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Abstract

Direct sowing mulch-based cropping systems (DMG)Haeen disseminated in Madagascar since ten years.
They meet environmental conservation, income gé¢ioerand poverty alleviation objectives, especiafi
zones under the constraints of strong populatioowtyr, land scarcity, environmental and resources
degradation, and unsustainable traditional farngystems The Lake Alaotra region, has seen subatanti
DMC dissemination in recent years through a lo@letbpment project BV-LAC,. The approach taken by
the project is intended to combine DMC dissemimatiwith socio-territorial actions such as land
certification, access to credit, marketing of agjtioral products, input supplies, assistance feediock
production and pastures management. The projeestakko account the complexity of local agrafian
systems as well as farmers’ diversity. Several $acategories were thus identified in a typologyngshe
following main differentiation criteria: rice sedtafficiency, size of the farm, access to the déferunits of
the physical environment, crop diversification, asféifarm activities. The implementation of a “fainmg
system reference monitoring network”, associateth warming system modelling with the software
« OLYMPE », enable to assess the economic impaattethnical choice for the different types of farm
Prospective analysis is done in order to identify best bet alternatives and assess riks throulgiatot
events or prices volatility. There are no categotieat are completely “resistant” to DMC systemg, the
degree of adoption can vary depending on i) the tfpadvantages or the response to a particulaatrzont
and ii) the ability to implement these new techgas: integration with livestock, securing income| o
upland beside irrigated areas, relation betwednrasng and investment capacity, access to markeBy
taking these different elements into consideratits,possible to improve significantly the disseaiion
efficiency.

Media Summary
The dissemination of DMC technologies in the Laki@aoia region in Madagascar is facilitated by its
interaction with a project witch develops actiohs aocio-territorial scale.

Key words
Madagascar, environment, conservation agricultwachments, DMC technologies, socio-economy,
farming system approach, adoption



Résumé

Les techniques de systemes de semis direct suedawy végétale (SCV) sont diffusées depuis unaimkz
d'années a Madagascar. lIs répondent a des objelgifpréservation de I'environnement, de créatien d
revenus et de réduction de la pauvreté, en padicdhns des zones contraintes par la forte cruigsa
démographique, la saturation des espaces habitigelproduction, la dégradation des milieux et des
ressources et le risque de non durabilité desregstagricoles traditionnels.

La région du Lac Alaotra, située a 250 km au Nardadcapitale Antananarivo, a connu ces derniéreées

un important niveau de diffusion des techniques S@Vec 100 000 ha de plaines cultivées, elle est
considérée comme l'une des principales zones l&gcdu pays et qualifiée de « grenier a riz » nalga
Malgré sa richesse relative, la région est menpaéelusieurs facteurs : la saturation des rizideegplaine

et 'impossibilité de les étendre, la stagnatios tendements rizicoles, une forte érosion imprichees le
paysage (7000 kfrde bassins versants), la difficulté des acteurauo & maitriser leur développement.
Aujourd'hui, I'exploitation des collinest des zones de plaines exondées n'est plus co¥esidémme un
phénoméne émergeant ou marginal, les revenus gopar les cultures pluviales sont devenus impi@rtan
et parfois vitales pour de nombreux agriculteursstCdans ce contexte que le projet « mise en valeu
protection des Bassins Versants du « Lac Alaot(8WLac) a démarré en 2003. L'un des volets de ce
projet, confié notamment au bureau d'études BRL-&gadcar, vise a vulgariser les techniques SCV aupré
des paysans des bassins versants.

L’encadrement technique assuré en 2008 concerneoen¥000 exploitants agricoles et une superficie
globale de 600 ha. L'analyse des premiers résutathnico-économiques obtenus met en évidence une
augmentation significative de la valorisation dglarnée de travail au fil des années de pratigessSCV :
ameélioration des rendements et baisse progresswesltarges de production (temps de travaux, meslleu
valorisation des fumures appliquées...). La démadéweloppée par le projet vise a associer la difusies
techniques SCV a des actions a dimension socidtotéaites : acces au foncier et au crédit bancaire,
commercialisation des produits agricoles, approwisement en intrants, appui a I'élevage et a léayedes
paturages. Le projet cherche par ailleurs a preseompte la complexité du systéme agraire evkrsité

des agriculteurgiui le compose. Une étude conduite sur 107 expimita agricoles en 2007 a notamment
permis d’affiner les connaissances des opérateersgliffusion sur le fonctionnement des systémes de
production rencontrés dans la région et donc déuer la pertinence des propositions techniques. Si
catégories d’exploitations ont ainsi été identdiéeavec pour principaux criteres de différentiation
l'autosuffisance en riz, la taille de I'exploitatio'acces aux différentes unités de milieu physigla
diversification des productions et les activitédra agricoles. Ces différents types d’exploitasioront pas

les mémes moyens, objectifs et ne sont pas sowmisn@mes systémes de contraintes. Il n’existe pas a
priori de catégories complétement réfractaires systémes SCV mais le niveau d’adoption peut varier
suivant (1) Iintérét que chacun trouve dans lestesyes proposés (2) et la capacité & mettre erreoeas
nouvelles technologies: intégration avec I'élevagécurisation des revenus en dehors des périmétres
irrigués, mise en relation « cbte risque/capaciésvestissements », accés aux marchés. La prise en
considération de ces différents éléments permees’'et déja d’améliorer I'efficacité de la diffusio



Determinants of DMC technologies adoption among sma llholders in the
Lake Alaotra area, Madagascar

1. Introduction

In Madagascar, land scarcity and stagnation of gheductivity in irrigated areas, led to increasing
cultivation of the hills (tanety$). However, erosion and runoff can induce the ddgtion of these fragile
soils and cause damage to infrastructure and croguption downstream. The development of technical
solutions preserving the environment, well adapted the various agro-socio-economic contexts,
economically viable and easily applicable, represankey challenge for the country. The “Direct sayv
mulch-based cropping systems” (DMC) can take upc¢hallenge.

The purpose of this communication is twofold: (Enstrate the benefits of these techniques instefm
economic profitability and identify the determinardf a significant level of diffusion, (2) highligta
strategic approach that promotes the developmesudf techniques in the Lake Alaotra area. Thisagmgh

is designed both to enhance the socio-economicamaent of the farms (access to land and banktcredi
marketing of agricultural products, input suppliasg the technical capital, and to better adaptetlenical
offer by taking better into account the farm neadd constraints: implementation of a “farming syste
reference monitoring network” (FSRMN) and notiorf‘@écision support system” (DSS).

2. Innovation mechanisms in agriculture

The “farming system” approach was introduced in@8@o development projects of “watershed-irrigated
perimeter$ type, funded by AFD and patrticularly in the pifmbject ‘BV Lac Alaotra” (Penot 2008 The
approach emphasises a clear understanding of thes fatructure, with a “constraint and opportunity”
analysis for a better integration of technologiesdevelop (new technical schemd3MC or others
organizational improvement for access to creditA.Jarming strategies analysis is implemented based
an operational typology. The farming system appuaditfers from the classical “plot approach” aimiat
increasing the number of adopters trough a bettegwation between farms’ contraints and technofogie
proposed by projects.

The decision support for both the final users okthtechnologies and the developers themselvaassesy

to be a priority in a context of sustainable depetent. This approach does not systematically pesvitie
optimal solution proposed by a model. It informsoas, negotiators and policy makers on the impéct o
technology adoption and the resilience of systefiter @ technical change by showing to them the
consequences of a technical or organizational ehdibe objective of such approach is to optimize th
efforts of outreach by proposing for each typeanfrfers, adapted technologies and relevant services.

The main idea is to better understand the outganthongoing processes of innovations, to acquire
the knowledge, the “know-how” and appreciate thecpices that come along and to find the most
appropriated techniques and services for the perduaccording to their socio-economic situations
and their strategic orientation towards technitenge. Two tools were developed to support such
an approach: self-evaluation sessions of API tyjaeéleration of the Propagation of Innovations)
(Penot, 2008), initially launched by Guy Bellonaed the “farming system reference monitoring
network” (FSRMN).

The APl method is a group session which consistmaking the farmers who obtained the best yields,
explain the technical schemes to other farmers prbduced less, and thus to stimulate discussiorthen
practices, constraints and adaptations made ipitbevillages (on the basis of initial technicabposals).
Through this approach, all the members of the asgdéions (without exception) talk about their expeces
and subsequently, it becomes possible to defineigaly the strategies that will come along, to iovyer or
secure the yields within all the farmers netwodk,the following cropping season. The method is aklled
"meeting of assisted self-evaluation and self-gésgiprogramming”.

A “farming system reference monitoring network” as group of farms, representative of the various
agricultural situations, depending on i) morphogiedical and climatic units, as well as ii) conteaksocio-
economic contexts. Farms are surveyed and theritonedh annually, in order to assess the impact of
projects actions and ongoing development polimestije land, legislation, access to services facalgure,
organization of the producers; innovation procesge$he objectives of a pluri-annual follow-up atest
impact assessment, monitoring and evaluation, aolnical and organisational decision support far th
projects. It also allows prospective analysis (dedpwith the software Olympe, INRA / CIRAD / IAMM,
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Penot, 2003) and comparison of potential and actgaharios (according to climatic events or prices
volatility).

These two tools combined provide a double collectearning. The API sessions on the one hand belp t
understand the details of farmers’ decisions ors#lection of components of cropping systems. dvigies
collective knowledge fororganisations, sharing of knowledge and a relativgpod measure (for the
operators’ database) of the differences betweerinitial message and the actual practices ("Gapibnp
Beside, the “farming system reference monitoringvoek” and its application with a prospective arsay
involves technicians and engineers who carry outldpment work, in a collective learning processiifin
operators) for the identification of prioritiesski measurement and eventually the choose of thé mos
promising techniques locally adapted.accordingverdification and intensification stratégies.

3. Examples of other agronomic innovations populaged in Madagascar (SRI, SRA etc....)

Reduction of rural poverty and safety food in Maaszar remain strongly related to improvement of
productivity in agricultural sector (land and warighich supposes that the farmers are ready tofyntiddir
practices, to even intensify them. But these chsiage particularly difficult to implement. Madagasés an
academic case on the matter, mainly due to theeatuits farms: small size of the exploitationgak
integration on the markets, strategies of survivahimum risk management, saving in resources,abtbe
communal exchanges, strong external dependence...

Recent studies highlight the complex and slow pesaé the innovation within the Malagasy countrgisty
(Gannon and Sandron, 2006). They reconstitute rigeps of diffusion of the simple transplantingioé in
line, which put nearly forty years to be adoptedd96 of the exploitations of the commune of Ampkaf

on the Highlands. The process takes the well-knt8/nshaped curve (slow progression of the adoption
rate during the first years, acceleration then ldeatton) for which the values of the slope (theexp of
adoption) and the asymptote vary according to iatioms and the various conditions of adoption
(Ramasinjatovo, 2006). However, this apparent $eshanovation diffusion, in quantitative terms and
considering as a whole, masks the complexity of ghecess of adoption itself, which mobilizes many
mechanisms of social interaction and comprises iph@ltdimensions: space, economic and in terms of
perception of the risk, social (Gastineau 2006).

The case of the intensive rice growing system ($R4) perfect illustration. This innovation showadtithe
characteristics of an ineluctable success storgigded locally with the farmers rather than by etqe
slightly expensive in inputs in a subsistence eoonadapted to poor soils, promising in yield inauntry
with chronic rice deficit (Jenn-Treyer and Al, 200%everal surveys explained the difficulties dfudiion of
this technigue in comparison with concurrent tiadeél methods: very accurate water control, highola
requirement (therefore expensive for the poorestili|@s), significant cash flow requirement, teatali
complexity and need for support (Moser, 2002), adl s effect of social conformity related to the
perception of the risk. The farmers evaluated #whitical offer by putting it in perspective withihe
framework of the constraints to which they are comfed and of the goals which they pursue, andpaede

it with difficulty.

However, some local experiments of diffusion shdwttthere is a possibility of adapting SRI to its
environment, to make it more plastic and evolutarad thus widening its potential public even if aohing

at records of productivity, while making this te@ure easier to control, nearer to the socially emtional
practices, and less demanding in work. These pragmtempts propose a modification with the maiigin
the farming ways to allow gradually a measured tagkng by rice growersin the process of seculitis the
case of the technical diagrams suggested to tlee Addotra and Manakara where the technicians Hedp t
farmers to arrange the system suggested in ordeeke it more compatible with their financial coastts:
minimization of the seeds, lengthened duration umsery, possibility of transplanting not only imdj,
variable density of the seedlings, manure being ablreplace fertilizer, reduction of working tinom
certain tasks, numbers and mode of hoeing, managesh¢he water swell.... In the two zones, there was
inflection of the initial technical scheme of th&IS already from the rice growers but also from the
diffusers, to adapt to the financial constraintfaomers.

In addition, the diffusion of the technical inndeais in Madagascar comes up against the brakeeof th
economic environment not carrying these agricutufailing availability and access reduced to thetdrs

of production (land, capital through credit, laboyr to the public infrastructures and to servicesmads,
information on the prices...) and to the marketstfw products and the inputdjhus the failure of the
adoption of several technical innovations leadgh® need of setting upublic policies supporting the
reduction of uncertainty related to the environnwfrthe farms. Several recent initiatives show thatState
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tends today to better accept its share of respitibsiind directs its interventions towards theatren of
favourable conditions for the functioning of varsomarkets (Jenn-Treyer and Al, 2007).

Thus, in the Malagasy context, the inversion of imipation risk strategies suppose at the same time:
sufficiently “acceptable” techniques (designed rmeraction with the beneficiary, limited “technoicgl
jump”...), an iterative offer and a technical suppsitowing sufficient flexibility to generate a preseof
training (necessarily slow) of the beneficiary aliffusers.

4. Principles and history of DMC technologies in Mdagascar

Direct Seeding Mulch-Based cropping systems (DM€ on a few principals, comparable to a forest
system: i) the soil is permanently covered, ii)npdawith deep root system recycle the nutrientsHed deep
into the sail, iii) biological activity and biodivsity are very high and iv) plant nutrition is imed by a rapid
turn-over of organic matter. To insure these furdj DMC systems proposed a change in paradigm, and
rely on three main principals, trying to mimic atural forest environment and to speed up the bickdg
processes involved: i) The soil is not disturb (smwis done with minimal soil disturbance), ii) ik
permanently kept covered by a thick mulch, iii) @rootations and associations helps maintaining
biodiversity.

DMC systems rely on a high biomass production foad turn-over of nutrients and organic mattdrisT
biomass is produced thanks to crop association®mlanotations, use of cover crops/forages to mazemi
water utilization, especially during dry and/or@&skasons when biomass production is usually varted.
Plants with strong and deep root system are usébiaesgical pumps” to recycle water and nutriefrism
deep horizons, soil characteristics are improvedréiase in organic matter, biological diversity aotvity,
structure, porosity, etc.) in a sustainable wagyotion of erosion). Water use efficiency is laygelcreased
through better porosity, reduction of run-off an@goration, etc.

By suppressing land preparation (no need to plosgil, structure and weed control being insured by
respectively root systems and biological activégd mulch/cover crop), the labor costs are redwd@dh
make this systems very attractive to farmers hallhore that increase in yield is rapid.

In Madagascar, DMC systems have been locally adapteT AFA (a local NGO) and CIRAD for over 10
years in various agro-ecological and socio-econannronments: (1) High lands (>1200-1700 m), with
sub-tropical climate and a cold season; (2) Medaltitude (700-1000 m) with a long dry season (>6
months) as in the Alaotra lake; (3) humid tropi@00 m, 2-3 m/year) rainfall and (4): semi-arichdibions
(400-800 mm/year rainfall, over 7 months- long deason). A large panel of systems adapted to tlee ag
ecological conditions (climate, various soil typerh rich to poor or even abandoned land) is progpase
each region, to fit the local socio-economic candi and to be able to propose solutions localbpéed at
farm level.

5. The Alaotra lake: lessons for extension
5.1. A project at the size of local constraints ithe Alaotra lake

The Lake Alaotra region, located 250 km north o€ tbapital Antananarivo, has seen substantial
dissemination of DMC techniques in recent yearsthWii00,000 ha of cultivated lowland plains, it is
considered to be one of the main rice growing zondbke country and is known as the Madagascae "ric
granary”. Despite its relative richness, the regothreatened by several factors: saturation efldlvland
rice fields and the impossibility of extending thestagnating rice yields, a landscape marked byyhea
erosion (7,000 kmof watersheds), difficulty for local stakeholdeestake control of their development.
Today, upland rainfed cropping is no longer con&deas an emerging or marginal phenomenon. The
income from upland cultivation has become conslilerand sometimes vital for many farmers. It ighis
context that the project “BV Lake Alaotra" (finamtey the “Agence Francaise de Développement”) was
launched in 2003.

The Project aims at several objectives: (1) imprguine income of local populations, (2) avoidingunal
resources degradation in order to secure imporitaig@ation infrastructure on the lower side of the
watersheds and (3) strengthening the capacityrofeis’ organisations and local municipalities t@drae
responsible for their own development.

This project is a real size prototype of the apphopromoted by the government in its national progr
“watershed-irrigated perimeters”. One componenthi$ project, entrusted in particular to the stcie
“BRL-Madagascar”, is intended to extend DMC teclueisj among farmers at watershed level.



5.2. DMC techniques extended in Alaotra

The context

The Alaotra lake plain in itself , located 750 noab mean sea level, counts 30 000 ha locatedde kscale
perimeters with irrigation means, and 72 000 haadfitional paddy fields, without water control.igIplain
is surrounded by a set of hills and steep mountsireaked with small valleys. The climate is a icap
climate of moderate altitude, with long dry seaé6® months-long).

The main constraints of this region are water resgsiand the strong erosion on watershed whichesea
huge problems of floods and sanding up.

In paddy fields without water control, unreliabknfalls at the beginning of the rainy season doafiow
farmers to grow rice at a favourable time. Unablgiedict the transplanting date, it is difficut prepare
the nursery as it should be and transplanted ptaet®ften very old. The length of the period dgnvhich
paddy fields are submerged is unreliable and yieften are low, even when the crop was properlifeset
As a consequence, farmers often broadcast rices spkying a kind of lottery It should be mentiortbdt
part of these paddy fields with too unreliable ggeis no longer cultivated, since years.

Soils on the hillsides show very variable fertiligvels, according to their geological origin, thpiace on
the toposequence and their history of cultivatibme poorest soils in the region are located onwtbstern
shore of the lake. They are ferrallitic soils, lead, with high acidity, high aluminium and low onja
matter contents. On the eastern shore, soils aberrias originating from basaltic substratum (gmeit
amphiboles). The mains crops are upland rice, gassaaize, groundnut and green bean. Declininglyiel
and large erosion marks (at field level and at $aage level) are clear indicators that these toendit
systems are not sustainable.

Technical offer

TAFA NGO started the first experiments on DMC inagira Lake in 1998 (Charpentier 1999) Technical
references on DMC were produced and made availatd&tension organisms (ANAE, BRL, VSF...) from
1999. Systems proposed to start DMC are basedrowfa systems and their main crops. From theyfgat
(often with ploughing as in the traditional systgntBe aim is to increase considerably the totahiaiss
production with addition of a cover crop, eithes@sated to the main crop or as relay croppingage of
diversified cropping systems has been developediltgides, rainfed lowlands, and paddy fields with
unreliable irrigation systems.

In paddy fields with unreliable irrigation, « poptetude » rice (SEBOTA varieties, with a high degef
polyvalence and the ability to grow either undenfed or irrigated conditions) during the rainy sea
followed by a legume or vegetable during the digsea, provide good economic results.

On the hills, the technical offer is a functiontbé& soil fertility. On rich soils, the most adogteropping
system is a rotation with Maize associated to aureg olichos lablah Vigna umbellata Vigna
unguiculata, Stylosanthes guianensisfollowed the next year by upland rice (eventyabssociated with
Cajanus cajarand/orCrotalaria sp). This system has the double advantage of beirgxesllent system to
start DMC (high biomass production and soil streetimprovement from the first year thanks to the
association between maize and a legume) and tedreomically very attractive to farmers. On pooirsoi
the association between Cassava and Brachiariaitig) lextended fast as it produces significantlyhéig
yields than the traditional technique, while itaabsllows to increase forages production at farniesaad
erosion control on steep slopes (Charpentier 200dyv-demanding grain legumes such as bambaraonuts
groundnuts can be cultivated in rotation with gésociation.

5.3. First results obtained regarding DMC extension

The surface cultivated in DMC under BRL supervigjone of the BV-lac project development operatad h
steadily increased every year. In 2008, around ¥aé@ers applied DMC systems on a total of 608 ha
(Fig.1) (BRL, 2008). The increase in areas culédainder DMC per farmer also insures a greateréha
farm benefit (Chabierski aral, 2005).



Fig. 1: Evolution of the extension (BRI, 2008
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The assessment of the main DMC cropping systentshidnge been extended, based on a technical and
economical monitoring of fields supervised by BRiows an increase with time in the valorization rod t
labour. With DMC practice, yield is increasing fropear to year while charges are decreasing (no
ploughing, decreasing weed pressure, increasirgyisation of manure etc.). As seeding is done eanyy,

from the first rains, the production can be comnadimed very early, at a time where prices are High
march-april, during the hunger gap) (Fig.2).

The use of the BRL plot database helps in the geeeivaluation of the abandon rate within the fasmer
network. This rate was high at the beginning ofgihegect but it now tends to decrease: It rangethfd0 %

in 2005 to 27% in 2008. The training, the simpétion of the cropping systems and a qualitativer@ggh
at territorial and farming systems scale justifis thositive evolution. The main factors mentionéy(@),
are in ascending order: the technical control opananagement sequence, the levels of investmetibiin
of risk, in relation to the farms’ type), the laadcess and the work organization at farm scale.
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Fig.3: Evolution of rice and maize price in the lake Alaotra area (PENOT, 2008)
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Fig.4: Evolution of the abandon rate (BRL, 2008)
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Farmers sometimes face difficulties in carrying taghnically DMC technologies. The adoption of DMC
technologies is considered as a « mini-revolutioof the mentalities, a reversal of the agro-teches
fundamentals of the farmers’ practices. A good ustdading of these new approaches and a good tethni
level is essential. The non-respect of the technmeommendations or the inadequacies of the prapos
systems could harm the subsequent dissemination.

The important climatic variability observed in tfegion (subsequent years of dryness, devastatingst..)
can inhibit the capacity of some farmers to invaghe rainy crops, especially the modest ones. mbee
prevalent DMC systems require a mean level of imest of 200 $/ha, witch represent an intensifarati
ratio significantly superior than the traditionggems (Fig. 5).



Fig.5 : « Intensification Rate » according to croppng system and sale price (Penot, Domas, 2008

Cropping systems: (1)” Maize traditional”: Maize oploughing; (2) Maize DMC: “Maize + Dolicos
lablab” / “Maize + Dolicos lablab”.

Fig.5: "Intensification Rate" according to the copp ing system
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The land tenure is one of the principles determimarf farmers’ strategies at cropping system sealg
represents a major challenge in Madagascar. Sameetsuch as share cropping or land renting, e
important barrier to DMC adoption, limiting theredoa sustainable smallholder development. InlLthe
Alaotra area, landlords are reluctant to rent their plotsseveral years, fearing to lose their land owhigr
in the long term. Still, a strong competition apseavery year between the implementation of irddaice
and rainfed crops. Rice remains the cornerstort®o$ehold production and thus the agricultural ajpans
in irrigated perimeter, with a good water contoanstitute a priority in the farming management.

The follow up of the abandonment help to estimageappropriateness of the cropping systems intextite
the local context and to adjust both the technafdr and the socio-economic measures (trainingd la
security, organization of the farmers...). Extensibmere not able at the beginning of the projedatkle
with farming systems complexity and various stregegThis sometimes resulted in unsuitable technica
recommendations: intensive and poorly diversifigdteam to porr farmers leading to a risk of credit n
reimbursment, “integration agriculture-livestockbptcs poorly developed, land factor not clearly
understood. Although these principles are now widely acceptieid, good to recall that taking into account
farmers’ practices, strategies, objectives and tcaimés are fundamental in a process of agricultura
extension. Farmers should not be regarded as andesmus set as they do not have the same meando and
not necessarily produce in the same social andoedical conditions. Improving locally the knowledge
farmers’ reality made it possible to improve thkevancy of the technical proposals and as a coesegy
the efficiency of extension.

5.4. A holistic approach placing the farm at the oatre of project strategies

5.4.1 The improvement of the socio-economic context

The strategy of the project is based on the itieh the degree of adoption doesn’t only dependhen t
expected advantages but also on the ability toampht these new technologies (Fig. 6). Based an thi
principle, the actions developed within the pildlages consists in i) training the farmers at reesg
diverse “DMC scenarios”, on their lands, using erogf their choice, and ii) in contributing to the
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organisation of the villages communities: accessrtamlit, marketing of the productions, inputs syppl
agricultural equipment, seeds productions, cuttibgseding grounds of shrub species for hedgerows.

In 2007 for instance, 100 farmers organisationslfoed more than 600 individuals) worked with BVLAC
project, the amount of the bank credits contactedigput costs) was around 150 000 USD and 456 lan
certificates were delivered to DMC adopters. Cayreips had also been implemented at territorialesbgl
several village communities, in order to contraston and increase significantly the forage avditsdfor

the cattle raisers. But the real impact of thedeviies at a regional scale is conditioned by teeel of
involvement of the local stakeholders, the privaector notably. In that matter, the private sector
susceptible to buy agricultural products (“URCOOHRAM Reunion island, “Taureau ailé” from France...),
to sale chemical inputs (FIAVAMA, SEPCM etc...) orrent their equipment (AGRO-BP-CONSEIL) had
been regularly informed of the projects activiti€e private sector should have a marked impadhen
dissemination and adoption of these new croppiagtfmes since they are in regular contact with &en

~
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Fig. 6: a holistic approach for a sustainable devepment
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5.4.2 Refinement of the technical offer

The diagnosis

A regional farm typology, obtained from a surveyaosample of 107 farms made in 2007 made it pesgibl
identify 6 farm types, based on: rice self-suffimig, farm size, access to the different land umiteducts
diversification and off-farm activities (Table 1).

Table 1: farming systems typology (S. Nave, C. Dural, 2007)

i Livestock Off farm
TYPES Total area R'(.:e. self . _
sufficiency production activities
TA>9ha
A (RI>5ha / UPL> 4 ha) [S7€l Cattle No
TA>7ha
B (RL>5ha/ 2<UPL<3 ha) [S7€l Cattle No
c TA<5ha [s] Cattle, pig, poultry, Commerce,
(RI/RL=2ha / UPL< 3ha) duck handicrafts
TA<3,5ha . Commerce, farm
D (RL:].,S ha/ UPL<2ha) [S] Plg’ pOU|try’ duck worker
TA<1,5 ha
E (RIRL<0,5ha / UPL< 1 ha) [NS] Poultry Farm worker
TA<1,5 ha L.
F (RL=1h/ UPL< 0,5 ha) [NS] Poultry Fishing

RI : Ricefield surfaces ; UPL : Upland surfaced.;:RRainfed Lowland surfaces
S : rice self-sufficient ; NS : not rice self-sgféint ; C : rice commercialisation

Largerice growing farmers (A type)
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These farmers are self-sufficient regarding ricedpction and can sell a large part of their produactThey
have large irrigated paddy fields (> 5ha) and uplfields (mainly on the hills). Farming is center@urice
cultivation and the hills are often partially culited, in an extensive way, with low labour-demagdirops
(Cassava, groundnuts, etc.). These farmers hakerrirge cattle herds which represent their maour
force. Permanent workers are the couple, one emitivery often a permanent employee, and they lysual
employ temporary manpower.

Rice growing farmerswith unreliable yields (B type)

These farmers have large paddy field areas, withliable water control (> 3 ha) and upland fieldsdq 3
ha) which are rather intensively cultivated (uplar, maize, vegetables, etc.). This “upland chogpp
strategy allows to compensate the unreliabilitikeith to the poor water control in the paddy fielbisey are
self-sufficient in rice (which represents 60 % loé farm incomes), except during the rare very biachtic
years. They have a high number of cattle. Crop®rdity demands a good organization of cropping
calendars at farm scale and they have to hire tesmpmanpower

Farmers self-sufficient in rice, cultivating on the hills (C type)

These farms produce enough rice to cover the fangds. The farming system in not entirely centned

rice production and is very diversified: upland pso(groundnuts, maize, cassava, legumes, vegetables
during the dry season and fruit trees) and animigirg (chicken, ducks, gooses and pigs). Thesoefar
have 1 to 3 ha of paddy fields (with good or uradglié water control) and 1 to 3 ha of upland fielBisme of
these farmers also chose to have off-farm actsyitieit are not selling their labour force to otfeemers.
They often employ temporary manpower, especiallynduiabour picks. Upland crops provide . 80 %ha t
total net agricultural income.

Farmers not self-sufficient in rice and diversifying their productions (D type)

These are rather small farms which viability cally m one family member off-farm activities: manpaw
handycrafts, trading. They usually have 1.5 haaafdy field with unreliable water control and smalland
fields (1 to 2 ha). The crops are diversified, olelf of the profits coming from selling upland psoor
animals (pigs, poultry). Most of these farmers db sell rice although a few of them do it to purshaaily
basic products (oil, soap, etc.), which leads theneat cassava during the hunger gap. It should be
mentioned that these farmers are found exclusiveljilages of migrants and are innovating farmekew
agricultures following migration can indeed be opeito new technologies which they will apply withool
much recognition as the intimacy with the cultichfdant, the environment and the technique wilbber

(D. Rollin, 2000).

Farmers not self-sufficient in rice and farm workers (E type)

This type of farm has very limited land : less taha of paddy fields and less than 1 ha of upfaids.
These farmers are often young (less than 30 yéd,sdo not hire farm workers and sell their labfance to
other farms. They do not own cattle and earn simatimes from poultry. They cultivate the hills insévely
(cassava, upland rice, maize, etc.) for cash.

Fishermen having off-farm activity (F type)

These farmers benefit from their location nearléke to get significant incomes from fishery. Thatiea in
paddy field is too small to make them self-suffidien rice. They cultivate upland fields intensivetrying
to get some cash from their products. Less than @0%te total farm incomes come from agriculture.

Figures 7 and 8 show respectively the various ssurof income and the ratio “Familial
expenses/agricultural income” for each of thesmftypes. A significant difference between two grewab
farmers is highlighted: a first group is composéd@nd B type, which have a net profit from agtiare
three times higher than the second group, gathéaimgers from C, D, E and F type. Farmers of thtedt
group have to rely on off-farm activities to insuheir viability. This statement is confirmed bgdire 7. It
should be mentioned, however, that D type showatia expenditure/agricultural incomes slightly regh
than 1: diversification of products through aninmaising (integrating crop production with pig feeg)
allowing an important added-value.
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Fig. 8 : Ratio « Familial expenses / Agricol income
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These graphics indicates that several factors talken into account during extension work.
(1) A and B types have more financial means, aligwthem to capitalize and invest for the
improvement of their farming systems. Strategiegeligped by these two types, however, are very
different: (1) A type farmers base their farmingteyns on a secured rice production (paddy figlds
with controlled irrigation system), with a largerpaf the production commercialized every year; (2)
B type farmers have more variable results with,raepending on climatic conditions, and uplaixd

crops allow them to buffer these hazard. Thesetypes have large cattle herds and the long hunger
gap (7 months-long dry season) reduces considetlablgerformances of the animals when they have
to work in the fields.
(2) C, D and E types have a strategy of diverdifica under important financial constraints. Theg }

looking for systems more efficient and more rekafdr marginal production areas (paddy field wjth
poor water control, uplands, etc.) Incomes fromfaffn activities, upland crops, pigs and poulfry
insure the economic viability of their farm. Theapacity to invest and take risks are globally mdich
lower than A and B type.
(3) Farmers from F type get most of their incomesnf fishery (69%) but are more and mdre
interested in agriculture due on the one sideedrbreasing prices of agricultural products andhen
other side to declining fisheries resources inlihiee. Their financial means are rather high.
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Propensity of the different types to adopt DM C technol ogies and adaptation of the technical offer

By taking these different elements into consideratt is possible to improve dissemination effiagn

The table 2 presents (1) the advantages founddiytgpe in DMC techniques, and (2) the croppingesys
that can be proposed in function of these diffefamh types.

Table 2: Technical offer according to the farms catgories

Type Interests Technical proposals

A(3) Forage availability Forage-based cropping systems / flexibility of ¢oéural
Diversified productions calendar

B (1) Securisation of the income provided All the cropping systems / integration of the medliand
by the rainfed lowland and the hills heavy mechanisation

c) Securisation of the income on the hills | Diversified rotational sequences / integration riagture-
Integration with livestock (cattle and pig livestock » ; high level of intensification posgbl
Securisation of the income on the hills Diversified rotational sequences / integration rdture-

D (1) Int ti ith livestock (oi it livestock » ; different levels of intensificatioalowing
ntegration with livestock (pig, poultry) investment capacities

E (2) :Trl%lﬁgclenrgerstnz) of\f[ﬁle incomes Cropping systems without chemical inputs
Additional incomes .

F (@) Reconversion in agriculture All cropping systems

(1) High propensity to adopt DMC techniques

(2) Interests but some constraints can restrain thptemo

(3) No interests and/or important adoption constraints

The rice producers (A) could be interested by DM€hhologies to improve their forage resource and to
diversify their productions but their farming sysieare based on irrigated rice production anditefields
activities constitute a priority for them. Foragesbd cropping systems with a flexible cultural cdér
(sowing dates notably) will thus be proposed. Thaepping systems could include Cassava or shaitecy
legumes in rotation witlBrachiaria sp.(groundnut, cowpea or Voanzea). The implementatieriod of
these DMC based cropping systems allow a rati@aur force organisation at farm scale (Fig. 9).

Fig.9: adaptation of the DMC based cropping systemgroposed (cultural calendar) at farm scale

-
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The “Type B” farmers are really interested in DMé&ttnologies to secure their productions on rainfed
lowlands and on the hills. According to their intreent capacities (cash flow after all expenses}ypés of
cropping systems can be proposed, including intensce or maize cultivation and the integration of
intermediate or heavy mechanisation: two row Rlenand sprayers for power tillers, no-till Plagtésr
small-medium tractors etc.Their farms could constitute technologic showcdeeall farmers of the area
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and they could invest in equipment, witch wouldrésted to a network of small farmers. They coukbal
focus at given places, significant levels of prddug to help at merchandising the products.

DMC adoption presents a major interest for the &asmwho belong to the types C and D. They areested

by DMC to secure their yields on the hills andrtgrove their livestock productions. Diversifiedatbnal
sequences integrating notably agriculture and to@swill thus be advised: cattle’s fattening witirages
like Brachiaria sp.and Stylosanthes sp.incorporation ofMucuna spin the feed rations of the pigs. The
diversification of the sources of incomes allowssth farmers to buffer efficiently climatic and egomc
hazard, frequently observed in the region. Thellel/mtensification proposed will be modulatedfimction

of the soil's categories but also the farm sizésK‘'management” notion of the cropping systemslation
with investment capacities). These farmers couldl amall mechanization like hand-jab planters, sgwin
wheels, sprayers for human traction etc...

Farms belonging to the type E are really poor; timey be potentially interested by DMC technolodi@s
two main reasons: i) DMC allows the removal of glboung which is an important constraint for thissslaf
farms (high rental costs) and ii these systemsdceulsure an added income, essential for the lang-te
viability of the farm. This substantial improvemewmbuld allow these farmers to move towards the sape
categories after several years of practices. Extnis¢s should however be very careful in the syste
recommended because a majority of these farmegsirdiprecarious conditions which prevent them from
having a vision on the long term. It seems to bellgrossible to propose costly cropping systemis;hw
require consequent financial contribution and dgmttvide incomes during the first year. These fasme
can’t afford to leave their land fallow, makingdifficult to establish sole regenerative of fetyil(during
two or three years). The “burn-beating” technigiedbuage in French) or Stylosanthes rotation based
cropping systems which can be managed without at#nmiputs, could be well adapted in this situation
Type F fishermen often need additional incomessamde of them think about a retraining in agricudfiat

a medium term. According to their investment cajgexi all the cropping systems could potentially be
adopted by these households, in function of the@ds and objectives.

The use of the software « OLYMPE » (INRA/IAMM/CITADM Attonaty), associated with this classical
farming systems survey, will enable to i) testélsenomic impact of a technical choice (level ofifieation,
integration with livestock...) for the different typef farms, ii) test the robustness (resilienced tdchnical
choice according to climatic or economical uncettes, iii) assess risks and iv) do a prospectivalyesis
according to climatic events or prices volatility.

6. Experience at national level: Conditions for exdnsion of DMC systems

At national level in Madagascar, the same conggdmextension of DMC systems as in the Alaotgaome
are observed:
(1) Human resources availability is a necessary Kot sufficient) condition to extension. Without
efficient extension teams, able to propose DMC esyst locally adapted to actual farmers’ needs,
constraints and means, extension of DMC systemstisustainable. This requires an important phase
of capacity building prior to large scale extensi@xtension staff should acquire knowledge (and
know-how) on DMC systems, but also capacity to ys®local constraints, risks and opportunities at
farm and village levels. It usually takes 3 yearbuild efficient extension teams.
(2) Socio economic environment is of high impor&nanreliable land tenure, poor access to credit
and agricultural inputs, poor marketing channels ifstance can annihilate the benefits of DMC
systems of high agronomic and economic interest.
Experiences in various socio-economic environmede shows that some situations may largely favor
rapid extension of DMC systems as for instance WbDBIC systems can be proposed to overcome a major
constraint to agriculture (lik8trigainfestation in the middle west), unreliable padiéyd irrigation (Alaotra
lake), open possibility to reclaim uncultivateddaor systems with very limited inputs (all zones).
Integration agriculture/livestock may be seen asrmstraint (in case of very high cattle pressuraatural
resources) or an advantage for extension of DM@sys (increase of forages production through DMC).
In all cases, the first 2-3 years of transitiomirconventional systems to DMC are crucial and meqpiioper
accompaniment of farmers by extension staff to kie#on to face new situations. After 3 years, extansts
support to farmers can be reduced.
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7. Conclusion

The Lake Alaotra shows today the highest rate séainination of DMC technologies in the country. But
besides the number of farmers or the global surtaceerned, the decrease of the abandonment citie o

be optimistic for the durability of DMC extension the region, thanks to “farming system approach *
adoption. Many reasons can explain this local dimiu First the results of a efficient Research and
Development program witch allowed the creation d&rge range of cropping systems adapted to various
agro-ecological conditions and categories of farfifen the important role of a local developmenjqur:

its originality is to adopt a global and integratpproach, associating technical training and secm-
territorial actions: land access, access to credégration to market.

A good understanding of the local practices aldpdteextensionists to be more efficient in chooghmejr
technical advices according to the type of farmkris. not necessary to understand all an agrameext to
identify the axes of a relevant work, and initighghostic is not necessarily long, the “optimal egof
knowledge” has to be found out. The elements ctiyrenailable in the project make it possible tonfiolate
adequate solutions to various categories of faimasuntered. Significant efforts have also beernizedlto
better link the selected cropping systems, thauralltalendars, the periods of commercializatiarrélation
with the evolution of the prices), the real amoohtcredit needed and the ability to refund, everthia
situation of low productivity or during the drieckars. The executives of the project didn't ideetifi
categories totally refractory to the adoption, the propensity to adopt can vary depending onrterest
found by each farm in the proposed system and bilgyato implement these new technologies. If some
farms categories have a vital need to find sushdénalternative to cultivate the hills, for othdings is not a
priority and the technicians must be aware of ieTimplementation of a “farm monitoring network”
covering the variability of the farming systems ematered in the region, already allows to improle t
approach developed in the pilot villages. Fieldiceffs feel thus more responsible and see theirutaitp
valorised, while people in charge now have toolgtvienable them to well assess the impact of tiions
on the technical change, on the incomes and oevibletion of farming systems. The vision of the o§éhe
various “agricultural services” (outreach, credipplies, marketing) had been changed and its tapoe is
now clearly recognized by all the project’s partner

The experience from thieac Alaotrais demonstrating that the conjunction of an edtitechnical offer
adapted to the constraints and to the needs ofefatnand the existence of a favourable socio-ecamom
environment, allows a significant disseminatiord®C technologies, even in a smallholder’s context.
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