measured 15 to 20 cm high or when blooming) for 65% of the farmers interviewed. It has to be
noticed that 40% of the producers reason their decision when applying fertilizers: they are not
adding fertilizers systematically on every crop. The fertilization is added to the soil according to the
visual aspect of the crop.
Table 12: Fertilization application *

Nb. cit. Freq.

Before plantation 16 80%
During crop cultivation 13 65%
Reasoned decision 8 40%

* Multi-answering possible
20 farmers were able to answer

2.2.2. Type of fertilization

All interviewed farmers are using dried chicken manure (Table 13). This could be explained by the
fact that battery farming of chicken was developed all over Mayotte. There are reliable suppliers with
constant production of chicken manure. The cooperative of chicken producers (SCAM) is the first
supplier of manure on the island.
In most cases the manure is sold dry. The fertilizer can be purchased in various formats:

- Inabag: a 40 liters grains bag (for animal feeding) is sold at 2.5 to 3 €.

- Inbulk: a truck full of manure cost 50 €.
However, manure can be free when vegetable producers come and pick it up directly from the
chicken house (in exchange of cleaning the stables, chicken farmers offer the manure).

Cow manure is also used but on a smaller scale. It is free in every case: as for the chicken manure,
vegetable producers can come and pick it up from the stables or in the field. In most cases, producers
using cow manure have family links with cow breeders.

The horse manure is very appreciated by producers but there is only one stud farm in Mayotte and
not much manure is available there. The experimental station of Dembeni is often getting the
manure from this stud farm.

Table 13: Type of organic amendments use by interviewed vegetable producers *

Nb. cit. Freq.
Dried chicken manure 19 100%
Cow manure 6 32%
Horse manure 2 11%
RCW 1 5%
Compost 1 5%
Other 6 32%

* Multi-answering possible
19 farmers were able to answer
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Several other types of manure are used (rabbit manure, sheep manure, duck manure, etc.) but only
on a very small scale and these are free. It has to be noticed that one vegetable producer makes
compost and another uses Ramial Chipped Wood (RCW). These two farmers are not dependent on
suppliers: they produce their own organic amendment.

In order to promote the independency of producers and to close the cycle of nutrients, those two
techniques appear to be very interesting and hence were developed in the ITR on organic
amendments (Appendix 14).

2.2.3. Application of fertilization
It is hard to estimate the quantities of organic amendments that are added to the soil and on what
area because the farmers do not collect data about their practices. That is why in the ITR a data
collection sheet specific to organic amendments was introduced. Nevertheless, according to the
interviewed producers, the estimated quantities of dried chicken manure used are from 40 to 80 m*®
per hectare or one handful per planting hole or one shovel per two planting holes. The application of
organic amendment is always manual.

2.3.Bibliography specific to Mayotte
Because there was not much information and many results of experimentations specific to Mayotte;
the ITR on organic amendments was mainly based on bibliography. The reference documents used to
produce the ITR were edited by the CIRAD of La Réunion (Chabalier & al., 2006), Agrisud (AGRISUD,
2010) and Agromisa (Inckel & al., 2005).

3. ITR on plant protection

3.1.Results of interviews
Farmers were asked about the main pest pressure in their farm (Appendix 15). They were able to give
examples of pests that were predominant during the period of interviews (the dry season). One
farmer did not mention any pest pressure in his farm.

3.1.1. Main pest pressure
The main pests cited by interviewed farmers are vegetable flies (Dacus ciliatus and Neoceratitis
cyanescens), aphids (Myzus persicae, Aulacophora foveicolis, Aphis gossypi and Aphis craccivora) and
brown rot (Ralstonia solanaacearum) with respectively 58%, 53% and 53% of citations. According to
the interviews, mites (Polyphagotarsonemus latus), leafminer flies and snails are also sources of
troubles for farmers (mentioned in 21% of cases).

The problem of the vegetable flies is one of the main constraints for the development of the
vegetable sector in Mayotte. It can destroy 90% of the production and the phytosanitary products
are not efficient in controlling the pest. The files spend most of their time out of the crop and come
only to reproduce on fruits and vegetables (Chesneau, 2013).

The solutions for fighting the brown rot are using tolerant varieties of vegetable plants or doing
grafting (Huat J. , 2006). Empirical observations showed that using insect proof nets is efficient to
fight against the vegetable fly. However the same observations established that this technique is not
efficient in blocking aphids attack.
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The problems of diseases are not predominant from farmers’ point of views because virus and
Cercosporia were mentioned in only 21% and 16% of the interviews. However, this phenomenon
could be explained by the fact that during the dry season, diseases are not predominant problems.

The problem of nematodes (Meloydogyne spp) has not been predominant whereas it is commonly
established by agricultural institutions and technicians that most of the agricultural soils in Mayotte
are infested by this specie. It could be explained by the lack of knowledge of the farmers and the fact
that the disease is present in the soil and is not easy to identify without pulling out plants and looking
at their roots.

One thing that has to be mentioned, is the problem of crabs that come to eat crops during the night
in fields close to the mangrove. Apparently, pouring boiling water over them does not work but is
used.

3.1.2. Conventional method of pest control

3.1.2.1. Equipments

95% of the farmers interviewed are using phytosanitary products to control pests. Only one producer
does not use anything because he believes in natural regulation. The utilization of insecticides and
fungicides is the only solution for lots of farmers.

However farmers are under-equipped to use phytosanitary products (Table 14). 79% of them have a
sprayer or an atomizer and 16% an artisanal mini sprayer (re-use of window cleaner spray). One
farmer did not have any equipment and just added the product (“the white powder”) into the water
of his watering can. Even if almost half of the interviewed farmers (47%) wear a mask, just a few of
them have protection suits, boots or gloves. Generally, they have one of these three basic
equipments mentioned but not all. 16% of the producers do not have any equipment except a
sprayer. However, producers that have all the equipments needed do not use it all the time.

Table 14: Equipments for phytosanitary treatments *

Nb. cit. Freq.
Sprayer (10 to 20 L) 13 68%
Mask 9 47%
Protection suit 7 37%
Boots 7 37%
Gloves 7 37%
Sprayer (mini) 3 16%
Nothing 3 16%
Atomizer 2 11%

* Multi-answering possible
19 farmers were able to answer

It appears that there is a general lack of protection against phytosanitary products and a lack of
knowledge about how, where and when to use the products. Moreover, in lots of cases farmers use
only one product whatever the kind of pest and crop has to be control. There is a huge awareness
campaign to be done in order to change habits of farmers about pest control and prevention of
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health risks incurred by phytosanitary products. Especially warning the farmers that produce seeds, it
is dangerous to dip seeds in phytosanitary products.

3.1.2.2. Phytosanitary products
Farmers were asked about what kind of phytosanitary products they use. It was interesting to see
that some have lots of products stored and some have one or two products that they use to fight all
kinds of pests. 84% of the producers interviewed have products of the pyrethroid family (Table 15).
47% farmers have products of the carbamate family and 47% have products with both chemical
families in it (carbamate + pyrethroid). Those chemical families are the most present in farmers’
storage.
The principal phytosanitary products that can be purchased in agricultural shops in Mayotte are
presented in the ITR on plant protection (Appendix 16). Even if the ITR is based around sustainable
protection of plants, it is necessary to remind to vegetable producers which of their products can be
sprayed on which crop and from which pest it protects it against.
Three kinds of products censed during the interviews are usable in organic agriculture: copper,
spinosoid and sulfur. They are used respectively by 47%, 11% and 11% of interviewed farmers.
However they do not represent the majority of the pesticides. Herbicide was cited only once (triazine
family). It seems that farmers still do manual weeding. In total there were five chemical families
usable as insecticide and five chemical families usable as fungicide.

Table 15: List of phytosanitary products censed during interviews *

Chemical family F/H/1** | Nb. cit. Freq.
Pyrethroid I 16 84%
Copper*** F 9 47%
Carbamate F 9 47%
Carbamate + Pyrethroid F/I 5 26%
Strobilurin F 5 26%
Chloronicotinyl I 3 16%
Avermectin I 2 11%
Spinosoid*** I 2 11%
Sulfur *** F 2 11%
Dicarboximide F 1 5%
Organophosphate I 1 5%
Triazine H 1 5%

* Multi-answering possible
** F = Fungicide / H = Herbicide / | = Insecticide
*** Usable in organic agriculture
19 farmers were able to answer

3.1.2.3. Registration of treatments
There are only 16% of farmers interviewed that collect data on their phytosanitary treatments. Once
more, it appears that it is useful to introduce in the ITR a data collection sheet. On remark of a farmer
makes the creation of a data collection sheet even more appreciable; “no | do not register data of
treatments, because | know how to manage it, | do a treatment every three days”. The creation of
the sheet was inspired by the one created by the CAPAM. In the short term data collection has for
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objective to help farmers with the management of the phytosanitary products and especially with
the alternation of chemical families. In the long term it is useful for technicians to know what
chemical families are used most in Mayotte and then adapt their advice.

3.1.3. Alternative methods for pest control
Even if farmers do spray lots of phytosanitary products to control pests, they also resort to
alternative management of pests:

- Crop association: It is possible to observe crops association, inside a field or in its periphery.
44% of farmers are doing it (Table 16).The most observed associations are lettuces and
brédes (green eatable leaves); maize and eggplant; maize and chili.

- Maceration: 33% of interviewed producers use diverse maceration of plants. Each farmer
prepares its own mixture of various species of wild or cultivated plants. Some plant
macerations were described in the ITR according to the document edited by Agrisud
(AGRISUD, 2010).

- There are not enough farmers that practice prophylaxis. Only 22% of interviewed farmers
pull out seek plants, 17% pick up ‘sting’ vegetables (by the vegetable flies) and 11% clean
their fields from plant residues.

Nevertheless they should all use prophylaxes methods because they are free and effective to avoid

pest infestations. That is why a complete sheet dedicated to the prophylaxes methods was

introduced in the ITR. The methods presented are the results of the study of the bibliography and

especially the one edited by the Program for countries of Africa, the Caribbean and the Pacific (UG;

PIP, 2009). They also result from interviews with technicians (Chesneau, 2013) (Vanhuffel, 2013).
Table 16: Alternative methods for pest control *

Nb. cit. Freq.
Association of crops 8 44%
Maceration 6 33%
Pull out seek plants 4 22%
Weeding 4 22%
Pick up ‘sting’ vegetables 3 17%
Mulching 3 17%
Cleaning of plant residues 2 11%
Tolerant varieties 2 11%
Other 7 39%

* Multi-answering possible
18 farmers were able to answer

Crop rotations are useful to stop the proliferation of pests and diseases and to vary nutrients uptake.
Most of the farmers could only mention the specie that was in place before the actual one. Farmers
of the COOPAC have cultural calendars but not the other farmers. At the next culture, they will grow
what they think would make some money in return. It regularly happens that farmers grow the same
crop once or twice in the same field. It is particularly true for the cultivation of lettuce. The reason is
that it is a short cycle crop. Moreover, producers do not pay attention to the rotation of the botanical
family. It is possible to find in the same field a rotation of bell pepper, tomato and eggplant (all of the
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Solanaceae family). 75% of the farmers do two crops rotation and 25% do three crops rotation (Table
17).
Table 17: Number of species in a crop rotation *

Nb. cit. Freq.
1 6 30%
2 15 75%
3 5 25%

* Multi-answering possible
20 farmers were able to answer

The Common Agricultural Policy (CAP) of the European Union (EU) establishes Agri-Environmental
Measures (AEM) that are financial compensations for farmers that put in practice some measures in
favor of the environment (and indirectly in favor of agriculture). Mayotte is an ultra-peripheral region
of Europe and because of it the island is not subject to the CAP. However, special AEM for Mayotte
exists and it was interesting to find out if farmers knew about them. It appears that only 40% of
interviewed producers knew what AEM are. The 60% of farmers who did not know about it were very
enthusiastic about putting in practice such measures (but also about getting financial
compensations). In fact, 100% of farmers are willing to establish AEM but most of them do not know
how to apply.

It would be very interesting to vulgarize the techniques promoted by the AEM. However, it is possible
to do so only if technicians can raise awareness of the farmers. That is why AEM were mentioned in
the ITR on plant protection and on organic amendments but under the title of “Apply research to
Mayotte” and “Agroecological techniques”.

3.2.Apply research to Mayotte

3.2.1. The vegetable flies

The vegetable flies are a major problem of the vegetable production sector in Mayotte. The CIRAD is
working on it by testing the method GAMOUR (Agroecological management of vegetable flies in la
Réunion) in Mayotte. This method is a combination of prophylaxis measures, management of
habitats and biological control. Even if the method is not yet applicable in Mayotte, there were
results of the study of the fly: there are 13 vegetal hosts’ species and one parasitoid of the fly
(Psytallia spp, with a level of parasitism very low < 1) (Chesneau, 2013). Additionally, there are four
species of Cucurbitaceae flies (the most presents is Dacus ciliatus) and two species of Solanaceae
flies (mostly Neoceratitis cyanescens).

3.2.2. The improved fallow

Lots of farmers stop cultivating vegetable crops during the raining season and the abandoned lands
are not protected against erosion. The introduction of an improving fallow constituted of Fabaceae
(Vigna ombelata) or Poaceae (Panicum) between two cycles of vegetable production helps to stop
erosion and to enrich the soil in nutrients (especially in nitrogen). furthermore, the residues could
constitute an inter-row of vegetable crops which would limit the development of weeds and the
evapotranspiration (leading to water saving) and would be a refuge of auxiliary fauna (Chabierski,
2003).
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3.2.3. The brown rot

The brown rot (Ralstonia solanacearum) is present everywhere in Mayotte with a more important
frequency during the rainy season. There is no conventional control of the disease. The CIRAD is
working on identifying the main species existing in Mayotte but it is also establishing
experimentations to select species tolerant to the disease. Results of experimentations are that some
species of tomatoes, eggplants and bell peppers were selected and mentioned in the ITR. Moreover
another technique was experimented and is actually reviewed: the grafting of productive species on
tolerant species (Chesneau, 2013) (Huat J., 2006).
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E. DISCUSSION

1. Discussion on the experimentations
1.1. Experimentation on dwarf bean

1.1.1. Limits of the experimentations
There were some constraints of cultivating dwarf bean under tropical climate: high temperature,
high humidity and high pest pressure.
Even if the temperature was not measured it was possible to observe different phenomena linked to
this problematic. The first leaves of Contender were burned by the sun in both experimentations.
However the development of the plant was not too affected, considering the fast growth of the plant
which produced new leaves rapidly. The varieties Primel, Delinel and Rocdor of the breeder Vilmorin
are not specifically dedicated to tropical climate. They are commercialized in mainland France. It
seems that growing them under hot climate impacted their physiologies by improving the
phenomenon of etiolation: they produced poles. Because of this, it has not been possible to select a
sample of the population in each experimental plot. The poles were going up and down and the
plants became entangled.
The pests’ pressures were considerable in the experimentation taking place at the agricultural school.
The establishment of the varietal trial next to cabbage crops infested by aphids was an issue. There is
no utilization of pesticides at the agricultural school so the transfer of the pest from cabbage to
dwarf bean could not be stopped. Moreover mites’ infestations affected the crop at the end of the
experimentation. Without this it would were possible to do some more harvests. However, it was
interesting to notice that even with strong pest pressure it is possible to produce dwarf beans and to
obtain good yields.
There are several hypotheses explaining why the average yields were less important at the
experimentation taking place at the EARL Lucille. The plastic tunnel used for the varietal trial was
covered with fungi that retained luminosity. Furthermore, blocks 2 and 4 were in the shade until ten
o’clock in the morning because of giant bamboos growing next to the greenhouse. The soil was very
compacted and it was necessary to do several runs with the power tiller to break large soil clods. The
first harvests were done too late and the plants spent lots of energy in producing the first pods. The
last hypothesis is based on the type of fertilization that was added to the soil. Mineral fertilizers
could have made the vegetative stage last longer because of its high content in nitrogen (Messiaen,
2012).
It is a shame that the experimentation taking place at the EARL Lucille did not measure the number
of pods per square meter. It would were interesting and more pertinent to compare the results
obtained at the agricultural school with another experimentation.

1.1.2. Comparison of the results with other experimentations done in Mayotte

In both experimentations the means of yields are higher than the ones obtained by the CIRAD in its
experimentations of 1993 and 2006 (Table 18). All varieties except Rocdor were subjected to varietal
trials. The yields of Contender are two times higher than the yields obtained by the CIRAD in 2006
and 400 to 450 grams higher from the experimentation of 1993. It is the same phenomena for Primel
which produced 320 to 640 grams/m? more than the experimentation of 1993; for Cora with 500 to
650 grams/m? more than the experimentation of 2006 and for Delinel with more than twice the yield
obtained in 2006.
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Table 18: Comparison of means of yields of five varieties of dwarf beans

Contender Primel Cora Delinel Rocdor
Experimentation of 1993 1030 1000 - - -
Experimentation of 2006 770 - 870 570 -
Experimentation at the

. 1466.2 1324.2 1377.3 1380 1136
EARL Lucille, 2013
Experimentation at the
1498.1 1640.3 1510.3 1319.2 1411.1

agricultural school, 2013
Sources: (DAF, 1993) (Gimenez & Huat, 2006)

These very important differences of yields could be explained by the seasonal effect. The
experimentations of 1993 and 2006 took place during the rainy season whereas experimentations of
2013 took place during the dry season. Temperature and humidity are significantly higher during the
rainy season. The dwarf bean plant is very sensitive to high temperatures and its development stops
when temperatures are above 30°C (CIRAD; GRET, 2002).

The difference of yields could also be due to the planting density. In both experimentations
established during this mission, the planting densities were 23.3 plants/m? whereas it was 8
plants/m?2in 1993 and 13.3 plants/m?in 2006. A higher density of plantation seems better to get high
yields.

The importation in Mayotte of varieties other than Contender and Cora such as Primel has to be
encouraged.

1.1.3. Limits of the statistical analyses

The statistical analyses have not been very satisfying because of their low precision. This could be
explained by the size of the samples. It would were better to get bigger elementary plots and more
repetitions of the modalities (more blocks). The block effects in both experimentations could also be
responsible for the low precision of the analyses. The luminosity and shadow factors had an impact
on the block effect at the varietal trial taking place at the EARL Lucille. At the agricultural school, this
is probably the fertilization factor that was responsible for the block effect. The experimentation
took place on one bed of 25 meters. It appears that there is a difference of fertility from one end of
the bed to the other. When the greenhouse was built in 2012, lots of manure was spread on the
front of the beds. The observation of various beds confirmed this hypothesis. There are bigger plants
in the front than in the back. However, this observation was done too late; the varietal trial was
already finished.

1.1.4. Discussion on the economic study
There are lots of interests in producing dwarf beans. One of them is that the return on investment is
correct. If average yields of production are correct (above 0.75 kg/m?) it is possible to win money (if
product sell at 4 €/kg). This economic study will help farmers to choose to cultivate this crop.

1.2. Experimentation on organic amendments
The experimentation did not produce any results because of the strong aphid’s attack and the
problem of irrigation. The size of the attack could were explained by the fact that the technical
itinerary of the cucumber had not been correctly followed. Indeed, the density of plantation was too
high (3.75 plants/m? instead of 2.5 plants/m? (Lycée agricole de Coconi, 2010)).
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Also, this experimentation takes place on two beds. Each bed was divided in five elementary plots in
order to offer three repetitions of three elementary plots. It means that one block was divided in
two: it begins on one bed and finishes on the other one. However a repetition should be in one block
(Gouet, 1991). Moreover, the observation of the difference of fertility from the front and the back of
a bed is also significant in the greenhouse where the experimentation takes place. It is possible to
establish the hypothesis that there will be block effects in every statistical analyses and so, falsify the
results. It was more satisfactory to dedicate the entire greenhouse for the experimentation. The
block effects were limited. However this was not possible because of other experimentations such as
the one that has for objective to evaluate the effect of confinement of the greenhouses.

Also, the experimentation depends on the production of compost. There was not enough compost to
establish a bigger experimentation anyway. The production of compost could be a limiting factor for
the perenniality of the experimentation on organic amendments.

The two beds are located in the extremity of the greenhouse; there are other beds in between.
Considering the visual aspect of the experimentation it was better to establish it on beds that are
close to each other.

The experimentation should be done during five years to compare the long term impacts of the
different types of organic amendments. There is a considerable turnover at the agricultural school.
The person in charge of the experimentations could be gone before the end of the five years. If the
transfer of information is not done well, the experimentation could be stopped prematurely as it was
the case for the experimentation on Ramial Chipped Wood.

The vulgarization of the utilization of RCW as organic amendment might be difficult because there
are only 45 branch and plant grinders in Mayotte (DAAF-SISE, 2011a). It is not known if the service
provider of the DARTM has one.

2. Discussion on the interviews

There were many tasks to accomplish during this mission; it was difficult to meet many of the
farmers. At the beginning of the mission it was established that the ITR (especially the ITR on dwarf
bean) should reflect the practices of the producers. But most of them do not collect any data on their
productions (yields, time needed for each tasks, phytosanitary treatments, etc.). That is why the
economical study on dwarf bean has not been created from the results of the interviews as expected
at the beginning of the mission. The creation of data collection sheets should be of great help for the
professionalization of the sector. The farmers would then have feedback on their activities and the
technicians will have better tools for providing supports.

Also it appears that asking more specific questions would have produce better results and more data
for the technicians. Questions such as “are you ready to use RCW to fertilize your soil?”; “would you
make it yourself?” and “how much would you buy it?” would have been more pertinent.

3. Discussion of the project on ITR

3.1.General discussion on the project
The objective of the project was to gather together all information available and research done in
Mayotte. Lots of data and information are missing because of the change of agricultural institutions
and the high turnover of the workers. It was a very difficult task to gather information from the
different stakeholders. Lots of information was not found because nobody knew about it or because
it was lost. For example, the dissolution of the ADVA for the creation of the DARTM resulted in the
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creation of a room full of unclassified documents. Nobody was able to get information from this
particular library. It is the same remark for the library of the CIRAD which has not been digitized; lots
of reports were lost. However it was very interesting that the mission tried to gather all information
possible. It will definitely be an advantage for the future of the vegetable sector and the agriculture
of Mayotte in general.

It is positive that the project groups all stakeholders of the vegetable sector. It has for consequences
to improve the dynamic of the sector. With this project, the competition between institutions was
transformed into collaboration; they work together with the common objective of improving the
sector.

3.2.The transfer of the results to vegetable producers

In order to transfer the results of the project, it would be correct to organize professional open days
to all kinds of farmers. Such events would be helpful to raise awareness of farmers about the
utilization of organic amendments, sustainable plant protection and cultivation of dwarf beans. Also
there is still a lot to do about the training of farmers in plant protection. They might be better
informed that the systematical utilization of phytosanitary products is no longer advised. However
the set-up of the training should be different to the ones usually provided by the DAAF because only
a few farmers can benefit from these training days. Informal training, on fields, in French and
shimaoré has to be encouraged. It would be interesting to develop other experimentations on
alternative pest control as is currently doing the CIRAD with the project GAMOUR. Experimentations
on plant macerations could allow farmers reduce their utilization of phytosanitary products.

The ITR documents provide new tools for the vegetable technicians. However, without more
technicians it will be very difficult to improve the whole vegetable sector. The limit of the project
could be that it would only have an impact on the vegetable producers that already get support from
the technicians. In the future, it is possible that the gap between professional farmers and traditional
farmers becomes more and more sizable. But hopefully, this project will raise the general quality of
the vegetable sector by impacting all the vegetable producers of Mayotte.
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CONCLUSION

The dwarf bean experimentations have established that the Contender, Primel and Cora varieties are
producing correct yields during the dry season on Mayotte. The regularity of Contender makes it the
most reliable variety of dwarf bean for vegetable producers. Primel is not available in Mayotte but
could be imported. The Cora variety needs to be tested again because of its high degree of
dispersion. The dwarf bean cultivation can be done without using mineral fertilizers as it was
observed that higher yields were obtained with duck manure. Shade nets are useful to protect the
plants from too much luminosity. It can also affect the temperature on the plant. Considering that
the dwarf bean is sensitive to high temperature, the utilization of shade nets is recommended.
However, not too much shade or the average production will decrease. The cultivation of dwarf
beans seems to be better adapted to the temperature of the dry season.

Vegetable flies, aphids and brown rot were the main pests observed during the dry season in 2013.
Too many vegetable producers use systematically phytosanitary products to control pests. There are
not too many chemical families available on the island and there are real risks that phenomena of
resistances appear. Moreover, farmers do not have the equipments required for treatments. They
are exposed to important health risks. However the CIRAD is testing various agroecological methods
that should soon or later be vulgarized for general application by farmers. The development of
sustainable plant protection is on its way, encouraged by agricultural institutions notably through
agri-environmental measures in favor of sustainable management of pests.

Most of the vegetable producers interviewed during this mission do not practice rational use of
fertilizers. The utilization of organic amendments such as dried chicken manure is well vulgarized but
only a few farmers produce their own fertilizers. Experimentations on compost have not given
satisfactory results yet. Continuing experimentations at the agricultural school will certainly lead to
composting methods transferable to all farmers of Mayotte. Moreover the experimentation on
organic amendments can help to change the farmers’ habits. The farm of the agricultural school of
Coconi is on its way to becoming a model farm. Efforts have to be maintained and continued.

The support of vegetable producers is improved with the creation of the three recommended
technical itineraries. Technicians get new tools dedicated to more sustainable vegetable production,
now they have to use them. However, with only two vegetable crops technicians for 1250 producers,
the task seems difficult. Farmers have to rely on themselves and to help each other as they are doing
at the COOPAC if they want to improve their activities.

The project on ITR encourages the various agricultural institutions to work together. It is only in this
way that the vegetable sector can be improved. ITR documents are useful tools but they might not
be of first importance for farmers and moreover they might not be usable by lot of farmers. These
documents are addressed to educated farmers able to read French. It would be useful to translate
them in to Shimaoré.
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Appendix 1: Plan of the agricultural school of Coconi
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Appendix 2: Campaign for the valorization of local products
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Appendix 3: List of stakeholders interviewed during the mission

Interviews of the stakeholders:

The vegetable crops technician from the CAPAM (Luc Vanhuffel),

The deputy director of the DARTM (Moustoifa Abdou),

The coordinator of experimentations at the experimental station of Dembeni (Anli Abdou),
The supervisor of the program Ecophyto from the DAAF (Anli Liachouroutu),

The supervisor of the program economy of agricultural products from the DAAF (Patrice
Crocis)

The vegetable researcher of the CIRAD (Thomas Chesneau),

The supervisor of the Agri-environmental Measures from the DAAF (Carol Develter),

The coordinator of the vegetable cooperative (COOPAC, Aurélie Aufman),

The supervisor of experimentations at the agricultural school of Coconi (Emilie Perreard)
The farm workers at the agricultural school of Coconi (Jelan and Gérard)



Appendix 4: Varietal trial on dwarf bean at the farm of the agricultural school of Coconi

Trial plan
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Characteristics of the experimental plan

Horticultural tunnel: Length = 26 m, Width =9 m, Surface = 234 m?

Vegetable bed: L,=25m,W,=1,2m, S, =30m?
Irrigation: 3 rows of drip water * 1 bed, 249 drippers (flow rate 2 I/h)
Elementary plot: Lp=1,2m, Wye=1m, Spe=1,2m?

7 plants * 4 rows = 28 dwarf bean plants
Number of plants in trial: 28 plants * 6 repetitions * 3 blocs = 504 plants
Number of plants on the edge: 16 plants * 2 repetitions = 32 plants

Total number of plants: 504 + 32 =536 plants

Planting density: 23,3 dwarf bean plants/m?

Vi



Appendix 5: Varietal trial on dwarf bean at the EARL Lucille's farm

Trial plan

North <——

Modalities

Plan of an elementary plot

0,33 m

0,15 m
i

1,60 m

'

M oM XM M O H X H ¥ X ¥ ¥

oM ¥ M O H X O H M X ¥ ¥

x oxXx X X X ¥ X ¥ X ¥ X

oM ¥ M X M ¥ ¥ ¥ H X

1m

s 3
() c —
© ©
c = —
ey mOde
w ¥ @ = T c
Q = 9
90 0V Eann E E
= 0 =
© - 4
> << 0 O 0O w f) =)
Q
o
—
o
>
o)
o w [a) (8 <L (@] o < w T8 o
o
o
20|g €90/g £
2 4
o >
< wn
Y=
c O
w << (a] o0 (&) o (2] w (Th (a) mw
.. @© &0
2 E
¢J0|d T20|9 m._b -
1)
e R T,

vii



Characteristics of the experimental plan

Horticultural tunnel: L=25m,W=5m,S=125m?

Vegetable bed: Lb=24m,W,=1m,S,=24m?
Irrigation: 3 rows of drip water * 2 beds, 480 drippers (flow rate 2 I/h)
Elementary plot: Lep=1,6m, W, =1m, Se, =1,6 m?

11 plants * 3 rows =33 bean plants
Number of plants in trial: 33 plants * 6 repetitions * 4 blocs = 792 plants
Number of plants on the edge: 16 plants * 4 repetitions = 64 plants

Total number of plants: 792 + 64 = 856 bean plants

Plantation density: 23,3 bean plants/m?
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Appendix 6: Technical itineraries of both trials on dwarf bean

Technical itinerary of the trial at the agricultural school

Date Interventions Observations

3 May Tillage 20 cm tillage with a power tiller / 1 round trip
3 May Fertilization 1,25 kg/m? of duck manure

3 May Bed formation Surface leveled and refined with a rake

o Placement of the irrigation system
3 May Irrigation system . .
5 min /3 times / day

6 May Irrigation Manuel irrigation

07 May Irrigation Manuel irrigation
. direct sowing of 2 seeds per planting hole
07 May Sowing e
All varieties were sowed

08 May Irrigation Manuel irrigation
15 May Thinning Conservation of one plant / planting hole
21 May Weeding With a hoe
21 May Mounding
17 June Harvest 0,593 kg
19 June Harvest 1,382 kg
20 June Harvest 1,304 kg
24 June Harvest 7,758 kg
27 June Harvest 4,971 kg

1 July Harvest 5,634 kg

5 July Harvest 3,727 kg

8 July Harvest 1,582 kg

Technical itinerary of the trial at the EARL Lucille’s farm

Date Interventions Observations
. 20 cm tillage with a power tiller
22 May Tillage o
Very compact soil, big aggregates

24 May Tillage Second 20 cm tillage / Big aggregates
27 May Tillage Third 20 cm tillage

28 May Fertilization 10 grams/m? of 13 8 24

28 May Bed formation Surface leveled and refined with a rake

L Placement of the irrigation system
28 May Irrigation system . .
5 min /3 times / day
. direct sowing of 1 or 2 seeds per planting hole
29 May Sowing o
All varieties were sowed

30 May Irrigation Manual irrigation

2 June Irrigation Manual irrigation

8 June Thinning Conservation of one plant / planting hole
12 June Weeding With a hoe

12 June Mounding

18 July Harvest 14,463 kg

22 July Harvest 7,397 kg

30 June Harvest 6,862 kg
5 August Harvest 3,363 kg



Appendix 7: Varietal trial on climbing bean and pea associated to maize in open field

Trial plan
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Characteristics of the experimental plan

Field:
Vegetable bed:
Irrigation:

Elementary plot:

Number of plants:

Plantation density:

L=18m,W=6m, S=108 m?
L,=17m, W,=1,5m, S, = 25,5 m?
rows of drip water * vegetable plate, drippers (flow rate 2 I/h)

Lep =2,15m, We, =1,5m, Sep, = 3,225 m?
6 plants * 2 rows = 12 bean plants
12 plants * 3 rows = 36 maize plants

12 plants * 7 repetitions * 3 beds = 252 bean plants
36 plants * 7 repetitions * 3 beds = 756 maize plants

3,7 bean plants/m?
11,2 maize plants/m?

Date
20 May
27 May
27 May
28 May

29 May
4 June

18 June

1 July

3 July

4 July

5 July

26 July
5 August
15 August
26 August

5 Sept

5 Sept

Interventions
Tillage
Tillage

Fertilization

Bed formation

Irrigation system

Sowing
Sowing
Re-sowing

Re-sowing

Weeding

Weeding

Weeding
Maintenance
Maintenance
Maintenance
Maintenance
Maintenance

Harvest

Technical itinerary

Observations
Tillage with a rotavator
Second 20 cm tillage with a power tiller
1,75 kg/m? of duck manure
Surface leveled and refined with a rake
Placement of the irrigation system
Manual irrigation : 15 to 30 min / 2 to 3 days
direct sowing 2 seeds of maize / planting hole
Direct sowing of 2 Fabaceae seeds / planting hole
3-4 seeds of maize / planting hole
5-6 seeds of maize / planting hole
2 Fabaceae seeds on empty planting hole
Replacement of the variety C
With a hoe
With a hoe
With a hoe
Keeping plants on their elementary plot
Keeping plants on their elementary plot
Keeping plants on their elementary plot
Keeping plants on their elementary plot
Keeping plants on their elementary plot
Variety G

Xi



Appendix 8: Comparison of three types of organic amendments for fertilization of vegetble crops
cultivated under greenhouse

Trial plan
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Characteristics of the experimental plan

Vegetable plate:
Irrigation:

Elementary plot:

Number of plants:

Planting density:

L,=25m, W,=1m, S, =25m?
3 rows of drip water * 2 beds, 498 drippers (flow rate: 2 I/h)

Le=4m, Wpe=1m,S,e=4m?

(8 plants * 1 row) + (7 plants * 1 row) = 15 cucumber plants
32 plants * 2 rows = 64 carot plants

17 plants * 1 row =17 lettuce plants

15 plants * 3 repetitions * 3 blocs = 135 cucumber plants
32 plants * 3 repetitions * 3 blocs = 288 carrot plants
17 plants * 3 repetitions * 3 blocs = 153 lettuce plants

3,75 cucumber plants/m?
8 carrot plants/m?
4,25 lettuce plants/m?

Technical itinerary

Date Interventions
7 June Sowing
19 June Production of RCW
20 June Tillage
21 June Fertilization
21 June Bed formation
21 June Irrigation system
24 June Plantation
24 June Horticultural wire
26 June Plantation
1 July Maintenance
3 July Weeding
8 July Maintenance
12 July Maintenance
14 July Treatment
29 July Harvest
30 July Sowing
5 August Harvest
9 August Harvest
12 August Harvest
12 August Cleaning
14 August Treatment
16 August Plantation
19 August Treatment

Observations
Sowing cucumbers in plant nursery
Collect of branches and grinding
20 cm tillage with a power tiller
According to modalities
Surface leveled and refined with a rake
Placement of the irrigation system
Plantation of cucumbers
Placement of wire to conduct cucumbers
Transplanting carrots
Conduct cucumbers around horticultural wires
With a hoe
Conduct cucumbers around horticultural wires
Conduct cucumbers around horticultural wires
Maceration of garlic and chilly plus black soap
2,417 kg
Sowing lettuce in plant nursery
18,475 kg
6,775 kg
13,401 kg
Cucumbers uprooting
Maceration of garlic and chilly plus black soap
Plantation of lettuce
Maceration of garlic and chilly plus black soap
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Appendix 9: Fabrication of compost at the agricultural school of Coconi

A transect walk with notification of the observations through the school’s farm presented a quick
overview of the situation. Were visited the animal husbandry and the place to store the manure;
then there were the vegetable crops production area and the actual management of the crop
residues. Meeting the farm workers was the final part to understand the situation.

The second step was to define which composting methods would be experiment according to the
potential and the need of the school’s farm, the will of the stakeholders and the bibliography. There
was a quick need for compost that is why the fast composting method from Berkeley was chosen.
This method was supposed to produce compost in one to two weeks. It was a manual and small scale
production system of compost. The second method chose was mechanized and adapted to large
scale production system. The windrow composting method was chosen.

In collaboration with the chief operating officer, the supervisor of experimentations and the farm
workers two composting areas were designated. The manual composting area was placed under
carambole trees, next to the usual compost area. The mechanical composting area was located next
to the meteorological station, with enough space for a tractor to move on. This area was not
protected from the sun.

A list of equipments and materials needed for the realization of the project was made and
established the needs. It was necessary to obtain wood boards, screws, geotextile trap and
thermometers. The next step was to create documents on how to create and manage those two
composting methods. Tables were made, a drawing of the compost bins and a data collection sheet
for the temperature. Unfortunately this work was stolen by thieves.

It was necessary to meet teachers and find those that wanted to be involved in the project. Then
comparing their schedules and availability to facilitate the organization and the repartition of the
tasks to do between classes.

Two compost bins for the fast composting method from Berkeley were built and place on the defined
area with the collaboration of teachers, students and the workers of the workshop. The equipments
used for the creation of the compost bins are wood boards, saw, screws, screwdriver and meter.
Once the compost bin in place, they were filed up with several layers of green and dry material, and
watered the fresh compost heap. Then to control the temperature of the heap two special compost
thermometers of 40 cm each were placed, one in the centre of the heap and one in its periphery.
Temperature was measured everyday and registered in a data collection sheet on Excel and a final
temperature curve of the compost was made. The curve temperature was a tool used for controlling
the evolution of the compost heap and used by teachers of soil biology in their courses. The heap
was return in the next bin every day or every two days after that the temperature gets over fifty
degrees Celsius during two to three days.

The windrow composting method was made by using manure from the animal husbandry. Manure
was storage on three compartments of difficult access by tractor. 6 m® of manure from one
compartment were used to make a windrow of 1 m high, 1,5 m large and 6 m long. A geotextile trap
was covering the windrow composting method from the sun and some bamboo sticks fixed the trap.
The windrow was returned once a week or twice a month according to the availability of the
teachers.
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Appendix 10: Interview guide

Itinéraires Technigques Recommanés a Mavotte

2013

Presentation Genérale de TExploitant et de son Exploitation

1. PrénomTNom

[ L. accas & Tean

[ 3. sol pauyme

1. Teleplome

Ll 7. smims

3. Localis ation

9. Comtraintes de voo ferres 7

Ll 5. tezram en pamte
Fowr poerves cocher plusiman canc

10, 51 "smeres', préciser :

O 2.acces a leplodaton

0O 4. surfice de lespleiation

0O &. temrein piarwes

4_Apriculmre senle sctivie professionmelle 7

& lowi O 2mon

5. Apriculmre zeale source de revens ¥
O Lowi ) Loon

6. Poncéder wus um suméros SIEET 7
 lLowi O 2 =on

Ll 4. Smifier

1% 5i"smrre', préciser - |

O 5 aumm

Fowr poerves cocher plusiman cane

11 Craelles somt bez preductons de 1'exploitation 7
O & Mamtchage O 2. vimger O 3 dkags

13. Surface wtale d prodection? |

14, Adbérent & un proupement de prodoctenr ¥

T.Qmelles zontle: qualivts 4w wrre: 7 O Loui O 2 oom
LI 1. wocds a lean O 2 accss a laaplozation
O 3. wecds rassan rowtir O 4 temam plat 15. Lequel
[ 3. solnchs 0O & susface de Feaplodtation
O 7. amtres

Fowr posnars cocher plvaian o

5. 51 "atres', précizer -

r {5 aw marmmom)

Les Culiures Marakhéres

16, Principales prodecion: maralcberes

-

11, Craelles somiles retadons de cultores soms serre?

Lo guirsitow n'oi periioenis que o proupemend g produciesr 7 = ar”

17. Surface de prodection (ha) |

158, Poczédez-voms des serres?

O lowi O Zmon

1%, Souhaitez-wma: en amir (plos ) *

O Lowi O 2 =on

10, 54 omi’, précizer

1. Craelles somiles rotadons de culmores de plein champ 7

XV




213, Duscussion choix des culmmore:

17 Quelles prodocdons rapporient le ple: & argesi *

15, A qui vendez wns wo prodection T

14, Approdizonmement en esm”

19 Oma wndez wuz wm: prodoctons 7

15 Qmamtind ' esm s wifis amite en saizem séche ?
3 Lowi O 2 mon

1§, Adapracion au mamgque J eam

30. Callecrez wous des domnees zur we prodections 7
& Lomi O 2 oon

31.(p="en faites vous T

Lz guoaon &' parrimendr gue & apee oo sk afchs = Tman®
Le Haricot
31, Cultivez vwous ou awez wa: culow des haricos 7

5

& lLowi O 2 mon

33. TTE. harices_culdivr

Lo gquisdizn n'mi prriseris gue o Doneder de prodvcions = Toal”

39 ITE_haricot irrizaton

4. ITK_ksriced marque

40.ITE haricot feroliz sten

[
[E]]

.ITE hsricet surface 55 om PC

36, ITK kariced le sol

37. IIK_baricet sems dens i

38. ITK_hbsricet enmreden

41.ITE haricot ratements pio

4I.ITK haricot récolie

43 ITE_haricot lez résidns de colere

44.ITE_haricot dorée da cycle (meds )

45 Sonbarer was coliver des Barioss & U'avenir 7
O Lom O 2mom

La guirsiion n'ol perisords gue o Cadure dc bardcoi' = Teon™

XVi




46, Avmmoages de la cwhare do baricot ¥
O 1. Entretien du sol
O 1 rotation
O 3. bomos valewr ajontés
O 4. forie production

O 5. peu de prssion des bioxgres sear
L & 5% vemd bian
L 7. amiras

Fower pomvrs cocker plvamurs cane

47, 5 "ameres’, précizer

45, Ewoavmients de La culiure de haricoc 7
. difficile & vendre

. faibks demda da conservation

. forie pression des bioagmessennm

. codis de prodections dends

. diffienks die oalte

. fequence de récoln

7. dumis de reoolts

O & amizes

Fiuer poenars cocher plenimues caser T aw marinem ).

[

[ =)

g

ooooooo
SR

La Fertlization

5. Type de fertilizaton ?
L 1. organigee O 1 mndnk

Fower pomvrs cocker plvamurs cane

51, Nasure fertilis ation organigue
O l.bovin O Lcamand [O % pouk
[ 5. cheneal O & ERF

Fowr pomnars cocker p vy cane

O 4. kpn
O 7 compost [ £ autm

4% 5i"smrres’, précizes

6. Prowansnce (prix) ou fabrication

51, 5i"amere’, préciser |

53, Calfures fertdlizaton orpaniqoe
2 1. Towes O 1 antres

54, 5i "smrres”, précizer

55 Quasmtités apporites (kp'ha)

57 Kithode: de feroliz sien
O Lepenels O 2 osbcanisés

Fows peenver cocher plusians coses

5B, 5i'mécamizée’, précizer

9. Applicatiens fertliz amis ¥
1 I abhphotaten O I o coum de cyele
] 1. m&cznés

Fows peenver cocher plusians coses

XVii



La Protection des Culfares
8. Principaey bisagressenrs des culmres ?

fd. Femplizsez was un regisire de irsiiement™
O Lom O 2.oom

5. Fourgua -

66, hathede: de luptes alternadws ? (propiisme,
s sociations, produc nemrels, sic)

§1. Trazeez wus we celmre: 7
C lLowi O 2 mon

1. Principaey produit pirviosasdisires wilises

3. Eguipemene pour les raitemenrs 7
O 1. gants O = botes
O 3 masgoes O 4 combnaken
O 5 pukarsatenr O & stoomenr
U 7. pschit pachit [ £ ben

Howx pomvrs cocker pivairury caser {7 aw marimom )
Projets de colaboration

%, Accueidlir des soagimires du LPA T
3 Loowi O3 2 oni jen accusile dag O 3.mon

T@. Meirre en place des expérimesmoons avec e LPA 7
O lowi O 2 mon

T1. Echames emire arricolewrs 7
O lowi O 2 non

T, 54 "omi’, précizex

§7. Comnpaizsance d= RMAF ™
O Lom O 2 oom

68, Sonkaieez wor meore en place de dis posinfs AMAF?
O Lem O 2 oom

T3. VAEIABLE T3
0L Theren"1 O 2Thimen"2 [0 3 Themmn"3

Fowr powver cocher plusksrr canes

Xviii




Appendix 11: Script and results of the variance analysis of the experimentation on dwarf bean at the
EARL Lucille

HEHHHHHHH B HEHH R AR R R
ANALYSIS OF THE VARIABLE "YIELD"
HEHHHFHHH T HEHH R R HH R R

setwd ("1:/TOZZZz7727777/Thomas_2013/R Thomas")

dir()
jeu=read.table("Essai_Haricot_Vert_EARL_Lucille.txt",h=T,sep="\t")
jeuSdate=as.Date(jeuSdate,"%d/%m/%Y")
jeuSrdt=as.numeric(jeuSrdt)

jeuSrdt=round(jeuSrdt/1.2,3)

summary(jeu)

var date bloc
Contender:16 Min. :2013-07-18 B1:20
Cora :16 1stQu.:2013-07-21 B2:20
Delinel :16 Median :2013-07-26 B3:20
Primel :16 Mean :2013-07-26 B4:20
Rocdor :16 3rd Qu.:2013-07-31

Max. :2013-08-05

rdt
Min. : 41.67
1st Qu.: 175.21
Median : 298.33
Mean :334.22
3rd Qu.: 395.00
Max. :1010.83

rend=aggregate(jeu["rdt"],c(jeu["var"],jeu["bloc"]),sum,na.rm=T)

summary(rend)
var bloc rdt
Contender:4 B1:5 Min. :836.7
Cora :4 B2:5 1stQu.:1114.2
Delinel :4 B3:5 Median :1425.8
Primel :4 B4:5 Mean :1336.9
Rocdor :4 3rd Qu.:1505.0
Max. :1915.0

windows()

library(lattice)
interaction.plot(rendSbloc,rendSvar,rendSrdt,las=2,col=1:6,lwd=2)
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boxplot(rendSrdt~rendSvar)
bartlett.test(rendSrdt,rendSbloc) ; bartlett.test(rendSrdt,rendSvar)
Bartlett test of homogeneity of variances

data: rendSrdtand rendSbloc
Bartlett's K-squared = 1.8379, df = 3,
p-value = 0.6067

Bartlett test of homogeneity of variances

data: rendSrdtand rendSvar
Bartlett's K-squared = 1.5859, df = 4,
p-value =0.8113

mod=Im(rendSrdt~rendSvar+rendSbloc,y=T)
shapiro.test(modSres)
Shapiro-Wilk normality test

data: modSres
W =0.9254, p-value =0.1261

windows()

par(mfrow=c(2,2))

hist(modSres,freq=F)
lines(density(modSres),col="red")
rug(jitter(modSres,5))
f=function(t){dnorm(t,mean=mean(modSres),sd=sd(modSres))}
curve(f,add=T,col="blue",lwd=3,Ity=2)
ggnorm(modsSres)

qqline(modSres)

plot(modsSfit, modSres)
abline(h=gnorm(c(0.025,0.975))*sd(modSres))
plot(modsSfit,modSy)

abline(0,1)

library(lattice)
windows()
resi=matrix(modSres,nrow=5)
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levelplot(resi,cuts=4)

anova(mod)
Analysis of Variance Table

Response: rendSrdt

Df Sum Sq Mean Sq F value Pr(>F)
rendSvar 4241905 60476 0.7973 0.5495
rendSbloc 3286346 95449 1.2584 0.3324
Residuals 12 910199 75850

library(agricolae)
modele=aov(rdt~var,data=rend,y=T)
S=SNK.test(modele,"var","Effet variétal")

Study:

Student Newman Keuls Test
for rdt

Mean Square Error: 79769.68
var, means

rdt std.errr  Min.
Contender 1466.250 173.5320 4 1068.334
Cora 1377.292 182.6021 4 836.667
Delinel 1380.000 103.0107 4 1200.834
Primel 1324.167 118.9921 4 1008.334
Rocdor 1136.667 107.1675 4 905.833
Max.
Contender 1914.999
Cora 1634.167
Delinel 1650.000
Primel 1564.167
Rocdor 1424.167

alpha: 0.05 ; Df Error: 15
Critical Range
2 3 4 5

425.6758 518.7457 575.5994 616.6952

Means with the same letter are not significantly different.
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Groups, Treatments and means
a Contender 1466

a Delinel 1380

a Cora 1377

a Primel 1324

a Rocdor 1137

S=SSgroups

par(mar=c(7,4,1,6),bty="I",cex.lab=1,cex.axis=0.8,mgp=c(2.5,0.5,0),family="serif")
mc=sapply(split(rendSrdt,rendSvar),mean)

mc=mc[-4]

t=order(mc,decreasing=T)

mc=mc[order(mc,decreasing=T)]

library(sciplot)

sc=sapply(split(rendSrdt,rendSvar),se)

sc=sc[-4]

sc=sct]

library(gplots)

aux=barplot2(mc,las=1,space=0.3,plot.ci=TRUE,ci.lI=(mc-
sc),ci.u=(mc+sc),xpd=FALSE,xlab=paste("Moyenne +/- erreur standard du rendement par
m2"),ci.lwd=1,ci.width=0.3,grid.lty=3,grid.inc=10,plot.grid=TRUE)
text(aux,max(mc)+1/40*mc,labels=round(SSmeans,1),col="black",adj=-0.2,cex=0.8)
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Appendix 12: Script and results of the variance analysis of the experimentation on dwarf bean at the
farm of the agricultural school of Coconi

HEHHHHHHH B HEHH R AR R R
ANALYSIS OF THE VARIABLE "NUMBER OF PODS"
HEHHHFHHH B HEHH R R HH

setwd("C:/Users/Administrateur/Desktop/R Thomas")
dir()
jeu=read.table("Essai_Haricot_Vert_LPA.txt",h=T,sep="\t")
jeuSdate=as.Date(jeuSdate,"%d/%m/%Y")
jeuSgousses=round(as.numeric(jeuSgousses)/1.2,3)
jeuSrdt=as.numeric(jeuSrdt)
jeuSrdt=round(jeusSrdt/1.2,3)
jeuSPM=round(jeuSrdt/jeuSgousses,3)
jeu=jeu[!jeuSvar=="Gourmandel",]
summary(jeu)

var date bloc rdt gousses
Contender :21 Min. :2013-06-17 B1:32 Min. :33.33 Min. : 8.33
Cora :18 1stQu.:2013-06-24 B2:32 1stQu.:137.50 1stQu.: 36.67
Delinel :18 Median :2013-06-27 B3:32 Median :233.75 Median : 56.25
Gourmandel: 0 Mean :2013-06-28 Mean :235.50 Mean :57.40
Primel :21 3rdQu.:2013-07-05 3rd Qu.:304.79 3rd Qu.: 73.33
Rocdor :18 Max. :2013-07-08 Max. :606.67 Max. :164.17

NA's 2 NA's :6

gousses=aggregate(jeu["gousses"],c(jeu["var"],jeu["bloc"]),sum,na.rm=T)
summary(gousses)

var bloc gousses

Contender :3 B1:5 Min. :252.5

Cora :3 B2:5 1stQu.:311.2

Delinel :3 B3:5 Median :340.0

Gourmandel:0 Mean :344.4

Primel :3 3rd Qu.:361.2

Rocdor :3 Max. :480.0

windows()
library(lattice)
interaction.plot(goussesSbloc,goussesSvar,goussesSgousses,las=2,col=1:6,lwd=2)

bartlett.test(goussesSgousses,goussesSbhloc) ; bartlett.test(goussesSgousses,goussesSvar)

Bartlett test of homogeneity of variances
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data: goussesSgousses and goussesSbloc
Bartlett's K-squared = 1.7638, df = 2, p-value =0.414

Bartlett test of homogeneity of variances

data: goussesSgousses and goussesSvar
Bartlett's K-squared = 7.8643, df = 4, p-value = 0.09668

mod=Im(goussesSgousses~goussesSvar+goussesSbloc,y=T)
shapiro.test(modSres)

Shapiro-Wilk normality test
Shapiro-Wilk normality test

data: modSres
W =0.9308, p-value =0.2808

windows()

par(mfrow=c(2,2))
hist(modSres,freq=F,breaks=10)
lines(density(modSres),col="red")
rug(jitter(modsSres,5))
f=function(t){dnorm(t,mean=mean(modSres),sd=sd(modSres))}
curve(f,add=T,col="blue",lwd=3,lty=2)
ggnorm(modsSres)

qqline(modSres)

plot(modsSfit, modSres)
abline(h=gnorm(c(0.025,0.975))*sd(modSres))
plot(modsSfit,modSy)

abline(0,1)

library(lattice)

windows()
resi=matrix(modSres,nrow=5)
levelplot(resi,cuts=4)
anova(mod)

Analysis of Variance Table

Response: goussesSgousses
Df Sum Sq Mean Sq F value Pr(>F)
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goussesSvar 4 30744.2 7686.1 7.5508 0.008004 **
goussesSbloc 2 9531.3 4765.7 4.6818 0.045060 *
Residuals 8 8143.3 1017.9

Signif. codes: 0 “***70.001 “** 0.01 “**0.05‘”0.1°"1

library(agricolae)
modele=aov(gousses~var,data=gousses,y=T)
S=SNK.test(modele,"var","Effet variétal")

Study:

Student Newman Keuls Test
for gousses

Mean Square Error: 1767.461
var, means

gousses std.errr Min. Max.
Contender 275.2767 11.398533 3 252.50 287.50
Cora  409.7267 46.562798 3 321.67 480.00
Delinel 354.1633 7.406079 3 340.00 365.00
Primel 318.0567 8.941926 3 300.83 330.83
Rocdor 364.7267 22.648168 3 340.84 410.00

alpha: 0.05 ; Df Error: 10

Critical Range
2 3 4 5
76.48417 94.09902 105.01691 112.97127

Means with the same letter are not significantly different.

Groups, Treatments and means
a Cora 409.7

ab  Rocdor 364.7

ab  Delinel 354.2

ab  Primel 318.1

b Contender  275.3

S=SSgroups

par(mar=c(7,4,1,6),bty="1",cex.lab=1,cex.axis=0.8,mgp=c(2.5,0.5,0),family="serif")
mc=sapply(split(goussesSgousses,goussesSvar),mean)
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mc=mc[-4]

t=order(mc,decreasing=T)

mc=mc[order(mc,decreasing=T)]

library(sciplot)

sc=sapply(split(goussesSgousses,goussesSvar),se)

sc=sc[-4]

sc=sc[t]

library(gplots)

aux=barplot2(mc,las=1,space=0.3,plot.ci=TRUE,ci.I=(mc-
sc),ci.u=(mc+sc),xpd=FALSE,xlab=paste("Moyenne +/- erreur standard du nombre de gousses par
m2"),ci.lwd=1,ci.width=0.3,grid.lty=3,grid.inc=10,plot.grid=TRUE)
text(aux,max(mc)+1/13*mc,labels=M,col="red",adj=-1.5,font=2,cex=1)
text(aux,max(mc)+1/40*mc,labels=round(SSmeans,1),col="black",adj=-0.2,cex=0.8)

HHHHHE A AR R R
ANALYSIS OF THE VARIABLE "YIELD"
HHHHHE R B R

rend=aggregate(jeu["rdt"],c(jeu["var"],jeu["bloc"]),sum,na.rm=T)
summary(rend)

var bloc rdt

Contender :3 B1:5 Min. :1150

Cora :3 B2:5 1stQu.:1318

Delinel :3 B3:5 Median :1504

Gourmandel:0 Mean :1476

Primel :3 3rd Qu.:1603

Rocdor :3 Max. :1816

windows()

library(lattice)
interaction.plot(rendSbloc,rendSvar,rendSrdt,las=2,col=1:6,lwd=2)
boxplot(rendSrdt~rendSvar)

bartlett.test(rendSrdt,rendSbloc) ; bartlett.test(rendSrdt,rendSvar)

Bartlett test of homogeneity of variances

data: rendSrdtand rendSbloc
Bartlett's K-squared = 0.3081, df = 2, p-value = 0.8572

Bartlett test of homogeneity of variances
data: rendSrdtand rendSvar
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Bartlett's K-squared = 2.897, df = 4, p-value =0.5752
mod=Ilm(rendSrdt~rendSvar+rendSbloc,y=T)
shapiro.test(modSres)

Shapiro-Wilk normality test
data: modSres
W =0.9362, p-value =0.3374

windows()

par(mfrow=c(2,2))
hist(modSres,freq=F)
lines(density(modSres),col="red")
rug(jitter(modSres,5))

f=function(t){dnorm(t,mean=mean(modSres),sd=sd(modSres))}

curve(f,add=T,col="blue",lwd=3,lty=2)
ggnorm(modsSres)

qqgline(modsSres)

plot(modsSfit, modSres)
abline(h=gnorm(c(0.025,0.975))*sd(modSres))
plot(modsSfit,modSy)

abline(0,1)

library(lattice)

windows()
resi=matrix(modSres,nrow=5)
levelplot(resi,cuts=4)

anova(mod)
Analysis of Variance Table

Response: rendSrdt

Df Sum Sq Mean Sq F value Pr(>F)
rendSvar 4172367 43092 3.0083 0.086534 .
rendSbloc 2 256670 128335 8.9591 0.009077 **
Residuals 8 114596 14324

Signif. codes: 0 “*** 0.001 “**’ 0.01 ‘**0.05‘"0.1°"1

library(agricolae)
modele=aov(rdt~var,data=rend,y=T)
S=SNK.test(modele,"var","Effet variétal")
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Study:
Student Newman Keuls Test
for rdt

Mean Square Error: 37126.55

var, means

rdt std.errr Min. Max.
Contender 1498.056 77.34080 3 1360.000 1627.501
Cora 1510.277 186.64089 3 1149.999 1774.999
Delinel 1319.167 54.96829 3 1253.333 1428.333
Primel 1640.278 92.10709 3 1504.166 1815.834
Rocdor 1411.111 97.75443 3 1264.999 1596.667

alpha: 0.05 ; Df Error: 10
Critical Range

2 3 4 5
350.5411431.2732 481.3119 517.7682

Means with the same letter are not significantly different.

Groups, Treatments and means
a Primel 1640

a Cora 1510

a Contender 1498
a Rocdor 1411

a Delinel 1319
S=SSgroups

par(mar=c(7,4,1,6),bty="1",cex.lab=1,cex.axis=0.8,mgp=c(2.5,0.5,0),family="serif")
mc=sapply(split(rendSrdt,rendSvar),mean)

mc=mc[-4]

t=order(mc,decreasing=T)

mc=mc[order(mc,decreasing=T)]

library(sciplot)

sc=sapply(split(rendSrdt,rendSvar),se)

sc=sc[-4]

sc=sc[t]

library(gplots)

aux=barplot2(mc,las=1,space=0.3,plot.ci=TRUE,ci.lI=(mc-
sc),ci.u=(mc+sc),xpd=FALSE,xlab=paste("Moyenne +/- erreur standard du rendement par
m?"),ci.lwd=1,ci.width=0.3,grid.lty=3,grid.inc=10,plot.grid=TRUE)
text(aux,max(mc)+1/40*mc,labels=round(SSmeans,1),col="black",adj=-0.2,cex=0.8)
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Appendix 13: Recommended Technical Itineraries on dwarf bean production in Mayotte

Ttind raire fochalgus mocommengd

LE HARICOT VERT NAIN A MAYOTTE

L= haricot vert (Phaosesius vuigaris] sopartient & |a famille des Faoecees. || preféne les sods drainants, avec un pH proche de 5,3 &
6.3, La temparsture optimale de croissance est de 17 & 23 °C. Le haricob se plante towte Fannee mais crmint les exces ce
t=mperature d'oil G proGiSmEes = ODiSTANCE en Smiton des pluiss an Dmsse altiede =t sous mbri mal ssre || est pew
consommeateur ' elEmeants minersue. Le hanioot wert nain athsing 30 - 40 cm de haut=ar mekimem.

") AVANT PLANTATION

Dans Faxempie d= la rotetion preassntes d-contre, Palbemance cas families potsniques st Harkot
das types de l:gumr_': outives Hruit, feuille, mdne] permet de limiter Is concentration das Fencomine veri
paresites et pathogénes dans la pancelie, de prospecter le 5ol & différentes profondeurs et
d'mltarmer des ouRUres Byant des besoins minersum difsrents.

Les précedents oukursux du haricot vert peuvent &tre © tomste, pohTon, carothe, CoRcomiorE,
menithe.

Lanus i

L'associntion culturale du mais =t du haroot permet dsugmenter b= rendement du hanicot
[=l =2t seme 7 jours svent |e mai]. L._ﬂ_u.l'h.rz.':mm:iéu 2u1 haricot sont sussi @ subergine, Aubergine Caroite
betberave, carothe, chou, concomiore, epinard, laitue et mdis.

) CALENDRIER ET PRINCIPALES TACHES A EFFECTUER

. mofoosibesr cu bkcher s sl r M on da

) Fratiguer un labour -
d-d4al-1 8 1 kg 2 bormlar iien dicmzod:
PREPARATION | ~<oporter Lne fumurme g fond Pl peprsely
DU SO0

ds 1 m de lwrge nodbesien de 20 oo (3 o =n ashon

Corfectionmer des planches i ik el o e o ch -kl e 8 .
Mietire an place un systéme Fracticnner sn 5 s apport o seu joumalar,
o = = Lax bsmoine 2 harfcot sort -

ﬁ”ﬁ“‘m = ﬂ“:"“t = goutie =t -ujzlr:';;md-hmimm
faire b= plein de B reserye du sol. < 2.5 i 3 Freny'rd fjzur de IO jours b e fin s s niesits.
i i & reison ‘B0 Zuineonos §2-1 anoSs prokenser,

ﬂ_md:l o= dcartmeent de 1% om or lgne 558 cmoentre ligre
1 - 2 praimesirou e ———

Ecimircir & 1 pisnt,trou de plantstion.

Effectuer n buttage afn de
rrainkeEnir un port droit des planbes.

Aurmenter la dose irmgaban. P ——

. . ot lm comerver sn wec dara un endnod febet aec.
Reoolber les pousses tous 125 3 8 & falbey -srite fAnn S J i mem,
M*&rﬂﬁﬂmm Un arroasge spri s cosilets lvorss @ reocis

bR,
Enfouir b=s rﬂﬂ.lﬁ-l:ll!ﬂ.ll:l.l‘l!ﬂll m
amacher en cas ge présence Sievee PR T—
2 rEEEEUrs. ol e A
A = i

Pl Bt oy o g ol e S o, o e o g v B D IR v | o v . P o i o Sl gl drad v Pl o e e e e

1 kit o - T Frose {LPA Saccad
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) SUIVI SANITAIRE

Traitements phywiscaniteires

{ “de vivation brbuvvrmdae e des culfures perenef die contridier FEI? sanitair e des wants of g réoge war Faricol werk & Meyoite

rogederenl foor & FFmnluels ofages de mobles. Ohisreer Fossmibde g vl Slomis &0 —_—

poreumanl b alhis evtne bes codiured ofin de diteder b fopars Siafetien seres e e .l:n:h:"'ﬂ'll
]

Eraitnaherts chimigues A 0El Aetdminanddr Gelm cod Jaliscdie mfoeitd | EedfEneT A LrallaThel
ndlufek. Prdss’ d alleiner ks moatibie oot o Dol cemsis die ey Ahmasence o el el
aivind rfccdle. M s Erodter Serdioet b pliode de  ofcolte.

I ra Gt

Conressn hesse d'urs segquiss mands e
Al mersichery = 203

EMMERL SYMPTORAES MESURES PROPHYLACTIOUWES ET LUTTE CHIMIGQUE *
LUTTE BREILOE E

Moladle sbileane MEorma Bruse  dur Cahwre |Bocalle berdebaus)
Anthracnoze Bebriich o plfisel dad fundlen (Thehas | Yori00ES "“I':':“"‘ "'“‘:: "'“""“: Ansopyrebine Ortivi Goh)
Colletariaturm . dib i ,

Biums 40 Peilled) ausdl Gi0 dged =1 ::-I:::.‘. e = Mancobibe [DRhane M5
Frndesnet it

i Py i Baad] [Soaha)

Maladle adrienme.  Pulue  jaunbce
Rizuil b= dirveranl ded muddes de spored biun foux
L tvriwess au orrre Fuse Uehe Jause, dur el deus ETL::-T::::I;? rhl h'l . sancoskbe (Ditbhane M4
et i Tawws des feuilbes. Deisdchemest ol chule )

ik Pl

RAVAGELRS

— Tichois dibecloibe Aii Tuilbiie. | Frigatlon pas i paiinn

Dhbfew mation des Teuilles. Bruntiasment das | Conlr S e mirssabves beilbe Mk pth s ion | PG Wt
Vg i Candies da Newrs de palimbe mible
Chemill=s - - - : Loty O diars s vialaed B il Deltaimithilna (Dech Prodnak)
detolintrices o “':L‘: " mange A | g el thringerls (D) - Toteus | - pyrale
Furewde v g ole N ) Spiaciiad [Suooms S loieibs
Puacerons Difermation das faidles of dad bonboms | Contrishs dus vl b Dl trinss (Dach Pesiec
Apiels Jubuns L Y— Masiation d'all e da giment. Fytmicatiy +
Apls craceivra Lambsda cphalstheing | KaraeF k)

" Valohlr e sapdemanr 300 3 Toggows = o mr ow 1 inlerme? fetn e-aky opriasfuee: goew Bt g mmcunl dr DT A oean Frappdicofion g doet brovterree!
phFicaosEciv g de 5 ‘omurer e Fhomovopation dies proatstl

) CHOIX VARIETAL
Lia varidtd Cora semble fre i varkdng la pled intkressame b ool ver comple enu du geie des semenos, du compoiemen agioncsmigee de la
plante ot de iendemeat obteaus o des edsals varldlaos en 2013,

Im:- Technizem 11-314™ a1-30" | Grosse gousse werts, ovale, inounes 140- 120
Samarte o 3y | Vilmerin 0.8-1"* a5-28" deid-13cm Eraines /S0
- 1-13% 43-30* Patite pousse werte, ronde, orillants 209 - 213

Cors * Tech ’ - -
reEsm 0.8-0.9 £330 et croite de 12 - 14 cm Ermines /0 g
. . 1-16" a1-30" | Grance gousse verts fonos, roncs et 130 - 140
Frimel Vilmarin 1-1,3% 4y gy droite de 19 - 18 cm eraines | 10s
. . & Gousse faune, ronde =t droite 200 - 210
Eocdor Wilmiorin oz-13 43-30 e 11 - 1% £ P p—
. 1-12™ 43-30" | Grance pousss verts ronde et droits 170 - 120
Deelined Vilmarin 0,3-0,7 % 4% - 50 5 de 15 - 17om Eraines /50

* Glaponibie & Mayotie m 2014 Lo voddés “Toormondsl ™ o s Sexiiv an soison sdche am X125 Lo drvde, & petoociil o e nmdemant ors i mosvois,

W Rendemanis ke dcl voriftos folisls sxa sy m saBon sk (35 es LT s ber afes S producion d Leode Agricsie de Cxcosi [LPA] e de
Fexpioiofios de W Sopniodic. L nmdememty dérsbn commpondest & one fors paloodf ((Gon - 1,9 bgem i préoocitel dee 408 Joors)]
.Hhﬁ'n:'rl'.lj.l.un"-l:lﬂHuﬁ'h.l.lrlh'li:lmm-”hﬂ.ﬁrﬂﬂm]ﬂldm“ﬁ'fm"k*ﬂbmw*
i Gl

FER S Epednmin | pour un oacke o cutue 7
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Le haricot vert nain a Mayoite

\I ETUDE ECONOMIQUE DE LA CULTURE DU HARICOT VERT

B ColTs DE PROGUCTION POUR 100 M OE CULTURE *

Semenoss (Cora| 1000 007 &f ToE
Fumigr 20kg | 00623 £0kg 1258
Carburant iL 13EL 13&
Total intrants B4E
Traweil cu sal | motooukeur) 03 h EE5Em ERLE
Fartifizasion ih 5354 7
sl ik 254 FEE
Ecisircizsars - Re-samis L3k E25En 10
Sarcige - Binage - Desharoazs ik E354n FLE
Buttags 13h 5354 1HE
AEcofte - Tr - Peses [7 recokes) IR =358 135
Hetioymes post recofke de b parcelis zh 5354 14£
Total rain o euyrs *® 323k 22353£
Total depenses |sans amortissement] 3035€
Total recettes [recotte = 120 kg / 100 m* ; vendus 3 £/kg) IE0E

® Dufture son seme ever ST oasgs Briometous o e ireftemerte phvy® casn Bslre

- TEMPS DE TRAVAUK POUR 100 M2 DE CULTURE

Répartition du temps de travail
kit Parii pion
L] F

Ledbdm
It -

Dwls: ce paruSon : Sestembrs 2003

Colns de
pitd LT aind
rrain & oEvre
frendement 1,2 k'
m T ) kR

.,

—
K/r.u-]:..h

|'l. o o] L i !
f main & Euwe I

| |refrdairmat 1,2 bl

L w5 g /-'
A N

-

*® Tolsl bsnpa de bevesx ham duns
arquits mends ches 0D merschen =0
2013 =t den smmb werkEteus remlhsa @2
lyoks mgriccis de Comonl = chea
M. Cgnimrcol

Total temps de travaux a5j/100m* | a6aj/ ha
—lqt-u—':-{:: 9,11 ETF [ 100 m®| 11 ETF / ha

- SINSUILATION DE MARGES NETTES POUR 100 M DE CULTURE

Rendement : Kg &= haricots vendues par m® de culture
05 075 1 1,25 15 1,75
25 -iE5% 437 0% X 4 EE & 1ZB£
A  -is0z 1 -10Z EEL 18i€ 6L
Pric deyenfe 35| -135% 47 E e 128 £ EE ET L
au kg jen €] 4 -110z 0% R 154 £ 29L% E-RE
a5 -5z | 141 & FLES IEEE A7BE
8 50z EEE 154 & HEL EEEES S56%

JimuisHan o marges bt s e et comple o Uamartisenaet o fonal du s 2fimigodion of o 2 coneammetion 2T
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. FICHE DE COLLECTE

mﬂ[ L"&GRICLULTEUR
Mo/ PrEnom - |L-u-|:ul'5||l:i-|:|n: n* SIRET :
CARACTERISTIQUES DE LA CULTURE
Espel®__ varete_
Especs (& var) pracegemfe Plsin champ O Sous abris IO
Cet=gesemes___ Miore de graipess fpoquet _ Slevge
Superfige ___ _ Ecartements / Densits__ Hombredeplepts__
Imigation - Goutte B poatte o Aspersion = Manuels o DeEnit f éguenpee
Det= seoutforsison Dmt= debutrecoite Dmte findecyce
FERTILISATIONS / AMENDEMENTS
Dok Produit Remargues
TRAITEMIENTS
Db Produit Remmangues
DESERVATIONS PHYTOSANITAIRES PHYSIOLOSIQUWES
Dk Dbservations
RECOLTE
Date Cuuanbits . Remarques | Observations .
ll;.g] |calibe i, it guasting verdue, piin de eesbe)
Recolte totake

ql E . I:E?“”“E'!:
AN RITA £ . e S H %
- MAYOTTE T cird D

3 o WDl ; . . = i
a REURaar ™[ISR EMAYOTTE
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Appendix 14: Recommended Technical Itineraries on organic amendments in Mayotte

LES AMENDEMENTS ORGANIQUES A MAYOTTE

Iéndrainy fochaigus rocommendd

ﬁﬂnﬂumﬁdﬁumﬁ:ﬁgﬂmﬁzmﬂgﬁnﬁﬁmmm‘pﬁmﬂ.ﬁhﬂnnbmﬂm&ﬁdﬂqu plantaticn
sans raisoRmamEnt sur |a fertilits du sol (d*apres bes engustes reslicass an 2043 supres des marsichars de Bayothe] Les mis
miarzichers = retrouvent desaguilibres o= gui est prejudicable 2u developpement des cultures,

L=5 amendements onzanigwss sont indispensables au maintian de @& fertlits des sois afin de oréer de Mhumas. LTumus st un
raseryoir & nutriments, une protection contre Farosion, un struchumant du sol =t amelions la rebention =n ssu du sol. La makisre
orzaRigue est don un pilier de |a feriind o sol.

Cefie fiche présants trois types ©amencemants onzanigues disoonibies =n mersichages & Mayotts - be bois rameal frazmente o
BRF), le fumier et le compost.

-jn EFFETS DES APPORTS DE TROIS TYPES D'AMENDEMENTS ORGANIQUES

Types de matire P — Apports nutritifs pour ia Effets sur les - e
crganiguE plante agents pathogenes
Bugrreenlation du steck AmdlEration da la nulfitien EMit anlagonisls dur
i, organgue du sol, smdloratics | globale, maks un Taibles pouwvol des agenls Pau de Fhgue saniaines
ONTR plabe s ok vyt e Sl . P en—
Premsisibng de rlvgues ianilaire
r::--ﬂ'lhu-.. - - Remplaor e partie la .
diabyceutd, eranigen du il Woriionfiom vl dwalywns o : T ¢ e b il P . b
quato for b powesir nuli el direc e
AuggrrmnLation du s ek A ation de la nulfBon .
Belsramdal | orgenique du sol, amdlioration | globele, mais un falble pouod E"":"""""u""'" e et .
[r——r kg, chilmby o . """"d . PRI M
[ — fale st b 1% culng) | POSROEEN du

Zerew - Dulde der A farfilieeSen cvgoriqur 2 Ja lundon, FI0E

) BOIS RAMEAL FRAGMENTE (BRF)
Pour pls dfiaformmation ser fo peachnsiogie BRF & Mayetie, coraulies TR : ol Rovndees Frageeand © Le retoor ou sol dis brana'se de Forbee.,
frbskiad p B ek i il oo iy IR
L= bois ramesl fragments [ERF) =5t une solution pour =nrichir b2 a1 &n matisne onzanigue de fagon durable. La biodezradetion
{par l=s champigrans du sol notamment) de b= fzrine st des podyphanals =st un moyen de farmer de Phomus stable dans b
temins |3 ans), contrairement 8w compost cu =y fumier (1 an). Lutiisation de BRF permet uns reduchion des besoins an ey, das
mttagues phytossritaines, de enkerbement et une sugmentation des rendements.

I ELszoramion Du BRF

L= ERF 2=t &imbore & partr ge dechets verts (oranches, orindifes et feuilbes)

et dont = diametre niexpede pas 7om

L= broyet doit Sre 2pandu frais =t inoorpors sur 38 40 om de profondeur.
[ L= BRF A MavoTTe

Il =5t conseills d= fmire wn soport 9= 1% - 2 m3 J 100 B

premisre annes puis 7.9 - 4 m3 ) 100 m* & partic de la deuxieme

Emings.

L fin de i saison des pluies =st 8 meilleure piriode e Fannss

pour couper branches =t brindiles, nec=sseines 8 I producbion de

BRF.

Soandogs o BEF 1w 3.5 4 2 S iaEEsa

L=z aspecas recommandsss pour bs producion de BRF & hayoths
peuwent stre : Azodirgchto ingico (nesm, ayant auss de possible
proprieta= nematbodes] Gircdio sepium, Flerocorpus indicus
|sarg drazon| et les arbres fruitiers.

Atbertion, les engrais minsrau sont incompatisies avec le BRF car
ils tuenk l=s champignons du sol.

L'mchit o'un broyeur &st un investissemant rapidement reptabilise.

Zrdir phom Rl ol sgeiooks o oo
1
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[wt s panstion - Sapbem bre 2019 Amendements organigues o Mayotte

B U'ENFOWSSEMENT DIRECT DU FUBIER

N . - ) I-III--III--II--III--III--III--
Le fumier =1 un melange de itiere |par sxemple : oope=un de bois) et de A NSy ETS
dejactions danimeur delevage |bovin, pouls, capnn, =to). T —
L matisrs ofpmEnique est rapicement disponible pour les plantes mais la
transfomration en humus est fainke.

100°% DES MARAMHERS FERTILISENT AVEC
D4 FURSIER DE POLULE PONDEUSE

Le: furmier doit #tre enfoul profoncement (23 8 30 om] &u moins 19 jours svantia SAC DE ADL DE FUMIER SECHE VENDU 2,5€ 5
plantation pour reduine les Asques de brilures sur ks jaunes piants. = ]

IEEEEE IS NS IS NS EENE N EEEE N N
" Connesa bousa d'urs srequdiis merds chaa 200

B Lt comPOSTAGE PARTIEL DU FUMIER L

L= compostaze ces fumisrs gz 1 semeine B & mois) permet de diminser l=s risques de contaminstion des cuftures par les
rresiacies. Ls compostags commesnce par b formation d'un tas de fumisr de 4 mode hawt par 1 m de largs, & b du soleil 2t de 2
pluie [arore pu feuiles de ooon tresssas). Le tas wm chauffer = mpres 1 semsine minimum 3 60-63 °C b= fumier ast prat 3 stre
enfou.

iz forte desmande o ornende mentd argankgued ches kei marmichen de Mayetle doll nciter e Seeeers d cowesver e fumiers de fews
Aeraped. Pour uns guailld oplimale, el fumizrs dobeest $oeor dfockes dons des soned de stockaped couveried of dtoaches [mvec dalie on b,
baiiin de Afleation des efffuenis e Bait]l

") composT

L= compost mst constiss dhumus. || possede des propristes physiques et chimiques gui amebonnt
structure, b Eesture, Faarmbion, be fertifte, b c2pacits de retantion an esy et Feoolngie des sols.

Le compast

L= cOMposEEE consiste A fErmenter des deChets OREERAQUES &M presencs O owymene. || oot se feire A Simmie et =,
I'abri cu soleil et de |8 plue. Le compost =5t prat lorsgu'il degaze uns bonne odeur de terme ot ast de pie £t peu coubeux
couleur noir.

B LE COMPOSTASGE EN TAS

Mnumisas hearbees fEujlies mortes,
dechets de récole, sto 20 % matiere Terre v fewiles die cooo Ireisfes
seche © tadie, Dbty pig o ovres é (30 cof
Fumier b phli . FE Fuerrier of leree (10 gm S
Fumier de poule pondeuse, de bovin, - Debrts whgnitos orroads |20 P
o crmal, etc ﬁ mabere Fermnier e tevre (30 e, T —
(4 F o
. . - chrhabt e roe s Dbl g Miie affodas [0 cmp
Controle de Masmidite [ £ ) semaine| || foe, ssts de e
Trop hurmics —» trous svec un Deton S eoucke e Branctages {10 o,
Trop s=c —» idem + amossge
¢ L g 4 T
Fietournement Utilizaition Lurgaut : 1. ikl mum
- : - : - - S | Agimdos I . Lo febaiomioet 4T
Toutes ka5 geux S rrsines 38 & mols =pres febncabon . & -

I Lt coMPOSTAGE RAPIDE - LE FUMIER RECYCLE EN AMDAIN

L= furmiar recychs comimeance par s formation Gun andain e im de haut, 1 m de large et iparement tasse. || doit tre 3 I'abri du
codsil =t de Ia pluie. Le controle de Mhumicite = fait chaque semaine @ S Fhamidite =st trop forte on place des DBtons dans
I'ancain, 5l &5t trop seC on Pamoss. Le retournement G 'ancain o efectus apnss deaun semaines. Le fumier recycls est utilisa
Bmpres refroidissement complet de Fandsin.

B L= comPosTAGE TOTAL DU FUMIER

Four un compostags tobal d'un andain e fumisr, b= retournement doit Btre rapete boutes les deus semaines jusqu'a obtenic un
Amendement ressemolant & G s tarre noire. || ast utlisable de 3 & & mois apres formation.

AXXIV



":] OUTIL D'AIDE A LA FERTILISATION

L= sol est un support vivant =n constante evolution ; il faut b feine analyser regulierement powr connaibre » compaosition. & partic
cuns analyss de 50l les techniciens mamichers peuvent stanlr un plan annuel e fumune qui pErmet dEnkretenir la ferlite du
ol

L= premisre Smpe mvant B planksbion cune cultune mersichere est Fapport G EmEndements orgEniques. Cet amendement Bt
ans e temps e pErmet o limiter e recows Bux sngrmis minsru

L=5 mpports sont reslisas 2 fois par an j2u deout de chagque saison] =t ne doivent pas Sapasser un total d= 20 £/ha/an.

I CoMPOSITION EN ELEMENTS FERTILISANTS DE DAFFERENTS AMENDEMENTS ORGANIQUES

COMPOSTICN ER ELEMENTS FERTILSARTS [ K DISPORIBLE IMMEDIATEMENT [ 20T OF FRODUIT SEUT]
Fely | KO | C20 | MgD | MO | O'N | pH
Fumihisf da poule pofdiecie [aved copaiiin da Boli) 148 104,48 56 Fal ] &0 113 580 18 6-7
Fieries de poule pordeuse [sans copeaun de Bok) B2 Lt 4 S1F | 1Tk | 180 | 9440 | 4-8 B-9

Furrimr de cheval 4 - 52 iz 134 ™ B0 | 283 7
Compait! de fumiled de poule poh deuss 106 ) e 204 &0 122 780 | 114 B-9
Compail da dbchals vaits 18 Fiilsla 41 116 | #41E 130 560 | 161 7-8

Loy - Dwide div ko firiTsotion orgonioor & ko Adusios, 200, Lay onalaws fomesdememby crpasiquns & Moyolls ond sncore & niolsar,

[ BesoiNS EN ELEMENTS FERTILISANTS DE DIFFERENTES CULTURES MARAICHERES

Clftares M | PeDy | KD | Autres Elements Surose : Shakds sl ko factiisntie
f—— ' ETRET Peign - 015 g‘“"“"m’-‘ﬁ
[T 0.8 0.4 1 gD : 01X CVAD Mopofir @ Lo lofur aoo
obvd ot lo loreaie sown o], 008,
Chisi 1) ag | 2 5:03
Cuewbbades O8] 05 | 14 Pl 1 3,4

Laspect wisuel d'une culture parmet de smwoir 5 les Ements fertiisanis sont presents e QuEntites sufisantes. En oocas oe
CErEREs, bes Bpporis mixtss de metere organigus et minsrele parmettent Ge repondre aux Desoing immedists des cufhanes.

_:j TECHNIQUES AGROECOLOGIQUES

[ ArFORTS DE MATIERE ORGANIGUE EN CULTURES MARAICHERES
Il == considers B Funanimite gue Fintensification ces pretiques agricoles, = ceveloppement des oefac=s marsicheres =t une
misaise gastion Ges engrais conduisent & une diminution gereraises de ja fartiite des sols.

Une solution consiste B remiplscer les engrais minsrsus par des amendements onenigues =50 de palier & @ dimingtion de =
Pertilite des ols. Las meamichers interesses par cetie techinique peuvent cortacter i CAPAM.

I LA JACHERE AMELIORANTE  Pour plos o isformation covsulter FITR LT | Protection duvabie des culfures mavaichbee.
L= jachere ameliorante consiske & introduine un cousert wagetal constituee de Fabacees |eemple - Wigng ombeioto et Vosme] ou
5= Fomcees | Pomicum| entre des cpcles de marsichage. Lenfouissement permet d'enrichir ke sol tout en be présarvant de Perosion.

B LA wuTTE conTRE LEROSION
Lors de fortes phuies, las parcelias &n pents Sont expontss & des phenomenss darosion. (O, Un 50| Srooe =5t un 30l peu fartie. Le
paillags des cuRures permet de Emiter ces phanomenss =t sinsi de préseryer la fertlite des sols.

) LA RECHERCHE APPLIQUEE A MAYOTTE

2043 : Comparsison de trois types amendements organiques [fumisr de canard, compost e deans wepstau, ERF de
PharoCovpus ingicus] SoUS SErmE au Iyoee szricole de Cooond. REpuRats & venir.

2041 : Incidence de Finconporation de BRF de Glincidio sur ume culbure de poivTons &n phein Chemp &uU lposs agricole de Coconi,
F=sulats : + 32 % de rendement. MEme sxpen mentation sur une culture de patabes dowces | + 20 % de rendement.
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") FICHE COLLECTE : CAHIER D’EPANDAGE

CARACTERISTIOUES DE L'AGEICULTELR
Mom, Frenom - Lorcaiiesainen - n® SIRET :
CAHIER DFEPANDAGE
DATE CULTUEE :;:i'i MATURE | PROVEMANCE FRIX QUANTITE EEMAROUES
PEFARTEMERT
A : BR ags
pN BIA A gcirad
Sl o Wi Tl i 5 = e
f Bk b et agriooks NOLE L DAL AP SMAYOTTE
A
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Appendix 15: Main pests reported by the interviews of farmers

Main pests Nb. cit.
Fruit and vegetable fly 11

Aphid
Brown rot
Mite
Leafminer fly
Snail

Virus
Cercosporia
Nematode
Rust

Mealy bug
Whitefly
Fusarium
Crab

10

=
o

R R R R R WD DD DS

1
* Multi-answering possible
19 farmers were able to answer

Freq.
58%
53%
53%
21%
21%
21%
21%
16%

5%
5%
5%
5%
5%
5%
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Appendix 16: Recommended Technical Itineraries on sustainable plant protection in Mayotte

X"

endraing fochalgus moccmmaenod

PROTECTION DURABLE DES CULTURES MARAICHERES A MAYOTTE

methodes de lubtes mgroscolomiques repressntent une aRernabive dursble @ la protection chimigue des cuRures
marzicherss. Ellas proposent une protection efficace, rentable, =t indispensanle pour les Scosyst=mes et la biodiversite de
Wayothe. Ces methodes reposent sur une sarie de mesures

- Retarder 'apparibion des msladies ot fou revageurs par la mise en oesunre de bornes prabiques sgricakes ;

- Dlsaryer heodomaceiremant 'stat caniteire des cufbunes -

- Comtmcter un technicien pour une idantifotion predse des cymphomes ohoervas.

) MESURES AGROECOLOGIQUES POUR UNE PROTECTION L

Bdwven-
Eicxa
CHOI DES TERRES ET MEPARATION DU SOL
S S, S R e S
Antation SRR R e e e R e
= ———
Exiter de placte pris de plante e R
R R ey
sidibdes ou di celtures inlisdbes R el s e e
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Dt i prrtiorn - Ssphambrs 2119 Protection duroble des miftures mermicheres

:'I RECOMMANDATIONS LIEES AU CHOIX DES CULTURES

B LeE= ROTATIONS CULTURALES

Les rotstions cultursles consistent & akerner les familles botanigues et ks types de lEmsmes (feville, fnut, radne] lors de b
SuCCEsson des cuftures =fin de Bmiter ks projiferation des perasites st pathogenes.

L=s axizanoes en fumLre orgEnique VERiEnt sElon les plamtes culbvess. Cest pounguoi lors des rotations il feut penser 2 aftemer s
plantas Cuiivees suivEnt keur carERone O expene |

Apports en MO de +de 2 kg'm® Apports en MO de - o= 2 kg'm® Apports en kMO dappoint
Aubsagina, i I'_ . g 5 Cilroale, harbiot veil, mikche, malane, moeelle,
coligete, delnald, mab, ko, palale d o, Caros, Estlanive, lalliis
N , hirwl, pols, radis
poisall, pokeon, potlion, pisen, 1omals
VDIt quelgues exemples de rotations tenant comote des culures  eds Temate ":_:'f" Chias
rrerEicheTas k=5 plus CommunET ent cultesss B Mayothe ; fubergne  [yjye
Lainee L]
Um mimimurm ge 3 cuRures par reakion est recommance. Hemet o
. . . . S ey s Haricot wa  Carniie
L tmblenu suivant presente des rotations oakurs s possibles © Harkmi Chrome  Laioue
wert
CULTURE PRECEDENTE DULTURE EN FLACE CLULTURE SUIWANTE
Carctte, cofland e, hifos Wil ou persl ALGERGIND Carcite, radis, dbouls, chous dii lilliag
Ciboiibe, hafloot vert, laitue, pirmest ou redls ML Bartbmriwe, carolie, dlbouke, concombie ou lahue
[hous, eitee, matane, merelle, el ou Tomate CIBOULE Caroite, chous, concpmber ou laitee
iChouix, ¢iboiibe, bl o delinerd T A BT Cafoibe, Baiool vart, mceslle o pian
Carofls, coddombng, manthe, Lo be ou pimsst AR DT WERT Bacilbc, choiin, hiitue ou mab
iChouws, mats, morelbe ou Rae kol s ILAATILE Carofle, concom Boe, malee, radb oo bomate
Engrab verl, harcot vei, navel ou Fasdis LY Y- Car i, #pinard, laibee cu salate d o
POIVERDE
Carofle, cilsle, malans, navet ou falis ™ Chous, eagd ats v, hafool v ou gl
Engrais warl, dpinard, laius, peiill ou radis TORATE Carote, cBolile, haikool v, malane oo radly

. LES ASSORCLATIONS CULTILRALES

Uivs icidoclation calliitale ¢ el culthved o e Demgd o Sl uhe mbine peioelle au moins deiin cull e
L aidociation clillinaked peffmellesl de piodife pled de beguinme duf une ildme suffeos, §opt mbei
PFoscugatisn da Nespace, dkaker i pdrlods de productiss, de misix ghier s nubibles 1 d'&surer us
e au marsicher en gatantssant uae féosite,

Lt assoclalions peevenl sa Telre an Eorduie ¢l ad ssin mdms dose parcells &1 Euse plars de colluie
(e . monle oo mai en Berdure &'ure planche de lalue ou Esodaton dessdbor b cotbance raplde 21
levba.

LES ASSDCIATIONS MARAICHERES :
A CareMe, chous hafcot ver, laiw e, mas*® ou Hamicar | aubeigine, briterve, caicile, choum ¥,
L — rrfithe WIDET concombee, dpinard, lalue, mafs®® ou redis
: Choun, concombre®®, dpnaid, lelue, malioe, —r Eeltereve, carete, chous, cboule®®, comcomlve,
mreeplle, pimmat, poveon, feds oo lemate il wir't, inals. melon, mofelle® o fads
Caarm Aubsrgine, caiole, conssmbie, dpinesd, Bt Rk Bubergine®®, concombre, courge®®, Barcool
w1 lailus ou bmate® ¥ et lallue, morelle® plerenl ** ou piakeron®®
Beferaee, choux®® laitwe®®, malane®*, moerelle®, oA ON Basilic, Bellerave, carofe, courge, couige®e,. la-
PR ou lomale PPALNT tuw, maks® ¥, rralase® ou o mils
: Basillic, mrofte®®, chous, harkest vt lailuie, malane T — l‘.l:..il-l..ulu_lilr. chow® ¥, dboule, courpes, periil,
ou morelle plimenl, poreaiu® ", pohios ou neds
P paiockation o borduor de o parcelle [ *Y e osseciotken gu e g o parcaiie
7 Crdit oo

T. P 1R it
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Dome s parsers -Séphenton 003
") LA RECHERCHE APPLIQUEE A MAYOTTE

B L2 FROTECTION AGRO-ECOLOGIQUE DES CULTURES MARAICHERES
Les mouches des Tnoits =t ISgumes CconsHtuEnt N proodEme mejaur an culbures mensichanes.
Lublisetion Finsecticdes & langs specire est inefoace, tus l=s sudinines natursls st polive jes
nappes phrestigues.

Lafernative B Dthe pratique resose o une gestion Bgro-sooiogigue des Cuures marsicheres, La
methodes GAMOUR [zestion agro-scologique des mowches Ses ISzumeas 8 ba REunion] repose sur is
comEiraizon de mesares de prophylacie, 9= gestion des habitats et o= lutte biologique.

L= CIRAD trawmibe actusbement sur Pexperimentstion de cette methode afn de tester son ivbithos ARSI
efficacte et parmetire con bancert & Megotte Les cuftures sous abris s=mblent moins suposses

Bun problEmes de mowches. Les mermichers int=ress=s per cette technigus peuvent contacter ke

CAFAML

Hl enbite b Parpotie 13 espdcim v lahis hotes de moudhes des big umes 51 s imecte pafaiboids | Papeoiis | leus de paris ithime b halhe < %)
I enbte 4 eagdon de rouchie dis e urb Raobe 4t la plus gridente o Docid civatus of 2 aspbor de mouches dird solanacobes g6t la plus
prfsenbe ml Srooreotith cpunesoms

B LA jAcHERE AMELCRANTE

D= mOmMbreus mamichers Cuftivent des l=zumes en pisin champ dursnt B ssizom seche,
interrompant les Cydes de culbures &n ssison des plies. e sol est slors envahi per une friche
heariaces inszalzmant raoartie sur i parcelle, qui ne permet ni a2 resauration de i fatiite du sol,
nil sa protection contre Farosion &n penode des phaiss,

Limtroduction d'une jachene ameliormnts constitues de Fabacees (Vigno omewiats ; Woeme) ou
g Pomcees (Ponicum| anire des cycles de mermichage, pancart b= smison des pluies psrmet
dfarretar le devaloppement de ces prabiques dastnsctricss.

= couvert vazats| permet Cenrichi le 5ol =n azote tout en ke preservant de 'erosion causes par
lzz fortes pluu Las residus s la jachérs permettent de constbuer un paillage inter-rang des
culbures marsichanes g & pour =Tet de limiter i: developpement des mauvaises herbes, de

limiter I"mpu'tnruplru'tm-n -:pcr'n:t de fHire Ge5 AOINOTESS d":uu] &t Faire un refuge pour I= Cowvrr g o o bonamaralr
frurs sumlisine.

Les marsichers intéresses par B tachnique cs i3 jachars amaiorante peuvent contacter la CARAR
POUr CORREitr= [ marche 8 suire.

I L= cas DU FLETRISSEMENT BACTERIEN Puow s dinfosmaliovs consller ks ficke du CRAD ; Greffage de Fouterging o de ke lomate 2006

Les plamtes marsicheres de |= famille des Solanacess [mubermine, morsls, poiTon, pomme de terre, tmbec, tomste] sont tres
sapsitles au fletrissement becherien (FE|, maladie mmuses per |a backerie Agistonio soionoceorum. Elle =t presante partout B
Fmyotie, mver une frequence dappention plus important= =n ssison des pluies qu'en saison sache, Feau facitant b dissemination
ges bactéries dans e sol. La fréquence crapperition du FR varient Sgalement selon les zones gopraphiques. .

L= profiferstion de la bacterie dans les vaisssmun de |8 plante sntrmine son fietrissement ireversible. Les degats pewssent etre
importants © totslit= d= la outure dedmes avec impossibilits de culbiver des Solanacses sur la parcels infestes sans risque de
fortes pertes. Il noexish= pas de htie chimique sstsfaisante contre cetie malsdie. Lalematiee |8 plus courante, =n plos des
mesures prophylschigues, =5t la plantabion de vanetes tolerantes.

LES WARIETES TOLERANTES &1 FLETRISSEMENT BACTERIEM DE BASYOTTE

Mabis
Matinism Zabeina Désied “n:":
CINZIETE *

DFautres techmiques plus eficaces pour luther comtre b= fistrissement bacterien sont ;

® La mize &n pisce d'un systEme de culture hors sol =t | Gesinfection de Fesu dirmigaton. Contacter un technicien de b
CAFAM.

® Lutilisation de porte grefie [PG) pour s cuffures aubersine et de tomabe : Surys [BG 203). Des ssshis sont schuelb=ment
£n couwrs afin de daterminer de nowresu PGS

Ly vorsdtia toldrondter ow fHrbsrmest bodrin nfprciord dom & fableow sond b mbofo? Seocly vorkfoos foif por i CHAD 2 par- de 1998 of gud sont
atumbenant pounhdy doms i codioe du WTTA iy phata : Ageoyoin ; RS
3
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[ Fo couscr - raemeaTs s

m DE L"AGRICLILTEUR
Worn, Fransom : | Localisabion - n" SIBET :
TRAITEMENTS
LOCALISATION DOSE SURFACE FEEMAER OQLUES
DATE s" parcelle, CULTURE EMNERI FRODUIT L TRAITEE |mode & applicaton,
surfece| l'm ] ] e de Balesrenl]

OESERWATIONS // MESURES PHYTOSANITAIEES

DATE OESERVATIONS

3) [ | .

A RITA % : mei= | GRS
MAYOTTE e cird — G

APy ccoe vt agecl : iR AU ST EMAYOTT

F
-
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Protection durable des cultarres maroicheres

:'I TRAITEMENTS PHYTOSANITAIRES CHIMIQUES ET

Eviter las traitements chimigues systematiques (ex -

une fois par serrmine) et b

whiliser uniguement up-rl's obsermtion des premiers symptdmes et identifimtion du
ravageur. Attendon B mutiizer que des produits hurr-clh:!gm,. &M reEspecEnt e
pericde df applimtion, dsai svank recofe, doss
mutoriste, protection [gants, wmetbes, masques, Dottes, comibinsison], sfbernance
s reatieres achives et das families chimigues.

Fl"l:'m'.l'hl\:l'ﬁ d'usage obligatoires

Consulter vobre tachhicen mersicher =t l= guide phytosanimire SCTA et werifier
regulisrament las mises & jour sur ke site internet : hitpsSe-phy.agnouthure gouefr

. TRAITEMENTS PHYTOSAMITAIRES CHIBAFIUES  INSECTIOIDES

Dok s pruSion © Tepismbere 3003

LHilissticn de produis phytosnitaires 4
Mayoiis

=F

ik

0 Fa=de
TSR

Deorirdem inmsn 2 uris s gaits manss char
A mursichen & 13

INSECTICIDES
RavaGEUSS
: ? 5
MATIERE ACTIVE oM ) ® i
{FAMILLE CHIRIIUE| COoMMERCLAL® = E = r -
: HEEI
b ?k 1 !
iOf oz 0@ 1
| | &| | & #| 5a
in | Wertme Gold AJf
Aommectin | everrmectites] ;_rr:_:c:ll reaie o
e s Ry BryT e[ F
B SRR T s
AEEtﬂrl"l-F\l"id:l:lemlnﬂ.'nil::l S e Ak fix) adwiy
Ly AT
1l i o O AJied AJ L ke J
Acnrathrine | pyrd i isoide | yiis N PR 1T BIT
Brciies ERurngienss = Dpeei T
i . Trigard 7 WP AJicf
Cyromazing [Lilasined] ] S
athri i) Drchi Proste & iz ATRJ )
Deftamathnine [pyrdtheinside) Lo ch, AJiciirg ErgLr Ty T
el Probech, CYLL TN EYTTEER o . T HTHI
Sl Protech BrfT FiT o BT
umb-:lu-:'fﬂiuthr'mg Kaiilk Zioh dyary LT
|pprdthiinoides] AL TR L {L;.I:li'il-'ll:';
as
Mpdramgl butarpde + Peretheines KB I cles alhHIL o
Lt s B
Ppiimicarbe (carbamales) Mrlmar & LR T LT P
e FRa fH Y
L i s
T
P:,nm::u.rl_:-ei-um:d-u- Karals i T
Cyhabothinm (oaikaimials + oy b fEp Y
thifrosd | L s el 1T
comossd T feinomoides| Suitiws 4 AL - A F | O e
Eatiids OfFfPr T BT -
Thimmethamm jkonctinaide) Alaia Ao LT *FEIFTI

* Diparnible &6 mogasky & Mayolfs &0 2013 7 ** Unilialve &0 ageicaiturs Mologhgiss

Leapmpe :
A : Aubsrgios / B

H : Haffeon [ L : Laitue 7 Ma : Bab 7 Se
Pr : Podreas ' B Radh T Tomals

5

. Betliraew [ Ca @ Carofle [ G | Concomber [ (8 & Chous [ O @ OBoiile | O @ Courge [ O : Cowrgatts | Ep & Eplaard [
: elekem | M Maeet [ O L Oigsoen P Polsten P Mimaest U P Paabigos P Mantes Sfematigues
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Cwis s panstion - Jspbembre 2003
- TRAITEMENTS PHYTOSANITAIRES CHIBMIQUES - FONGIODES

Protection dirnrble der cuftures morocheres

FOMGICIDES
MaLaDIES
MATIERE ACTTVE Mok -
= ! E £ .E'
|FAMILLE CHIMIGUE) COMMERCLAL® §F E & E
%8| 2 - o
) . O L e fa e ok
Azowystrobine (srebierine) Chitha Guskd £ L f W "_lm_r”h,_“. I':.'ui-.l-l‘fT
Chiorothalonil [kl oniteile | Wischior S00 L O /' m O T ke T
. Boriille baoidla e
Ul
Cunvrne ockla 6 ChOFFrfT
Fosetyl-AlUminiem (phosphenates) | Alkstie Flash -
- £ ErfH A s o R
Mancnzebs [ carbamats:| Dithana &1 45 s B T L] BrCh Py L ik 0 B BT BIH P
Propamio:care HOL| car bamate) Pristiein N Lo Ve
Pyrimezthanil fariliso-pyimidne] Scala L
Sonfrm ¥4 Kumiibed DF ™
Thi:!prurul::-rnéﬂ-rﬂ [encimidazoks] | Togdn MO WS L

* Dhipornils &6 mogasht  Mapolfs &6 2013 7 ** Usilialve &6 apiioalTuns bologigiss
LEaEsoE -

& Buberging § B : Betenees J Oa : Carotte ' Ce @ Cencombea § Ch : Chowx [/ Cl : Cibsule f o : Cowge ) Cr @ Courgele [ Ep © Eplnand |
H & Harool /L : Lafees fWa GG 7 M Selos § Na - Mt O Oigesn P2 Peleron [P Piesent | P Paitbgie £ PR G Plasbes Arem atigue [

Pe : Polenai fRa  Radis 1T : Tomebe
B TRAITEMENTS PHYTOSANITAIRES NATURELS

Die nommareus: traftements neturels pruvent stre slabores B i ferme. Vows pouve: faire des macerations, decoctions, infusions o

puvinz de Nomoneux wEp=tEuN QUi oNt de5 prOpnietEs remulsives SUr les insectes ou
wobne: bechmidien et wos confrenes pour trouver |a bonme plante, = bon dosage.

Ietales sur certains champignons. Consulker

Fartie | Eavageurs - .
Flantes - Eff=t Freparstion Application
utilises et maladies]
Cidiam Piler 1 kg de Toulles frafche dans 10 L F e et : T b 15 foses 1 L A0 m®
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