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Foreword by His Excellency Sitaheng RASPHON, Minister of 
Agriculture and Forestry of the LAO PDR 

Agriculture is an essential component of the Lao economy. It amounts to 42% of gross natio
nal product and is the main activity for more than 80% of our people. 

However, in recent years, our agriculture has experienced deep and fast changes related to 
the increase in national and regional demand for agricultural products. Due to the growing 
population, changes in urban consumption demand and to the steady growth in agricultural 
trade with neighbouring countries, pressure on the natural environment has considerably in
creased. 

Even if it is highly useful for our growth, this rush into economic development needs to be 
controlled if we do not want to weaken our natural resources and our rural communities which 
are the most exposed to these changes. In some regions of Laos, this has already led to a 
marked degradation in our natural resources though they are the pillars of our development. 
Deforestation, soil erosion, the decrease in fauna and flora biodiversity, water and soil pollu
tion contribute to maintaining a poverty cycle in rural communities. Maintaining the soil's pro
ductive capacity is a crucial element for long term improvement of smallholder livelihoods. 

While it is our responsibility to modernize the agricultural sector and improve soil and labour 
productivity, we also need to evolve in a balanced and fair cycle of development, to create 
and develop alternatives that reconcile economic viability, social balance and environmental 
conservation . 

In recent years, the emergence of new technologies, such as improved varieties, ploughing 
and chemical inputs have certainly contributed to the increase in agricultural production, but 
these technologies also generate high energy, social and environmental costs exacerbated 
by fragile human and biophysical environments. We need to find other paths for agricultural 
intensification. 

The efforts made by the authorities in the provinces of Xieng Khouang and Xayabury, with 
technical assistance from the Ministry of Agriculture and Forestry (MAF), the National Agricul
tur and Forestry Research Institute (NAFRI) and the French Agricultural Research Centre for 
International Development (CIRAD), and with the support of the French Development Agency 
(AFD), the French Environmental Facility (FFEM), the French Ministry of Foreign Affairs and the 
European Union, have enabled us to embark upon a promising initiative based on, and inspired 
by, natural resource management. 

The management of natural resources and conservation of the country's and farmers' main 
Capital, the Soil, are essential for maintaining our country's production potential, and for al
leviating poverty. 



We need to rethink our approaches, consider the Soil as the main integrating theme for agri
culture, livestock and forestry activities, infrastructure, and water and life quality preservation 
in rural areas. Rational management of this resource will also enable us to preserve and res
tore soil biodiversity that is essential for high-quality agricultural production. 

Conservation Agriculture and Direct Seeding Mulch-Based Cropping (DMC) systems have ope
ned up promising development schemes for market-oriented areas in the Mekong corridor, 
with the example of the south of Xayabury province, as well as for mountainous areas with the 
experiences of Xieng Khouang province. 

This approach is a reliable alternative for dealing with the triple challenge that our agriculture 
is facing including: 

- Firstly, the need to respond to the rising demand for food through diversified farming 
systems integrating livestock rearing and perennial crops, 
- Secondly, the need to increase and diversify our agricultural production, in order to 
generate new incarne essential for the development of our rural communities, 
- And lastly, the need to ensure the conservation of natural resources, such as soil, water 
and forests. 

Conservation agriculture is an efficient alternative for tackling the dual challenge of «produ
cing and protecting». 

This approach sets out three major scales of intervention: 
- The field, where various scenarios of DMC systems are elaborated, 
- Village territories, which are the best scale for disseminating innovations, and spatial 
and social organization, 
- Landscape units and watersheds, where the environmental impact of human inter
ventions need to be studied, but also the environmental services provided by landscape 
rehabilitation and by DMC systems. 

This regional workshop, held by the Ministry of Agriculture and Forestry in partnership with the 
authorities of Xieng Khouang province from 28 October to 1 November 2008, brings together 
eight countries from the Great Mekong Sub-Region but also from Madagascar, Cameroon and 
France. 

This workshop is a good opportunity to strengthen relations between the countries involved in 
this initiative, in order to benefit more from the complementarities of the biophysical and so
cio-economic environments encountered, and from the skills of each and everyone, in order to 
optimize ail our resources. I hope this workshop will encourage greater cooperation between 
disciplines and institutions in the GMS countries. We have to work in that direction and esta
blish a climate of sharing, and of reflecting upon possible lines of collaboration between our 
countries and institutions. 

We are facing great challenges to disseminate these systems and technologies on a larger sca
le. In particular, the technical and socio-economic viability of DMC systems must be continually 
evaluated. The circumstances for generation and adoption by smallholders must be analysed 
in order to identify priorities and key factors for extension: 

• Appropriate incentives to stimulate the uptake of CA practices and principles, 
• Access to inputs and mechanization with specific tools such as the hand-jab seeder, 
rolling knife and sowing machine for hand-tractor, 
• Iterative improvement of cropping systems (intercropping and use of relay crops) 
• Definition of residue rights at community level and modification of customary law that 
allows livestock to graze off crop residues, 
• Investment in training for extension officers . 
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Conservation Agriculture and DMC systems must allow us to achieve integrated weed and pest 
management, reducing the use of agrochemicals and producing quality food for the whole of 
society. However, current experiences in Laos and in other countries, have showed that this 
objective of integrated weed and pest management is achievable in a medium-term process. 
In the initial stages, smallholders adopt incomplete cropping systems based on one or two 
principles of conservation agriculture (no-till and a rotational sequence but no permanent co
ver of the soil) and agrochemicals are still used to contrai the remaining weeds. Combining 
the three principles of CA, and benefiting from permanent soil cover, is an iterative process 
in generating and validating innovative systems and technologies with smallholders. We need 
to improve and to disseminate cropping systems built on biological management integrating 
from the outset the use of cover/relay crops and broad biodiversity, boosting natural functions 
and generating additional incarne for the community. These technical considerations are stron
gly dependent on the definition of residue rights at community level, small-farm agricultural 
equipment, credit access and technical support, and we have to address these constraints 
rapidly. 

I take this opportunity of thanking in particular the French Development Agency (AFD), the 
French Agricultural Research Centre for International Development (CIRAD), the French En
vironmental Facility (FFEM), the French Ministry of Foreign Affairs and the European Com
mission, for the assistance these donors lend to our Government, to our Ministry, and to our 
provinces. 

H.E. Sitaheng RASPHON 
Minister of Agriculture and Forestry 



Foreword by Mr. Jean-François RICHARD, 
Rural and Agricultural Development Division, 

French Development Agency. 

After the armed conflicts and ideological clashes of the late 20th century, the countries of 
Southeast Asia have been enjoying, for the last few years, a period of peace, reconstruc
tion and economic development, accompanied by strong population growth. Consequently, 
agriculture in those countries is having to provide these growing populations with their more 
diversified food requirements, notably meat products. The response of dynamic farming com
munities, as in Laos, is to rapidly expand crops with a booming market, such as maize to 
supply the short-cycle intensive livestock production chains (pigs and poultry) of the Thaï and 
Vietnamese markets. 

Crop development can seriously unbalance ecosystems, as in Xayabouri province: undulating 
landscapes are devoid of forest caver, gallery forests are disappearing, there is very severe 
erosion with landslides involving entire hillsides, and the soils are highly degraded. This has 
led to an accumulation of sediments in rice fields and bottomlands, herbicide applications 
using spray lances with very high farmer exposure, maize monocultures without crop rotations 
and loss of biodiversity. For the time being, the effects of such environmental degradation are 
economically masked in fertile zones, but in other zones farmers are reporting a long-term 
decline in yields. These highly dynamic maize forest frontiers have consequences for declining 
fertility, water flows, minerai nutrients, the fauna and flora, and human health, as has occur
red in Thailand in recent years. 

Faced with this situation, Laos has taken some very navel action on cropping systems, along 
with some conventional track rehabilitation work, improvement of livestock rearing, and the 
organization of producers. It has transferred, adapted and validated some direct seeding 
mulch-based cropping systems (DMC), and has organized the dissemination of these pro
posais, by setting up farmer groups which receive training, advice and technical support. To 
day, direct sowing, waste management and, to a lesser extent, crop rotations, are applied by 
farmers, thereby halting the erosion that is a serious problem for some people, and lowering 
planting costs through the use of specialized seeders that enable rapid sowing at the right 
time. In addition, inputs are used more rationally and the maize produced is thus more com
petitive, whilst bringing about soil restructuring. 

This approach, which was originally technical, has impacts that are balanced between econo
mic, environ mental and social aspects, making it a fine example of the search for sustainable 
development. These techniques are of interest to several Southeast Asian countries faced with 
the need to produce more, produce better and produce more sustainably. The presentations 
made at the Phonsavan workshop to participants from Laos, Vietnam, Cambodia, Thailand and 
China (Yunnan) helped to raise awareness in the region of the possibility of intensifying agri
cultural production whilst preserving the farmers' work tool, the soil, and to test the associated 
conditions. This initiative fits in with the development dynamics of conservation agriculture, 
which occupies more than 7% of cultivated lands worldwide and is continuing to expand. 

Mr. Jean-François RICHARD, 
AFD/DTO/DAR 
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This publication is based upon the papers presented at the MAF-NAFRI co-organized regional 
workshop on Conservation Agriculture entitled "Investing in Sustainable Agriculture: The case 
of Conservation Agriculture and Direct Seeding Mulch-Based Cropping Systems" that was held 
in Phonsavanh, Xieng Khouang Province, Lao PDR from 28th of October to 1st of November 
2008. 

This workshop welcomed 150 participants coming from eight different countries (Vietnam, 
Yunnan-China PDR, Thailand, Cambodia, Cameroon, Malagasy, France and Lao PDR). It was a 
truly collaborative event and much of its success was due to the efforts of many individuals, 
projects and organizations that contributed to the workshop. 

First of ail, MAF and NAFRI would like to thank the provincial authorities of Xieng Khouang for 
their true involvement in the organization of this event. They graciously hosted the workshop 
and allowed the workshop to be held in and all-around provincial meeting hall. They were also 
responsible for the organization of the Agricultural Fair that was held during the same period 
in front of Provincial authorities office and that hosted the first-ever event on Conservation 
Agriculture and Biodiversity in Lao PDR. Without the help of Provincial Agricultural and Fores
try Office and Provincial Women Union, that great event would not have been that successful 
(more than 10,000 visitors in 5 days). 

MAF and NAFRI would also like to thank the French Development Agency (AFD), the French 
Environmental Facility (FFEM), the French Ministry of Foreign Affairs, the European Union and 
the French Agricultural Research Centre for International Development (CIRAD) for financially 
supporting this workshop. 

The Centre for Agricultural and Forestry Research Information (CAFRI) was in charge of the 
technical and organisational arrangements before and during the workshop. A special thank 
goes to Bandith Ramangkhoun, Michael Victor, Phonepaseuth Vongsipasom, Deuansavanh 
Phuangkhamshao and Phetsamone Xoumphonphackdy for their great involvement. They were 
greatly helped by the whole staff of the National Program in Agroecology (PRONAE) who faci
litated the logistics arrangements and insured the secretariat of the workshop. Fabien Salmon 
and Charles Mottes, both students at the Sector-based Program in Agroecology (PROSA), have 
also to be mentioned for the help they provided in the preparation of this workshop. 
MAF and NAFRI would like to acknowledge ail the volunteers that facilitate the working groups 
sessions. This included: 

• Training and communication supports to be exchanged between countries of the GMS 
region on CA and DMC topics: Bandith Ramangkoun, Michael Victor and Rico Lie 
• Research topics and methodologies to be shared between teams working on CA and 
DMC systems in the countries of the GMS: Stéphane Boulakia, Damien Hauswirth and 
Khamphou Pyouavong 
• Environmental services evaluation and Payment for environmental services perspec
tives in the countries of the GMS: Thimothée Ollivier, Francis Forest and Oloth Sengta
huenghueng 
• Alternatives and approaches to be integrated to promote sustainable agriculture at 
landscape level in Lao PDR: Kevin KAMP, Ms. Chitavong Viengxon and Soukan Keonou
chan 



The National Program in Agroecoly (PRONAE) prepared and hosted the field trip. The organi
zers would like to thank in particularly ail the farmers of Ban My village for their warm wel
come. 

MAF and NAFRI would also like to thank all the projects and organizations which sponsored 
staff to attend the workshop and exhibited displays at the information market. 

Finally, MAF and NAFRI would like to thank all the participants who made presentations and 
prepared papers for these proceedings. 

The organization committee 
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Topics and Working Methodology 

Four working groups were organised to explore the following areas: 
WG 1: Training and communication support on CA and DMC topics for the countries of the 
GMS 
WG 2: Research topics and methodologies to be shared on CA and DMC among GMS coun 
tries 
WG 3: Environmental services and payment for environmental services in the countries of the 
GMS 
WG 4: Alternatives and approaches to be integrated to promote sustainable agriculture at 
landscape level in Lao PDR 

Ali participants were given an opportunity to comment and contribute to all four of the working 
groups' topics . Th is consisted of four rounds of discussion with each round focusing on one of 
the following questions : 
Round 1 - What are the key issues, challenges and opportunities for the particular topic? 
Round 2 - What are the priority issues that should be addressed at the regional and national 
levels? 
Round 3 - How can we address these priority issues? This involved developing an action 
plan. 
Round 4 - What are the resources (financial and human) needed to carry out such activities 
and where would they corne from? 

A time limit of 45 minutes was set for each round. Alter each round, groups moved to another 
topic; they then reviewed and built upon the work of the previous groups. Discussion was led 
in both Lao and English in order to facilitate input from as many voices as possible. 

Working Group 1: Training and Communication support on 
Conservation Agriculture and DMC tapies for countries of the 
GMS 

Key issues 

Appropriate media and methods 
There was a general consensus that a set of reference materials is needed. Local languages 
should be used for communication where possible; however it was acknowledged that this 
would prove difficult. Communication tools should promote DMC as a support to decision-ma
king by farmers as well as provid ing the practical instruction on how to crop. There will be a 
need to mix short-term and long-term training, and on-the-job training for farmers would be 
preferable so that they learn by doing. 
In this regard, farmer field schools (FFS) were suggested as a modality that has proved suc
cessful in the past, as well as being an effective way of involving more women. Both macro 
and micro level training should be focused on a specific level. 
It was suggested that communication tools should be made by farmers for farmers, and by 
extension officers for extension officers. There should be a variety of materials and activity 



types, both receptive and productive, which will bring the subject to life and provide opportu
nities to learn in different ways, i.e. through reading, seeing, hearing and doing. 
Television was suggested as a suitable media for dissemination and educational purposes, ha
ving a wide reach in rural areas . Regionally, a website will be set up as a communication hub 
and depositary of training and best practice materials. 
Agricultural fairs could serve multi-purposes in bringing stakeholders together, demonstrating 
new techniques and tools, promoting CA and farmers' produce, exchanging lessons learned 
and sharing best practice. 

Networking and target groups 
The stakeholders identified by the working groups were farmers, extension agents, resear
chers, students (in both professional and academic fields), public planners and managers, and 
the private sector. 
DMC field demonstrations and study tours involving both decision-makers and farmers were 
suggested as a means of networking, as well as on-the-job tra ining for farmers possibly using 
FFS. Cooperatives set up at the national level cou Id lead to regional exchange. Universities and 
other relevant educational institutions should be involved in networking activities. 
A number of questions were raised and need to be addressed. How would a regional network 
for teaching CA be implemented and who would lead it? How could the private sector be inte
grated in development activities? 

Topics and issues for training 
It was recognised that farmers ' knowledge and experience should be incorporated from the 
outset. This would be important in developing and adapting systems, methods and tools to the 
local bio-physical and socio-economic conditions. 
It was emphasized that DMC is not prescriptive but has to be adapted to contrasting environ
mental and socio-economic conditions . 

The following topics were suggested for training: 
• Erosion and soil fertility management (can be directed to specific regions) 
• The importance of water protection and biodiversity at the watershed level 
• Environmental economics - training for policy makers on the costs of environmental de-

gradation 

A range of levels of training curricula should be developed so that training can be carried out 
across a wide spectrum: school children, university students, farmers, extension officers and 
policy makers. 
The setting up of Farmers' Field Schools (FFS) was seen as a way of involving more women in 
DMC. Training of trainers (ToT) and FFS should follow at least two seasons. 
Raising awareness of CA and the issues involved should be widened to include students at both 
primary and secondary level by arranging visits to DMC areas to see the benefits in action. 

Priorities 
• A number of priorities were identified : 
• networking for farmers to enable exchange of experiences at micro-level 
• a directory of people involved in DMC in other countries, including their functions 
• annual meetings for technical staff and policy makers 
• an annual agricultural fair for exchange of tools and machinery for DMC/CA 
• a long-term view in training and economic outlook 
• a website to facilitate regional coordination 
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Action Plan 

Topic Content 

website on CA and Website will include information on training and will facilitate the 
DMC exchange of information 

Follow-up Regional "Integration of Intensive Agriculture and Conservation Agriculture" 
Workshop / Fair This will involve more women and students, including PhD and Mas-

ter' students, and facilitate a specific exchange between juniors and 
seniors. It will also act as a showcase for CA/DMC tools and machi-
nery. 

Toolkit Will be targeted at specific groups and will include frequently asked 
questions (FAQs) 

Network at regional This will involve training, research and information exchange 
scale 

Regional Training This may be in Lao PDR or China and will provide an MSc on CA and 
Centre DMC 

Working Group 2: Research tapies and methodologies to be sha
red among research and development teams working on CA and 
DMC in the countries of the Greater Mekong Sub-region 

Preliminary remarks 
DMC development in GMS countries is focusing on family based agriculture, of which there is 
a large range of scales; DMC based programs in GMS may have a global pilot raie in the pro
motion of CA to smallholders in other tropical reg ions in the world. Current R&D programs are 
being carried out through iterative and multi-scale approaches. 

Key Issues 
Key issues are the 'Creation - Extension & Training' approach cross linked with analysis related 
to scale-changes ail along the process. This approach is based on an iterative process involving 
agrotechnical and socio-economic issues carried-out at local scale through 'on-farm, for and 
with farmers'. 

Topics 
Five main tapies have been underlined (see table 1 next page) 



Components Research and Output Example 
information 

Systemic Cropping system design Technology references * Upland annual crops 
research vs. agro-ecosystems type Economie characteristics * wet tropics 

* socio-economic bac- * Domain of application Rain-fed lowland rice 
kg round (no water contrai) 
* production goals Slope 

* annual and peren-
niai systems 
Organic CA/OMC 

Thematic Agro-technical characte- Sail - plant relationship Sail organic carbon 
research ristics Plant - pest relationship Sail macro and mi-

Economie profile of sys- crobiology 
tems Physical and chemi-
Mechanization cal characteristics 

Scale change Land use planning (local, Land use planning 
and impact watershed, country) methodology 

Economie and ecological Farm, region, economic 
impacts sectors 

Environmental services 

Extension Optimization of the ex- Adoption vs. farm typo- Credit and funding 
process tension process logies systems 

Methodology: PRA, far- Extension cost 
mer group-based ap-
proach 
Case studies 

Training Training and information Graduation Master Brazil, 
materials Internship Thailand .. . . - .. . 
p 

1.Design a wide range of sustainable and productive alternatives to 
traditional cropping systems {eco-intensification) 

Common issues and goals 
Research and development teams targeting research and extension of CA in Southeast Asia 
face a common challenge: to propose a wide range of alternatives to traditional agricultural 
systems through designing new cropping systems. The creation of new systems has firstly to 
address various development priorities including, agro-ecosystems contexts, socio-economic 
backgrounds and production goals at the agrarian system scale . 

Two distinct challenges are: 
• to create systems which are not very susceptible to context changes (weak elasticity) 
• to develop dynamic approaches (permanent designing) to take into account rapid context 

changes, such as market demands 

At the farming system scale, cropping system designers also have to pay attention to create a 
large range of intensification levels so that technical proposais can be well adapted to several 
categories of farmers' constraints, including investment capacities, labour costs, competition 
among several cropping systems and so on. 
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Focus on local biodiversity, integrated pest management and organic production 
Considering the worldwide growing demand for "natural" products, regional R&D approaches 
for extension of CA should focus on: 
• integration of organic approaches to DMC based cropping systems 
• better valorisation of local natural resources (soil cover, integrated pest management) 
• assessment and recognition of the specific nutritional and gustative qualities of products 

from DMC based cropping systems 

2.Agro-technical characterisation 

DMC agronomie efficiency at cultivated plot scale 
In tropical countries, agronomie efficiency of DMC systems has been studied at cultivated 
plot level. Several scientific works have highlighted its positive effects on runoff and erosion 
leading to improvement of water balance. While other studies have demonstrated an increase 
in organic matter and C contents in surface soil layers as well as activation of macro/micro 
soil fauna under DMC conditions, resulting for instance in a reduction of parasitism by specific 
weeds. 

Further scientific issues to be explored 
While recognising the scientific enquiries referred to above, the study of DMC systems remains 
an under-explored area which warrants further scientific investigation. 
At cultivated field and farming system levels for instance, the impact of DMC systems on 
pests and the dynamics of insect populations remains largely to be studied, as well as the link 
between DMC and the biology of useful or damaging pests. 

Further scientific research is also warranted in the following areas 
• characterisation of mechanisms leading to soil evolution under DMC technologies (carbon 

sequestration, evolution of soil chemical and physical parameters, water efficiency) 
• assessment of pesticide residues both in soils and products 

In addition, there is a growing need to assess the impacts of DMC at wider scales, such as 
watershed management and environmental amenities and services. Such topics are especially 
important in order to secure public investment in DMC extension. 

3.Common needs for up-scaling 

The extension of DMC technologies in familial farming systems faces difficulties, even in coun
tries where large-scale projects have supported extension processes. From this observation, 
common needs arise for improving efficiency of extension. The need to formalise and continue 
to develop specific approaches based on co-building innovation remains a priority. A number 
of strategies have been identified that will support this process, including: 
• facilitating experience-sharing on extension methodology 
• the development of harmonised training for pesticide use and management 
• the mobilization of tools from rapid rural appraisal (RRA) approaches 
• the provision of simple tools to assess/manage DMC (as well as C sequestration, and soil 

and pest management) 

Another priority is to better understand the factors which can lead to a wider up-scaling throu
gh assessment of DMC extension processes. A greater number of scientists involved in the 
area of innovation analysis should be mobilized to study the dynamics of DMC systems adop
tion at various scales: which farmers adopt these systems first and why? How information on 
DMC technology circulates through rural networks? Why some farmers give up? How to adapt 



DMC technical approaches to various agronomie and economic constraints at farm scale? 
Finally, methodologies to assess the economic impacts of DMC systems adoption at farming 
system level should be included in any research and/or extension project involved in this area 
of interest. 

4.National strategies to integrate R&D programs, extension and edu
cational systems 

The working groups highlighted the need to base extension of DMC approaches on a closer 
integration between R&D programmes and extension and educational systems through several 
pales of action: 
• courses on DMC technologies to be integrated with agricultural curricula in universities and 

agricultural schools, also targeting agricultural technicians, engineers, post-graduate or 
MSc students 

• development of a quality assurance system for DMC products (standard and certification), 
as well as market promotion 

• land use planning with DMC approaches integrated to small region/catchment manage
ment 

Action Plan 

1.Specific approaches to be specified at national level 

ASEAN countries to target specific R&D tapies for DMC: 
• Lao teams to focus on DMC for annual crops with livestock integration and several levels 

of mechanization 
• Cambodia to focus on creation of DMC systems to address two distinct agro-ecosystems: 

development of uplands cultivation (maize and soybean, rice, cassava) in connection with 
fodder livestock; and dissemination of poly-aptitude rain-fed rice for lowlands without wa
ter contrai in dry sandy soils and flooded alluvial soils 

• Vietnam to consider development of DMC through management of steep slopes with weak 
possibility of mechanisation/motorisation (annual and perennial crops, especially tea-based 
cropping systems) 

• Thailand to continue to develop in depth analysis of soil biology parameters 
• Yunnan (China) to offer several scientific knowledge approaches including intensive tech

nologies for flat lands management. A specific project should start soon in Yunnan province 
and will be based on development of DMC technologies with tea plantation 

These pre-orientations constitute a basis to define specific approaches that each GMS country 
could share with others. 

2.Institution building to be speeded-up 

Common R&D actions implemented at regional level require institution building, including: 
• the formai creation of a Conservation Agriculture Network for Southeast Asia (CANSEA), 

developing existing informai actions towards regional cooperation and taking into account 
bilateral exchanges already implemented among several GMS countries. Such a network 
should result in regional research programmes or regional research centres aimed at ad
dressing regional scientific issues 

• the formai creation of national training centres with regional branches (such as, the exis
ting laboratory for soil biology study under cultivated soils at KU university) 
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3. Common tools and methodologies to be created and/ or shared 

Despite the differing situations within the GMS countries on DMC extension, common needs 
and concerns should lead to focus on common tools and methodologies to be created and/or 
shared. These tools and methods can be classified as follows: 

Regional tools for extension and training: 
• technical documentaries to be broadcast on television and radio 
• a regional gene bank 
• regional exchange market for distribution of cover plant species and improved annual crop 

varieties, equipment replication and so on 
• open source resources (botanical reconnaissance tools) 
• common website 
• documentation for training 

Regional tools for research and development of DMC technologies: 
• common indicators and methodology for DMC assessment to be selected and measured; 

I/ economic indicators (net profit margin at cropping system level, farming system, 
supply chain analysis, livestock) and 
II/ soil indicators (chemical, physical, biological parameters to be assessed with 
common methodology) 

• common indicators and methodologies to assess environmental externalities and ameni
ties 

• capitalisation on extension costs (pilot extension network) and opportunity costs 

Working Group 3: Environmental services evaluation and pay
ment for environmental services in the countries of the GMS 

Key issues 

Raising awareness 
There was broad agreement that there is a strong need to raise awareness on conservation 
agriculture, DMC and environmental services (ES) across ail sectors in the Greater Mekong 
Subregion. 

Defining environmental services (ES) 
The term 'environmental services' has been defined in several ways; for example, in the Millen
nium Ecosystem Assessment (2005), it is defined as "benefits derived from ecosystems". The first 
step in evaluating environmental services in the countries of the GMS was therefore to clearly 
define what the different participants understood by the term environmental services (ES). 
The consensus arrived at was that there are providers of ES and users, and these have to be 
distinguished. Environmental services are thus considered as externalities. In the case of DMC 
techniques for example, the provider of the different ES is the farmer, and the users depend on 
the service considered. It can be other farmers in the same watershed who are downstream, 
or the manager of a dam which is in the same watershed. 

At the regional level, the main ES identified were: 
- Solid flow regulation: DMC techniques reduce soil erosion; therefore the ES considered 
here is the mitigation of damage due to erosion. The user of the ES depends on downs
tream activities. It could, for example, be the manager of a dam: erosion fills the dam, 
reducing its productivity or its lifetime. Therefore the manager of the dam is a direct 
beneficiary of DMC techniques employed by the farmer upstream. The same example 



could also be applied to an irrigation scheme downstream, or aquaculture ponds. Other 
ES could be mitigation of damage to roads or other infrastructure. 
- Liquid flow regulation: working groups considered the possibility of certain land cover 
types to mitigate floods (or drought in some cases). 
- Pollution contrai: an agro-system has the potential to assimilate pollution up to a cer
tain point. 

At the global level: 
- Carbon sequestration: OMC techniques can store carbon and thus reduce greenhouse 
gases. 
- Biodiversity conservation: OMC techniques, and more generally techniques which im
prove agricultural productivity can boost farmers' incarnes; this can limit extensification 
and protect forest areas. Working groups also considered the scenic beauty of the agro
system; and the potential for a diversity of agro-systems . 

The key issues underlined were: 
• How to measure and value ES? 
• How to identify the users and providers of the ES? 
• How to integrate ES in land management? 

Priorities 
The main environmental services related to land degradation were prioritized for each country. 
The table 2 next page summarizes the main output. 

Action Piao 

Measuring and valuing Environmental Services (ES) 
Two steps were outlined: 
• to identify the service, the users and the providers 
• to physically quantify and understand the service (flow of sediments, flow of water) 
A number of methods in environmental economics can be used to value the services for the 
users: most often, this consists of measuring the cost of damage downstream from erosion. 

Integrating ES in land management 
ES can be integrated into land management strategies in a number of ways: 
direct regulation (law, norms) 
• taxes 
• subsidies 
• payment for environmental services (PES) 

The working groups emphasised that the tool chosen should depend on the socio-institutional 
context and the type of service; land tenure is an important point here. It would be important 
to start with simple examples such as dams (which are willing to pay to limit erosion) or water 
companies (which are willing to pay to limit pollution). This would also keep the transaction 
costs to contrai and collect money to a minimum as there would be only one user of the ES. 
The working groups also pointed out that it would be easier to rely on existing institutions. In
troducing new institutions could be very costly and difficult to implement in a context of weak 
governance . Case studies should be selected to start to measure ES at the watershed level and 
existing institutions which cou Id be in charge of the ES management need to be identified . The 
European example of 'basin agencies' cou Id be a viable institution-type to manage the PES. 

In order to promote OMC techniques, the working groups supported two policies: 
• a taxon ploughing machines: so as to encourage farmers to adopt no tillage practices 
• a tax at the border on maize production (already in existence in Lao POR) 
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Table 2: Priorities identified 

These suggestions reflect a concern with how to integrate ES provided by farmers on the one 
hand and a more general consideration of how to finance sustainable agriculture. The working 
groups po inted out that there is currently no relation between the tax rate levied and the off
site costs of agricultural practices. Working groups were also interested in the creation of a 
label and certification for crops grown through sustainable practices . 
There was strong agreement across the working groups on the need to keep things simple and 
to be realistic . A feasibility study on introducing payment for environmental services (PES) 
where hydroelectric dams are the user was suggested as potential first step. The possibility 
of using tax revenue from hydroelectricity plants to finance sustainable agriculture in the wa
tershed should be explored at the national level or jointly with donors. 

Working Group 4: Alternatives and approaches to be integra
ted to promote sustainable agriculture at landscape level in Lao 
PDR 

Key Issues 

The working groups stressed the importance of a system-wide approach rather than focusing 
solely on a techn ical approach. They also emphasised the importance of working at the local 
level on issues rang ing from land use planning to locally-generated problem solving . 

The following is a summary of the main local issues raised: 
• ensure ongoing support for susta inable agriculture at the local level 
• recognise the importance of farmer generated solutions 
• focus on local level community planning processes 
• identify local level resources available to address problems 



• focus on local land use planning and diagnosis at both district and village level 

The working groups also raised a number of specific agricultural science points, notably: 
• the need for a focus on erosion points, such as rivers and streams 
• the need to incorporate other sustainable agriculture technologies along with DMC 
• the importance of multi-purpose crops and trees in the systems 
• the integration of cropping systems with animal rearing 
• the preservation of caver crops 
• intensification in the lowlands will reduce pressure in higher areas 

Attention was also drawn to the educational and human resource needs, namely: 
• the need for more HR development 
• marketing support for farmers 
• a participatory value chain analysis 
• introduction of sustainable agriculture lessons in schools 

Other important issues raised by the working groups included payments for environmental 
services (PES), in particular the need to find ways to compensate farmers for the benefits they 
bring to watershed areas through sustainable agriculture practices. A key point raised was that 
the penetration rate of CA/DMC was critical in order to make real impacts. 

Priorities 
The working groups identified three broad areas for future work: 
• Micro-level planning starting at the community level and on up 
• A wider range of technologies available to promote sustainable agriculture (SA) at the 

landscape level, i.e. more than DMC 
• Provision of sufficient long-term support to marketing, inputs and credit 
These three areas for future work served as the basis for developing an action plan. 

Action Plan 

Micro-level planning starting at the community level and on up 
• Plan and implement at micro-catchment level, many micro catchments, and then wa

tershed 
• Review land allocation policy with a view to revision, creative adaptation and piloting 
• Create a wider "sensitization" of the importance of natural capital and the need for conser

vation 

A wider range of technologies available to promote sustainable agriculture (SA) at 
the landscape level, i.e. more than OMC 
• Categorize the priority areas of Laos where CA could be used most effectively 
• Focus initially on CA with plantation and cash crops 
• Promote CA/DMC on a country and regional basis with a coordinated donor approach 
• Establish CA farmers' associations at local, national and regional level 
• Publish and disseminate a user's manual for DMC 
• Continue with ongoing training of HR 

Provision of sufficient long-term support to marketing, inputs and credit 
• Find private sector support mechanisms 
• Establish sustainable government support mechanisms 
• Ensure outside donor support 
• Create a "sustainability" label for SA/OMC agricultural systems 
• Establish environmental compensation/tax mechanisms 
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Ü HAPTER 1: AGRONOMY AND ECONOMY OF CONSERVATION AGRI
CULTURE AND DMC SYSTEMS 

1.1 INTEGRATION OF CONSERVATION AND INTENSIFICATION AGRICULTU
RAL TECHNOLOGY IN YUNNAN 

Dayun Tao, Lingming Kong, Hongye Zhu, Fengyi Hu, Peng Xu, Jiawu 
Zhou, Xiangneng Deng, Jing Li, and Wei Deng. 

Yunnan Academy of Agricultural Sciences, Kunming 650205, P. R. China 

Abstract 

Traditional production of agriculture in China is intensive technology-based way, which uses 
more labor, more input (fertilizer, pesticide), but Jess land to feed an increasing population. 
This mode now meets challenges, such as low efficiency, negative impact to environments. 
Conservation agriculture uses less labor, Jess input, but more land to increase agricultural ef
ficiency, and to have a sustainable way to solve agricultural needs in Jess population pressure 
area. In Yunnan, agricultural production is complex of irrigated, upland, border, mountainous, 
minor group agriculture with higher biodiversity and production way diversity. In order to have 
balance between efficiency and sustainability in Yunnan, we should have to integrate irrigated, 
mountainous, upland, household-based agriculture with OMC technology. Thus, some promi
sing ways such as irrigated rice-Autumn soybean with DMC-Winter potato with OMC, Summer 
maize-Autumn soybean with OMC, fine quality tea development via integration of OMC tech
nology were developed. 

Key words: conservation; sustainabi/ity; cropping system, Yunnan 

1 Introduction to Yunnan 

Yunnan is the sixth largest province in China, similar in size to California or Sweden . Si
tuated on the frontier of South-western China, Yunnan Province covers a total area of 394,000 
square kilometres. It contains half of China animal and plant species and its nearly 43 million 
people include members of 25 ethnie groups (a third of its total population). Thus, complex 
and diversified natural geological landforms abound in the province. Rice (irrigated & upland), 
maize, wheat are major food crops for agriculture, and sugarcane, tea, rubber, coffee, flowers 
are major cash crops. Thus, agriculture in Yunnan is characterized by mountainous, border, 
ecological, ethical ones with high diversity of bio-species, ecology, culture, and cropping sys
tem. 

2 Comparison between conservation and Chinese agriculture 

Tradition Chinese agriculture technology was characterized by household, fine crop production 
and livestock production, which was sustainable and efficient. 



Now China met challenges for agricultural development: less and less land to produce more 
and more food to feed more and more population, characterized by high input, high output, 
low efficiency with obvious environments and sustainability impact, compared to low input, 
low output conservation agriculture technology based on integrated practices such as zero 
tillage, crop rotations and permanent soil cover. 
It is the time to integrate both approaches to meet advantages of conservation and intensifi
cation. 

3 Examples 

3.1 Irrigated rice-Autumn soybean -Winter potato with DMC technology 

In Yunnan, irrigated rice is the staple food crop. But in the area of elevation between 1,200 
and 1,600 m, farmers usually grow irrigated rice between April and August, and the other 
time is empty. Recent years we tried to grow soybean when irrigated rice was harvested in 
early September. But, it is difficulty to plow the soil because of heavy raining and high soil 
water level. DMC technology was introduced from CIRAD to grow soybean. Farmers could get 
some income from soybean production (as fresh vegetable or dry seed) between September 
and November. When soybean was harvested in November, Winter potato was sown with DMC 
technology, and could be harvested before April next year if irrigated infrastructure is availa
ble. This system had efficiency accepted, and is suitable to be used in some areas of Southeast 
Asia. 

3.2 Maize-Autumn soybean with DMS 

In southern Yunnan, Maize usually is grown between April and August . The others are free for 
land. Recent years, soybean was grown when maize was harvested in the middle of August 
with DMC technology since rainfall is available for soybean to grow between August and No
vember. This system has obvious sustainable impact for environments and accepted income 
for farmers. 

3.3 Intercropping between tea, fruits and cover legumes 

This is our traditional technology. Now we are tried to use Arachis pintoi as permanent cover 
crop for tea to decrease soil and water erosion, suppress weeds growth. This preliminary ac
tivity attracts farmers attention. Farmers grow Autumn soybean intercropped with Mango and 
other fruits. 

3.4 Integration of livestock farming and forage production 

Traditionally, farmers use nature forages and crop straw to feed their animais. But now more 
and more land was grown to crops, meanwhile more and more land became degenerated; 
meanwhile, more and more weeds appeared. Sorne farmers divided part of their land to grow 
perennial forages for their animais, which decrease soil and water erosion, compress weeds 
growth, and gave high income for farmers. 

4 Conclusion 

In order to have accepted yield and income via sustainable approaches, it should be and could 
be possible to integrate conservation and intensification technology together. 
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1.2 CONSERVATION AGRICULTURE ON SLOPING LANDS IN NORTHERN 
MOUNTAINOUS REGIONS OF VIETNAM 

Le Quoc Doanh, and Ha Dinh Tuan . Northern Mountainous Agriculture 
and Forestry Science Institute (NOMAFSI). Vietnam 

Abstract 

Northern Mountainous Agriculture and Forestry Science Institute (NOMAFSI) . 
Vietnam embrace 15 provinces with 11 million ha, occupying 1 third of the country's natural 
area. The population in NMR VN is about 13 million people from 36 ethnie minority groups. 
The agricultural lands are very limited, occupying only 1,478,600 ha, of which there are 
only 524,600 ha for paddy rice, while sloping fields are of almost the same area (524,250 
ha). This indicates the importance of sloping agriculture in the livelihoods of local farmers. 
As a result of unsustainable farming practices, the area of arable sloping land resources are 
becoming depleted and the crop yield is decreasing leading to high ratio of poverty (14.08% 
in Northeast; 28.05% in Northwest, while that of the whole country is only 10%) and to break 
the vicious circle of local farmers seems difficult. In this context, conservation agriculture (CA) 
based on direct sowing onto permanent soil cover (OMC) has become the most promising way 
to maintain and improve the agricultural productivity on sloping lands. 

Since 1998, the Vietnam Agricultural Science Institute (VASI), then the Northern Mountainous 
Agricultural Research Center (NOMARC) and now NOMAFSI have been cooperating with 
CIRAD and other partners like IRRI and IRD in the implementation of the project for Agrarian 
Systems in the NMR VN (SAM Project) with special emphasis on research , development and 
transfer of sustainable sloping land agricultu ral technologies like direct sowing mulch based 
cropping systems (OMC), maintaining permanent soil cover, mini-terraces with soil mulch, 
inter-cropping, crop rotation, etc . 

Attention have been paid to research and establishment of various AF models combining 
short-term crops, long-term trees (fruit and forest trees) and fodder crops to serve harmonie 
development of agriculture, forestry and animal husbandry production. Good grasses like 
elephant grass have been identified to incorporate agriculture and forestry systems that help 
promote the development of animal husbandry while avoiding the competition for agricultural 
and forestry lands. 

Our results show that OMC systems help to increase the upland crop yield by 20 to more 
than 200% and reduce the soil erosion up to 96%, to diversify farmers' incarne options like 
integration of animal husbandry, agro-forestry, ... while conserving and improving natural 
resources and environment, contributing to hunger eradication and poverty reduction for 
mountainous farmers toward achieving food security in NMR VN. 

Key words: NOMAFSI, CA, OMC, SCV, sustainability, permanent caver, fodder grass. 

27 



1 Northern mountainous agricultural development in recent years 

Northern mountainous regions of Vietnam (NMRVN) embrace 15 provinces with 11 million ha, 
occupying 1 third of the country's natural area. The population in NMR VN is about 13 million 
people from 36 ethnie minority groups. The agricultural lands are very limited, occupying only 
1,478,600 ha, of which there are only 524,600 ha for paddy rice, while sloping fields are of 
almost the same area (524,250 ha). This indicates the importance of sloping agriculture in the 
livelihoods of local farmers. 

In recent years, the agricultural production in NMRVN has experienced great changes and 
achievement. In the period from 1996 to 2006, the rice yield was increased by 54.5% and that 
of maize and tea by 74 and 100%, respectively. There is strong change in cropping patterns 
focusing on high cash value crops for commercial purpose. Sorne new crops like rubber, ara
bica coffee, high value flowers, etc. have been developed. Animal husbandry is also promoted 
thanks to introduction and extension of high biomass fodder grasses. 

Due to intensification of agricultural production on fiat lands, the pressure on exploitation of 
sloping lands is reduced. As a result, the forest coverage has been increased. In 2007, the 
forest coverge reached 40%, while in 1990s it was only 25%. 

However, there are many problems threatening the sustainability of ail what have been achie
ved. The crops' yield remains low: Rice yield is 4.19 T/ha (equal to 85% to country average); 
Maize yield is 2.8 T/ha (equal to 80% to country average). On sloping lands - the main tapie 
of this paper - due to severe soil erosion and land degradation the crops' yield is very low and 
fast decreasing. Low productivity leads to hunger and high rate of poverty ( 14.1 % for Nor
theast, 28.0% for Northwest while that of the whole country is only 10%). This in turn leads to 
overexploitation of natural resources in ecologically fragile zones, breaking ecological balance 
that causes heavy natural calamities, hence worsening the poverty vicious cirle. 

In this context, conservation agriculture (CA) based on direct sowing onto permanent soil 
caver (OMC) has become the most promising way to maintain and improve the agricultural 
productivity on sloping lands. 

2 Main difficulties in mountainous regions 

Mountainous regions have numerious difficulties. The following are main ones: 
• High percentage of sloping lands and strongly dissected topography, acidic soil, adverse 
climatic conditions, 
• Soil erosion, land degradation, flash floods in rainy season, severe drought in dry season, 
• Poor infrastructure, weak information systems, 
• Self-sufficient production, lack of capital, poor access to markets, 
• High rate of population increase, free migration, small land holdings, 
• Low level of education, language barrier between ethnie groups, 
• Lack of technical knowledge, no diversity in development plans to suit the development re
quirements for each sub-region. 

3 Main development potentials in mountainous regions 

Beside constraints, mountainous reg ions have numerous advantages over the lowlands. Moun
tainous areas play an important role in the earth's life: Supply water through streams and 
rivers, supply agricultural land from reclaiming forests, supply materials for industry and agri
culture, an attractive place for ecological tourism. 
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This is because: 
• Mountainous regions are diverse in ecological conditions, human culture linked with diverse 
ethnie groups each of them has precious indigenous knowledge (IK) in production and mana
gement of natural resources. 
• There are plenty of land resources that can be used for enlarge agricultural production. 
• There are great diversity of cultivation systems, plant varieties/species, animal breeds, that 
create real possibility to diversify production of tropical, sub-tropical and temperate crops, 
animais and trees (fruit trees, industrial trees, Forest trees, etc.). 
• There are great advantages in production of exportable products and potential access to 
markets in China, Laos, and of course in the Red River delta and big urban areas in the 
lowlands. In fact, most of export products corne from mountainous regions. 

But, how to make most use of these advantages in sustainable ways is a very challenging 
question. Lets have a look at how farmers practised conservation agriculture in the past. 

4 Main conservation agricultural technologies in the past 

Terraces: Terraces have been constructed and used for very long time in Vietnam. If water is 
available, the surface of terraces is in most cases horizontal and irrigated rice is cultivated. If 
water is not available, it is not necessarily to do so because upland crops are to be grown. 

Contour planting: Normally, plants are planted horizontally to the hill slopes to prevent soil 
erosion. 

Stone fences: In places where stones are available, farmers used them to make fences or 
walls across the hill sides to accumulate eroded soils for cultivation of fruit trees or upland 
crops. 

Cover crops, green manure, intercropping, crop rotation, organic fertilizers: These 
are traditional technologies rich in indigenous knowledge. However, the green manures are ta
ken mainly from a limited number of locally available species, some of which have low biomass 
and not always available in dry period. At present, these very environment friendly techniques 
seem to have been forgotten. It is necessary to explore and develop them in more advanced 
ways because they are very useful tools for conservation agriculture.Conservation agricul
ture research and development in recent years 

5 New look on the main reasons of soil erosion and land degradation 

Conventionally, surface runoff is considered as the most important reason for soil degradation 
because it takes away soil particles and nutrition. However, the new look sees that it is the 
kinetic energy of raindrops that plays the most important factor causing soil particles deta
chment from the bare soil (Greenland, 1989) and then these particles are washed off by the 
runoff. So, the more the sloping lands are well prepared, the more severe the erosion and 
the faster the soil degradation. However, this event can be stopped if the lands are protected 
from permanent vegetal cover. That means the runoff is only the secondary reason. The main 
reasons causing surface runoff are Forest cover destruction, over grazing and over cultivation 
that eliminate the soil vegetal cover. Ali these lead to the loss of organic matter, minerai nutri
tion, reduction of water holding capacity, soil porosity and biological activities. In other words, 
these are the "internai" symptoms of soil degradation that are expressed externally by the 
poor growth of crops due to poor development of root systems. 

Since 1999, the French Centre for International Cooperation in Agricultural Research 
for the Development (CIRAD) and the Vietnam Agricultural Science Institute (VASI), then the 



Northern Mountainous Agriculture and Forestry Science Institute (NOMAFSI) jointly imple
mented a project on agricultural systems in the Northern mountainous regions of Vietnam 
(SAM project) in Cho Don district of Bac Kan province in Vietnam.The project tried to solve the 
problems by ecologically based methods using organic materials (mainly vegetal matters from 
different sources) to protect and improve the soil fertility and physical properties to get higher 
and stable yields at reduced costs. During a short time, SAM could achieve very promising 
results, attracting attention of large circle of researchers, projects, local farmers and leaders. 

The core techniques that the project developed is mulch based direct sowing systems (OMC 
or SCV). OMC helps recover what has been destructed by slash-and-burn shilting cultivation. 
The most important role of the mulch on sloping lands is the protection of soil from erosion. 
Mannering and Bertrand (1963) found that 2.5 t/ha of wheat straw were sufficient to cover 
87% of soil surface and completely eliminate run-off and erosion. R.Lal (1997) showed the 
relation between mulch and soil loss through the following equation: 

Soil loss = C" M-k 
Where: M is the mulch rate and C" and K are constants. 

Obviously, the thicker is the mulch, the less is soil erosion. Besides, mulch has a wide number 
of positive effects, the most important of which can be listed as follows: 
• Improvement of soil fertility by providing C, N, Ca, Na, P, K and micro-elements through the 
decomposition of organic mulch. 
• Increase in soil PH because most of the released cations have base character that neutralizes 
the PH of acidic soils which are prevalent in mountainous areas. 
• Detoxification of soils thanks to the Al+++, Fe++ humus complexes. 
• Improvement of soil porosity/ infiltration due to biological activation of different organisms 
which are considered as the biological ploughers. As a result, mulch help reduce the labor 
input for land preparation. Soil fauna and flora also play very important role in nutrition recy
cling, making soil fertility richer with out the minerai fertilizers' input. 
• Reduction of water evaporation or increase in soil humidity which help plants resist tempo
rary drought. 
• Regulation of temperature in the soil surface layer, which can play a role in the extreme 
conditions. 
• Improvement of the effects of external fertilizer input because they are protected by the 
mulch from being washed away by the rain water. 
• Decrease in weed growth that means reducing the input for weed contrai (labor, herbici
des). 

With all these advantages, mulch makes the crop yield increased steadily instead of the gene
rally observed trend of the yield decrease with time on sloping lands. So, using OMC, farmers 
need not to clear the Forest for opening new fields. This is sustainability. As mulch can reduce 
the external input: minerai fertilizers, pesticides, and burning, it can greatly limit C02 emis
sion to the atmosphere, hence reducing the green house effects. In addition, mulch techniques 
have become a very important factor, facilitating organic agriculture development. When ap
plied to upland regions, the effects of mulch can be much more multiplied. 

6 The following are the main techniques developed ad recommended 
by SAM project: 

1. Maintaining permanent vegetal caver of soif by living or dead mu/ch: This is the basic tech
nologies that all the other technologies must rely on. 

2. Increase soif OM by application of organic fertilizers, vegetal mu/ch, green manure, bio/ogi
cal fertilizers, crop rotation, intercropping, 
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3. Non- or mini-tillage, 

4. Direct sowing of seeds through the mu/ch, 

5. Shorten or skipping faflow period by intercropping with /eguminous (peanut, wild peanut, 
Cassia rotundifolia, Canavalia ensiformis, etc.). 

6. Making mini-terrace on steep slopes combining with soif mu/ch: 
On steep slopes, it is advisable to plant forest and fruit trees. However, in certain circumstan
ce, such slopes are used for crop cultivation. In any case, mini-terraces with soil mulch have 
proved their durable benefits. 

7. Building living fence to protect cultivated fields: 
In the conditions of free grazing, fences to protect the cultivated fields play decisive role in 
ensuring good harvest. To reduce the costs and avoid annual refencing, living fences from 
vegetatively propagated species are recommended. Following are the most popular and locally 
available species for living fences: Bombax ceiba, Caesalpinia sapan, Ceiba pentadra, Eryth
rina variegata, Euphorbia pulcherima, Randia spp., Jatropa curcas, Oroxylum indicum. 

8. Bio/ogical weed contrai.· 
Dead vegetal mulch id a good means for weed contrai. However, living mulch from different le
gume species seems to be more effective. In addition, some high biomass climbers, especially 
mucuna can be used to smother very aggressive grasses like imperata and cyperus. 

9. Integrating p/anting fodder into cropping systems: 
Lands during idle period offer the best chance for fodder production. Sorne fodder species can 
be intercropped with food crops. Many others proved to be very suitable under thin forests or 
during their establishment period. Fodders can also be produced around the fish ponds, along 
water reservoirs. This is useful not only in terms of animal feed production but also in protec
ting the soil from degradation and man made items. 

10. Household fodder production: 
Beside planting fodder species, the agricultural by-products are recommended to be used to 
produce different kinds of animal feed, especially the fermented ones. Rice straw, corn cabs, 
dry grasses are available sources. Planting cassava, sweet potato is strongly recommended. 
Once animal feed are made available, animal husbandry will be the most important income 
generating source, while free grazing will be stopped that also means the cease of one of the 
most important factors of soil degradation and forest destruction. 

7 Lessons learned from SAM project 

Participation: Participatory approach has been used through out the project implementation 
process. PRA, RRA have been used to explore farmers' conditions: their strength, weakness, 
needs and how to meet their needs. 

Working with farmers and for farmers: Farmers as partners in conducting experiments 
and selection of technologies. The research staff stayed in the village, trying to get in touch 
with farmers during the night time as they may go to the fields and stay whole day there and 
it is almost impossible to meet them at day time. During the meetings, the project staff had 
opportunities to know better about the farmers' difficulties, needs, their local preference, eus
toms and traditions. Better understanding makes people closer to help each other more in the 
life and work. 



Farmers' field school daily: The project experiments were established in the fields of some 
farmers. By this way, the owners and their neighbors may go daily to work with the project 
staff in the fields. As the fields are located near the road other farmers can drop in to see 
what had been done and how they perform. Visits were organized for the farmers from other 
localities on the requests of local, Foreign and NGO organization working in Vietnam. Only in 
2005, more than 500 people, mostly farmers, extensionists, then researchers, managers and 
international experts visited the sites in Cho Don. 

Starting from many and selecting a few: This is another feature of our activities. As the 
agro-climatic conditions are very diverse, it is more likely to success if many techniques were 
tested, then the best ones could be selected for one site, and the other for another sites or 
both, using geographic information system approach. 

Starting from simple then expanding to more complex technologies: By this way many 
kinds of technologies fitting to many types of farmers could be tested and each farmer can 
select what is suitable to them. 

Extension through training: According to the project strategy, training before extension is 
compulsory. This is more likely that the recipients get success that also increases their confi
dence in future activities like planning, implementation and management. 

Building and extending national and international cooperation: To better its activities 
and transfer technologies, we try to build linkages with different projects, organizations, local 
authorities and farmers. For example, Vietnam-Finland Forestry Sector Project, EU Son La 
- Lai Chau Rural Development Project, EU Cao Bang - Bac Kan Rural Development Project, 
Red River Program, ICRAF-Sida VACB Project, ADB Agricultural Diversification Project, UNDCP 
Alternative Development Project to Replace Opium Poppy in Nghe An Province, Royal Agricul
tural University of Cambodia, National Agricultural and Forestry Research Institute in Laos, 
AFD Project to Support 4 Districts in the South of Sayaburi Province of Laos (PRODESSA), etc. 
Recently, SAM project has established a cooperation with VIPASET - a Vietnamese NGO whose 
aim is to train the young ethnie minority children who had graduated from upper-intermediate 
school but failed to enter universities in such ways that they could get enough know-how in 
certain field of production for being independent and productive producers. This is very im
portant and useful activities . Cooperation has also established with Women Union, Farmers' 
Association of Bac Province. The main contents of cooperation were joint training, cross visits, 
exchange of information and knowledge, and exchange of seed materials. Besides, SAM pro
ject sent its staff to regional and international workshops and conferences to share its results, 
and to learn from other projects. 

Conclusions 

• Conservation farming is a science with integrated technology packets proving that we can 
do intensive farming without harming the soil fertility. Using DMC help reduce the soil erosion 
up to 99% and increase the crop yield by at least 25%. 
• The most important principles of DMC is permanent soil cover, zero tillage and direct seeding 
onto the mulch. 
• Conservation farming is nota panacea but its benefits are really great. 
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Recommendations: 

• To succeed in Conservation farming, more contribution of all partners, including farmers are 
needed and the policy support from government plays a crucial role. 
• Vietnam has to start with more investment to launch a campaign for research and applica
tion of Conservation farming. 
• A wide propaganda should be conducted on the use of crop residues and agro-by-product as 
a precious gift of the Nature to mulch and improve the soil properties 
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Table 1. Effects of soil mulch on crop yield (SAM-1) 

Yield (T/ha) Crops Increase rate 
Crops No Mulch Yield (T/ha) Mulch (%) 

0.96 1,92 100 

Rice 
0.49 1.84 275 
0.42 1.08 163 

3.12 4.01 28 

Maize 1.30 3 .37 185 
1.50 2.50 67 

18.6 26.9 44 

Cassava 
20.0 29.7 49 
16.5 24.0 45 

Table 2. Effects of mulch on the yield of upland crops 

Crops Case 
Crop yield (Tonnes/ha/season) Increase rate 

(%) 

Mulched soil Bare so il 

Rice 1 1.92 0 .96 100 

Rice 2 1.96 0.36 444 

Rice 2 1.84 0.49 275 

Rice 4 1.08 0.41 163 

Rice 5 0.80 0.42 90 

Maize 1 4 .01 3.12 28 

Maize 2 3.70 1.30 185 

Maize 3 2.50 1.50 67 

Cassava 1 26.9 18.6 44 

Cassava 2 29.7 20.0 49 

Cassava 3 24.0 1.65 45 

Table 3. Impacts of soi! mulch on maize yield 

Yields (T /ha) Location Source Note 

Contrai Mulched 
Increase by 

O/o 

DK888 2.20 3.46 57.27 Na Ri 
H.M.Tam, 

VASI 

LVNlO 2.86 4.04 42 .26 Na Ri 
H.M.Tam, Miniter-

VASI race 

CP 6.49 8.48 30.66 Mai Son L.Q. Thanh, 
VASI 

EU SLLC RDP 
LVNlO 3 .73 5.95 59.52 Song Ma and VASI, 

2004 
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Yields (T/ha) Location Source Note 

Contrai Mulched 
Increase by 

D/o 

EU SLLC RDP 
Miniter-LVNlO 1.33 2 .11 59.28 Song Ma and VASI, 

2004 
race 

EU SLLC RDP 
LVNlO 2.49 4.00 60.64 Tuan Giao and VASI, 

2004 

EU SLLC RDP 
LVNlO 1.41 4.87 245 .39 Tuan Giao and VASI, Terrace 

2004 

Dien Bien 
EU SLLC RDP 

LVNlO 3.03 4.90 61.72 
Dong 

and VASI, 
2004 

Dien Bien 
EU SLLC RDP 

LVNlO 3.50 4.77 36.29 
Dong 

and VASI, Terrace 
2004 

EU SLLC RDP 
LVNlO 1.28 3.73 191.40 Phong Tho and VASI, 

2004 

EU SLLC RDP 
LVNlO 3.48 6.75 93.97 Song Ma and VASI, 

2004 

EU SLLC RDP 
Miniter-

LVNlO 4.00 6.48 62.00 Song Ma and VASI, 
2004 

race 

EU SLLC RDP 
CP 888 4.75 7.75 63 .16 Song Ma and VASI , 

2004 

EU SLLC RDP 
Miniter-CP 888 4.78 7 .00 46.44 Song Ma and VASI, 

2004 race 

EU SLLC RDP 
LVNlO 2.11 5.95 81.99 Song Ma and VASI, Terrace 

2004 

EU SLLC RDP 
LVNlO 1.32 3.72 81.82 Song Ma and VASI, Terrace 

2004 

EU SLLC RDP 
LVNlO 2.61 3.71 42.21 Song Ma and VASI, Terrace 

2004 

EU SLLC RDP 
LVNlO 1.50 2.50 66.67 Song Ma and VASI, Terrace 

2004 



Yields (T/ha) Location Source Note 

Control Mulched 
Increase by 

O/o 

EU SLLC RDP 
LVNlO 3.12 4 .01 28.52 Song Ma and VASI, Terrace 

2004 

EU SLLC RDP 
LVNlO 1.58 2.10 32.91 Phong Tho and VASI, Terrace 

2004 

Average yield increase (%) 72.21 

Table 4. Economie effects of soil mulch on maize (SAM-1) 

Yield 
Net bene-Field land Chemicals for seed 

Weeding Total T/ha 
fits preparation treatment and 

1000 1000 Output 
1000 Items 

1000 VND/ herbicides 1000 
VND/ha VND/ha 1000 

VND/ha ha VND/ha 
VND/ha 

No mulch 600 0 1200 1800 4200 2400 

With 
300 840 8400 7560 240 300 

mulch 

Table S. Adoption of SAM technologies in Bac Kan province 

Technologies 
Number of 

Area (ha) Purpose/Compisition 
households 

Arachis pintoi cover 6 0.69 Soil improvement, fodder, fruit orchards 

Pennisetum purpu-
72 16.8 

Hedgerows, fodder, mulch material 
reum 

B. Brizantha 4 0.15 Soil improvement, fodder, mulch material 

B. decumbens 2 0.12 Soil improvement, fodder, mulch material 

B. humidicola 2 0.12 Soil improvement, fodder, mulch material 

B. ruziziensis 34 3.6 Soil improvement, fodder, mulch material 

Panicum maximum 16 0.39 Soil improvement, fodder, mulch material 

Paspalum atratum 1 0.12 Soil improvement, fodder, mulch material 

Stylosanthes 3 0.22 Soil improvement, fodder, mulch material 

Mucuna 3 0.4 Soil improvement, fodder, mulch material 

Mini-terrace 12 7.2 
Maize planting, fodder, soil improvement, 
sustainability 

Chucrasia tabularis, maize with mulch on 
Agro-forestry models 7 4 .5 mini-terraces, fodder species, Cinnamon 

with grasses 

Maize with mucuna 5 · 4 
High and stable yield, soil improvement, 
fodder 

Mulch and direct 
10 5 

Soil protection and improvement 
sowing 

Total 177 43 .3 
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1.3 FIVE YEARS OF ADAPTATIVE RESEARCH FOR UPLAND DMC BASED CROP
PING SYSTEMS CREATION IN CAMBODIA 
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and CHHIT Kimchhorn*** 

* CIRAD-PERSYT - RU n°1 "Semis direct sur Couverture Végétale", Phnom Penh, Cambodia 
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* * PADAC project, Cambodian Rubber Research Institute, Phnom Penh, Cambodia 
*** PADAC project, CIRAD/MAFF Cambodia, General Directorate of Agriculture, Ministry of 
Agriculture, Forestry and Fisheries, Phnom Penh, Cambodia 

Introduction 

On the red and black basaltic oxysoil of Kampong Cham Province (Cambodia, # 105°00 
East, 12°00 North), farmers have a long term tradition of market oriented upland annual crops 
productions; in Chamcar Loeu district, pulse species (Mungbean -Vigna radiata-, Soybean) 
were already grown on recent Forest reclaimings in the early 50's (Delvert, 1954); while some 
small hills, neighbouring large rice plains in Ponhea Krek district were reclaimed around 1930 
(old farmers declaration). Almost totally given up during war times (70's and 80's), upland 
cultivations restarted in the 80's and early 90's with the progressive stoppage of guerrilla 
operations in the region. In the recent years, farmers focused mainly on Soybean and more 
recently on Cassava; Corn, Mungbean, Sesame, Groundnut remaining secondary crops. 

Traditional cropping systems are based on dise plowing and face increasing agro
technical problems leading to a decrease of the economic performances, partly hidden by the 
recent increase of the agricultural commodities prices in 2008. 

This trend weakens the small and medium farms which are not able to afford the 
conversion to good quality rubber cultivation and condemns the larger units to progressively 
develop perennial crops' mono-cropping (Rubber, Banana). 

In response to this general statement, the Ministry of Agriculture , Forestry and Fisheries 
of the Royal Government of Cambodia has initiated, with the support of the AFD and CIRAD, 
a research and development programme using the Direct seeding Mulch based Cropping 
systems (DMC) as a way to create and propose sustainable and diversified cropping systems 
to farmers. 

This paper aims to describe the overall methodology and the stages lead ing to the 
creation and technico-economic validation of diversified OMC, addressing various farmers ' 
possibilities and markets' opportunities. Several developed systems are described in deta ils 
and further orientations in DMC design are proposed . 

Ali this initial phase of transferring and adapting DMC to Cambodian agriculture 
conditions has been largely organized around a south to south transfer of the technologies 
developed by CIRAD researchers in Brazil (L. Séguy and S. Bouzinac) . 



Physical context and main farmers' reference cropping systems 

Climate and consequences on crops successions arrangement 

Climate of the central plain of Cambodia is simple and can be summarized as follow in 
the figure n°1. 

Farmers experience the climate as highly changeable from year to year; most of them 
consider the first months of the rainy season, March-May, as a risky time for agriculture. 
Rainfalls usually become more regular in July, even if decades with rains deficit are still likely 
to occur up to the end of July. The date of the last significant rainfalls varies also a lot from 
year to year, between m id October to end of November. This figure drives the crops choices 
and sowing dates in order to buffer these climate's hazards, for both reference systems of 
farmers and new designed OMC as summarized in the Table I. below: 

Table I. Crops successions driven by climate risk management 

1st part of the rainy season: April -
June 

Farmers Short cycle with drought tolerant 
reference crops like Sesame, Mungbean 

OMC Biomass production with BPsc or BPlc 

BPsc : Short cycle bio pump (see below) 
BPlc: Long cycle bio pump 
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Figure 1 : A changeable rains distribution 
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2nd part of the rainy season: July-
November 

Main cycle of Soybean to be 
harvested end of October-early 
November 

Soybean harvest # 30/10 
Rice Harvest # 5/11 
Corn Harvest # 10/11 
.. . resilient with a rain stoppage mid 

October 
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Soif 

Main physical and chemical properties of the "red soil" are presented in the table II., 
the first (Sla) is a recent forest reclaim (around 10 years) while the second (Sahakreas) is an 
old cultivation area (reclaim in the SO's). Complementary samplings realized in some others 
plots, under various crops with contrasted plot's history confirm the following general trends: 

(1) Deep and clayey soil profile 

(2) Acid and unsaturated ECC with moderate to high level of saturation by Al 

(3) Medium to high OM contains combined with clay (type?) provides high ECC 

(4) Medium to v. high Pexch contains, likely ling to basait parental ma 

(5) Macronutrient: deficiency in Ca, relatively higher contains in Mg, important variations for 
K availability (from very low < 0,05 to very high > 0,40 cmol/dm3) 

(6) Micronutrient: high level for all main micronutrients (Zn, Mn, Cu,Fe) except for Bore 

Black soils, also developed on basaltic substratum, are chemically close to red soil 
but, due to shallower water table which have induced creation of ironstone bank, they 
usually present many gravels in the profile. 
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Table II : Soil analysis of 2 red basaltic oxysoil plots 
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Up to 2008, farmers practises for upland annual crops presented small diversification; 
they were dominated, (1) on red soil by an annual succession of Sesame and Soybean, each 
crops preceded by a shallow dise plowing and, (2) on black soil, by a monocropping of Cassava 
with long cycle of 9 to 10 months (planting in April - Harvest in January-February), with 
similar soil preparation. 

Crop sequence and economica/ mode/s 

These systems rely on a mechanical dise plowing accessible through "contractors" and 
do not use any fertilizers (manure nor minerai); rarely, some insecticides applications are done 
on Sesame and Soybean . The Table III and Table IV present the operational sequences and 
their costs (price 2008); these costs allow, combined with farm gate prices of the products, to 
set up simple economic models to assess the gross profit margins of these reference cropping 
systems. 

Sesame crop -sometimes replaced by Mungbean (Vigna radiata)- is used to face the 
risky rain conditions of the first part of the rainy season. Sesame's results depend mainly of 
the initial rains (establishment of the plants population); a first remote rainfall (e .g. followed 
by 7-8 dry days) can frequently induce re-sowing (in the "mode!" 1,5 sowing/y); when a late 
arrivai of rains postpones the harvest date and can force the farmer to plow the plot before 
the Sesame's harvest in order to sow the Soybean, the main crop of this year succession, on 
t ime. 

Prices paid to farmers were quite stable during the last 3 years and relatively high 
(when compared with international price): Sesame were paid to farmers a round 900 USD/t 
and Soybean at 400 USD/t in 2008. 

Table III : Crops management, cost and profit margins of the reference cropping system 
Sesam / Soybean x PLOW 

Crop management sequence I Cost (US $ / ha) 
Task I Method I Labour organization I Labor I Input 
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GM sesame/soybean = 0,86 * Y sesame + 0,36 * Y soybean - 408 

GM = gross profit margin (US $/ha), Y= Yicld (kg/ha) 
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The key parameter for the economical results of a Cassava crop is the farm gate price 
which can vary a lot from year to year: between 2000 and 2007, the Cassava farm gate price 
was comprised between 25 and 80 USD/t (for peeled, sliced and sun-dried tubers), showing 
a favorable trend during the period 2005-2007 (between 60 and 80 USD/t), before to soar 
in 2008, reaching 175 USD/t. This recent prices' improvement strongly stimulates Cassava 
extension, to the detriment of Soybean, especially on the degraded upland black soil area of 
Dambe and Ponhea Krek districts. 

On ail these systems, farmers experience progressive yields decrease, partly hidden by 
inter-annual climate variations. In the recent years, profit margins have been also seriously 
reduced by the pronounced raise of the labor price, passing from 1,25 USD/day in 2004-05 to 
around 3, USD/day in 2008. 

Table IV Crops management, cost and profit margins of the reference cropping system Cas
sava x PLOW 

Crop management sequence I Cost (US$/ ha) 
Task I Method I Labour organization I Laber I Input 
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Post Harvest Manual peeling, eut, dry Farn. &/or hired !ab. force 10 US$/t of dry C. 

GMcassava = (a - 0101) * Ycassava - 280 

GM = gross profit margin (US $/ha), Y= Yield (kg/ha), a= farm gate price for dry-peeled cassava (in US $/kg, high annual variation) 

Table V. Yields (kg/ha, 14% humidity) on Red and Black soils 
of the reference cropping system Sesame/ Soybean x PLOW 

2004 2005 2006 2007 -------------------- -------------------- -------------------- --------------------
Ses. 1 Sov. Ses. 1 Soy. Ses. ' Soy. 

Degraded Red FO 305 1 340 - 1 725 170 1 290 
Sail FI 300 690 - 1 020 180 1 075 

(Sahakreas) F2 120 1 865 - 1 1 250 145 1 1 085 
Gaad Black FO 1 1 160 1 2 035 

Sail FI 170 '2 020 
(KarkSrak) F2 1 1 135 1 1 950 

Red Soif - average of 2 plots of 200 m 2 per ferti/izers /eve/ 
FO == 0-0-0 

Ses. 1 Soy. 

- 1 410 
- 1 130 
- 1 1 090 
240 1 1 380 
200 ' 1 340 
210 1 1 320 

F1 == basal 0-35-0 + top dressing 23 N on sesame and 60 K20 on Soybean 

2008 --------------------
Ses. ' Soy. 
- 1 330 
- 570 
- 1 710 
- 1 1 675 
- ' 1 720 
- 1 1 635 

F2 == basal 0-170-30 in 2004, 0-35-30 in 2005-2007, 0-85-30 in 2008 + top dressing 23 Non 
Sesame + 60 K20 on Soybean 
Black Soif - average of 3 plots of 200 m 2 per fertilizers leve/ 
FO == 0-0-0 
F1 == basal 0-35-0 + top dressing 23 N on sesame and 60 K20 on Soybean 
F2 == basal 0-85-30 in 2006, 0-35-30 in 2007-2008 + top dressing 23 Non Sesame + 60 K20 
on Soybean 



Table VI. Yields (kg/ha of peeled, eut and sun dried tubers) on Red and Black soils of the 
reference cropping systems Cassava x PLOW 

2004 2005 2006 2007 2008 
--------------- ·-------------- -------------- --------------- ·--------------

Cassava Cassava Cassava 

Good red soi/ 
FO 14 200 17 160 13 650 

(Sla) Fl 14 750 15 400 13 250 
F2 13 350 15 700 14 400 

Good Black FO 11 850 
Sail Fl 11 150 

(Kork Srok) F2 10 950 

Red Soif - average of 2 plots of 200 m 2 per fertilizers level 
FO = 0-0-0 
Fl = basal 0-35-0 + top dressing 69-0-60 

Cassava Cassava 

12 240 16 080 
12 445 16 785 
13 155 17 835 

F2 = basal 0-170-30 in 2004, 0-35-30 in 2005-2006 + top dressing 92-0-60 

Black Soif - average of 3 plots of 200 m 2 per fertilizers level 
FO = 0-0-0 
Fl = basal 0-35-0 + top dressing 69-0-60 
F2 = basal 0-85-30 in 2006, 0-35-30 in 2007-2008 + top dressing 92-0-60 

Creation of OMC 

New cropping systems (crops successions and crops rotations x soil manangement 
based on no tillage) are firstly tested within "matrix" experimental design, where new DMC are 
compared to reference cropping systems, on 3 contrasted levels of fertilizers, on a multiannual 
basis. Between 2004 and 2008 (5 cropping seasons), PADAC has implemented 3 matrices in 
different small reg ions of Kampong Cham. 

Preselected technologies (for agro-technical performances and fit with farmers 
production goals) in matrices are duplicated on demonstration plots, set up in the targeted 
areas for further pilot extension network development. These demonstration plots are rented 
to farmers, chosen for their "representativity" of biophysical conditions encountered across 
farmers' fields. 

Systems based on short term biomass development for grain production 

The first DMC's designed was based on a short term biomass production (or short term 
"Bio-pump" - BPsc), implemented during the first part of the rainy season, in replacement of 
the Sesame crops of the reference practises. Severa! species were successfully introduced and 
tested, chosen for their drought resistance, their ability to generate a big biomass in less than 
60-70 days of growth and the easiness of seeds production: 

• Sorghum (S. guineensis) 

• Pearl Millet (Pennisetum glaucum) 

• Finger Millet (Eleusine coracana) 
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These grass weeds species, implemented in line sowing (distance between lines of 0,4 
m) with a no-till planter, showed out aerial biomass productions comprised between 6-7 t/ha 
(E. coracana) and 13-14 t/ha (Sorghum sp.) of dry matter on a Fl fertilizers level (with a top 
dressing application of 23N). 

To introduce, legumes in the caver crops, prior to a Rice or Corn cycle, the association 
between E. coracana and Cajanus cajan (Pigeon pea), sown in alternate lines, was also tested; 
no clear improvement, compared to a pure Finger Millet caver, were noticed, likely due to a 
reduced production biomass. 

In June, around 30 (Sorghum, Pearl Millet) to 25 days (E. coracana) prior to the desired 
sowing date for the main cycle, covers are rolled with a 1 m width Knife roller pulled by a 
power tiller and killed by a herbicides application (900 to 1080 g/ha of glyphosate mixed with 
360 to 720 g/ha of 2,4 D amin). 

Crops of Soybean, upland Rice and Corn were tested through this kind of systems with 
significant improvement on crops performances like show the comparison of the Tables V. and 
VII. for the degraded red soils. 

Table VII. Yields (kg/ha, 14% humidity) on Red soils of the DMC BPsc Eleusine/ Soybean 

2004 2005 2006 2007 
Soy. Soy. Soy. Soy. 

Degraded Red FO 540 I 070 745 I 060 
Soi/ FI 630 I 520 I 685 I 385 

(Sahakreas) F2 730 I 375 I 835 1425 

1 plots of 200 m 2 per fertilizers level 
FO = 0-0-0 - Fl = basal 0-35-0 + top dressing 23 N on BPsc Eleusine and 23-0-60 on Soy
bean 
F2 = basal 0-170-30 in 2004, 0-35-30 in 2005-2007, + top dressing 23 Non BPsc Eleusine 
and 23-0-60 on Soybean 

A first type of DMC was then created for short term crops, i .e. cycle below 135 days: 

BPsc / Soybean 
BPsc / upland Rice 

BPsc / Corn 

This type of system is easy to implement and comprehensible for farmers engaged 
in an initial phase of conversion from conventional to DMC based management. Moreover, 
under a usual constraint of heavy weeds pressure (one of the farmers' reason for conversion 
to DMC), a first contrai of dicotyledones weeds species (genus Borreria, Euphorbia, Celosia 
.. . ) can be done by post application of 2,4 D amin post application (360 to 720 g a.i./ha) 
during the BPsc growth; this first contrai can be followed by a pre germination (or post 
initial) herbicide application in the main crops with active ingredient like alachlore for corn and 
soybean, oxadiazon for rice, imazetapyr for soybean ... all products available on the Cambodian 
market. 

But they present a major drawback: once harvest of the main crop done at the end of 
the rainy season, only crops residues remain on soil surface during the 5 months of the dry 
season; this situation represent an under-valorisation of the important water quantity stored 
in such soil profile (80 % clay) and of the scattered rainfalls which possibly occur in February 
and March . 



Systems based on long term biomass develooment for grain production 

To address this problem, technologies based on an implementation of a perennial cover 
crop species as catch crop in the main cycle were introduced and adapted in the meantime. 
Two fodder species were mainly used in this prospect, the legumes Sty/osanthes guianensis 
var. CIAT 184 and the grass Brachiaria ruziziensis. These species, implemented prior to the 
harvest of the main crop, are able to survive and grow during the ail 5 months dry season 
(long term "bio-pump", BPlc), exploiting the large soil water reserve, likely on more than 2 m 
depth, and catching for, an immediate production of supplementary biomass, ail the scattered 
rains of February-April ("more crop per drop" !). 

First associations were developed with Corn crops, then with upland Rice and Soybean 
as follow, 
• Corn + Stylosanthes g.: Stylosanthes sown in the middle of the Corn inter-row (0,8 m) 

between O and 20 days after sowing (DAS) of the corn crops; possibility to apply alachlore 
or pendimethalin as pre-germination herbicide in case of high weeds pressure in first year 
and "light" cover (BPsc) 

• Corn + Brachiaria r.: Brachiaria sown in the middle of the corn inter-row at 20 DAS of the 
corn; possibility to use atrazin (1000 g a.i./ha) in first year 

• Upland Rice + Stylosanthes g . : Stylosanthes oversown in the middle of the Rice inter-
row (0,4 m) at 40- 50 DAS of the Rice; possibility to use oxadiazon (1000 ga.i./ha) in first 
year 

• No association upland Rice + Brachiaria 
• Soybean + Stylosanthes g.: Broadcast sowing (3 kg/ha) of Stylosanthes g. at the beginning 

of the Soybean maturation (appearance of the first yellow leaves) 
• Soybean + Brachiaria r.: broadcast sowing (8-10 kg/ha) of Brachiaria r. at the beginning 

of the Soybean maturation; germination of the Brachiaria can be limited if the soil caver is 
still thick; in this case, the caver is strengthen, at the beginning of the next rainy season 
by an oversowing of a BPsc. 

At the end of the dry season, these BPlc restart growing with the usually lost rainfalls of 
Februrary and Marchand then after developed a big biomass, up to 12- 14 t/ha of Dry matter, 
in April-June. In June, 30 to 35 days prior to the desired sowing date for the main crop, the 
covers are rolled and killed by herbicides application (1080 g/ha glyphosate + 360 to 720 g/ 
ha 2,4 D amin). 

Stylosanthes g. is used as a caver crop for further Corn and upland rice cycles while 
Brachiaria r. is implemented for soybean cultivation . Then, these associations between crops 
and a BPlc allow to build various kind of permanent cropping rotations, like e.g. 

• BPsc / Corn + Stylo.// Stylo./ Corn + Stylo ... . a "monocropping" of Corn on Stylosanthes 
g. cover 

• BPsc / upland Rice + Stylo. // Stylo. / upland Rice + Stylo .... a "monocropping" of Rice on 
Stylosanthes g . caver 

• BPsc / Corn + Stylo. // Stylo. / upland Rice + Stylo . ... a biannual rotation of Corn and Rice 
on Stylosanthes g . caver 

• BPsc /Corn+ Brach.// Brach./ Soybean + Stylo ... . a biannual rotation of Corn and 
Soybean on Stylosanthes g. and Brach. covers 

.. . Etc ... multiple possibilities of 2 or 3 years based rotations (figure n°2) and large flexibility 
for farmers for crops choices. 
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Table VIII. Yields (kg/ha, 14% humidity) on Red soils 
of various DMC rotation based on BPlc 
2 demonstration sites with elementary plots of 3 000 to 6 000 m 2 per fertilizers level 
FO = 0-0-0 + top dressing 23 N on the main crops (Corn, Soyean or upland Rice) 
F1 = basal 0-35-0 + top dressing 23 N on BPsc Eleusine and 23-0-60 on Soybean, 69-0-30 
on Corn and 46-0-30 on Rice 

2006 2007 2008 
1 

BPsc Eleusine/ Corn + 
1 

1 

2 035 : 5 065 1 Brach./ Soybean + Stylo. 1 Brach. 1 1 FI. ! 2 195 1 
BPsc Eleusine/ Soybean 

BPsc Eleusine/ Corn + 
Brach. 

FO 
---!Brach./ Soybean + Brach. 
FI 
g.9_1BPsc Eleusine/ Corn+ 
FI Brach. 

g.9_1BPsc Eleusine + Cajanus/ 
Fl Rice 

4 380 Brach./ Soybean + Stylo. 

L_ 1 015 _ _!Brach. + BPsc Eleusine/ 
: 1 615 lcorn + Brach 

i___~_'!?~---,jBrach./ Soybean + Stylo 
! 5 165 
: 2 805 
r 2 330 

BPsc Eleusine + Cajanus/ 
Corn+ Stylo. 

FO 1 . : 3 715 JS I R. S 1 --- BPsc Eleusme/ Corn+ Stylo.•-----------1 ty o./ tee+ ty o. 
Fl i 5 360 

2 610 !Stylo./ Corn+ Brach. 

: 1 835 
•-----------!Brach./ Soybean + Stylo. 
: 3 320 
! 1 235 
1 1 535 --,jStylo./ Corn+ Brach. 

L 3 725 --,j Stylo./ Rice + Stylo. 
: 4 355 

i_ 2 735 --,jStylo./ Corn+ Stylo. 
i 3 955 

figure n°2 . Examples of DMC bi-annual rotations based on BPlc 
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Despite still some yield limitations for Soybean (likely primarily due to genetic potential 
of the local variety, inferior of 2,8 t/ha) and upland Rice (due to high insects pressure on roots 
including the genus Dysmicoccus and/or Rhopalosiphum), the results presented in the Table 
VIII. show out pronounced improvement within one rotation cycle, with limited fertilizers 
applications. 



Systems based on long term biomass development and secondary crops for grain 
production 

New design of systems are currently tested and still under a multi-annual assessment 
proceed; they are based on the introduction of a secondary crops, sown late in the rainy 
season, between 45 and 30 days before the "expected" date of the last significant rainfalls. 
This "expected date" being quite unpredictable, the introduced secondary crop is implemented 
at a minimum cost in order to limit economic risk. A requested good draught resistance 
drives the choice on Sorghum (S. bicolour) and pearl Millet (P. glaucum), sown in association 
with the BPlc, Stylosanthes g. and Brachiaria r. 

These secondary crops are mainly tested in succession of a Soybean, with 2 technical 
options: 
• as a succession of a Soybean short cycle variety (90 to 100 days), harvested en of 
September, early October; 
• as a catch crop, broadcasted at the appearance of the first yellow leaves of a Soybean 
medium cycle variety (110-125 days), about one month prior to the harvest (end of October
early November) 

The first orientation presents several drawbacks: (1) reduced soybean potential with 
a short cycle, (2) risk to have a grain maturation and harvest occurring during a large rains 
periods (with almost no post harvest drying facilities) and (3) higher cost induced by the line 
sowing 

This approach allows the re-introduction of a secondary crop, like in the farmers' 
reference, but in a more secured way, due to a connection to the soil water reserve and not 
dependant on the randomized rainfalls of April-June. 

OMC and Cassava production 

Cassava based DMCs with BPsc Eleusine were first tested within matrices, on both red 
and black soils. But the delayed planting, after the biomass production, late June instead of 
mid April in farmers' reference management, induced pronounced yield decreases (up to 40 
%) leading to a rapid abandon of this option. 

In the meantime, association between Cassava and BPlc (Stylosanthes guianensis 
and Brachiaria ruziziensis) were assessed in matrices and demonstration plots with 
ambivalent results; association between Cassava and Brachiaria r. is possible with a delayed 
implementation of the Brachiaria in the middle of the Cassava inter-row (0,8 to 1,0 m) at the 
appearance of the first leaflets, around 2 weeks after planting ; but when implemented on 
degraded soil with a weak growth of the Cassava, the Brachiaria strongly competes the crop 
and limits yields. Such an association is thus difficult to recommend to farmers, although 
some of them are very interested by the associated fodder production as a eut and carry 
source for cattle feeding. 

Stylosanthes, sown at planting -if no strong weeds pressure- or, a contrario, around 
20 days later after a first weeding, with a slower initial growth, is more easily controlled by 
the progressive inter-row shading with Cassava development. 

This efficient association opens ways to the construction of Cassava based DMCs 
necessarily relying on, at least bi-annual- crops' rotations (figure n°3); indeed Cassava 
monocropping with late harvest in the middle of the dry season and early planting doesn't 
allow a significant growth of the Stylosanthes between two Cassava cycles. 
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As presented in the figure n°3., Cassava associated to Stylosanthes g. BPlc can be managed 
in bi-annual rotations with Corn and upland Rice; in such scheme, the BPlc can develop big 
biomass at least one year for 2, prior to and alter the short cycle crops of the rotation. 
Cassava associated to Brachiaria r. in rotation with Soybean + Stylosanthes g. are still under 
assessment. 

figure n°3. Examples of Cassava based DMCs 

Yearl Year2 

la 

la 

This initial phase of controlled experimentations leads to the creation of diversified and flexible 
cropping systems able to address the mains local and regional market's demands, relying 
mainly on animal feed and a soaring bio-fuel sectors. 

The most promising systems (easiness to implement, crops performance, resilience 
with climat "hazards" and buffer of market variations through diversification ... ) are tested on 
larger demonstration plots network, used to assess the variability of the technico-economic 
performances and to discuss with farmers groups wishing to start adoption of DMC within a 
pilot extension network. 

In term of cropping systems improvements, complementary works are needed: 

• the matie adjustments on the already proposed DMC, principally based on BPlc with Brachiaria 
r., Stylosanthes g. or an association of the 2 sp., like 
- Soybean varieties selection in order to reach productivity above 2,8 - 3,0 t/ha 
- upland Rice varieties selection addressing quality and soil's insects pressure 
- fertilizers levels and interest of complementary applications of Sulpfur and micro-nutrients 
- optimization, between biomass recycling/ soil fertility increase and the generation of 
complementary incarnes through the exploitation of the BPlc as forage for cattle 

• new systems' design in order to balance some weak points of this first batch of DMC, 
- herbicides and pesticides use reduction (once inherited weeds' pressure from plow based 
management has been reduced), firstly the application done to contrai the caver crops prior 
to sow the main crops 
- little specific diversity in the crops rotation, with only 3 to 4 species in 2 years. 

Further systemic orientations in DMC development 

Further systemic orientations in OMC creation will be done through two complementary 
orientations in order to pursue a double goal of improved productivity and reduced ecological 
impact of the designed cropping systems. 



Increased soecies diversitv in the rotations and caver croos functionalities 

DMC based on BPlc generates high (up to more than 20 t/ha of aerial dry matter with 
a corn + Stylosanthes guianensis association) and continuous (with roots' exudation) orga
nic matter inputs on soil surface and in soil profile. This almost continuous injection of large 
quantity of organic carbon substratum triggers an important soil's activity, even during the dry 
season, thanks to the connection to water reserves by the caver crops. 

It can be reasonably assumed t hat an increased number of plant species in the rotation 
(crops and caver crops), will induce a higher diversity of associated organisms, for both fauna 
and microflora, progressively leading to real and more resilient agro-ecosystems. 

In this view, mix of annual species from various fam ilies will be associated to the main 
crops : 

• Poaceae, genus Sorghum, Pennisetum, Eleusine ... 
• Leguminosae, genus Centrosema, Crotalaria, ... 
• Cruciferae, genus Raphanus 
• Labiaea, genus Ocimum, Hiptis 
• Polygonaceae, genus Fagopyrum, 
• Amaranthaceae, genus Amaranthus .... 

figure n°4. Example of future DMC design based on caver made of a mixture of various an
nuai species 
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These species are chosen in order to complete incarne (at least one species of the mix
ture must be harvested with a commercial purpose) and introduce, beside the biomass inputs, 
functionalities like allelopathy for weeds contrai, repulsive (push) - attractive (pull) effect on 
soil pest insects, nitrogen fixing ... 

Sorne of these species may have the possibility to restart at the beginning of the fol
lowing rainy season (like Sorghum) or will germinate from the seeds fallen on soil surface 
lead ing to the spontaneous reproduction of BPsc caver type. 

Progressive reduction of agrochemica/s .. . toward strict "organic" management of OMC 

Preliminary results have shown the capacity of DMC to reach high crops yields with limited 
minerai fertilizers levels (e.g. more than 6 t/ha of corn with 23 N application in Stylosanthes 
based systems). Obviously, DMC with high Carbon inputs open the ways for productive and 
sustainable "organic" farming, based on high organic matter recycled in plant-soil system. 

DMC leads also to the creation of real agro-ecosystems where balance between pest and 
predators will be more easily ma intained when compared with plow based, with bare soil, 
cropping systems . 
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The first step to be achieved in the development of "organic" (or at least agro-chemi
cals free) OMC will be the suppression of herbicides use, especially the application of glypho
sate and 2,4 O amin mixture used to kill the caver crops prior to the main crops implemen
tation. Two directions are or will be tested and set up in the coming cropping seasons within 
PAOAC: 
• contrai by a combination of mechanical (roller knife) management and salted solutions 

applications (NaCI, KCI) 
• strict mechanical management (roller chopping, mowing ... ) 

These kinds of managements might be easier to achieve with caver made of an an nuai 
crops' mixture than with perennial species like Stylosanthes g. and Brachiaria r. 

Conclusion 

The creation of a OMC based alternatives to reference farmers cropping systems based 
on soil tillage has been initially "grafted" on the local practises, firstly developed cropping 
systems just proposing to replace the hazardous Sesame crops by a biomass production to 
generate the first caver crop. 

The second "generation" of OMC is based on association with perennial cover-fodder 
crops and offers, compared to the first one, strongly strengthened biomass inputs in the soil
plant system, leading to a rapid recovering of soil fertility parameters (chemical, physical and 
biological). 

The next step will work simultaneously on an introduction of more "information" in the 
systems toward an increased plants species diversity in the rotation combined with a progres
sive reduction of the agro-chemical via the replacement of the herbicide and the reduction of 
minerai and/or organic fertilizers application to a level calculated to balance exportations by 
grains and grazings. 

This evolution fits also with the way to progressively extend OMC, which represent a deep 
systemic change, with farmers groups, as represented on the figure n°5. 

figure n° 5. Parallel between OMC creation and OMC adoption sequences 

Limited choice of technical proposai to farmers 



1.4 SUSTAINABILITY OF CONVENTIONAL AGRICULTURE AND CONSERVA
TION AGRICULTURE IN SMALL-SCALE COTTON-BASED REGIONS IN WEST 
AND CENTRAL AFRICA: LESSONS FROM NORTHERN CAMEROON. 

Oumarou Balarabé1, Lucien Séguy2 and Krishna Naudin 3 

1 IRAD/SODECOTON, BP 302, Garoua, Cameroon, obalarabe@yahoo.fr 
2 CIRAD-PERSYST, Goiania, Brazil 
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Sustainability of agricultural practices is a suitable concept to evaluate both agronomie 
and economic performances of conventional agriculture and conservation agriculture. In this 
study, the concept of sustainability is analysed through its three main components: economic 
sustainability also called economic efficiency, dealing with the ability of the farming system 
to ensure sufficient and competitive output production to fulfil market and population needs; 
social sustainability or social equity, dealing with agricultural ability to ensure equitable 
revenue or return to different stakeholders of the agricultural production chain; ecological 
sustainability, dealing with intergenerational preservation of the environment referring here 
to the sum of natural resources used to ensure agricultural production such as soil fertility. 
Ecological sustainability is commonly the only aspect of sustainability taken into account by 
agronomists . 

Sustainability of conventional agriculture is addressed in this study in small-scale cotton
based agriculture surveys in northern Cameroon. Economie efficiency of cotton in conventional 
agriculture is analysed through a multi-year data base of a permanent agricultural survey 
of SODECOTON (Cotton Development Company), while social equity is addressed based 
on different production cost distribution within cotton production stakeholders. Ecological 
sustainability is analysed through agronomie variables such as yield variation over time, and 
mainly soil fertility evolution. 

Results of the study revealed that economic efficiency of cotton cultivation in conventional 
agriculture, after attaining acceptable levels in the early 1990's mainly due to high yields and 
prices and low inputs cost, is now declining. Fertiliser prices for example varied from 500 
US $ per ton in 2005 to more than 1000 US $ per ton in 2008. Social equity even if strongly 
reinforced by an equalizing prices approach and inputs cost determination system, is limited 
with a high ecological differentiation between ecological areas varying from 600 mm rainfall 
in the far north to 1200 mm rainfall in the south of the cotton belt, hence affecting different 
respective yields. As for soil fertility, decreasing yields and increasing expenditures on fertilisers 
and other water harvesting and soil conservation technologies revealed progressive weak 
response of soil resource to cropping systems management. Conservation agriculture appears 
to be a suitable alternative to conventional production systems for small-scale cotton based 
agriculture to attain the three main objectives of a sustainable agriculture, since it can ensure 
economic efficiency of the farming system, a better social equity and a better soil resource 
management. 

Key words: Sustainable agriculture, conventional agriculture, conservation agriculture, 
cotton, economic efficiency, social equity, ecological sustainability, cropping systems 
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1 Introduction 

The aim ofthis paper is to discuss the ability of conventional production systems to fulfill 
sustainable development goals in small-scale cotton-based agriculture commonly represented 
in a wide part of Western and Central Africa. In these regions, not only agriculture, but the 
whole rural life and a great part of the economy have been influenced by the cotton sector. 
Therefore, economic results and production of other crops and available technology and 
productive resources depend on cotton features. Assessing the sustainability of the production 
systems implies focusing on cotton results. It also implies more than just addressing the 
economic efficiency of the commodity chain, but also ta king into account the three components 
of sustainable development, and combining them with cotton commodity chain approach 
(Rastoin, 2006). 

Commodity chain approach refers to a theoretical framework combining actions, 
interactions and technology used from the process of producing an agricultural good, to 
its final use by consumer, including input supplying, processing, and commercialization 
(Rastoin, 2008). Since the cotton sector in Sub-Saharan Africa is more or less integrated, this 
framework is suitable to assess its economic performance, mainly competitivity, quality and 
impact on institutions. However, the commodity chain approach appears to emphasize mainly 
the economic efficiency of the production systems and fails to address equity or ecological 
sustainability. Combining commodity chain approach with sustainable development concept 
provides a suitable theoretical framework to assess the sustainability of production systems. 

According to the Bruntland report, sustainable development refers to development 
process which addresses actual needs without compromising future generations' ability to 
satisfy their own needs (Bruntland, 1987). This implies the need to consider social, economic 
and natural factors affecting development in the short and long term (Deybe, 1994). According 
to Goddart (2001), sustainable development must fulfill three objectives: environment 
preservation among generations, economic efficiency and social equity. 

The application of sustainable development concept to agriculture implies the linkage 
of production systems sustainability with the satisfaction of food and services needs of people 
in respect to the above three objective components . 

This paper's originality relies on its attempt to address not only conventional agriculture, 
but also interact with alternative cropping systems based on conservation agriculture. 
Conservation agriculture in this paper refers to FAO (Food and Agriculture Organization) 
definition of agricultural cropping systems based on: 
• Minimum soil disturbance 
• Permanent soil caver 
• Appropriate crops rotations and associations. 
Based on these three main component applied simultaneously, conservation agriculture not 
only refers to cropping systems but also to the whole production system, since in small
scale agriculture, successful combinations of this principle are determined by farm household 
external conditions. 

To assess the sustainability of cotton-based production systems, this paper relies on a 
three part analysis, each focusing on a single component of sustainable development. In each 
part the analysis focuses first on conventional agriculture, before discussing the impact on 
introduction of conservation agriculture on the specific component. 



2 Context description 

Cameroon cotton belt is characterized by diversified and constrained agro-ecological 
conditions, a conflictual socio-cultural context and favorable agro-economic conditions . 

The diversified agro-ecological context include mainly a single mode rainfall ranging 
from 600 ta 1200 mm annual rainfall distributed within 3 to 4 months rainy season and 
different types of soils with bath a high risk of erosion and erodibility. 

In agriculture, cropping systems appear ta be homogenous with little crop diversification 
and a high influence of cotton in crops selection and spatial arrangement on the field (Dounias, 
1998, Roupsard, 2000). Final crops arrangement include cereals and cotton. In some part of 
the region and specific types of soils, legumes can appear (especially groundnuts and cowpea 
on sandy soils). Dry season sorghum is also cultvated on vertisoils ta fulfill grain and forage 
needs of the household, in specific reg ions where vertisols are available. 
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Figure 1: Cotton region and rainfall in 
northern Cameroon 

The impact of cotton on the cropping systems relies on input and credit supply by 
the cottonn company and mainly covered by seed cotton production. Cropping systems 
intensification has also been mainly supported by technical sheet improvement on cotton 
especially use of fertiliser, herbicides and insecticides, and wide dissemination of innovation by 
cotton company's extension team (Roupsard, 2000). 

The socio-cultural context appears ta be conflictual according ta fertility and organic 
matter management (Balarabé, 2008). This is mainly due ta : 
• A high demographic pressure especially in the north of the region, leading ta population 

migration ta the southern part, since agriculture is mainly space consumer and fertility 
management relies on fallows and marginal fertiliser application. 

• Extensive ta pastoral livestock keeping with little fertility transfer and a strong crop/ 
livestock communities opposition on residue management. Crop residue management is 
organised through residue tranfer from agricultural plots to animais, when not simply 
burned (Dugué, 1998). Only legumes residues and small part of cereal's stems are sored 
for internai use of the farm household. 

• Strongly embedded traditionnal institutions with poorly defined property rights on land and 
crop residues. 
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On the other hand the agro-economic conditions are favorable, leading to optimistic perspectives 
in term of innovation dissemination. This is mainly due to: 
• Agriculture development based on cotton as main cash and intensification crop 
• Integrated agricultural key functional facilities (input and credit supply, market and 

extension, farmers organization, 
Within this described context of cotton belt of Cameroon, sustainable development will be 
analysed through its main components which are: 
- economic sustainability also called economic efficiency, dealing with the ability of the farming 
system to ensure sufficient and competitive output production to fulfil market and population 
needs . 
- social sustainability or social equity, dealing with agricultural ability to ensure equitable 
revenue or return to different stakeholders of the agricultural production chain ; 
- Ecological sustainability, dealing with intergenerational preservation of the environment 
referring to the sum of natural resources used and preserve to ensure agricultural production 

3 Small-scale agriculture and economic sustainability 

Economie sustainability within the study area is more concerned with the small-scale size of a 
farm household, especially farm productive resources and will focus on cotton as principal crop 
due to lack of data on other crops. According to Madi (1994), the best indicators for assessing 
economic performances of cotton commodity chain must at the overall level concern total 
production area, number of cotton farmers, total cotton production; as individual indicators, 
average cotton yield, fertiliser cost, farmer's average gross and net revenue. Figures 2 to 4 
provide the economic information from year 2000 to 2008. 
In conclusion, according to these figures and other similar studies (Richard, 2007), economic 
efficiency of conventional agriculture in small-scale production systems after rising from 70's 
to the early 90's has been reducing considerably since then . Reasons frequently cited to 
explain are: 
• Climatic factors like rainfall global diminishing trends 
• Agronomie factors like poor innovation on agricultural fields (seed improvement, 

phytosanitary of cotton, fertiliser formulation) 
• Socio-economic factors like demographic factors influencing the use rate of agricultural 

soils, fertiliser price and availability to the whole cropping systems, cotton purchasing 
price, and extension tools and framework adaptability. 

Examining specifically the cotton purchasing price and fertiliser price, we can notice 
that from 2002, there is a continuous rise of fertiliser cost in kg/ha while average yield 
remains constant, thus reducing farmer's average gross and net revenue. This makes it easy 
to understand the overall reduction of total number of farmers, total production area and 
production, since marginal returns of cotton has reduced. 
It appears clear that shifting to alternative cropping systems ensuring both high level of 
production and sustainable use of soil fertility is necessary to maintain and reinforce economic 
efficiency of the actual cropping systems(Pieri, 2001; Seguy et al., 2001; Rastoin, 2006; 
Seguy et al. 2006) . Conservation agriculture based on Direct seeding mulch based cropping 
systems (OMC) can ensure this (Seguy et al., 2001, Seguy et al 2006, and Erenstein, 2003). 
This may be done through: 
• Considerable increase in production factors efficiency like land (yield) capital (costs 

reduction and nutrient efficiency, etc.) and labour. 
• Enhancing agro-climatic conditions for diversifications, thereby providing a risk diminishing 

environment to agriculture and new market channels. 
• Reducing agricultural and economic risk with crop diversification through: 
- Crops association 
- Marginal degraded field exploitation 
- Climatic effects on crop yield (Figure 5) 



Figure 2 : Total production, area cultivated and number of cotton farmers 2000-2008 
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Figure 3 : Fertiliser cost, and farmer's gross and net revenue from cotton, 2000-2008 
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Figure 4 : Average Yield and fertiliser cost in kg/ha, 2000-2008 
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Figure 5 : Average Yield evolution in cotton station results, Zouana (750 mm rainfall 
average) 2002_:2007 
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4 Cotton farming system and social sustainability 

Social sustainability is addressed in this study within the cotton farming system in two 
different interactions level: value added sharing between cotton producing stakeholders chain, 
and farmers/livestock owners interactions. 

In general view, social equity is ensured within farmers in term of equalizing prices 
in input supply and purchasing prices of cotton seeds all over the cotton belt, whatever the 
distance. Since there are two main stakeholders in the cotton production and commercialization, 
including the cotton company (input supply, transportation, seed cotton commercialization, 
and transformation) and individual farmers (production), value added sharing may not be 
completely done in equity and may need a strong involvement of farmers' organization, and 
government in the determination of prices. 

Another field of inequity within the farming systems in northern Cameroon in general 
include organic matter management between farmers, livestock communities and traditional 
rulers. Crop residues management mainly involves traditional rulers in defining the property 
rights associated with them. Lack of equity here concerns the need for the farmers to invest in 
term of labour and input to produce both grains and residues, and the open-access provided 
to livestock owners on the crop residues by the traditional rulers (Balarabé, 2008). This will 
lead to an over exploitation of this resource as stated in the "Tragedy of the commons", and to 
a long term decrease ability of the farmer to ensure crop residue production. 
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To improve social sustainability in the farming systems efforts are to be done in reducing 
ecological differences impact on agricultural performances and improving better organic matter 
management among farmers and livestock communities. Farmers organization reinforcement 
is also needed to empower them in price negotiating and lobbying to encourage subsidies on 
cotton and input prices. 
In this context, conservation agriculture provides a technical response in the sense that it 
diminishes differences in yield among different fertility level plots and fertility application level 
(figure) (Naudin et balarabe, 2003, 2004 and 2005; Balarabe and Naudin, 2006; Seguy et al, 
2001). This is done through: 

• progressive increasing yield overtime with minimum fertiliser use 
• Decreasing yield differences among high and low fertiliser plots 

Introduction of conservation agriculture within a farming system is not just a matter 
of farm household decision since it implies great changes in crop residue management. It 
therefore reinforces the property rights of the farmers on crop residues, by attributing a 
potential economic value to the residues (equal to the marginal value of yield in mulch covered 
plots) and enhancing farmers' investment in protecting and conserving produced revenue. 
Crop residues then will not only be perceived as residual resources but rather productive 
resources. 

5 Sub-Saharan Africa and ecological sustainability 

One of the most suitable definition of sustainability in agriculture according to 
ecological sustainability (land degradation) is provided by Perman et al. ( 1996): maintaining 
a consumption or production stream without degrading the natural capital stock. A sustainable 
agricultural can be defined by Lai (1991) as an agriculture system that can provide profitability 
on a continuous basis while preserving the natural resource base. 

The issue of ecological sustainability of tropical agriculture deals mainly with the 
adopted technology in agriculture and its impact on soil degradation, as the main natural 
capital. Because of their extreme ability to erosion due to climatic constraints (accelerated 
mineralization, poor soil coverage, short rainfall length), tropical soil are more exposed to 
erosion. In addition to this some human factors accelerate soil erosion, mainly intensity of soil 
utilization and farming techniques. 

Typically in northern Cameroon various technical choices arising from mid 70's including 
intensive use of minerai fertilizer, and soil disturbance, little use of organic manure, and other 
organic matter providing in the cropping systems (streaming of trees and burning the rest of 
crop residues) provide a critical mixture of practices for soil utilization that are not sustainable. 
Main features of ecological constraints on agriculture include: 

• Sail capital depletion leading to actual marginal soil exploitation (vertisoils, degraded soils 
locally called "hardés") 

• Biodiversity reduction on soils and agricultural ecosystems, mainly macrofauna pattern 
influencing soil structure (Bréveault et al., 2007) 

• Watershed and Runoff contrai in certain areas leading to the less available total cultivated 
area . 
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The central issue concerns soil capital rehabilitation. Regardless of the rehabilitation 
speed, DMC techniques (synonymous with conservation agriculture) appear a good alternative 
to rehabilitate soil productivity (Guibert et al., 2007; Fesneau et al. 2007), and perhaps to 
ensure carbon sequestration by agricultural systems (Lai, 1991; Metay, 2003; Seguy et al. 
2001). 

With regard to ecological constraints conservation agriculture appears to be one of 
the best existing technology to provide simultaneous effects on both carbon mitigation, 
ecosystem biodiversity and soil productivity improvement with affordable labour investment 
(Lai, 1991, Seguy et al., 2001). Scientific and political incentives must be arranged to ensure 
implementation of CA and providing some more evidence on payment for environmental 
services. 

Conclusion 

Our aim in this study was to assess conventional production systems to fulfill sustainable 
development goals in small-scale cotton-based agriculture commonly in northern Cameroon. 
We assess this based on three-component definition of Sustainable definition and related them 
to commodity chain approach ("Approche filière" in French). 

Economie efficiency is related to the ability of the farming system to ensure sufficient 
and competitive output production to fulfil market and population needs. The study showed 
out that economic efficiency of farming systems after increasing from 70's to the early 90's 
has now considerably reduced since due to climatic and agronomie factors as well as mainly 
socio-economic factors. This latter concerns the international marketing context of agricultural 
inputs and products. While inputs prices are rising, agricultural products prices are falling. 
There is little or no financial incentive against climatic and global economic factors. Instead, 
alternatives may be identified within agronomie innovations that are likely to temper economic 
constraints, and DMC (or conservation agriculture) stands among them. 

· Social equity in sustainable agriculture deals with agricultural ability to ensure equitable 
revenue or return to different stakeholders of the agricultural production chain. Conservation 
agriculture provides technical response enhancing social equity in the sense that it diminishes 
differences in incarne among farm households through progressive increase in yield overtime 
with minimum fertiliser use (economic inequity between high input household and others) and 
decreasing yield differences among high and low fertiliser plots (ecological inequity between 
high fertility and rainfall regions and others). By implying new property rights on crop residues, 
CA also provide an equitable context to tackle soil fertility and organic matter management 
within the farming system. 

Weak ecological sustainability of farming systems in northern Cameroon arises from 
various technical choices including intensive use of minerai fertilizer, and soil disturbance, 
little use of organic manure, and other organic matter providing in the cropping systems. 
DMC appears to be one of the most promising agronomie alternatives to provide simultaneous 
effects on both carbon mitigation, ecosystem biodiversity and soil productivity improvement 
with affordable labour investment. 

Shifting from conventional production systems to conservation agriculture is necessary 
and must be accompanied by support from both scientific and institutional community, 
especially within the small-scale agriculturak sector in developing countries with no other 
alternatives and severe institutional constraints. 
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Context 

Sayaboury province is currently the main maize production area in the Lao PDR. Due 
to high demand for maize from local traders, most farmers grow maize in monocultures cove
ring more than 42,000 ha in southern Sayaboury province, amounting to more than 80% of 
the total rainfed cultivated area. This market-oriented agriculture is also characterized by the 
expansion of intensive agriculture based on heavy mechanized tillage, the increasing use of 
herbicides and hybrid seeds. Although smallholders have rapidly generated large profits with 
maize production, and despite the fact that some fairly productive soils remain, they tend to 
be rather vulnerable due to the rapid depletion of the "natural capital" through this "mining" 
agriculture . 
In light of that, and since 2003, the Lao National Agro-Ecology Programme (PRONAE) has 
been developing and adapting direct seeding mulch-based cropping (OMC) systems, setting 
up several experimental sites and taking a participatory approach involving village communi
ties and farmer groups. 

Objectives of the study 

This study attempted to compare agronomie and economic performances between 
conventional tillage and OMC cropping systems. 

Materials and methods 
Since 2004, experimental criss-cross trials have been carried out in southern Saya

boury province (Kenthao, Paklay and Boten districts) where yield and economic components 
- production costs, labour force, and gross incarne - have been recorded yearly. A range of 
OMC systems were set up integrating local species (i.e. maize, rice bean) as a first step. Each 
cropping sequence, and each year of the sequence, was represented under no-tillage and 
conventional tillage (reference) practices. The cropping sequences compared were i) maize 
monocropping, ii) a two-year rotational sequence of maize - rice bean and iii) a two year ro
tational sequence of maize + B. ruziziensis - rice bean. 
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Results 

Maize yield 
In a maize monocropping sequence, differences between maize yields under conven

tional tillage and no till were not significant and the mean yield - without fertilizer - only rea
ched 50 to 60% of potential yield. On the other hand, the maize yield recorded under no-till 
with a former rice bean crop (two-year sequence of maize - rice bean and maize/Brachiaria 
ruziziensis) was 50% higher compared to a maize monocrop and was close to the maize po
tential yield. Under tillage and no-tillage, wide fluctuations in maize yield in a monocropping 
sequence could occur depending on climatic conditions, while maize yields with a rice bean as 
the former crop appeared to be less affected by drought conditions. 

Labour force 
The labour force required for maize cultivation - maize monocropping - under conven

tional tillage and no till was fairly similar (mean of 60 days/ha). For both systems, weeding 
after maize seeding was necessary due to strong weed pressure. In contrast, with a former 
rice-bean crop, weed-related constraints were lessened because of the cover crop composed 
of rice bean residues, which prevented weeds from developing. 

Production costs 
Production costs related to maize monocropping under tillage could reach 250 USD/ 

ha. With no till, production costs could be reduced by at least 50%. In the case of the mono
cropping sequence (tillage and no till), pesticides were used because of an increase in weed 
pressure and a large quantity of minerai fertilizers needed to be used yearly to balance minerai 
element exportation and maintain a minimum productivity level, while input costs tended to 
increase rapidly in line with the rise in oil prices. 
In contrast, production costs related to the cultivation of maize seeded on rice bean residues 
(two-year sequence of maize - rice bean and maize/Brachiaria ruziziensis) were lower becau
se less herbicide was required for land preparation and weeding during the maize cycle due to 
efficient weed contrai by the plant cover. 

Net income 
In comparison with maize monocropping under conventional tillage, the net income 

generated by maize production increased from 30% (maize monocropping) up to 100% (two
year sequence of maize - rice bean and maize/Brachiaria ruziziensis). Furthermore, the net 
income generated by maize production with rice bean as the former crop under DMC - without 
fertilizer - was distinctly higher than that generated by maize monocropping with fertilizer (60 
N - 60 P205 - 60 K20). 
Finally, the two-year sequence of maize - rice bean and maize/Brachiaria ruziziensis (for both 
species) generated respectively a gain of 70% compared to maize monocropping with conven
tional tillage and 35% compared to maize monocropping under DMC. 

Conclusion 

Maize monocropping, under conventional tillage and/or no-tillage, is nota sustainable 
cropping system because of 1) the increase in weed pressure, 2) low plant matter production 
(above and below ground) which prevents rapid structural improvement of the soil and 3) the 
need for frequent chemical inputs. A two year sequence such as maize - rice bean and maize/ 
Brachiaria ruziziensis can rapidly improve the physical, chemical and biological characteristics 
of the soil and generate higher profits for smallholders, while protecting soils and restoring 
their fertility. However, organic systems should be progressively integrated into DMC systems 
in order to ensure sustainable and environmentally-friendly agriculture. 



1.6 «WHEN «TANETY» HILLSIDES MEET THE RICE FIELDS AT LAKE ALAO
TRA»: DIVERSIFICATION AND INNOVATION IN UPLAND ZONES IN AN 
INCREASINGLY SATURATED LAND OCCUPATION CONTEXT 

Raphael Domas1, Eric Penot2 and Herizo Andriamalala 3 . 

BVLac project, CIRAD/BRL, Malagasy 

1 BRL/Madagascar (rd42@caramail.com), 2 CIRAD-ES, 3 BRL/Madagascar, 4 CIRAD 

Abstact 

Despite a 100% increase in the rural population every 18 years, the Lake Alaotra re
gion is still an important area of immigration. Land occupation is saturated in the irrigable 
lowlands (well irrigated rice growing areas, rice fields with poor water management, and rain
fed lowlands with access to groundwater resources in the dry season, known as "baiboho"). 
As a consequence expansion, in terms of new cultivated lands, occurs on uplands ( «tanety») 
surrounding lake plain. The diversity of soils, their fragility - with signs of erosion such as «la
vaka» (areas of hill collapse) - intense deforestation in the valley lowlands and at the bottom 
of hills, and extensive cattle rearing initially based on common land have generated a huge 
diversity of landscapes and land uses. 

Given this broad range of situations, development projects need to propose varied and 
locally adapted technical systems, and especially cropping systems generating regular and 
sustainable yields (based on risk reduction), soil protection from erosion and from roaming 
cattle culminating in a renegotiation of agriculture-livestock relations. 
To that end, Direct-Seeding Mulch-based Cropping Systems (OMC systems), introduced and 
disseminated by the BVLac project since 2003, seem promising. Monitoring of hundreds of 
plots, supervised by BRL led to the creation of a reliable database containing the results ac
tually observed in BRL farmers' fields. 

Combined with a 'farm approach', taking into account farmer strategies and the 
constraints associated with the whole range of agricultural activities, use of this database pro
vides a clearer understanding of local innovation processes related to this important change in 
paradigm for producers. Indeed, the novel techniques of agro-ecology call for a hait to plou
ghing or tilling operations, and the combination of plants which are sometimes unproductive 
but which generate positive externalities within the system. Moreover, these techniques go 
hand in hand with a certain degree of intensification, enabling optimum use of introduced im
proved varieties, suited to the soils and, especially, to the financial capacities of the farmers. 
Risk management and yield regularity lie at the core of these current innovative processes, 
which show remarkable flexibility in adaptation and adoption, and which may even modify far
mers' behaviour when dealing with complex systems that need access to many services which 
are still in their infancy in the area. 

2 Lake Alaotra : a land of migration and strong population expansion 

The Lake Alaotra basin is one of the largest rice growing areas in Madagascar, with al
most 100,000 ha of rice fields, of which 30,000 ha are irrigated and 70,000 ha have more or 
less poor water control. It is one of the rare zones in the country with a rice surplus. 

62 Regional Workshop on Conservation Agriculture, Laos 2008 



The population, which mostly comprises the Sianaka (ancient migration) and Merina 
(recent immigration) ethnie groups, doubles every 18 years and currently stands at 700,000 
people. Agriculture, which is traditionally practised in the Lake plain and the upland grass
lands, and is mainly geared towards rice growing and extensive cattle production, has evolved 
considerably since the 1960s, under numerous development projects. With strong population 
pressure and the saturation or even retreat of rice growing areas in the lowlands and bot
tomlands due to sanding up and flooding, farmers started colonizing the surrounding uplands 
in the 1980s, using cultural and pastoral practices that are particularly erosive on the fragile 
soils. This situation gives rise to a dual challenge: developing cropping systems suited to 
upland conditions on soils that are generally quite poor, and promoting a new type of agricul
ture-livestock integration. In addition, this reg ion appears to be threatened by stagnating rice 
production in the irrigated zones, most of which have not been maintained since 1990 with the 
end of Somalac (Société de développement de la riziculture au lac) (Devèze, 2008). The drop 
in yields over the cropping cycles, and major signs of erosion (visible on a cultivated plot and 
a landscape scale) are the main indicators of the unsustainability of these systems. 

The zone covered by the BVLac project (AFD) includes vast expanses of degraded 
uplands and limited plain areas, mostly composed of random irrigation rice fields with poor 
water contrai (RMME). The main development issue is therefore substantially to improve pro
ductivity in the lowlands and sustainably develop upland zones with worthwhile agricultural 
potential. Direct-Seeding Mulch-based Cropping Systems (DMC) seem to provide alternatives 
based on an environment friendly agriculture that provides attractive incarne to farmers. As 
most of the caver crops used are intended for food or fodder use, the integration of agriculture 
with livestock rearing also becomes possible (plot animal and animal plot transfers). 

The NGO TAFA set up the first OMC trials at Lake Alaotra in 1998 (Annual Reports, 
2001, 2005). Technical frames of reference for land development, which are more or less 
adapted to the very wide diversity of situations encountered, have thus been drawn up and 
made available to the different agricultural extension operators since 1999 (mostly manuals 
and information leaflets produced by the Madagascar Direct Seeding Group (GSDM), etc.). For 
its part, the BVLac project launched its operations in 2003. The cropping systems dissemi
nated are intentionally highly diversified in order for them to be adapted to the numerous 
cropping situations and farm categories encountered. In the rainfed lowland areas, a double 
annual crop is possible, alternating a cycle of short-cycle rainfed rice in the wet season with 
an out-of-season legume caver crop or mulched market garden crops (also of great interest to 
farmers). Use of SEBOTA 1 type versatile rice varieties in alternation with caver crops makes 
it possible to develop rice fields with poor water contrai (RMME) . Lastly, a diversified range of 
cropping systems2 is proposed for developing uplands in the wet season with an alternation of 
various cereals, legumes and caver crops, sometimes for fodder use. 

Within the BVLac project, these different techniques are disseminated by several ope
rators: AVSF3 and ANAE4 to the west of the lake and BRL/Madagascar to the east . The 
cropping systems currently presented and extended incorporate various levels of organic or 
minerai fertilization adapted to farmers' financial possibilities and production objectives. A 
annually updated «plots» database can be used to monitor changes in the plots, in yields, in 
crop management sequences and in the main cultural practices, in order to measure the true 
impact of the project, the practices arising from its dissemination (knowledge and know-how) 
and the innovation processes (adaptation/transformation and partial or total adoption of the 
systems). 

1 Mixed rice varieties selected in Brazil that are able to develop under irrigated and/or rainfed conditions. They are 
highly productive and possess organoleptic qualities appreciated local/y by consumers. 
2 Cropping systems notably combining maize or rainfed rice with vine legumes or cassava with fodder crops . Rainfed 
rice or underground food legumes on dead mulch also give good results. 
3 Agronomes et Vétérinaires Sans Frontières 
• Association Nationale d'Actions Environnementales 



Figure 1: BRL Madagascar operating zone under the BVLac Alaotra project 

3 A recently implemented «farm» approach 

The initially developed plot approach showed its limited efficiency, with a high rate 
of abandonment from one year to the next (over 35%) . A new «farm » approach taking into 
account ail production factors that guide farmers' choices with ail the corresponding compo
nents has been adopted since 2007 (Penot E., 2007, 2008) . This approach also integrates the 
concept of activity systems in which a farm and a household co-exist with agricultural and 
off-farm activities and incarnes. A farm typology was constructed from an analysis of farm 
characterization surveys undertaken in the zone in 2006 (Colleta M. and Rojot C.) and prima
rily in 2007 (Durand C. and Nave S.), which was discussed then adopted in 2008 by all the 
operators. 

Agricultural development action is combined with individual or collective environ mental 
protection action, in order to guarantee the good condition of downstream hydro agricultural 
infrastructures, but also to guarantee the productive capital of the land : revegetation of de
graded tanety slopes using hardy plants with high restructuring capacity, installation of hed
gerows along contour lines and reforestation, etc. 

These different actions turn to account natural regulation processes. Indeed, the areas 
devoted to hedges, reforestation, hillside and valley grasslands and grassed strips reta in wa
ter, soil and pollutants. The approach developed by the Project recommends mixed farming 
systems comb ining annual and perennial crops, along with animal production. Moreover, stu
dies have been carried out a long those lines in the zones west of the Lake (Clément, 2007 and 
Harimiadana N., 2008) . An analysis of a Direct Seeding Group (GSD) in the zone was carried 
out in 2006 - 2007 (Hanitriharinjaka V., 2007). 
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Tools were set in place during the first phase of the BVLac project (2003-2008) to enable de
velopment of that approach: 

• A «plots» and «farms» database through which the farm as a whole can be perceived, 
and the introduction of cropping system identification codes so that the efficiency of those 
systems can be compared on a regional and national level. These databases have been ope
rational sin ce 2007. 

• Establishment of a network of reference farms (Terrier M., 2008 and Penot E., 2007) 
in 2007 - 2008 throughout the supervised zones. Those farms, representing ail the types of 
farmers in the zone, including those not adopting the practices, will make it possible to ob
serve, describe and analyse changes linked to the farms. The results of this reference farm 
monitoring, analysed by OLYMPE farm economics modelling software (INRA/CIRAD/IAMM) 
(Penot E., 2003), will serve as a basis for proposing improvements or corrections to the farms 
of the different categories of farmers. 

• The organization of «Accelerated Propagation of Innovation» (API) sessions, a self 
assessment programme (Belloncle, 1990, 2000; Penot E., 2008) to understand innovation 
processes. 

This «farm» approach is complementary to that developed by the GSDM , which is 
targeting the following objectives: integration of individual and community management of re
sources, more efficient management, through OMC, of agricultural activities in ail the «Upland 
- Rice Field» landscape units as a whole (biomass flows, labour, animais, hedgerow installation 
(embocagement), etc.), training of farmers in mastering various OMC scenarios, on their land 
with the crops of their choice. Such training must enable farmers to understand the agronomie 
functioning mechanisms of OMC systems (at least 2 to 3 years) and contribute to the organi
zation of village communities (access to bank credit, marketing of agricultural products, input 
purchases, agricultural equipment, seed production, cuttings, nurseries of bush species for 
hedgerows, etc.). 

In this farm approach context, an operational typology has been constructed based on 
rice self-sufficiency criteria linked to the types of rice field, the degree of production diversi
fication and, lastly, the type of labour and off-farm activities (Durand C. and Nave S., 2007; 
Penot E. and operators, 2008) 

4 DMC System, a new paradigme for producers 

4.1 A diversity of situations calling for a diversity of responses 

Various cropping systems, adapted to the different morpho-pedological units with crops selec
ted by the producers, have been identified and proposed: 

• Very low-fertility tanety lands on a slope or difficult of access can be developed with 
forest systems (eucalyptus, essence trees, etc.), or fodder and diversification crops such as 
low-demand pluriannual crops (pineapple) or annual aromatic plants. 

• Slightly more fertile tanety lands, with low-input OMC systems, as the risk is high 
with this level of toposequence (especially drought). 

• Fertile tanety lands, with simple OMC systems favouring low-input systems but al
lowing a shift to greater intensification. 

• Lowlands (bottom of slope, baiboho and rice fields with poor water management -
RMME), with more intensive systems due to a much lower risk: at the bottom of slopes an
nuai rainfed systems, or perennial or semi-perennial systems (fruit trees, banana, sugarcane, 
etc.); on baiboho and RMME, systems including seasonal rice crops (particularly SEBOTA rice) 
and out-of-season crops have been developed to increase farmer incarnes and biomass pro
duction for mulch and/or cattle feed in the dry season. 



• On irrigated rice fields, improved techniques that are relatively familiar to and mas
tered by the producers (young plants, improved rice systems (SRA), intensive rice systems 
(MAFF/SRI), rice-fish farming, etc.) are applied. 

. Thus, in high-risk zones (drought, flooding, sanding up, etc.) it is essential to propose 
low input technical solutions due to the major climate risk. Conversely, on very rich baiboho 
la~ds not liable to flooding, there should be substantial investment in order to generate major 
gains, through a particularly worthwhile return on investment. 

The final criterion for the choice of cropping systems and crop management sequen
ces is integration of the various farm activities. Thus, agriculture-livestock integration has 
been developed, firstly to increase fodder availability for the animais by taking advantage in 
particular of non-cultivated areas to plant fodder and intercrops, and secondly to use animal 
by-products to fertilize zones with a high production potential, whilst limiting the farmer's ex
penditure on increasingly expensive chemical fertilizers. 

Thus, pure fodder systems (notably grasslands or perennial cover crops under or
chards) or mixed fodder/food crop systems are proposed to farmers having an interest in 
these crops (milk production, draught animais, fattening, etc.). 

From initial «off the peg» to the current «made to measure»: description of recom
mended crop management sequences depending on the toposequence level and on production 
factors. 

Crop management sequences adapted to each type of cropping situation and each type of 
farmer are proposed by BRL in the zone east of the lake. The main criteria taken into account 
are as follows: type of land tenure, financial capital, available labour, plot location in the to
poseq_uence, soil fertility, farmer preferences, complementarity with animal rearing activities 
and b1omass availability. 

4.2 DMC systems on uplands, at the bottom of slopes and on baiboho 

4:2.1 Systems producing little biomass (on imported /itter, mu/ch or residues from the pre
v,ous Crop) 

Rainfed rice on dead mulch 
Ri_ce is the favourite cereal of Madagascan farmers. On a farm scale, rainfed rice on mulch 
"'.'l~h short-cycle varieties is of great interest as production in irrigated rice fields is often insuf
ficient, or even nonexistent in certain zones supervised by the project. Harvesting is carried 
out in Marchand April during the connecting period with high selling prices. 

Market gardening and tuber legumes on mulch 
Market gardening usually gives good results in DMC systems. The gains in work time obtained 
by mulching (no hoeing, little watering) make it possible to achieve high profits, especially in 
the off-season. A complete range of market gardening plants is thus proposed to participating 
farmers. 

Lik~wise, legume growing on mulch offers the following advantages: reduced hoeing, water 
savings, easier harvesting, etc. 

4.2.2 Systems producing large amount:s of biomass 

Sys_tems with imported biomass cannot be set up by certain farmers for the following reasons: 
difficult access to biomass, lack of labour for cutting and transport, high cost of baies. Mo
reove~ s~ch systems are not widespread in the region. An interesting alternative consists in 
establishing a live cover in the first year (generating incarne if possible) which will have two 
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main purposes: soil restructuring and enrichment and creation of biomass for the following 
crop, alternating primarily with grass-based systems. 

Vine legumes in monocultures or combined with maize or sorghum 
Once the plot has been «cleaned» this procedure consists in establishing a highly invasive vine 
legume, such as rice bean (Vigna umbellata), hyacinth bean (Lablab purpureus) or mucuna 
(Mucuna pruriens var. utilis). These long-cycle plants (from 5 to 6 months) produce a large 
amount of biomass, which can be used as mulch for the following crop with, moreover, large 
quantities of nitrogen fixed by the nodules. This crop management procedure is recommen
ded at ail levels of the toposequence with ample organic fertilization on the least fertile soils. 
Growing with maize makes it possible to combine food production (maize and the legume if 
the latter produces edible seeds) with biomass production in the plot. The «maize +legume / 
rainfed rice rotation is the most common. 

Stvlosanthes guianensis 
Stylosanthes guianensis is a perennial plant that is particularly adapted to improving fallow 
since it has a powerful root system capable of fixing large quantities of nitrogen. Moreover, 
it can be killed by simple scraping with no need for herbicides, unlike Brachiaria sp. Lastly, 
it constitutes a very good quality fodder for zebus . Cultivar CIAT 184, which is anthracnose 
resistant, is now disseminated at Lake Alaotra. The rainfed rice yields obtained after 1 to 2 
years of Stylo-based fallow are excellent, even at low fertilizer rates. Stylo can be established 
alone or combined with a cereal, cassava, Bambara groundnut, etc. to generate income while 
producing cover. 

Systems based on Brachiaria so. 
Three species are distributed to smallholders: Brachiaria ruz1z1ensis, Brachiaria brizantha 
(standard species and 'Marandu') and Brachiaria humidicola. These forage grasses produce 
substantial quantities of biomass, even in very low-fertility soils. Their restructuring ability 
is considerable, they are much better adapted than annual legumes for revegetating highly 
degraded hillside soils, which are very common in the zone. They make excellent fodders. 
Brachiaria sp. can be grown in a monoculture or combined with cassava, Bambara groundnut, 
etc. 

Legumes on wild Cvnodon dactvlon cover 
The system consists in establishing a tuber or vine legume or any other food legume after 
controlling Bermuda grass (Cynodon dactylon) with glyphosate. These systems offer the ad
vantage of being usable when opening up spontaneous fallow: tuber legumes give worthwhile 
yields for very limited work. 

Maize on Arachis so. living mulch 
This system consists in sowing the maize crop after partial contrai of the Arachis sp. mulch in 
strips. Organic and chemical fertilization is then necessary. This system is still not very wides
pread, as it offers little room for rice and is mainly geared towards dairy farmers (Arachis is a 
good fodder, maize is a good provender). 

4.3 Rice fields with poor water management (RMME) 

Rice fields with poor water management, i.e. which do not benefit from controlled irrigation, 
account for a considerable area at Lake Alaotra (almost 70,000 ha), to which need to be ad
ded some of the 32,000 ha of irrigated areas that have yet to be rehabilitated, and in which 
downstream zones only receive water in a random and partial manner. Over the last 5 years, 
the farmers of these rice fields have been able to harvest 3 times, with an average interannual 
yield over 5 years estimated at 1 tonne/ha which, apart from its random nature, remains very 



low and not very lucrative. Few precise data on irrigated rice growing and RMME zones have 
been obtained since the thesis by Ducrot and Garin (1995). 

The introduction and dissemination of new versatile SEBOTA varieties that can be grown under 
either rainfed or irrigated conditions and the first on-farm trials (in 2003 - 2004 by TAFA on 
the west bank) show that it is possible under certain conditions to achieve high yields (from 3 
to 7 t/ha, depending on the level of fertilization) in these random irrigation rice fields. The pro
posed crop management procedure consists in sowing right from the first rains, so as to start 
the crop cycle under rainfed conditions and then continue under irrigated conditions, as the 
water arrives. It is also possible, in places where water is available at the beginning of the wet 
season, but where irrigation is not provided up to the end of the crop, to transplant the rice to 
irrigated conditions and continue under rainfed conditions once the water no longer arrives in 
the plots. Lastly, the «Improved Direct Seeding » technique that is already very widespread on 
farms at Lake Alaotra, consists in planting pre-germinated seeds on mud. 

Conclusion 

In fact, each situation (particularly depending on soil type) enables the establishment of seve
ral systems, depending on farmer objectives and constraints. 

Soil type Intensification level Types of systems 

• Intensive cereal-based systems 

Rich tanety soils Ali intensification (maize + legume / rice) rotation 
levels •Extensive systems based on fodder plants or on 

spontaneous flora 

•Extensive systems based on fodder plants or on 

Poor tanety soils Low intensification spontaneous flora (rice on long fallow) 
level •Growing of legumes, notably tubers on mulch or 

spontaneous flora 

Colluvial soils (upland) Ali intensification 
•Intensive cereal-based systems 

or sandy alluvial soils levels (maize + legume / rice rotation) 
•Extensive systems based on fodder crops 

•Intensive cereal-based systems 
(maize + legume / rice rotation) 

High intensification 
•Intensive rice systems with an off-season 

Upland alluvial soils 
level (rice/legume rotation or market gardening on 

mulch in the off-season) 
•Intensive systems with a one-year Stylosanthes 
fallow 

RMME with access Variable intensifica- •Intensive rice systems with an off-season 
to water in the off- tion level depending (rice/legume rotation or market gardening on 
season on risk mulch) 

RMME without access Variable intensifica- •Intensive rice systems without an off-season 
to water in the off- tion level depending •Systems with a one-year Stylosanthes fallow 
season on risk (being tested) 

p g q pp p g pny 
ronments 

In addition, these systems need to be well integrated within each type of farm, taking into 
account the means of production available, along with livestock activities. Each type of farm 
can thus benefit from customized advice. 
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5 Main Results 

5.1 Dissemination of the systems 
The distribution of the main cropping systems set in place in 2007/2008 on the east bank of 
Lake Alaotra is presented in table 2. 
Today, the so-called «perpetuated» areas, i.e. not abandoned alter the first year, amount 
to a round 51 % of the supervised areas, i.e. 302 ha (of which 29% in the second year of 
supervision, 16% in the third year of supervision and around 6% in the fourth year and 
beyond) . 

Type / Crop management procedure Area (ha) Number of plots 

Rice (all systems combined) 318 (59%) 1561 

Associated cereals 88 (16%) 457 

Tuber legumes 36 (7%) 174 

Associated cassava 33 (6%) 126 

Vine legume monoculture 18 (3%) 113 

Fodder plants 9 (2%) 50 

Erect legumes 6 (1%) 53 

Market gardening on mulch 0.5 (0 .1%) 9 

Other 12 (2%) 60 

DMC 
, 1-, 

520 ha (97%) 2603 

RMME - 18 ha (3%) 82 

Revegetation - : 176 

Of which 48 ha in year 2 and beyond 

and 20 ha in year 1 

TOTAL Reforestation 15Ha 

TOTAL Pastures improved 61 Pastures 

TOTAL Hedgerows installed 51 km . . - . . .. 

type 

5.2 Predominant influence of the dates on which OMC type crop management 
procedures are introduced 
The date of rainfed crop establishment is a decisive factor in a context of random ra infall 
(between 600 and 1500 mm/year) and with large variations in the length of the wet season 
(between 65 and 130 days) and decadal distribution. Particular attention is paid to the 
respect of deadlines fixed with the producers before the start of the campaign, particularly 
for cereal-based systems (rainfed rice and maize). Each year, the yield results are directly 
correlated to the establishment dates, notably for rainfed rice and maize. 

5.3 Yields 

5.3.1 Yiefds of the main cereaf-based systems 
The systems are compared with each other on the following basis: 
W: with tillage (the first year of direct sowing is in fact an intensified crop on tilled land making 
it possible to «enter into» direct sowing systems) 
OMC Year 1, 2, ... : actual direct sowing alter year O with tillage (direct sowing on mulch) 
A stratification common to ail the project operators is used: Score 1: O<Yield<l t/ha , 
Score 2 : l<Yield<2.5 t/ha, Score 3 : 2.5 <Yield< 4 t/ha, Score 4: Yield > 4 t/ha . 
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Graphl: Distribution by yield categories (maize, rainfed rice and RMME), 2008 

These results corne from y ield surveys undertaken in all the rice and maize plots, i.e . 1852 
plots with no distinction between toposequence levels (graph 4) . Of this set of surveyed plots 
(2857), 2157 were assessed, amounting to a unique frame of reference on Lake Alaotra but 
also for the whole of Madagascar. The results show satisfactory yields for the rainfed rice crop 
systems in particular, despite a very short wet season (from 60 to 75 days) . On RMME and 
baiboho, rice varieties of the SEBOTA type reach very good yield levels. For its part, rainfed 
rice also displays satisfactory yields, whilst maize shows more middling yields. 
These satisfactory agronomie results are backed up by early harvests sold at high prices . 
Table 3 shows the results depending on the toposequence and on how many years the plot has 
been under direct seeding. 
Yields can be locally very high, up to 7 t/ha in some «perpetuated» plots of rainfed rice 
and OMC maize, which amount to a technical optimum rarely achieved on average. These 
maximum yields are always achieved in direct seeding, notably due to a clear improvement in 
soi! qual ity and better fertilizer use. In terms of minimum yields, they are always lower with 
tillage than in DMC. These results reveal the impact that OMC can have on managing climate 
hazards through a buffer effect. In future, it will be interesting to check this strong and, above 
all , essential hypothesis for producers. 
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"=- 2007 - 2008 season DMC Plots: number of years ln DMC 

Main 1 crop Toposequence I Yleld/ Nb 
--i-----__J-~ ~'plots 

CV 
plots I l 2 3 4 5 

Total 

Tanety 1 98412 050 1 2 142 1 2 547 2 917 1 2 055 
Nb of Qlots 1 - Ï63 - ~ j - s-6 1 1f ' 1 - 289 

Yleld 

Maize I Bottom of slope I Yleld 12 247 1 2 211 1 444 2 098 ' 1 2 075 
Nb of !)lots 22 5 1 8 4 - ~ 

Balboho _ Yl~ld - 12 0~6 , ~ -481 1_ 2 322 L 3_488 1 1 7_23 !_ -- 1-2 247 
Nb of J)_lots 45 18 1 9 ? __ . 1 ! 75 

Mean ma Ize yleld L~ 031 1 2 157 ! 2 0811J 2 552 1 2 320 1 1 2 093 
Number of malze plots 1 230 1 80 l 73 J 18 l 2 1 1 403 

Tanety Yleld __! 94.?_ _ 1 778 [ 1 850 :_1.._6~?_! 4 032 1 
1 1 9~_7 

1 
Nb of plots 232 60 1 47 8 1 348 

B tt f 1 1 
Yleld 12 15611 817 j 2 402 ! 1 862 1 690 1 2 110 

0 om O 5 ope Nb of J)_lots · 71 - 19 î -u 1-2 - --1-- 104 
Rlce 

Balboho Yield j 2 422 1 2 423 1 2 399 1 2 625 2 455 i 3 550 1 2 434 
Nb of plots 513 210 89 45 19 2 878 

RMME 
Nb of J)_fots 

Yleld 1 2 737 1- 2 501_ I 2 601 J 2 457 _ , _ 1 2 608 
49 45 1 14 9 117 

Mean rlce yleld 2 291 1 2 283 / 2 257 1 2 582 2 533 1 2 930 1 2 303 
Number of rlce plots 865 I 334 1 161 1 64 20 1 3 I 1 447 

Table 3: Presentation of overall results depending on the main crop, toposequence level and 
cropping system, and the number of years in OMC (whatever the varieties and fertilization 
levels) 

On average, a large difference in production is found between the tanety and lowland areas; in 
fact, the chemical and water potential of the latter soils is greater and farmers adapt the level 
of intensification in their plots to the risk level, which is virtually nil on baiboho. Lastly, overall, 
a great difference is seen in results (considerable standard deviations) in all the systems, 
which is a consequence of the heterogeneity of crop management sequences (fertilization 
level, weeding, etc.). 
After an analysis of the detailed data, it can be noted that yields stagnated at identical levels in 
the systems disseminated in the first year on tilled land over the first three years of cropping. 
Then, yields rose substantially from the third year of direct seeding onwards (except on RMME; 
the results need to be meticulously analysed due to the great heterogeneity of situations). The 
direct seeding techniques therefore seem to show durable action over the medium term with a 
certain agronomie efficiency from the third year without tillage . Thus, the advantages of OMC 
systems are therefore not always to be sought in yields, at least in the early years of practice, 
but rather in better labour productivity (work day optimization) and a durable improvement 
in performance over time. It is thus noteworthy to see that production levels on tanety lands 
tend towards those in the lowlands after three or four years of direct-seeding. 

5.3.2 Yields of the other main systems 
The results for legume crops seem to confirm the durable action of OMC systems over the 
medium term with a certain agronomie efficiency from the second or third year of direct 
seeding. In fact, the technical-economic data need to be examined so as to study not only 
yields but also gross margins and labour productivity. 



5.4 Economie analysis 

The economic analysis is based on two simple and robust criteria: gross profit/ha per cropping 
system, and work day optimization, in order, in particular, to compare work profitability on 
the farm with the opportunity cost of working off-farm. Labour productivity is also used for 
comparisons from one year to the next, to overcome the high within-year and between-year 
variability of products. 

The calculations concerning these two criteria are done as follows: 
The gross margins with hired labour (total labour times are converted into intermediate 
consumptions at the price of local labour) enable us to compare crops and crop management 
sequences for their profitability. These indications are especially useful for large farms using 
mostly hired labour. 
WDO or Work Day Optimization, enables us to compare farmers' gains with the opportunity 
cost of hired labour and with other economic activities. These indications are more rather to 
the analysis of smallholder family agriculture (in this case, the costs of partial outside hired 
labour are included in the intermediate consumptions, which is rare in the case of the farmers 
supervised by BRL). 

In our evaluations, we considered the average yields and the average product sales prices at 
harvest time (on the local markets). 

5.4.lGross margin per hectare with hired labour 
This representation is of particular interest for large-scale farmers not taking part in farming 
operations and privileging the margin and the optimization of work times. 

The first conclusions show that the most lucrative systems are seasonal market gardening 
systems generating gross margins over MGA 1,500,000 per hectare. However, substantial 
labour availability and technical skills are needed for those adopting these crops, o~en grown 
on a few ares. Then corne the cassava-based systems but whose cycle is astride two seasons, 
hence resulting in lower land productivity (MGA 1,500,000 per hectare), then the cereal
based systems: maize (combined with an erect legume with limited growth MGA 1,000,000, 
with a vine food legume MGA 600,000 and a legume caver crop MGA 570,000) and rice 
(MGA 800,000). Lastly corne the tuber legume systems (groundnut MGA 600,000, Bambara 
groundnut MGA 450,000) and erect legumes (bean - soybean MGA 300,000). However, the 
bean-based systems offer the advantage of being short-cycle and thereby ensuring better land 
productivity in the very short term. 

5.4.2 Work Day Optimization 
The first conclusions show that the most lucrative systems are DMC rice systems for which 
the overall WDO values are between 7,000 and 10,000 MGA/day's work compared to an 
opportunity cost that varies from 2,500 to 3,000 MGA/day's work, followed by the maize-based 
DMC systems (from 8,000 to 16,000 MGA/day's work). Then corne the tuber legume systems, 
which are low risk and fairly lucrative (from 4,000 to 9,000 MGA/day's work), then bean. The 
marginal systems such as market gardening on mulch are delicate but highly lucrative. 

It is therefore logical to see that Lake Alaotra farmers faveur cereal crops, especially on 
high-potential soils. However, it is found that tuber legumes provide a good return on labour, 
even on poor soils. Beans make good use of the land but provide Jess return on labour. 
As for plot perpetuation, graph 2 shows a clear increase in labour productivity over the years 
of DMC practice. Take for example the rainfed rice-based systems (on upland zones) and 
associated maize. In the first year of direct seeding it is possible to see i) a drop in labour costs 
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particularly involving the suppression of tillage and reduction in hoeing time, and ii) a certain 
stagnating of yields (for the same level of fertilization), hence a strong increase in WDO . The 
same applies for the other cropping systems, as shown in table 4. 
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Graph 2: Yields, work times and WDO depending on how long the plot has been in DMC 
(cereal-based systems, 2007/2008 season) 



Plot OMC year 

Main crop Mean 
2007/2008 in MGA/ Direct W:Soil 

1 2 3 4 5 season ha See- tillage 
ding 

Cassava Mean WDO 23 802 17 483 23 706 23 995 

Population 9 33 6 3 

Rice Mean WDO 10 356 8 648 10 123 10 415 11 132 11 162 11 377 

Population 567 851 327 155 63 19 3 

Maize Mean WDO 10 188 7 757 9 739 10 245 11 545 13 571 

Population 172 225 79 73 18 2 

Groundnut Mean WDO 9 152 7 583 8 913 9 438 9 779 9 535 

Population 45 46 26 16 2 1 

Bambara 
Mean WDO 7 800 6 834 7 812 7 788 

groundnut 

Population 10 51 5 5 

Bean Mean WDO 7 464 5 034 7 387 7 429 7 762 

Population 13 27 5 6 2 

Cowpea Mean WDO 3 740 3 471 3 480 4 493 3 263 

Popui_ëltio~ 17 58 9 5 3 
- - - - - ---Table 4: WDO per cropping system and per year of DMC practice for the 2007 /2008 season 

To sum up, it can be seen that: 
Work times decrease in the first year without tillage then increase aga in (labour intensification), 
then drop substantially from the fourth year of direct seeding onwards. 
Yields stagnate in the early years then increase clearly from the third year of direct seeding 
onwards. 
Consequently, the WDO increases throughout the plot perpetuation process in direct seeding. 
This information therefore enables us today to provide the supervised producers with better 
ad vice: 
• On uplands, cereal crops and notably rice, should, were possible, be avoided in the early 

years of direct seeding, to the benefit of less demanding and lower risk crops, such as 
tuber (low risk AND good gross margins and work day optimization), 

• Heavy fertilization is not recommended in the early years of direct seeding, so as to limit 
weed invasion in the plot but also financial risks induced by climate variations. 

• However, from the third year of direct seeding onwards, the crop management sequences 
can be more intensive due to i) the depressive effect of mulches on weeds, ii) a reduced 
climate risk due to the buffer effect of the mulch and accumulated organic matter, iii) 
a much lower financial risk. Consequently, fertilization levels should be increased and 
labour can be intensified. In addition, work time savings should make it possible for each 
household to cultivate larger areas. 

Let us now concentrate on the WDO analysis depending on the number of years the plots have 
been in DMC and their position in the toposequence based on the following typology: uplands 
(tanety), colluvial soils at the bottom of slopes, emerged alluvial soils (baiboho), and rice fields 
with poor water management (RMME). 
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It is found that Work Day Optimization is always greater in the lowlands than the uplands. 
This difference can be explained by the positive water resource gradient throughout the 
toposequence. Likewise, there is a substantial fertility gradient, with the finest elements being 
dragged from the uplands and redeposited in the much more fertile lowlands. These lowlands 
are tokens of security and can approach the risk levels found in irrigated zones. Despite 
that, year after year, the WDO of DMC systems on uplands tends to approach that of the 
lowlands, proving yet again the merits of direct seeding over the medium and long terms. It 
should be noted that baiboho soils can be used to grow maize and offer excellent Work Day 
Optimization. 

Toposequen- Plot DS year 
ce w 1 2 3 

Tanety 7 383 9 121 10 217 10 206 

Maize 
Bottom of 

8 528 11 691 8 730 13 526 
slope 

Baiboho 8 819 11 120 11 765 15 620 

Mean WDO for maize 7 757 9 739 10 245 11 545 

Number of plots 225 79 73 18 
Table 5: WDO results formaize for 2007 /2008 depenâing on the position in the toposequence 
and the number of years the plot has spent in direct seeding 

Toposequence Plot DS year 

w 1 2 3 4 

Rice Tanety 7 444 7 619 8 923 11 659 

Bottom of slope 8 527 6 832 9 893 10 420 

Baiboho 8 978 11 095 10 839 11 049 10 559 

RMME 11 169 10 160 12 904 11 228 

Mean WDO for rice 8 648 10 123 10 415 11132 11162 

Number of plots 851 327 155 63 19 
Table 6: WDO results for rice for 2007 /2008 depending on the position in the toposequence 
and the number of years the plot has spent in direct seeding 

Intensification of the lowland zones therefore appears as a priority in the allocation of production 
factors, notably financial. Conversely, it seems preferable to develop tanety areas much more 
extensively. It w ill be appropriate only to intensify crops on tanety after several years of direct 
seeding (at least 3), by which time the risk level is much lower. 
Risk is a central element in managing production factors for most of the local farmers. 
Intensification is limited by climate risk, which is substantial around the lake, and economic risk, 
created by high price volatility between and within years (Houssein S., 2007; Rakotondrazafy 
H., 2007; Ramambasoa T., 2007). These two factors induce a real risk for taking out credit 
(Oustry M., 2007). However, various types of credit (individual, collective with co-surety, etc) 
are available but with very middling results. 
These risks are true brakes on intensification. Farmers favour extensive or low-intensity 
systems on the most degraded soils in the first 3 or 4 years of DMC. It seems that the demand 
for intensification occurs after the fourth year of direct seeding when, once the innovation 
is established (and direct seeding constitutes in that respect a true change in paradigm), 
confidence is established and the results are decisive, the farmer wishes to move on to a true 
increase in productivity through an intensification of chemical fertilizers and labour. However, 



the overall priority remains a strong demand for organic fertilization. The development of 
veritable manure and compost sheds satisfies that strong demand, strengthening the need for 
true agriculture-livestock integration. 

6 Analysis of abandonment rates 

As each year, some farmers have opted not to continue practising agro-ecology. Thus, for 2007-
2008, 26.4% of farmers abandoned OMC in one or more plots and 28% of the supervised areas 
were not perpetuated. In 2006-2007, the results showed that 39% of farmers had abandoned 
OMC in one or more plots and 31 % of the supervised areas had not been perpetuated, indicating 
a certain tendency towards stabilization of the pool of supervised farmers. 
Three types of main reason seem to explain these failures : i) reasons linked to adaptation of 
the techniques (36% abandonment) such as not respecting the crop management sequence 
(24%) or overlapping of work times (12%), notably in zones predominated by irrigated rice 
fields such as in the southeastern valleys; ii) economic reasons (32% abandonment) such as 
lack of cash-flow (30%) along with the repayment of campaign credits during the off-season 
(around 2%) and iii) land tenure reasons in 13% of cases . 

Reasons fo r abandoning OMC 
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Graph 3: Reasons for abandoning non-perpetuated areas (in hectares) 
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The areas abandoned for technical reasons have substantially decreased and, in 2008, reached 
the level of areas abandoned for financial reasons, with a strong increase in the price of inputs 
and labour. In terms of land tenure, there seems to have been the encouraging beginnings 
of stabilization. The recent establishment of land tenure offices has probably had something 
to do with that phenomenon. Lastly, today credit seems to be well understood and taken on 
board by the farmers, with only 2% of the areas abandoned by farmers having been so for 
credit repayment reasons. Lastly, it should be noted that, due to the short wet season and 
violent climatic episodes, the areas abandoned due to overlapping work times (12%) and 
climatic incidents (5%) considerably increased over the 2007-2008 season. 
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It should be noted that the technique of analysing abandonments by the cohorts method was 
developed by Vakinankaratra in 2007 (Randrianarison N.) and is due to be extended to Lake 
Alaotra in 2009. 

7 Growing interest of farmers in these locally adapted techniques 

In 2007-2008, the total areas supervised increased substantially, notably in the zone north 
of the lake. The dissemination trend in that zone is remarkable ( +26% in area and + 12% in 
adopting farmers). In fact, the farming systems in the zone are totally dependent upon the 
sustainable development of uplands with relatively fertile soils as the vast majority of those 
farmers do not possess irrigated rice fields. As regards the zones located near irrigated areas 
(valleys in the Southwest), after showing disappointing results in 2005-2006, they exhibited 
a very positive outcome for 2007-2008 with twice as many areas and a strong increase in the 
number of supervised adopting farmers ( +60%), which is mainly due to better matching of 
rainfed-irrigated cycles and some very persuasive demonstrations on baiboho. 
In 2007-2008, the total number of supervised areas increased substantially, by more than 40% 
compared to 2006-2007. The number of adopting farmers also rose substantially by more than 
22%. The technical-economic results obtained showed a growing interest of farmers in the DMC 
systems on tanety and in RMME zones, which are highly dependent upon increasingly random 
rainfall making agricultural activities particularly risky, but also in highly suitable zones, such 
as the baiboho zones. Only farmers who made serious mistakes in applying the recommended 
crop management sequences did not make a return on their investment. Non-respected sowing 
dates particularly had a very strong impact on the production levels achieved, especially as the 
cropping season was very short. 

This progress highlights the need to propose cropping systems adapted to farmers' objectives 
depending on the degree of risk they judge acceptable. For instance, crops intended for animal 
feed (cover crops such as M. pruriens, E .coracana, improved fallow based on 5. guianensis or 
Brachiaria sp.) which help to increase farm incarne and optimize animal production and which 
are very good previous covers in DMC systems, are increasingly favoured by local producers, 
confirming the merits of an approach with agriculture-livestock integration. 

The technical results for the 2007-2008 season show a generally positive trend despite the 
considerable constraints specific to this season: i) unlike last year, the ove ra li rainfall was 
normal but geographically poorly distributed (from 615 mm in the North to 1065 mm in the 
valleys of the Southeast). Moreover, the wet season was concentrated in two to three months 
(thus, some zones had to cope with periods of drought, but also flooding and exceptional 
damage such as hail or cyclones); ii) the late release of credit taken out by the farmers with 
the BOA, which had a negative impact on yields (late inputs, late hoeing, etc.). 
In agronomie terms, the technical grasp of the farmers is improving year after year, as proved 
by the results obtained during this season, revealing substantial innovation capacity. 

The «maize + legumes / rainfed rice» cropping systems cover a large proportion of the areas 
developed in DMC. Indeed, the incarne derived from them is substantial, right from the first 
year of development, and rice remains a priority for many farmers. Likewise, the low input 
systems based on S. guianensis offer fine prospects for development. In the lowlands there 
is a strong advance of out-of-season vetch-based cropping systems, in monocultures or 
combined with market garden crops. These systems, developed between farmers and BRL 
technicians, show the farmers' great capacity for adaptation and development, in collaboration 
with dissemination staff. The same applies for the cassava + Vigna radiata + Stylosanthes 
guianensis systems currently being developed. 
Conversely, some systems are having trouble developing in the smallholder environment: 
direct sowing on Cynodon dactylon spontaneous flora due to insufficient biomass (dry season 



pastures), seasonal market gardening on Brachiaria ruz1Z1ensis, which the farmers refuse 
to kill due to lack of fodder, maize on live mulch preventing the introduction of rice into the 
system, etc. Lastly, it is interesting to see that tillage has become a last resort if the cover is 
not successful (invasion by weeds, especially grasses) or alter a cropping incident (fire in the 
cover crop, flooding, sanding up, etc.). 
Diversification of the systems is therefore necessary, but it must be rational for better risk 
management ( climatic, phytosanitary, economic, etc.) with better integration of agriculture 
and livestock activities (systems based on fodder plants such as Brachiaria or Stylosanthes). 
For instance, systems based on Stylosanthes, combined notably with maize and cassava are 
beginning to develop slowly but surely, corresponding to a strategy of redeveloping highly 
degraded lands with extensive systems with improved fallow (without production) and 
appropriate rotations (cereals/legumes). The references acquired by the project in the Lake 
Alaotra region in the last 5 years by way of complete and utilized databases provide an 
understanding of the dynamics under way and the innovation process. 

Overall conclusion 

A differentiated analysis of the margins achieved depending on the cropping systems used 
(varieties, fertilizer rates applied, number of years the plot has spent in DMC and level in the 
toposequence) provided us with information enabling us to improve dissemination quality for 
the different technical and organizational aspects (including credit). 

The results presented here confirm a significant change in the income derived from 
«perpetuated» plots. The farm approach makes it possible to understand farmer strategies 
and what determines the allocation of production factors, so as to propose a range of crop 
management sequences adapted to each situation (financial, land tenure, social and human, 
existence of livestock activities, or off-farm activities), as indicated in table 7 . This work 
should lead to the elaboration of precise technical-economic frames of reference for farmers 
and funding organizations (BOA, OTIV, etc .) . Alongside these technical actions, a more global 
geographical approach in the project zones has been developed in order to take into account 
the «watershed» dimension of the project and the interaction between toposequences. Thus, 
land development plans have been drawn up in a few villages for the efficient organization of 
rural and agricultural land use planning. 
Development of these OMC type systems cannot be integrated without taking into account 
services to agriculture, a need induced by the true change in paradigm that the adoption of 
DMC brings about: preserving quality technical information, promoting manure and compost 
shed techniques to limit the use of chemical fertilizers that have become too scarce and 
too expensive, maintaining a level of social cohesion in the groups for access to credit with 
co-surety (limited intime), product marketing and market information, etc. 

Lastly, agriculture-livestock integration remains a priority for ensuring the transfer of fertility, 
guaranteeing outlets for the use of certain cereals (maize), diversifying income and enabling 
a balanced development of land and of practices between zones devoted to agriculture and 
forestry, pastures and protection/conservation. 
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Cropping sys- Origin Advantages sought Constraints Dissemi- Future 
tem nation pros-

rate pects 

Rice/vetch + TAFA then far- Highly lucrative sys- Roaming animais +++ +++ 
bean/rice/etc . mers + techni- tems that are easy to 

cians set up 

Systems on TAFA then far- Extensive but highly Need for a year +++ +++ 
Stylosanthes mers + techni- lucrative systems of fallow for an 
guianensis cians Fodder production optimum result 

Maize + legu- TAFA Highly lucrative inten- Good quality soils +++ +++ 
mes/ rice sive systems Labour and input 

intensive 
Fairly high risk 
level 

Maize+ le- TAFA + far- If the farmer's re- A cover crop has ++ ++ 
gumes/ tuber mers sources are limited, to be established 
legumes enables tuber legume with the tuber le-

cultivation without gume, at the risk 
any great investment of not generating 

biomass 

Systems on TAFA Extensive and lucra- Herbicide use + ++ 
Cynodon dac- tive systems Lack of available 
tylon biomass 

Systems on TAFA Extensive and lucra- Herbicide use - ++ 
living mulch tive systems Little room to 

Mainly for livestock grow rice 
breeders 

Complex sys- TAFA Highly productive in Too difficult to - -
tems products and biomass implement -Table 7: Future prospects for OMC systems around Lake Alaotra 
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1.7 HOW TO PRODUCE MORE BIOMASS FOR DIRECT SEEDING MULCHED 
BASED CROPPING SYSTEM IN SUB-SAHARIAN AFRICA ? 
EXAMPLE IN NORTH CAMEROON 
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Abstract 

In North Cameroon, from 2001 to 2006, more than 250 farmers tried direct seeding mulch
based cropping systems (OMC) in their fields. OMC systems were based on farmer traditional 
rotation i.e. cereal//cotton. Farmers compared on their own field cereals (maize, sorghum, 
millet) cultivated with conventional techniques and the same cereal conducted with OMC tech
niques i.e. : i) intercropped with a caver crop (Mucuna pruriens, Brachiaria ruziziensis, Cro
talaria retusa, Vigna unguiculata, Dolichos /ab/ab), ii) sowed without ploughing from the first 
or the second year of experimentation. Associations were made for the following objectives: 
i) produce aboveground biomass to produce mulch for the following crop (mainly cotton), ii) 
improve the soil's physical and chemical quality through the contribution of associated plants, 
iii) produce forage, iv) help to control weed, v) protect the soil surface against erosion and 
rain impacts, vi) produce grains for human or animais consumption. Each of the 5 caver crops 
used are different regarding their fulfilments of above objectives and their adaptation to North 
Cameroon local agro-climatic conditions (rainfall from 700 to 1200 mm). Thus, Brachiaria 
ruziziensis produces aboveground biomass in quantity ( 4-5 T of dry matter/ha even when as
sociated with cereal) and quality (persisting of the mulch for over one year after production). 
Further, it seems to be very efficient in controlling Striga hermonthica and it is a good forage. 
However, it can impoverish the soil if its biomass is exported several times without any ferti
liser or manure input. Crotalaria retusa is a nitrogen fixing legume and thus can improve soil 
fertility. Furthermore, this plant is non edible for cattle, which is an advantage for farmers who 
cannot protect their field from grazing during the dry season. C. retusa is also very efficient 
to fight against other weeds. Six years of experimentation with farmers permits us to produce 
practical recommendations for intercropping of cereals with caver crops: sowing date, crop 
type, tolerance to herbicides, limitation of competition with cereals, etc. This experimentation 
has also allowed us to see what is the behaviour of the 5 caver crops in farmer's conditions. 

Key-words: on-farm trial, no ti/1, mu/ch, conservation agriculture, brachiaria, crotalaria, OMC 



Introduction 

Geographical context 

Figure 1 : North and Far-north Cameroon. Blue: cotton 
culture area in 2001 

The North and the Far-north provinces of Cameroon are very heterogeneous regarding rainfall 
(600 to 1400 mm) (Figure 1), relief (vast plains and steep mountains) and population den
sity (200 inhab./km2 in the mountains to 20 inhab./km2 in the North). Main crops are millet, 
rainfed sorghum, transplanted sorghum, cotton, cowpea and rice. Major crop rotations are 
cotton//cereal or cotton//groundnut//cereals. Fallows are scarce. Livestock raising is based 
on transhumance except in the more densely populated areas (mountains and east of the Far 
North province). The average farm size is from 2 to 3 ha. 

Institutional context 
Cameroon a pilot country 
North Cameroon is part of 5 pilot countries (Laos, Madagascar, Tunisia, and Mali) where CI
RAD is trying to adapt and transfer direct seeding mulch-based cropping systems (OMC) with 
the assistance of French aid: AFD (Agence française de Développement), FFEM (Fond français 
pour l'Environnement Mondial), MAE (Ministère des Affaires Etrangères). The first trials started 
in 2000 and the actual project began in 2001. 
OMC trials were implemented by the fertility branch of DPGT (Développement Paysanal et 
Gestion de Terroir) project from Sodecoton. From 1994 to 2001 the DPGT fertility branch had 
established 150 000 ha with anti-erosive measures (grass and stone lines, trees protection). 
In 2002, at the end of DPGT project, ESA project (Eau, Sol, Arbre) was set with the objective 
to extend the DPGT's soil fertility and water harvesting activities on a large scale, including 
OMC implementation. 
Sodecoton the major rural development actor in the area 
Sodecoton (in 2005): 
+ has 1 700 agents to assist 380 000 farmers divided into 1 800 farmers' association 
+ organises the production of over 200 000 ha of cotton 
+ provides loan for fertiliser, herbicides, and insecticides to every single village 
+ fixed the cotton price before the beginning of the growing season 
+ purchased ail the cotton harvest, even in most remote area 
+ insures the commercialization of cotton fibre in the international market 

Agrarian context 
The conventional farming system 
Main farming systems are based on: 
+ A rotation of cotton//maize//groundnut in the North and rotation of cotton//sorghum in the 
Far-north. 
+ The use of ploughing for crops sown after 20th May (cotton, maize mainly). Crops like sor
ghum and groundnut are usually sowed before, without any ploughing. 
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+ The use of fertilisers (NPK and urea) on cotton and maize. 
+ The exportation of the major part of cereal stalks by animais (without any contract on ma
nure), the burning of the cotton stems and the remaining stalks not consumed by the animais. 
This system is of no contribution in term of soil organic matter. 

The /ivestock situation in northern Cameroon 
The traditional Mbororo cattle raising system is an extensive farming method that utilizes 
transhumance and necessitates large surfaces for pastoralism. Besides farmers also rear ani
mais on a small scale and these serve two purposes: draught and in corne (the family hardly 
benefits from milking). However, the integration of farming and animal husbandry is very 
poor and the production of fodder is practically inexistent. The use of organic manure is not 
common, often due to the lack of transportation means. Shortly alter the harvest, cattle from 
the various types of husbandry system are allowed to feed on the crop residues, weeds and 
sorghum regrowth; this is the common land right. This traditional right is not olten associated 
to a manure contractas it is the case in other region of Africa south of Sahara. 

DMC: Direct seeding mulch-based cropping system 
FAO define Conservation Agriculture (CA) on the basis of three principles: 
+ Continuous minimum mechanical soil disturbance. 
+ Permanent organic soil cover. 
+ Diversified crop rotations in the case of annual crops or plant associations in case of peren
nial crops. 
The definition of Derpsch (2007) is similar. 
Thus OMC "Direct-seeding Mulch-based Cropping system" can be seen as synonymous with 
CA. However, we will use OMC because it is a less ambiguous than CA. Although CA has been 
correctly defined, it is still often used to refer to cropping systems without permanent cover 
and/or without adapted crop rotations Saudron (2005), Ribeiro (2005), or with topsoil dis
turbance Ambiguity is greater with terms such as "conservation tillage" or "minimum tillage" 
which do not imply the use of crop rotation or cover crop and can imply "tillage" at least within 
the row and sometimes up to 100 % of the soil surface. Table I summarizes the main terms 
used in the domain of conservation agriculture. 

Table I: Definition of main terms used to define conservation agriculture practices regar
ding soil cover and soil disturbance. Adapted from WASWC (2007), FEBRAPDP (2003), ACT 
(2005) 

Tillage Minimum tillage Direct seeding 

Bare soil 

Crops residues 

Caver crop during inter
crop period 

Association of main 
crop with caver crop 

CA: conservation agriculture 
CT: conservation tillage 

MT 

CA 

OMC: direct-seeding mulch-based cropping system 
DS: direct seeding 

DS / NT / ZT / CT 

DMC 

NT: no till or no tillage 
MT: minimum tillage or mulch tillage 
ZT: zero till or zero tillage 



Recent research has described biophysical effects of OMC techniques, for example on the wa
ter balance (Scopel et al., 2004); C sequestration (Bernoux et al., 2006, Metay et al., 2007, 
Reicosky 2007); soil biology, (Blanchard et al., 2007, Brévault et al., 2007, Reeleder et al., 
2006). Few articles deal with CA techniques dissemination and adoption (Lai 2007, Ereinstein 
2003) . 
Since the 90's CIRAO has been involved in the transfer of OMC knowledge acquired first in 
Brazil and then applied ta other tropical developing countries (Séguy et al., 2006). Coun
tries concerned are Madagascar, Laos, Vietnam, Cambodia, Cameroon and Mali. Madagascar 
was the first country where this work ta extend knowledge from Brazil started (Séguy et al., 
2003). 

In these systems, the soil is never tilled but permanently kept covered by dead or living 
mulch. The mulch cornes from plants that are used as «biological pumps» in intercropping or 
relay-cropping systems. These plants have strong and deep root systems and can thus recycle 
nutrients from deep horizons for subsequent use by the main crop. They also have a high and 
fast biomass production and are able ta grow in adverse conditions, for instance during the dry 
season, on compacted soil or under high weed pressure. 

There are three main ways of implementing OMC (Séguy et al., 1998): 
+ Importing mulch from surrounding areas. These systems are very simple but are la
bour intensive and improvement of soil structure and nutrient recycling are limited. 
+ Producing the mulch in the field, using natural vegetation, crop residues or a caver crop. 
This requires limited technical skills and labour but the caver crop can compete, intime or in 
space, with the main crop . 
+ Using a cover crop kept alive in association with the main crop. This system is the most 
efficient but it requires high technical skills and is hardly feasible in semi-arid conditions . 
Systems with imported mulch are usually tried first by farmers. Although their performances 
are limited, farmers can discover the advantages of mulch regarding weeds contrai, water 
retention, erosion contrai, etc. However, for semi-arid conditions, systems based on mulch 
production in the field can be recommended. 

Ta produce an important biomass four main options can be proposed in north Cameroon: 
+ Reclaiming fallow land, using natural vegetation (e.g. Andropogon sp.) as mulch. 
+ Improving the fallow lands with cultivating, for at least one year, perennial legumes (e.g. 
Stylosanthes sp. or Crotalaria sp.) or grasses (e.g. Brachiaria sp.) which produce an important 
biomass and can rapidly improve degraded soils. These systems however are adapted only 
where population density is low enough ta allow fallow periods. 
+ Produce biomass at the beginning of the rainy season just before plantation of the 
main crop. This kind of system can be carried out for cotton in areas with 6 ta 7 seven months 
of rain. For culture such as cowpea, this system is feasible in areas with a 5 months long rainy 
season. 
+ Associating, at least one in two years, a cover crop to the main crop in order ta produce 
a sufficient amount of crop residues for the next season. The caver crop grown in association 
is chosen according ta the main crop (usually, association cereal + legume), its main raie 
(soil structure improvement, N -fixation, etc.) and the possible uses for human and/or animal 
consumption. 

Ali these ways are tried in north Cameroon but this paper will only focus on the last option: 
associating a caver crop with a cereal. 
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Experimentation design 

The results shown below are those obtained from experiments in farmers' fields . These expe
riments are included in a larger framework aiming to test and extend OMC in northern Came
roon. 
The first experiment in farmers' fields started in 2001 with 17 farmers. In 2004 about 150 far
mers were experimenting OMC (figure 2). They were spread ail over the cotton growing area 
of the North and Far-North province of Cameroon. 
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Figure 2 : number of farmers trying OMC in their fields 

The fields cultivated by the farmers are neither multi-local trials (repetition of a fixed protocol 
in different localisation) nor extension. The objectives for these fields are: 
+ Observe the feasibility of OMC by the farmers using their own means. 
+ Collect farmer opinion on possible improvements to our technical recommendations . o 
grain yield 

o biomass production 
o economic results 
o labour organisation 
o various indicators :weed, soil characteristics 

+ Train farmers and technicians on OMC in almost 50 villages in the North and the Far-North 
of Cameroon. 
How do the fields look like? 
The arrangement of fields varies, generally they measure 2 500m2 and are divided: 
+ either into 2: one part as a contrai plot (cereal alone) and another part OMC plot (cereal 
associated to a cover crop) 
+ either into 4 : 2 parts as a contrai plot and 2 parts as DMC plot, each comprising two diffe
rent cover crop (figure 3) 
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What is the contract with the experimenting farmers? 
The farmer who agrees to carry out field experiments receives from the project: 
+ Caver crop seeds . 
+ Advice on how to run the field, and regular visits by the technician (at least twice a 
month). 
+ The chemicals for seed treatment, if they were not able to get them from the Sodecoton 
store. 
+ A compensation in kind (bag of cereal) in case the yield is lower on the DMC plot because of 
inadequate advice by the project technician. 
+ A subsidy to install a live fence by seedling or plantation if he wishes. 
The entire work is done by the farmer himself, member of his family or labourers employed 
and paid by the farmer. Once a farmer starts the experiment, he will be assisted for as long 
as he wishes. This is how some have been assisted since 2001. The selection of farmers was 
done at the beginning through a network of farmers that are involved in other ESA project 
activities or through the local representatives of Sodecoton. Therefore, once the collaboration 
starts with 1 or 2 farmers in a village, the rest of the villagers can request to try on their own 
the DMC in their farm. In practice, the information network of Sodecoton being dense, the 
farmer requests overflow. We have limited the number of farmers in order to promote quality 
rather than quantity. In 2004 the 200 farmers spread over 50 villages, were assisted by 4 
technicians and 2 engineers. At this stage of the implementation it is more important to have a 
reasonable number of fields with a very good follow-up, than having a large numbers of fields 
with farmers poorly advised. 
During the first intervention year in a village we try as much as we can to encourage volun
teers to visit our experimental sites. During that visit, the farmers that still show interest in 
DMC trials can select the type of caver crop they would prefer to associate with their cereal. In 
general, we recommend that du ring the first year, each farmer should try at least two different 
types of caver crop; within a village ail the farmers should not choose the same type of plants. 
The objective here is to enable farmers of each village to select the suitable plant by observing 
neighbouring field. From the second year of collaboration with the project, the farmer selects 
the plants of his choice (according to available seed resources) and suitable rotation. 

What is the interest of this process? 
+ Demonstration of interest in practicing DMC under real conditions by the farmers. 
+ Feed-back information by the farmers on practicability and interest of proposed systems. 
+ Test of the proposed system under multiple human and physical conditions. 
+ Demonstration of DMC in almost 50 villages in the North and Far-North of Cameroon. 

What are the limits of this process? 
+ Expensive follow-up (villages are too scattered and accessibility sometimes difficult). 
+ Risk of counterexample if technical recommendations are not followed carefully. 
+ It is sometimes difficult to extrapolate from the obtained results, because several parame
ters vary from one field to another (soil, rainfall, sowing date, species, and weed contrai). 
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Figure 4 and Figure 5 : Farmers' fields, two years rotation in Mambang village, sorghum 
in 2003 and cotton in 2004. Right plot, OMC: sorghum + Brachiaria ruziziensis in 2003 and 
cotton under dead mulch in 2004. Left plot, contrai: sorghum direct sowing (without cover) in 
2003, cotton after ploughing in 2004. Notice in 2003 the absence of Striga hermonthica when 
the sorghum is grown with Brachiaria ruziziensis and in 2004 the better growing of cotton on 
OMC than on contrai plot. 



Results 

Table II: main plants associated to cereals with advantages, disadvantage, and manage
ment 

Figure 6 : Crotalaria retusa 

Seeds easily available. lm
provement of soil structure 
and fertility. Allelopathic 
effect on weeds. Adapted to 
several environment. 
Not eaten by cattle: doesn't 
need protection in dry 
season. 

No forage production. 
Seeds need hot water treat
ment for better germination. 

1 or 2 rows of crotalaria between 2 rows of cereals 
(0.8 * 0.25 m) sowing shifted by 1 month 

Figure 7 : Brachiaria ruziziensis 

Good hay production (quality Competition with cereal 
and quantity fodder produc- Can export a lot of nutrient if 
tion) totally grazed 
Competition with weeds Sometimes difficult to grow 
(striga) Improvement of soil Poor seed production 
structure. Adapted to seve- Needs protection against 
rai environment. Leaves are grazing during dry season 
resistant to termites even 
when dead. 

1 row of brachiaria in between 2 rows of cereals (0.8*0 .25 
m) sowing shifted from 1 week to 10 days 

Figure 8 : Mucuna pruriens 

High seed production 
Good forage 
Seeds consumable by hu
mans and animais (if trea
ted) 
Improvement of soil fertility 

Obstruction between cereal 
rows 
Less adapted to poor and 
stony soils 
Poor biomass residues for 
mulching 
Needs protection against 
grazing during dry season 

1 row of mucuna in between 2 rows of cereals (0.8 * 0 .8 m) 
sowing when cereal at knee level 

Figure 9 : Vigna unguicu/ata 

Seeds consumable Needs insecticide treatment 
Good fodder for seed production 
Improvement of soil fertility Labile biomass 
Adapted to several environ- Needs protection against 
ment grazing during dry season 

1 row of Cowpea in between rows of cereals (0.8 * 0.5 m), 
sowing when cereal at knee level 
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Figure 10 : Dolichos !ab/ab 

Seeds consumable by hu
mans and animais 

Obstruction between cereal 
rows 

Long cycle, deep rooting 
Improvement of soil fertility 

Poor biomass residues for 
mulching, 
Poor seed production 
Needs protection against 
grazing during dry season 

1 row of Dolichos in between 2 rows of cereals (0.8* 0.8m), 
sowing when cereal at knee level 

Agronomies results 
Aboveground biomass 
The main objective of associating cover crops to cereals is for the production of aboveground 
biomass that will serve as mulch the year after. Figures 11 and 12 show the quantity of dry 
biomass obtained in farmers' fields, with maize or sorghum associated with brachiaria or cro
talaria. 
Maize is mostly cultivated in the North province, where rainfall range from 900 to 1 110mm. 
Under these conditions, brachiaria and crotalaria produce biomass easily, they produce as 
much as the maize. Addition of a cover crop to cereals allows the doubling of aboveground 
biomass production of the field in comparison to cereal alone. 
Sorghum is mostly cultivated in the Far-North province where there is less rainfall, between 
700 to 900mm. Even under these conditions the brachiaria biomass remains quite equal than 
in North province, regardless to the rainfall constraint. However, the one of crotalaria drops to 
less than 1 t/ha, due to fast sorghum development and limited rainfall season length. Under 
such conditions the growth of crotalaria is not satisfactory. In order to resolve this problem we 
now recommend to sow two rows of crotalaria in between sorghum rows, instead of one . 
Besides of the biomass quantity it is also important to look at the quality. Maize straw disap
pears very fast from the soil surface while sorghum straw can resist longer. Therefore in the 
north province, sorghum straw produced in 2002 is still present on the soil in 2005 even after 
3 dry and 2 rainy seasons (Figure 13). This biomass persistence is interesting for soil caver 
quality and length. However sorghum residues with high C/N ratio can be responsible of nitro
gen deficiency of the next crop. 
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Figure 11 : biomass (Kg of dry matter/ha) 
produced by maize, crotalaria and brachia
ria. 
North, 2003/04/05/06, control DMC bra
chiaria: 17 plots, DMC Brachiaria: 15 plots, 
contrai DMC crotalaria: 35 plots, DMC crota
laria: 32 plots. 

· ~...., O BrK!io,.. 

i J~ 

j '"" 
f :: 
Il~ 

DMC ·~•bt..,,.,. c.,..,o1.,...giu--. : OMC : 1onjl'u'rl-O<ll!Olar• Cortn>l_....,.•c,,:,1.a .. ,,.• -;-·- ~--
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produced by sorghum, crotalaria and Bra
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Figure 13 : April 2005, straw from cereals cultivated in 2002. Left: maize. Right: sorghum. 
Notice the remainder of sorghum straws even after 3 dry and 2 rainy seasons. 

If cereal cover crop association can improve biomass production, it is important to avoid cereal 
grain yield depletion . Table III and IV show yield of maize alone, intercropped with brachiaria 
or with crotalaria. None of the difference between maize grown alone or grown with brachairia 
or crotalaria are statistically significant with a Tukey test at 95 %. However brachiaria seems 
to have an negative influence on the maize yield in the North, The combination of brachiaria 
to maize need good management skills, but those who know how to go about it can practice 
it without any effect on the maize. Crotalaria does not seem to compete with maize. Sorghum 
is less sensitive than maize to the competition with brachiaria. 

Table III: yields of maize alone or associated with brachiaria and crotalaria, North province, 
years 2003/04/05/06 

Average n SO 

OMC brach iaria OMC : Maize + brachiaria 2 197 33 1190 

Contrai : Maize alone 2 434 41 1 396 

OMC crotalaria OMC : Maize + crotalaria 2 026 32 946 

Contrai : Maize alone 2 106 28 924 

Table IV : yields of sorghum alone or associated with brachiaria and crotalaria, Far North 
province, years 2003/04/05/06 

Average n SO 

OMC : Sorghum + brachiaria 1 352 79 802 
OMC brachiaria 

Contrai : Sorghum alone 1 443 74 1 037 

OMC crotalaria 
OMC : Sorghum + crotalaria 895 21 533 

Control : Sorghum alone 874 16 503 

For 22 fields of the 29, sorghum yield is equivalent or better when cultivated in association to 
brachiaria than when it is alone. This is surely due to the effect of soil surface improvement 
than a synergie effect of brachiaria on sorghum. Figure 14 shows sorghum yield according to 
the amount of residues present on the soil during the sowing of the cereals. These residues 
are coming from cereals from the 2 previous years, from weeds and at times stems of the last 
year's cotton. These residues are present only in small quantity, less than 3 t/ha, but can have 
a significant impact on water management (Scopel et al., 1999). 
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In this study, we have not directly quantified, the positive effect of residues on water infiltra
tion and evaporation, but we know that it mostly determine the yield in the Far- North province 
of Cameroon (Soutou et al., 2005). Generally the yields of cereals positively match the quan
tity of mulch present on the soil during sowing. 
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Weed cover on DMC and control plots has been recorded every 10 days from sowing to har
vest. It is estimated on a visual scale varying from O to 9. Either on maize or sorghum fields, 
control plots often have more weed coverage than DMC plots (figure 15 and 16). On the other 
hand, the evolution of the weed is different on maize fields situated in the North, due to higher 
rainfall, than the sorghum fie lds situated in the Far-North. 
On maize fields (figure 15), weeds begin to grow at the end of the maize cycle when maize 
leaves dehiscence begins and due to the last rains month of the season. In case of inter-rows 
not being occupied by a cover crop, weeds can grow easily and produce seeds, increasing the 
infestation potential for the following years. On DMC plots though cover crop occupies this 
space and prevents weeds from growing. On sorghum fields, weed invasion was not noticed at 
the end of cropping season since rains stop early in the Far-North province, and leave dehis
cence is reached later than it is for maize . 
In the Far-North brachiaria seems to be very effective in avoiding Striga hermonthica deve
lopment (Figure 4). It is perhaps due to the shade provided by brachiaria which reduces soil 
surface temperature and avoids striga germination. 
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Figure 15 : weed infestation in maize field: Figure 16 : weed infestation in sorghum 
control and DMC plot. Weed rank : 2=7% of field: control and DMC plot. Weed rank: 
soil covered by weed, 3= 15 %, 4=30 %, 2=7% of soil covered by weed, 3= 15 %, 
5=50 %. (17 fields, 52 plots) 4=30 %, 5=50 % . (19 fields, 66 plots) 



Work organisation 
In order for farmers to easily accept the system the use of crop should not be responsible of to 
much extra-work (Seugé et al., 2005). Through the OMC techniques, the extra work consist of 
the caver crop sowing operation and manual weeding instead of mechanical weeding. However 
tillage and tasseling are abolished and the number of weeding decreased. 
Usually diminution and extra-work caused by the DMC techniques are balanced. Farmers who 
master the technique well, or have 3 to 4 years of OMC experience, consider the gain more 
important than the extra work. This then explain the representation of farmers' fields classi
fication according to differences in working time between the OMC and contrai plots, as illus
trated on the profile of figure 17 and 18. 
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Figure 17 : classification of farmers' fields 
according to differences in working time 
between the OMC and contrai plots. (26 
fields of maize). 
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Figure 18 : classification of farmers' fields 
according to differences in working time 
between DMC and contrai plots. (37 fields of 
sorghum). 

During these 6 years of experimentation farmers enabled us to improve on the selection of 
plants to associate with cereals. These plants are cultivated for multiple objectives: biomass 
production for mulching, forage production, weed contrai and soil improvement. There is no 
miracle plant, each possesses specific characteristics and must comply with environmental 
conditions and farmers objectives. The most commonly tested plants by Cameroonian farmers 
are : Brachiaria ruziziensis, Crotalaria retusa, Vigna unguiculata, Do/ichos !ab/ab, and Mucuna 
pruriens. 
Brachiaria ruziziensis as a grass is nota plant usually associated to cereals in Africa, which 
widely use to be legumes. However we noticed that it has interesting characteristics: biomass 
resistance to termites, good coverage even with few biomass, striga infestation reduction, and 
strong roots. Results from water balance study (Sautou et al., 2005) confirms that it is one of 
the best preceding for cotton mainly by improving soil physical properties improvement. Bra
chiaria sp. is now commonly used in Brazil in association with maize for pasture establishment 
Landers (2007) . C. retusa is a common "weed" in Africa, it is an interesting caver crop for the 
production of aboveground biomass which is not endangered by cattle grazing. C. retusa is 
also a good preceding plant for cotton regarding nitrogen fixation and weed contrai. In addi
tion, its association with cereals does not need high technical skills as Brachiaria sp. At least, 
C. retusa is also useful for the cereal they are cultivated with by reducing weed infestation. A 
last we shown that is possible to produce twice the amount of biomass when adding a caver 
crop to the cereal even in farmers conditions. 
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Based on these first results the Sodecoton team is now working on further tapies: 
+ Find out local plants that can be used as cover crop 
+ Better quantify the effects of each cover crop on soil properties and weeds. Set up recom
mendations on differential fertilisation according to plants used during rotation 
+ Produce practical recommendations on the dual use of plants as cover crop and forage. 
+ Set up new cropping systems with biomass production the same year as the main crop. 
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Abstract 

Development of cereal/legumes association in DMC system with smallholder farmers needs 
to provide direct economic benefits in addition to soil fertility improvement and weed contrai. 
Thus, no till maize associated with pigeon pea (Cajanus cajan) has been promoted in Saya
boury province of Lao PDR in order to improve the conventional maize monocropping system, 
provide farmers with additional raw material for pig raising and reduce local dependence on 
imported soybean meal. However, the use of grain legumes in pig nutrition has been limited 
due to high concentrations of secondary plant metabolites. The aim of this study is to inves
tigate the effects of three dietary treatments on the technical and economic performances of 
short-term pig fattening systems. Treatments were based on different protein sources - i.e. 
soybean meal (Group 1), inclusion of raw pigeon pea seed (Group 2), and inclusion of boiled 
pigeon pea seed in a ration (Group 3). The results of these trials show that the quantity of 
pigeon pea meal used does not affect pig growth. Average daily growth obtained alter 150 
days with pigs reared with an inclusion of pigeon pea seed meal were significantly higher for 
Group 2 and 3 (523 g.day-1; 529 g.day-1) than those reared with protein concentrate only 
(464 g/day). Feed intake composed of 18% of pigeon pea enabled a reduction of 13% in the 
total cost of feed production. On average, the pigs fed with an inclusion of pigeon pea provided 
a net profit increase of 24 USD per head with no need meal preparation (boiling). Additional 
experiments should attempt using larger amounts of pigeon pea seed meal in the feed intake 
in order to evaluate the impact of higher content of antinutritional factors on growth perfor
mance. 

Keys word: Pigs, feed intake, protein, pigeon pea, no-ti/1, Direct seeding Mulch-based Crop
ping system, Sayabury province, Lao PDR 

Introduction 

In the four southern districts of Sayaboury province, farmers' livelihoods depend primarily on 
rainfed maize cultivation . In average, maize production contributes to 66% of the farmers' 
annual incarnes. This contribution even reaches 80% in Paklay district. The current farming 
systems - based on intensive monocropping and mining practices (i.e. ploughing on steep slo
pes, hybrid seeds, and heavy use of pesticides) - involve high production costs and engender 
a rapid decline in agricultural yields. In order to remedy to this situation and improve farmers' 
livelihoods, the Ministry of Agriculture and Forestry of the Lao PDR launched the PASS-PCADR 
project with financial support from AFD. The main objectives of this project were related to: (i) 
soil and environ mental conservation, (ii) improvement and diversification of farmers' incarnes, 



and (iii) improvement of agricultural marketing. Alongside extension activities in relation to 
conservation agriculture (Direct Seeding Mulch-Based Cropping systems), PASS-PCADR has 
also been working at improving smallholder pig raising systems . Ali the production factors (i.e. 
pig pen, feed, health and genetics, deep bedding litter - mixture of soil and rice husk) were 
targeted for improvement with different levels of intensification depending on farmer strate
gies. Technical and economic performances were monitored in 2006 and 2007 with 32 families 
involved in short-term fattening of 155 pigs. 

Before the inception of PASS-PCADR activities, most of the farmers of the study area were 
engaged in an intensive system involving the use of exotic breeds and a protein concentrate 
(soybean meal) in the feed intake. While good results can be obtained with this system - i.e. 
an average of 30 USD/head net profit for the more intensive system, the protein concentrate 
imported from Thailand represents an important production cost. In order to reduce this cost, 
PASS-PCADR engaged in experimentations aimed at replacing the protein concentrate addi
tive by DMC by-products. The trials involved incorporating pigeon pea (Cajanus cajan) seed 
meal into the daily pig feed rations . This leguminous crop is produced in DMC systems and 
associated with maize in order to improve conventional monocropping systems. Pigeon pea 
seeds have a great potential as an important protein source (Oshodi et al., 1993). The use of 
alternative legume seeds is encouraged to supply a constant plant protein source in animal 
feed and to reduce dependence on soybean meal imported to Laos. The nutritional and growth 
performance features of Pigeon pea seed meal has been studied widely (e.g. Cheva-lsarakul, 
1992; Mekbungwan et al. 1999). Although its use is limited by a high content of anti-nutritio
nal factors such as trypsin and chymotrypsin inhibitors (Batterham et al. 1993), Ene-Obong 
(1995) has reported that such anti-nutritional factors do not cause problems in animais based 
on in vitro protein digestibility. Moreover, anti-nutritional factors can be eliminated by seed 
processing (Singh, 1988; Simoongwe, 1998; Mekbungwan and Yamauchi, 2004), resulting in 
improved protein and starch digestibility (Rani et al., 1996). The aim of this study is to inves
tigate the effects of three dietary treatments, based on different protein sources (i.e. soybean 
meal, inclusion of raw or boiled pigeonpea seed in a ration), on the technical and economic 
performances of short-term pig fattening systems. 

Materials and methods 

Animais and housing 
Sixteen 30-day-old hybrid (Landrace x Large white; average body weight 6.5 kg) piglets were 
used in this study. The experimental design consisted of three dietary treatment groups with 
four (group 1) to six piglets (group 2 & 3) per group. Each group was placed in a pen with a 
1.5 m2 floor area per piglet and given ad libitum access to water. Pigs were reared on deep 
bedding with a mixture of soil and rice husk as substrate. 

Diets and feeding 
Short-term pig fattening trials (5 months) were conducted with 3 groups of piglets, selected 
at random, and fed with 3 different kinds of feed intake. A contrai group (Group 1) received 
feed composed of rice bran, corn and protein concentrate. Group 2 received feed composed of 
rice bran, maize, protein concentrate (soybean meal) and raw pigeon pea seed meal. Group 
3 received the same feed composition as Group 2 but pigeon pea seed was boiled in order to 
eliminate anti-nutritional factors, which can potentially occur when legumes are directly in
corporated into animal feed. Diets 1 & 2 were formulated to contain in average 210 g kg-1 of 
pigeon pea seed meal that refer, according to Batterham et al . (1993), to low levels of trypsine 
and chymotrypsine inhibitors. The variety of pigeon pea was imported from the extension cen
ter of Loei province in Thailand. It has been assumed for this study a protein content of 180 g 
kg-1 for pigeon pea raw seed and 80 g kg-1 for rice bran and maize. The protein concentrate 
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(40%) was bought from KKT company in Thailand. Total feed used during fattening was 247 kg 
per pig for Gl with 42% of rice bran, 34% of corn and 24% of protein concentrate. For G2 and 
G3 total feed was255 kg per pig and 279 kg per pig, respectively, with 35% of rice bran, 31 % 
of corn, 16% of protein concentrate and 18% of pigeon pea seed meal. Ali food rations were 
composed in such a way as to contain the same protein rate (15.6%) . However, feed intake of 
G3 was higher than the others groups and represented a protein increase of 4 kg per pig for 
150 fattening days (graph 1). 
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Graph 1: Nutrient intake for the three dietary treatments, fattening period of 150 days. Total 
protein intake is given on top of each bar. 

In addition, the condition of 30 piglets receiving the contrai feed was also monitored under 
small farm conditions. For each group, feed intake, weight gain, feed conversion ratio (FCR) 
and daily feed costs were measured. 

Statistical ana/ysis 
Data on growth performance were statistically analyzed by using one-way analy,sis of varian
ce (ANOVA), and significant difference among the treatments were determined with Duncan's 
multiple range test (i.e. differences were found significant at p<0.05). 

Results 

Growth performance 
The results of these trials show that the inclusion of pigeon pea seed for pig feed did not have 
negative impacts on the average daily growth (ADG) rate (Graph 2). Quite the contrary, the 
ADG obtained after 150 days with Groups 2 (523 g/day) and 3 (529 g/day) were significantly 
higher (p<0.05) than those obtained with Group 1 (464 g/day) and with the 30 piglets raised 
under small farm conditions (480 g/day, data not shown). Rather positive results were also 
observed for Feed Conversion Ratios (FCR, Table 1), which give us a better observation of 
technical performances, with 3 .2 and 3.3 for Groups 2 and 3, and 3.6 and 3.5 for Group 1 and 
the piglets raised under small farm conditions. 
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Graph 2: Growth rate of piglets for three dietary treatments (Group 1, 2 and 3) for 150 days 
of fattening. 

Economie performance 
Furthermore, feed intake composed of 18% of pigeon pea enabled a 20-30% reduction in pro
tein concentrate use and, hence, a 8-17% reduction in the total cost offeed production for 150 
days of fattening (Graph 3). The pigs fed with an inclusion of pigeon pea and sold after 150 
days of fattening provided an average net profit increase of 24 USD per head (Table 1). 
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Graph 3: Cumulated feed cost for the three dietary treatments (Group 1, 2 and 3) and for 
150 days of fattening. 
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Contrai (Gl) Pigeon pea (G2) Pigeon pea boiled (G3) 

ADG (gr/day) 7 - 25 kg 330 348 395 

ADG (gr/day) 25 - 100 kg 559 628 602 

ADG (gr/day) 150 days 464 ( +/- 30) 523 ( +/- 28) 529 ( +/- 50) 
FCR 3,6 3,2 3,3 

Weight at 150 days (kg) 76,6 85,5 86,4 

Net profit (USD) 33,9 58,1 56,9 . - . .. . . 
g yg p y 

ments. 

Discussion and Conclusion 

This study provides encouraging results and suggests that the inclusion of pigeon pea seed 
meal into pig raising activities can effectively help increase smallholder incarnes. This integra
tion appears particularly appropriate in view of the continuous rise in protein concentrate pri
ces. The quantity of pigeon pea seed meal used does not affect pig growth. Indeed, the ADGs 
measured for the groups fed with boiled and raw pigeon pea seed did not exhibit significant 
differences (p<0.05). Additional experiments should attempt using larger amounts of pigeon 
pea seed meal in the feed intake (up to 30%) in order to evaluate the impact of higher content 
of antinutritional factors on growth performance. As suggested by Phengsavanh and Stür 
(2006) and Phengsavanh et al. (2008), other tropical legumes could also be used as protein 
source by Lao farmers. Styfosanthes guianensis (CIAT 184 ), for instance, cou Id represent an 
efficient source of protein for the small-scale farming systems of the Lao PDR. 
The improved production system developed by PASS-PCADR provides other benefits. Pigs 
were reared on deep bedding with a substrate of soil and rice husk. This natural litter has 
many positive effects on the welfare of pigs, including improved physical comfort of the floor 
and reduced stress resulting from concrete floors (Warnier and Zayan, 1985). It also functions 
as an important stimulus and outlet for exploration, foraging and has a favorable effect on pig 
behavior (Tuyttens, 2005). Armstrong et al. (2007) reported that pig bedding litter produced 
marked improvements in the dry matter production, grain yield, soil physical structure and 
chemical parameters. 
With regard to the cropping system finally, the use of pigeon pea - as others legumes cover 
crops - associated with maize increases the yields by controlling weed pressure and improving 
soil fertility (i.e. average increase of 500 kg.ha-1 after two years) while giving average yields 
of 1.2 t.ha-1 of pigeon pea grain. 
In the end, improved pig raising - using legumes (grains and leaves) produced locally, deep
bedding technique, genetic improvement and water distribution - can be a good opportunity 
for farmers to diversify and increase their annual income. Fattening activities with ten pigs 
would generate higher benefit - i.e. about 500 USD - than cultivation of one hectare of maize 
- i.e . an average of 300 USD.ha-1 in the area (2008 data from PASS-PCADR) for the same 
production time (5 months). However, production costs remain quite high (i.e. 100 USD per 
pig) and farmers would clearly benefit from micro-credit as well as technical support to start 
this kind of activity. 
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Abstact 

Although it is an important natural resource, soils remain understudied by environmen
tal and natural resource economists. In this paper, we propose a reflexion on how soil scien
tists and economists can cooperate. We present the general theoretical framework to include 
soil as a natural resource, a capital stock, in economic models. We discuss the realism of soil 
representation in these models, insisting on the potential of taking soil organic matter as a 
soil capital proxy. We expand our framework to include environmental services. Finally, we 
propose an economic perspective on two raising issues : thresholds and non linear processes 
in agroecosystems, and ecological resilience. This paper is thus a compilation of original po
tential orientations for further research at the crossroad of soil sciences and natural resource 
economics. 

Key words: soif capital, bioeconomic mode!, soif organic matter, environmental services, re
silience 

1 Introduction 

Recent World Bank estimates (World Bank, 2006) indicate that about 70% of natural capital in 
low income countries is found in agricultural and pasture lands. Another important fact is that 
within these countries, the poorest depend more heavily on natural assets than do the richest 
(WRI, 2005). These figures should emphasize the importance of soil resources, particularly in 
the actual context of 'pro-poor growth' advocated by international organizations. Neverthe
less, soil resource remains poorly studied by natural resource and environmental economists 
(compared for example to forests or fisheries). And soil degradation is rarely at the top agenda 
of environmental problems, even in Sub-Saharan regions where the degradation is severe in 
many countries (Scherr, 2003). 



The complexity of the soil ecosystem is certainly one reason of this lack of interest. Du ring the 
last decades, soil scientists improved significantly their understanding of soil functioning. Sail 
is more than dirt, it is a living ecosystem made up of weathered rocks, decaying plants and 
animais, roots, earthworms, etc. However, economists still treat soil as a thin layer of dirt, or 
a nutrient stock. There is an important gap between soil in economic models and the realism 
of soil functioning. The aim of this work, at the crossroad of soil sciences and economics, is to 
provide ideas on how soil science can feed and improve economic models. The paper focuses 
on soil resources in croplands. But these reflections could be extended to forest and pasture
land . 
The paper is organized as follow. In section 2, we present a simple dynamic bioeconomic 
model with a soil component to introduce the main concepts and present why it is a relevant 
framework. In section 3, we propose some elements to improve the way soil is represented in 
bioeconomic models. In section 4, we discuss the multifunctional characteristic of soil capital, 
incorporating environmental services to the framework. In section 5, we insist on one particu
larity of soil ecosystems: the possibility of thresholds effects and non linear processes. Finally, 
in section 6, we discuss how the ecological resilience of an agroecosystem can be analysed 
through an economic perspective. 

2 Dynamic bioeconomic models as a tool promoting interaction 
between soil scientists and economists 

2.1 An introduction to dynamic bioeconomic models 
Bioeconomic models are used to get a better understanding of the interactions and feedback 
effects between human activity and natural resources or ecosystems. We are interested more 
specifically here in dynamic models, over time. This is important as soil degradation has long
term consequences and static models, which form the bulk of studies on the question, do not 
account for the intertemporal dimension of natural resources management. Moreover, the 
dynamics of the ecosystem is dependent on human behaviour. Thus, functional relationships 
between farm management choices (contrai variables) and soil attributes (state variables) are 
introduced. In this framework, soil can be considered as a capital stock, shaped by the hand 
of the farmer. It is an asset among others (such as human or physical capital) in a farmer's 
portfolio, and to invest in soil capital is one strategy among others. The models used are deri
ved from the theory of optimal resource management, mainly used in fisheries and forest eco
nomics. They can be understood as an intertemporal extension of traditional agent behaviour 
optimization programs, with mainly two additions: the dynamic of the ecosystem is introduced 
and the optimization is made over a period of time. 

2.2 An example of dynamic bioeconomic models with a soil component 
Dynamic bioeconomic models are based on an intertemporal optimizing framework. An objec
tive function (most often consumer's utility or producer profit) is intertemporally maximized 
under a set of constraints on the assets' dynamics. The latter result mainly from management 
choices (which are the contrai variables) and the dynamic of the ecosystem (its regeneration 
rate for example). To introduce the main concepts, we present below a simple model. The ob
jective function to maximize is the incarnes (present and future) of a farmer. The crop produc
tion function F depends on labour Lq and soil capital S. S is represented through a single stock 
variable, which can be interpreted in our example as the soil depth . Sail capital stock dynamic 
depends on: soil conservation investments g(Lc) which increase the stock (depends on labour 
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used for conservation Le), natural regeneration o (which is negligible at a human time scale 
for most of soils) and crop harvesting h(Lq) which erode the soil (depends on labour used for 
production Lq) . Labour is thus allocated between production Lq and soil conservation Le. 
The optimization program is then: 

"' J [ pF (Lq ,S) - w(Lc + Lq) J.e-r<t-slds 
Maximize t 

dS 
subject to dt= g(Lc) - h(Lq) + 0 

where p is the crop price, w the market labour cost, r the social discount rate, and 5o the initial 
soil depth. The optimizing problem can be intuitively described through the following story. A 
cultivator has initially a soil capital stock 50 and is wondering how to derive maximum profits 
from the cultivation of his soil capital stock. His only inputs available is labour than can be used 
in production (tend as a result to deplete 5) or conservation (to rebuild 5). 

We do not detail the mathematical technique used to solve this type of problem: the 
optimal contrai theory (based on the Pontryagin maximum principle). Tables 1 and 2 present 
the main outputs of the optimizing program. 

Main conditions Interpretation 

This is the standard arbitrage equation in capital theory: the 

a,._ - rÀ = - pF' s 
competitive rate of return r earned for holding any other asset 
of equivalent risk should at ail times equal the return on soil 

at <=> capital due to price appreciation or depreciation 1/À.dA/dt plus 
À pF's 
-:--+-_- = r 

the real yield from soil capital in production (pF's / À) 

A. /1. the marginal effect of on site soil capital conservation equals w = g'(Lc)À 
the market wage rate 

the value of the marginal product of labour equal the wage rate 
pF '(Lq) = w + h'(Lq)À w plus the shadow value of soil depletion (foregone benefits in 

future because of soil depletion) 
T 

.. - . . . .. . .. 

Steady state conditions Interpretation 

g(Lc) = h(Lq) 5oil erosion from cultivation is compensated 
by soi! conservation 

À*= pF 's 
the shadow price of soil capital equals the 
capitalized value of the productive future 

ô use of this soil (pF'5 / r) 
y 

The solution of this optimal program is characterized by a long term optimum (a steady 
state when d5/dt = dA/dt = 0) (Table 2) and a stable transition path from the initial soil capital 
stock 50 toward the steady state (Table 1)1. We can derive from these equations the opti
mal soil management strategy which can be described by the optimal levels of labour used in 
conservation Lc(t) and production Lq(t) at any time. We then obtain the evolution of the soil 
capital stock 5(t) at any time between the initial stock 50 and the optimal stock 5 * . 



Let us continue with our story to explain these results. Our cultivator, at any time, is 
going to balance the marginal cost to conserve his soil capital stock with the benefits he would 
derive from it. The marginal cost to conserve soil capital depends on the stock of soil capital. 
It will be more expensive to conserve a soil capital stock which is high. In the beginning, the 
cultivator has a high stock of soil capital stock 50. At this stock level, the cost to conserve soil 
is much higher than the expected benefits of using it. Therefore, it is economically rational 
to let the soil capital stock decrease (it is the transitory period, described by the equations 
in Table 1). The decrease can continue for several cultivation seasons until a steady state is 
reached at which the marginal conservation cost equals the marginal damage cost (it is the 
steady state described by equations in Table 2). The optimal level of soil capital (at the steady 
state) is thus the output of a rational decision process and not an exogenous data. It is the soil 
capital stock at which the present value of the additional income derived from soil conservation 
just equals the additional costs of soil conservation. At this point, intertemporal farm profit ( or 
total cost) is maximized (minimized). 

The previous model we introduced above was very simple so as to present the main 
concepts. Several optimal control models of soil conservation have been developed . Burt 
(1981) and McConnel (1983) laid the foundations of optimal contrai models with soil re
source. They consider soil loss as a control variable, and ignore possible soil conservation 
efforts. Saliba (1985) improved the framework introducing the possibility of conserving soil. 
Sail conservation effort becomes a control variable. Most of the models after were inspired 
from his framework: topsoil depth as the state variable and the conservation effort, the crop 
rotation and the inputs level as control variables. Sorne authors tried to include other control 
variables such as the crop choice (Goetz, 1997) or more rarely other state variables such as 
soil moisture or soil nitrogen content (Brekke, 1999; Nakhumwa, 2008). Few authors (Ekbom, 
2008; Heidiger, 2003; Loehman and Randhir, 1999) introduced off site effects of erosion. More 
generally, flow externalities have been little covered in the literature. Our point here is not to 
list ail the different possible control variables that could be introduced or to relax the different 
assumptions. Instead, we focus on how recent soil sciences progress can feed these optimal 
contrai models. 

2.3 What are these models used for? 
To test or predict the impact of policies on farmer's behaviour and soil capital stock - The pre
vious model shows how a private farmer maximizes his profits from the cultivation of his soil 
capital stock. It contains several exogenous variables such as the wage rate, the crop price, 
the discount rate, the conservation technology, the production technology (we could introduce 
other exogenous variables in a more complex model). A change of these factors will affect the 
optimizing program and hence the behaviour of the cultivator. It is thus possible to test the 
reaction of the farmer to different policy sets. Moreover, we would also get the impact of those 
policies on the soil resource. For example, an increase of the interest rate should decrease the 
soil capital stock to a lower level as conservation becomes less profitable. 

To explain the divergence between the social and the private optimal path - Previously, we 
were interested in the farmer's private decision. If this optimal private strategy (thereafter 
defined as the private optimum) is consistent with what 'society' would like soil degradation to 
be (social optimum), there would be no economic problem with soil degradation and society's 
total welfare would be maximized. And, especially in developing countries, the private opti
mum can be different from the social one for many reasons such as externalities, land or ca
pital market imperfections, different private and social discount rates, lack of information, etc. 
There can be extended potential benefits lost for society because of this difference between 
the private and the social optimum . 
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To assess the soil degradation cost - Soil degradation has many definitions. Let us define it 
simply as a decrease of the 'physical' soil capital stock. For example, if soil capital stock is 
measured through soil depth, soil degradation would be a decrease of soil depth due to soil 
erosion. We do not intend to present here the complexity and diversity of soil degradation 
processes. Gorlach (2004) gives a clear and extensive typology of various soil degradation 
types. We have to distinguish two situations. On one hand, soil degradation results from chan
ging incentives. Indeed, a modification of the exogenous variables of the model will modify 
the farmer's behaviour and also the optimal soil capital stock (we ignore here the transitory 
period, considering that adjustments between the two soil stock levels are immediate). On 
the other hand, soil degradation is the transition between the initial soil capital stock level and 
the optimal stock, incentives remaining constant. It corresponds to the 'transition phase' we 
described previously. 

Let us consider the first situation. As said before, the optimal soil capital stock is a 
consequence of the different incentives the farmer is facing. It is the result of a decision pro
cess (resulting from a maximizing behaviour) and not an exogenous event. A degradation 
of the soil (it can be an appreciation) can occur for several reasons: a decline of the rate of 
interest, higher crop prices, the removal of subsidies for soil conservation, etc. Depending on 
the changes, the optimal stock can be lower or higher. This is associated to a change of the 
net present value of land (or soil capital value). It is then possible to calculate the difference 
of the net present value of the land before and after the change. Regarding the second si
tuation, there is an important literature trying to value what they call a soil degradation cost. 
Classical tools in environmental economics such as the replacement cost (the cost of degra
dation is valued through the cost to restore the degraded soil in its previous state) or the lost 
productivity methods exists and are frequently used. But most of these methods are based on 
static frameworks, and ignore the dynamic costs of soil use. As Brekke (1999) points out: "a 
noteworthy shortcoming in efforts to quantify the costs of land degradation is the absence of 
a theory of optimal resource management, which makes theoretically consistent estimation 
difficult". We introduced previously the concept of shadow price of soil capital. It corresponds 
to the net benefits an extra unit of soil capital will provide in the future and can be considered 
as an opportunity cost to use soil today instead of later. It can be used as a measure of the 
value of the depletion of the soil capital stock, corresponding to soil degradation . The 'dyna
mic' cost of soil degradation equals the user cost (or shadow price) multiplied by the decrease 
of the soil capital stock (AdS/dt if we use the notation of the previous model). It is a measure 
of the decrease of the soil capital value V(t+l)-V(t) along the transitory period. In both situa
tions, a dynamic bioeconomic model is needed to estimate the shadow price of soil capital. In 
next section, we discuss the realism of soil representation and biophysical processes in these 
bioeconomic models and propose several research orientations. 

3 On the realism of soil representation and biophysical processes 

3.1 Soil capital as one state variable 
Soil is introduced in most of economic models as a single proxy such as soil depth (our 
example in section 2), soil nutrient content or some quality indicator. This state variable is 
a production factor in the farmer's crop production function along with other inputs such as 
fertilizers, labour, human capital, etc. The dynamic introduced depends on the stock (or state) 
variable considered. If we consider for example that our state variable is the nitrogen content, 
it increases with fertilizers application, and decreases through crop harvesting which exports 
nutrients . Considering soil as a stock of nutrient or as a layer of dirt is however rather rough. 
We propose thereafter several research orientations to improve soil representation in bioeco
nomic models. 



3.2 Soil organic matter (SOM) as a soil capital proxy 
SOM is often presented as the foundation of long term productive soils. Understanding the 
role of organic matter in maintaining a healthy soil is essential to develop sustainable agri
cultural practices. A decrease of the organic matter leads to plant growth and yield decline in 
the absence of substitutes because of lower fertility, less available water, and increased soil 
compaction and erosion. Higher levels of inputs such as fertilizers, pesticides, and machinery 
are required to maintain yields in the face of organic matter depletion. That is why SOM could 
be an interesting proxy of soil capital. We develop a simple bioeconomic mode! with SOM stock 
S as soil capital. The maximization program is described thereafter (the dynamic of S is more 
specifically described in Fig . 1): 

CX) 

J [ pF (L,S /b) + jB - wl Je-r<s-tlds 
Maximize 

subjectto S=Ki(aF -B)-K 2(b).S 

where p is the crop price, w the cost of labour L, j the unit benefit derived from the 
quantity of biomass exported B (to feed animais for example). The crop production F depends 
on labour Land S. It also generates a quantity of biomass aF (proportional to the yield) which 
is either exported ( quantity B, which is a contrai variable) either maintained on the field so as 
to replenish the SOM stock. 

Biomass restitution I 

K1(aF-B) 

K2S 

SOM mineralization 

Crop 
production 

FfK.L.S) 

Fig. 1. Proposai of dynamic bioeconomic model with SOM as soil capital 

To compile the mode!, two steps are required. First, we need to understand the impact 
of SOM on yields. The relation between SOM content and yield is usually introduced through 
the concept of production function which is a function that specifies the output of the farm for 
ail possible combinations of inputs. Inputs have to be understood in a broad sense: fertilizers, 
knowledge capital, produced capital, etc. Second, we have to introduce the SOM dynamic in 
response to several contrai variables (agricultural practices). Soil scientists developed several 
models describing soil carbon dynamic. Sorne well known models are the Depuis-Henin, the 
Rothe or the Century models. We chose a Dupuis-Henin, the simplest. Thus, the SOM stock 
evolves because of two opposing factors: Kl(aF-B) (biomass kept on the field times Kl which 
is a decomposition coefficient depending on the biomass characteristics) versus K2.S which 
corresponds to exports through SOM mineralization (K2 is a parameter depending on pedocli
matic conditions and cultivation practices b which are considered exogenous) (see Fig. 1). This 
mode! is preliminary, and many improvements are possible in many directions. An important 
refinement would be to describe more precisely cultivation practices through additional contrai 
variables or add other stock variables (such as soil depth for example). However, it gives a 
preliminary theoretical framework on how agronomie and economic models can be articula
ted. 
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3.1 From one stock variable to several stock variables 
Another possible way to improve the integration of soil in bioeconomic models would be 

to describe soil with several stock variables. Sail capital would then be a vector of stock varia
bles, and nota single proxy. Ekbom (2007) suggests a broader definition of soil capital, using 
ten variables: pH, NPK, Na, Ca, Mg, CEC, organic carbon, sand, silt and clay. It brings critical 
elements to improve our understanding of the determinants of soil capital. It is difficult to in
troduce this extensive characterisation of soil capital into dynamic models. Indeed, to assess 
the impact of the different contrai variables on the dynamic of each stock variable is an am
bitious task. Moreover, these variables are interacting with each other, and identifying causal 
relationships is not easy. Bond (2007) proposes an interesting and innovative framework (Fig . 
2 presents the main ideas and intuitions of the model). This work starts from the observation 
that bioeconomic models ignore the nutrient cycles (and thus these interactions between soil 
variables) now generally accepted and utilized in agronomie simulation modelling. He uses an 
agronomie model based on (Baisden and Amundsen, 2003). Sail is represented as a multi-pool 
portfolio of a particular limiting mobile nutrient: nitrogen. There are three nitrogen stocks, 
with different turn-over (1, 10 and 1000 years) which have dependent dynamics. In Fig.2, 
Nxyears represents the different nitrogen stocks (black arrows represent interactions between 
these stocks). Nitrogen available for the plant depends on the annual and decadal pools, and 
the external nitrogen input J. The system is controlled through three variables: the 'harvest 
rate', the tillage system (which can change the decomposition in the decadal pool), and the 
fertilizing intensity (impacting directly the active pool) (see (Bond, 2007) for a detailed pre
sentation of ail equations governing the dynamics of the different stocks). 

Biomass 

Soil capital 
, restitution, crop 

1 .... ··········;;···········""""""" '" "''"""'" 

.. ··· ·· ; N1year J ·· Ch .~ ~ . emicals] 

i i . ,,_____ I ' ê,.. . ~··.. \ t q=f(Nl NlO J \ N L..--"' available to( j, (notcient ""' 

i. ·. ""''' ' Nrn,,.ac, J lt op pcoduction) 

' ·, .. ........ \ , .... .\ Crop prod . , ............. , uct10n 
, Tillage , F(q) 
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Fig. 2. Schematic description of the model developed in (Bond, 2007) 

This model is interesting as it explicitly describes the functioning of the soi 1. And it gives 
non intuitive information on the optimal path with non-monotonie optimal paths of nutrient 
stocks and fertilization schedules. 

The different models and ideas presented in the section stress many research impli
cations and possible cooperation between soil scientists and economists. There is a need to 
include soil characteristics (which could be soil capital proxies) in economic production func
tions. We saw that SOM could a promising proxy, as stressed in the agronomie literature since 
many years. There have been numerous trials in agronomie stations to test the impact of soil 
properties on yields. But they often lack the economic information (such as labour or inputs 
quantity) to be useful. There is also a need to understand the dynamic of soil capital proxies 
subject to different contrai variables, meaning different cultivation practices and understand 
the causal relationships. Sorne agronomie models have been developed, which can feed eco
nomic models. There is a risk to develop highly complicated and data intensive bioeconomic 



models. This is not our point here. It would seem more appropriate to try to find a malignant 
proxy of soil capital, with an understandable dynamic at a reasonable cost. That is why we in
sisted previously on SOM. Moreover, SOM is related to the supply of other ecosystem services 
such as erosion regulation (as the erodibility of a soil is directly related to SOM content) or 
carbon sequestration. 

4 On the multifunctionality of soil capital 

4.1 Agroecosystems supply several environmental services 
We usually focus on the 'food and fibres production' function of agroecosystems. But these 
provide several other environ mental services such as solid and liquid flows regulation, climate 
regulation through carbon sequestration, a scenic value, water purification, etc . The concept 
of environmental service has become increasingly popular these last years, especially since 
the Millennium Ecosystem Assessment UN report in 2005, in which they are defined broadly as 
'benefits derived from ecosystems'. They distinguish provisioning services (goods produced or 
provided by ecosystems), regulating services (benefits obtained from regulation of ecosystem 
processes), cultural services (non-material benefits obtained from ecosystem services) and 
supporting services (services necessary for production of other ecosystem services) . Daily 
( 1997) defines environ mental services as "the conditions and processes through which natural 
ecosystems, and the species that make them up, sustain and fulfil human life". For Costanza 
(1997), they are "the benefits human population derive, directly or indirectly, from ecosystem 
functions". Finally, they are "ecological components directly consumed or enjoyed to produce 
human well-being" for Boyd and Banzhaf (2007). Severa! recent articles have been trying to 
clarify the concept (see for example (Wallace 2007;Fisher and Turner 2008; Costanza 2008)). 
The most striking point is that there is no consensus on a precise definition of what an envi
ronmental service actually is. Ambiguities and confusions remain around the concept, with a 
mix between ecosystem functions, processes, intermediate and final services. 

In our sense, it is important to distinguish final services (crop or clean water provision 
for example) which provide benefits directly relevant for human welfare and 'intermediate 
services' which serve as inputs for the production of other services (pollination for example). 
The economic value of pollination cannot be estimated separately from crop production. That 
is why, to avoid double-counting, we consider that an end - user perspective (a focus on final 
services) is more appropriate for economic valuation . We propose on Fig. 3 a graphical fra 
mework of environmental services compatible with economic valuation (mostly inspired from 
(Boyd and Banzhaf, 2007)). The ecosystem service q

2 
depends on some soil components (A 

and B) and processes1 (q
1

, which could be understood as an intermediate service). Finally, this 
service becomes an economic benefit (valuable in terms of welfare) when there is a demand 
for it (as a production factor from a producer or as a final good or service for a consumer). 
One important point is that environmental services are not supplied freely by nature, they are 
produced. Labour and inputs are needed to produce environmental services. 

'ldeally, we should consider only the characteristics because the process is a result of these characteristics (and 
themselves they are a result of the processes) . However, it is very difficult to distinguish and identify components 
and processes of the ecosystems. 

108 Regional Workshop on Conservation Agriculture, Laos 2008 



• ----. 
• 

~-----·----·-·---._ 
--''.-, __..~ F(K.L,q2) 

~ 

Managed ecoysystem 

Legend 
- Colored balls are physical, chemical or 
biological characteristics of the ecosystem 
(tang ible) 
- Interactions between these colored balls 
(represented by black arrows) are pro
cesses or functions of the ecosystem 
- Blue arrows are the impact of anthropic 
control variables ( investments or produc
tion factors) 

Fig. 3. Schematic environmental service definition proposai 
We give in the list3 below the different final environmental services produced by agroecosys
tems: 

•Food and fibre production: the soil ecosystem produces a flow of nutrients, holds water, is an 
environment favourable to micro-organisms activity, etc_ These services, in addition to labour 
and other inputs (such as seeds, fertilizers), make possible the production of crops or other 
types of biomass. Soil properties and functions are thus in this case production factors. 

•'Water services': it includes erosion and water flows regulation and pollution contrai as well. 
Solid and water flows depends on some of the properties of the ecosystem such as the organic 
matter content, the texture and also on agricultural practices (tillage or not, cover cropping , 
etc.). Pollution regulation or absorption is a more complex service . An agroecosystem has a 
capacity to assimilate pollution up to a certain point. That is why pollution can be often trea
ted as a natural resource problem. The main difference with the previous 'biomass produc
tion' service is that it is often an externality, which means that the supplier of the service (or 
disservice) is not the one who benefits (or is damaged) from it . This underlines the fact that 
ecosystems are geographically dependent, and that agroecosystems have to be managed at 
different scale: from the field to the watershed or landscape_ 

•Carbon sequestration: soils can store (or release, depending on agricultural practices) vast 
amounts of carbon, which has implications on the atmospheric C02 regulation. 

•scenic beauty : agroecosystems constitute a major component of landscapes 

4.2 How to account for environmental services in dynamic bioeconomic models? 
We propose in this section a framework to include environmental services in a sound theo
retical manner3. We focus on a simple environmental service: 'erosion regulation' that we 
introduce in our previous dynamic bioeconomic model (developed in section 2). Water ser
vices are usually integrated in models through a cost (or benefit) function. Building on our 
previous model, we add a cost function (E) corresponding to damages due to eroded material 
on downstream infrastructures or managed ecosystems such as rivers, dams, irrigated peri 
meters, coral reefs, etc4. These external costs are usually named 'off-site' cost. This damage 
function can be difficult to assess. In our example, E is linearly proportional to the sediment 
flow dS/dt. The social welfare optimizing program becomes: 

"' f [ pF (Lq,S) - w(Lc + Lq) + E }=-r<t-slds 
Maximize r 

dS 
- = g(Lc)- h(Lq) + 0 

Subject to dt 
E = b.dS/ dt 

3We chose th is classification because it is the one mostly used actually by NGOs and international organizations, 
especially in payments for environmental services programs 
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Equations 

Without erosion (private optimum) With erosion (social optimum) 

w = g'(Lc)À. w = g'(Lc)(À. + b) (1) 

pF '(Lq) = w + h' (Lq)À. pF '(Lq) = w + h' (Lq)(À. + b) (2) 

Table 3 compares the results in this case with previous results from section 2. 

Interpretation of (1) - As shown in section 2, a privately rational farmer will conserve his soil 
until the marginal benefit of soil capital conservation equals market wage rate w plus the mar
ginal effect on soil capital. The marginal downstream benefit from soil conservation bg '(Lc) is 
not internalized in the farmer's economic decision, the farmer has no incentives to do so. As a 
result, the farmer uses less labour for conservation than needed to reach the social optimum. 
The farmer needs thus to be compensated by s=bg'(Lc) (through a subsidy for example) to 
reach the optimal level of conservation labour (see Fig . 4 for a graphical explanation). 

Benefi ts / 
costs 

Social benefi t 

1

\ : : :~~ 

, \X~ Labour ~ ... ......................... ·········· w"w ,{b~~ 
1 , _ Le 

Le Le 

Fig. 4. Conservation labour supply and effect of wage subsidy [Adapted from (Ekbom, 
2007)] 

Interpretation of (2) - A privately rational farmer increases labour in production until the 
marginal product of labour equal the wage rate (immediate cost) plus the soil depletion cost 
(foregone benefits in future). The marginal downstream cost resulting from production bh'(Lq) 
is not included in farmer's decision . Consequently, the farmer uses more labour in production 
than he should to reach the optimum (see Fig. 5 for a graphical explanation) . To reach the 
optimal level of labour used in agricultural production, the farmer can be charged x=bh'(Lq) 
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(Ekbom, 2007)] 
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From this model, we can derive the social optimal solution (i.e. the level of conserva
tion and production labour which maximizes total welfare) and compare it with the private 
optimum. 

The model is simple as it includes only two services (food production and erosion re
gulation) and the production technology (using only labour) is crude. However, it stresses the 
main difficulties in environmental services valuation. An important point is that the different 
environmental services provided by an ecosystem are interlinked and that each service is not 
produced individually (for example, production labour Lq has an impact on bath services: 
'crop production' and 'erosion contrai'). The change of one will affect the others . That is why 
the valuation of each service separately can be misleadingS. Nevertheless, the relationships 
between these services are rarely understood, and the development of a dynamic bioecono
mic model with externalities can be highly data intensive. Next step is to find the best policy 
option to include these services in land management strategies which maximize social welfare. 
There exist different tools to internalize these externalities such as direct regulation, taxes or 
charges, subsidies, payment for environmental services, etc. 

5 On thresholds and poverty traps 

5.1 Threshold definition and agroecosystems 
A threshold effect ( or ecological discontinuity) can be understood as a rapid modification of 
the property of an ecosystem because of the continuous and slow variation of another inde
pendent variable (a contrai variable). In our work, we are interested in thresholds in managed 
ecosystems in which the contrai variable is anthropogenic. Thresholds are diverse and can be 
classified roughly in three categories : (1) ' conversion': habitat fragmentation which can sud
denly break some spatial ecosystem services (such as pollination); (2) 'addition' : phosphorus 
accumulation in a shallow lake which can switch from a stable steady state to an other one; 
(3) 'intensity': an increased grazing intensity can lead to a rapid shift of the vegetation caver. 
Ecologists are now identifying these critical thresholds and it is becoming a major research 
area. Thresholds and catastrophist predictions are popular, the success of Jared Diamond last 
book 'Collapse' (Diamond, 2005) being a good example. Our idea is more to show that cros
sing these thresholds could be expensive to societies, for several reasons. One of them is that 
it can trap people in what we usually call natural resource degradation poverty traps, and pu
blic intervention to pull them out can be costly. It is the point we develop thereafter. Another 
example is that the crossing of a threshold is often irreversible, so that some option values 
can be lost. We will not develop further this point although irreversibility in soil degradation 
processes is a important issue. 

5.2 An example of threshold linked to soil degradation 
Cobb-Douglas production functions6 are the most frequent agricultural production function 
used. There is a strong underlying hypothesis: perfect substitutability between the different 
production factors . This clearly does not reflect appropriately the functioning of the soil and 
interactions between inputs and soil components . Sail scientists have described for many 
years what they call a 'Von Liebig type response' of fertilizers on yields. There are some thres
holds under which an input (fertilizers for example) is a limiting factor for output production. 
This observation reflects the complementarities between inputs and soil properties, and is not 
compatible with a production function assuming perfect substitutability. Organic matter for 
example may substitute for some inputs and complement others. We plot on Fig. 6 nitrogen 
productivity versus SOM using two different production functions: a Cobb Douglas (perfect 
substitutability between inputs) and a quadratic production (complementarities can be intro
duced) (based on (Marenya, 2007)). A threshold appears at a certain SOM content which can 
trap farmers into poverty. 
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Fig. 6. Comparison of two different production functions [adapted from (Marenya, 2007)] 

5.3Thresholds and poverty traps7 
A poverty trap is a self-reinforcing mechanism which causes poverty to persist. One can be 
trapped in a low equilibrium because of the ecosystem dynamics. There are several explana
tions for poverty trap formation. Imperfect markets (particularly the lack of access to credit), 
incomplete information and coordination failures are frequently involved. We focus here on 
natural resource degradation poverty traps. Indeed, even with perfect markets and informa
tion, there can be poverty traps linked to a particular dynamic of an ecosystem. Fig. 6 is a 
good example of a system which can be characterized by multiple soi! fertility equilibria and 
associated levels of income (one equilibrium could be derived on each side of the threshold). 
It will be economically rational for a poor farmer to stay into the low income level equilibrium. 
In the reality, market imperfections (as well as farmer's bounded rationality and coordination 
failures) and particular biophysical processes are mixed together to trap people in poverty. 
That is why the empirical understanding of poverty traps mechanisms remains limited. As a 
consequence, it becomes pretty difficult to derive policy implications. Further research is the
refore needed on these natural resource degradation poverty traps. 

6 On ecological resilience and risk management 

In recent years, ecological resilience has become a popular issue. It can be unders
tood as the capacity for an ecosystem to cope with a brutal shift from a normal stable state 
into a different state less desirable (Holling, 1973). Ecosystems are then not only perceived 
through their productive function, but also through their capacity to buffer, attenuate shocks 
and smooth the flows of the different environ mental services they provide. Resilience, as well 
as most of environmental services supplied by ecosystems, is not priced on current markets. 
But it does not mean that resilience is not of value for humans . We present below several ele
ments to analyse resilience through an economic lens. The principle is to interpret resilience 
as a natural insurance capital against the risk of ecosystem malfunctioning and its consequent 
modification on the provision of goods and services. Risk economics gives a theoretical fra
mework to formalize these intuitions. 

Let us consider the example of an agroecosystem used for crop production. The eco
logical resilience of the agroecosystem depends on several factors such as soi! biodiversity or 
crop genetic diversity. An agroecosystem with an important and diverse soil biota is generally 
better prepared to cope with climate shocks. For our illustration, we consider that resilience 
depends only on soil biodiversity u (thus we ignore other factors such as seeds genetic di
versity or SOM content for example). The agroecosystem generates a flow of crop production 
which is uncertain. A distribution of crop production (characterized by a mean yield or income 
and a variance) is associated with each level of biodiversity. In economics of risks, the risk 
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premium is a measure of the riskiness of each possible choice as it represents the amount of 
money that leaves the producer equally well-off between a risky situation and a situation wi
thout uncertainty. For a farmer, it is positive when the farmer is risk adverse, zero when it is 
risk neutral and negative when it is risk loving. (Baumgartner et al, 2005) show that the risk 
premium R associated to each soil biodiversity level depends on the risk aversion coefficient p 
of the farmer and the variance cr of crop production for this specific soil biodiversity level: 

The insurance value I of soil biodiversity is then given by the change of the risk pre
mium due to a marginal change in the level of soil biodiversity: 

As a result, we can interpret the insurance value of soil biodiversity as the marginal 
value of biodiversity in its capacity to reduce the risk premium of the farmer's incarne risk. The 
empirical link between soil biodiversity and crop yield variability is empirically difficult to as
sess8. Many other factors influence this variability. It could be for example interesting to test 
the link between SOM content and yield variability. Many research questions remain open. 

Conclusions 

The aim of this paper was to present several issues and possible research orientations on how 
soil science can improve and feed economic models. One important output of this reflection 
is that soil should be considered as a capital stock. Most of economic models with a soil com
ponent are statics, ignoring the dynamic aspects and interactions with human behaviours. It 
becomes theoretically inconsistent to assess soil degradation costs without an underpinning 
theory of optimal resource management. The representation of soil in bioeconomic models is 
often crude. There is an important gap between soil in economic models and the realism of 
soil functioning. We propose several orientations to upgrade these models. Practically, the cost 
of data collection has to be balanced with the realism of models . That is why we think that 
SOM could be an interesting proxy of soil capital. Although soil scientists developed models of 
soil carbon dynamic, there are few dynamic bioeconomic models with a SOM component. We 
propose some preliminary investigations. Another important output of this work is a sound 
theoretical framework to include environmental services in the models, trying to be clear 
about what we call environmental service. This issue is in our sense particularly important as 
there is much confusion in the existing literature and it is a rapidly growing research area. We 
provided some reflexions on the links between thresholds effects, soil degradation and poverty 
traps. Soil non linear dynamic can be indeed one mechanism of poverty trap formation. Little 
is known about soil degradation poverty traps. It is a new research area in which coopera
tion between soil scientists and economists can be fruitful. Finally, we propose an economic 
perspective of the growing concept of ecological resilience. We show how it can be introduced 
in economic calculations, as a natural insurance capital against the risk of ecosystem mal
functioning. This is particularly relevant for African agricultures . Indeed, in these countries, 
agriculture remains strongly climate dependent, and risk management drives most of farmers' 
strategies. And in a context of climate change with an increasing number of extreme events 
and higher exposition to risks, an effort to introduce resilience in planning and economic cal
culations is a key to build more resilient societies. 
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2.2 LIVING WITH THE CA IN THE LAO PDR 
OPPORTUNITIES FOR ENHANCING AGROBIODIVERSITY RESOURCES IN 
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Conservation agriculture (CA), and particularly Direct-Seeding Mulch-Based Conse
vation Agriculture (OMC) systems, have developed considerably over the past few decades 
to the point where the technologies and management practices involved result in financial 
and soil conservation benefits which clearly offers a viable alternative to traditional farming 
methods. The OMC/CA experience in the Lao PDR provides a vivid example of the exciting 
results possible within a cash cropping system focused on a single commodity, such as maize . 
In the context of the Lao PDR, it is a technology which should be given the full support of the 
government and non-profit organizations involved in agriculture development and biodiversity 
conservation. 
However, CA alone is not enough to ensure sustainable livelihoods of upla farmers in the Lao 
PDR without the additional focus on the conservation and enhancement of high biodiversity 
habitats in the farming landscape, which are responsible for the provision of critical food, 
cash, 
materials, fibres, medicines and other environmental services. OMC systems provide an ex
cellent opportunity to develop a more comprehensive approach for CA which includes the 
enhancement and conservation of other Agro-Biodiversity (ABD) resources in the farming 
landscape. 

S.E. Asia farm livelihoods are particularly dependent upon ABD resources as compared 
to other areas of the world. While rice is grown as a stable food crop, much of the other food 
consumed by farm families cornes from within the farming landscape or adjacent forest areas. 
In addition to food, SE Asian farmers utilize wood and fibre species for construction, tools and 
household items; various species for medicines; specific plants and animais as a source of 
cash; and a number of species for cultural ceremonies. And many species provide important 
ecological services, such as bees, natural predators and soil building organisms. Ali of these 
originate from the farming 
landscape or adjacent non-cropped areas. By ensuring that CA/OMC systems also incorporate 
natural high biodiversity habitats within the farming landscape, livelihood security strategies 
of farmers can be greatly enhanced. Most of these should be "micro" versus "macro" habi
tats and include such areas as field borders, hedges, riparian ecosystems, streams, ponds, 
marshes and other aquatic ecosystems, rock piles/fences, small forest parcels and homestead 
areas. Physically re-constructing high biodiversity habitats within the farm to restore ecologi
cal systems is a viable strategy for many farmers to ensure greater livelihood security. 
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The Case for integrating conservation agriculture with agrobiodiver
sity enhancement 

Globally, the results of direct sowing, mulch-based and conservation agriculture farming 
strategies leave little doubt about their effectiveness in reducing soil erosion and increasing 
soil fertility resulting in a number of other benefits,2 including increased yields, reduced labor, 
reduced pesticide use and overall improved profitability. The OMC programs being introduced 
in the Lao PDR show the same positive and impressive results. The potential impact of conser
vation agriculture on sustainable livelihood security for Lao farmers in the longer term is very 
significant. 

Conservation agriculture could pro
vide even greater opportunities for livelhood 
security in addition to the obvious impacts re
sulting from improved and sustainable yields. 
These opportunities arise from the potential 
to incorporate 
high biodiversity habitats within conserva
tion agriculture schemes: a greater focus 
on "agrobiodiversity". Agrobiodiversity can 
be found within many environments in the 
farming landscape. Unlike conservation pro
grams which focus on the conservation of 
biodiversity a goal itself and often directed 
at forest and wetland ecosystems (usually of 
significant scale), agrobiodiversity "enhance
ment" has as its goal a high level of biodiversity "for direct use" by farmers, and would be 
focused on high biodiversity habitats (usually small) within farming landscapes. 

Why should we be interested in agro
biodiversity resources? For many Lao far
mers, non-cultivated species are the most 
important source of food and incarne. This is 
particularly true where farmers are less fo
cused on the produ tion of cash crops. In cash 
crops systems, the introduction of conserva
tion agriculture is important for overall pro
ductivity and incarne. However, farm families 
in Laos rely on more than just incarne from 
crops to maintain livelihood security. While 
rice is grown as a stable food crop, much of 
the other food consumed by farm families 
cornes from within the farming landscape or 
adjacent forest areas. In addition to food, SE 
Asian farmers utilize wood and fibre species 
for construction, tools and household items; various species for medicines. Livelihood security 
strategies include cash crops as well as the collection non-cultivated species. Biodiversity, both 
within fields and outside, provide important ecological services which make farming possible, 
including pollination, crop protection by means of predator/parasite interactions and soil-buil
ding organisms. 

Although fields themselves are often significant sources of agrobiodiversity, most agro
biodiversity is found within habitats found within the farming landscape which is not occupied 



by fields. In the case of Laos where shifting cultivation is a common farming practice, fallow 
fields of various ages are also significant and important sources of agrobiodiversity. Recent 
studies funded by the Swiss Agency for Development Cooperation in Laos provide compelling 
evidence that the number of species of biodiversity resources utilized by farmers in Laos ge
nerally increases with a reduction in elevation, and decreases with an increase in elevation. 
And these biodiversity resources are most abundant in ecosystems embedded in the farming 
landscape, such as riparian ecosystems, field borders, recently fallowed fields, etc . A wide 
variety of these habitats, therefore, are crucial for livelihood security of rural Lao farmers . 

The basis of conservation agriculture - minimum soil disturbance, maintaining perma
nent vegetative soil cover and a diversity of crops - provides an excellent foundation for the 
conservation and enhancement of high biodiversity habitats within farming landscapes . While 
farmers can easily appreciate the impact conservation agriculture has on soil erosion and soil 
fertility, they are also observe that conservation agriculture contributes to soil biodiversity, and 
is one of the reasons for the observed fertility increases. Farmers are all well aware that a fo
cus on a single cash crop will not provide them a complete level of food and livelihood security. 
By combing conservation agriculture with opportunities to enhance agrobiodiversity in adja
cent habitats it is possible to achieve sustainable and high levels of both crops production and 
biodiversity resources. It is important that farmers focus on high biodiversity habitats which 
do not reducecrop productivity, and preferably, even contribute to crop productivity through 
the provision of pollinator, crop protection and other environmental services. 

Because aquatic resources are some of the most valuable resources for farm families 
the authors will use the examples of aquatic resources enhancement opportunities to illustrate 
the point that both high agriculture productivity systems and high agrobiodiversity can both 
be achieved within the same farming landscape. 

Aquatic Biodiversity Enhancement 

Aquatic animais comprise the most significant source of animal protein for most Lao 
farm families in both highland and lowland areas. This includes fish, frogs, crabs, snails, shrimp 
and insects. Increasing the diversity and quantity of these resources is an important strategy 
to improving livelihood security of Lao farmers. The focus of this strategy is to enhance aquatic 
resources diversity and population levels in the uplands of Laos by creating a greater quantity 
and diversity of aquatic habits . Very little work has been done on the importance of micro 
habitats for aquatic organ ism populations, yet the linkages between enhancing populations of 
aquatic organisms for early season survival of immature and reproducing organisms during 
rain fluctuations, as a buffer against rapid water temperature changes and as a habitat for 
reproduction are very clear. 
Micro-aquatic environments are important for all of these factors. They create reliable and 
diverse water habitats during the early parts of the rainy season when aquatic organisms are 
triggered into spawning, but when the quantities of water are too little or dry up before the 
next rainfall. And are important even during the main rainy 
season when rains are erratic. Micro-water environments can 
be created on almost any type of farm landscape, including 
flooded rice fields, shifting cultivation systems, along wate
rways and as a connecting mechanism between permanent 
and temporary water ecosystems. 

Rice Field Tanks 

For generations farmers have used small pits in rice fields 
to more easily capture aquatic organisms in rice fields. Such 
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environments can be playing a more important raie in terms of enhancing overall productivity 
of aquatic animais in rice field environments by providing areas of deeper water for spawning, 
pr tection from predators and as sanctuaries against erratic rainfall, predators and quick 
temperature fluctuations. These can be built by using concrete and stone, preformedwell 
rings, hales lined with tires or hales lined with wood 

c ,. 

Deep Tanks 

In southern Laos, farmers have traditionally practiced 
the construction of deep tanks in rice fields and 
naturally low areas as a means to bath capture wild 
aquatic animais (particularly fish) at the end of the 
rainy season and as a means to maintain brood stock 
over the dry season for the next year. These are 
permanent structures which can be lined with wood, 
concrete rings or stone up to 5 meters deep or more. 

Shallow Ditches in Fields 

Many organisms, particularly fish, need to access 
different areas of the rice field in search of food. Sin ce 
rice fields are typically very shallow, by providing 
narrow ditches as little as 20-30 cm deep and wide can 
provide adequate water depths for easy movement 
as well as a a refuge area from the heat of the sun, 
predators and fluctuating water depths . Such ditches 
are best constructed before the rice is planted so 
that rice planting can be done in a way in which the 
rice cultivation area is not reduced. There are many 
possible configurations. 

Connecting 
Systems 
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Riparian Ecosystems 

Riparian ecosystems, and the water resources they encompass, are the ribbons of life which 
seamlessly connect natural forest ecosystems to agricultural landscapes starting from the tops 
of mountains, connecting with countless streams, wetlands and other water ecosystems and 
finally ending in the oceans. 
Luang Prabang Province in the Lao PDR alone has more than 17,500 km of streams along with 
the vegetative riparian ecosystems which enclose them. From the smallest streams to the 



largest rivers these ecosystems provide farming communities with critical aquatic resources 
and are connected with farm landscapes and allows for the system to significantly expand in 
the rainy season and contract in the dry season, much like breathing. The aquatic ecosystems 
and riparian ecosystems are dependent upon each other. The aquatic system includes seasonal 
as well as perennial springs, streams, rivers and wetlands. 

Stream Barrages: The construction of small 
barrages across upland streams is a common 
practice in Laos. The purpose of the barrage 
is usually to raise the water level just enough 
to allow for irrigation in adjacent rice fields as 
well as to create enough head for the placement 
of micro hydro-electric generators. But these 
structures are also useful for aquatic animal 
and plant enhancement as well as capturing 
sediment. Any type of significant stream 
obstruction is useful in oxygenating the stream, 
catching sediment and creating habits. 

Stream Enhancement: In addition to barrage, 
any type of obstruction in a stream can help to 
create important and diverse habitats for aquatic 
organisms. Rocks and old trees placed in the 
streams create important habitats for aquatic 
organisms, help to oxygenate the water, break 
up organic matter and regulate water velocity 
throughout the year. 

Stream Bank Environments: For small 
streams of minimal depth, the importance of 
areas of deeper water may be critical and can 
be created by excavating hales near the sides of 
streams and making them permanent by means 
of supporting the sides with rock masonry, old 
tires or a wooden framework. These should be 
placed on the sides of streams so that they can 
be periodically cleaned of sediment so that water depths can be maintained 
during critical periods. 

Conservation Zones: An important component 
of any program focused on ncreasingaquatic 
diversity and productivity of streams is the 
protection of stream environments, specifically 
for reproduction. Much success has been 
achieved by communities in identifying important 
spawning habitats in streams and setting these 
aside as protected areas where fishing activities 
are banned . 

Check dams: Check dams are particularly well 
suited for mountainous areas where agriculture 
practices are resulting in soil erosion. Here, 
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checkdams not only conserve soil by slowing down the runoff from rain but, importantly, they 
collect both soil and water behind them which then provides opportunities for both animal and 
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plant species to flourish. Amphibians and crustaceans 
have a greater opportunity to survive and both wild and 
domesticated plant species can thrive on the increased 
moisture and soil fertility offered by the checkdams. 

Conclusion 

Conservation agriculture is an appropriate and 
important farming strategy for 
much of the farmland and farming systems in Laos. 
But a focus on farming 
methods in fields alone will not provide farmers 
the entire range of products which are important 
for securing livelihood security. Incorporating high 
biodiversity habitats within the farming landscape 
where conservation agriculture techniques are being 
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employed can provide farmers and farming communities substantial increases in important 
food, incarne, materials and ecological services. The examples provided in this paper illustrate 
a few possible options for farmers to increase aquatic resources, because of the importance 
of aquatic resources for food and incarne for upland farmers. Although the examples are 
drawn predominantly from lowland rice systems, most of these can be applied to upland 
farming systems as well. In addition to aquatic resource enhancement, there are many types 
of interventions that farmers can easily adopt in terrestrial environments to increase the level 
of both important plant and animal species. These "micro" habitats include such areas as field 
borders, hedges, rock piles/fences, small forest parcels and homestead areas. It is the intent 
of this paper to create an opportunity for organizations and agencies involved in supporting 
conservation agriculture to work closely with the Swiss Agency for Development Cooperation 
in Laos and its partners as it initiates a program in agrobiodiversity in the Lao PDR beginning 
in 2009. 
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Abstact 

Whatever the cropping system adopted, bioclimatic conditions as sun radiation, temperature 
and rainfall, (spatial and temporal variability ) are soundly affecting crop photosynthetic acti
vity and biomass production . With the climate change already emerging in south east Asia ( 
see El Nino impacts), there is a necessity for looking at new agricultural practices in the view 
of adaptation to 
these new situations that farmers are going to face. This communication is dealing with the 
main agroclimatic and ecophysiological process that are involved in the biomass production in 
the case of the practice of no-till mulch based cropping systems DMC as already diffused with 
farmers by millions of ha in the world and beeing up to now under participative experimenta
tion in south east Asia, mainly in Laos, Cambodia, Thailand and Vietnam in order to meet small 
farmers expectations. Main objective of this paper will be putting in evidence that sustaining 
high biomass production may be obtained by farmers through a fine tuned integrated mana
gement of the crop's biological microenvironment. 

1 The primary biomass production basic model . 

We may consider the basic equation 1 ( Monteith,1972; Varlet-Grancher, 1982 .. . ) that is of 
great help to understand the process of biomass production as directly linked to the intercep
tion of radiation by the vegetal canopy with a ponderation through 3 efficiency coefficients 
subfunctions : 

t1 

MS primary = J Ec . Eb. Ea . RG dt 
to 

équation 1 

- (1) Rg : Global radiation over the canopy during the cycle duration . 
- (2) Ec : Climatic efficiency linked to bioclimatic conditions during the growing season 
- (3) Eb : Photosynthetic Active Radiation PAR efficiency linked to crop's physiology 
( C3,C4) .. 
- (4) Ea: Efficiency ratio of useful component of PAR absorbed by the canopy directly linked to 
the leaf area index LAI. This efficiency is mainly affected by cultural practices and agronomie 
cropping system patterns. 
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Many experiments in agronomy had put in evidence the possibility of maximizing this global 
function by optimizing each of these 4 terms. According to on field's results obtained in Brasil, 
in Malagasy and in Cameroon, we may say that OMC technology by proposing a permanent 
biological and physiological activity for bath aerial and subsoil plant's components is contribu
ting to enhance the contribution of these 4 factors : 

- Rg and Ec : maximizing the interception of sun radiation by a full diversified canopy during 
a maximum of time allowed by soil water availability. Sail water retention and sub-soil water 
regimes are so two important factors to guarantee a long growing season for main and caver 
crops. 

- Eb , Ea : selecting the optimal combination of C4, C3 crops having a high LAI index allowing 
high daily AET5 , mainly high transpiration resulting in high rooting system activity ( cations 
pumping as described by L. Séguy and al, 2004), low water drainage and low loss of fertili
zers. 

Under finely managed OMC systems, production is finally resulting in enough biomass for ha
ving available bath products for food and for mulch beeing transformed day by day in organic 
litter through enhanced soil biological activity. The crop's improved micro environment is so 
allowing ail over the season a well balanced minerai nutrition of caver crops and main crops 
combined for producing high quality grain, fodder, fiber .. . Finally, these "service oriented "ca
ver crops are able at recycling the maximal amount of primary biomass from various residues 
: empty panicle, leaves, shoots, roots that are left after main crop's harvesting. 

2 Rainfall and biomass production 

Under conventional tillage, due to significant run off and soil low water retention capacity, 
crop 's production performances are frequently affected by bath soil water stress and lea
ching conditions ( see as an example alumine toxicity in ferralitic soils). This explains why 
rainfall is generally considered by farmers as a risky factor, cause of final biomass unpredic
table variability. 

As increasing the positive productive terms of the soil crop water balance (infiltration , trans
piration, water storage .. ) and decreasing the negative ones ( run off, soil evaporation .. ), OMC 
systems are considered as true alternatives in regions where temperature, rainfall are fre
quently aggressive as it is the situation in inter- tropical regions. 

As OMC systems are significantly increasing soil water infiltration, cultivation of performant 
caver crops ( brachiarria spp, stylosxanthes spp.) having a high rooting system activity for the 
extraction of nutriments in the deep soil is mandatory to avoid this risk of leaching. In humid 
situations, the fertilization strategy is also a key component for the successful adoption of 
OMC technology by farmers . In ail cases, the estimation of two water balance terms, AET and 
Drainage, could be useful to compare the actual biomass production obtained by farmers and 
the expected yield ( also called the agropedoclimatic potential). Analysis of the gap between 
actual and potential values may so be efficient to convince the farmer at changing of cropping 
patterns : change of planting date, crop cycle duration and obviously change in minerai ferti
lization strategy and monitoring. 

5 AET : actual evapotranspiration of crop wher the evaporative component is nearly nul under DMC 



Yexp potential = Kfert X AETcycle X AETcp/PotMETcy equation 2 
With: 
- Kfert : coefficient linked to fertility and drainage 
- AET cycle : actual evapotranspiration of crop linked to rainfall, soil humidity 
- AETcp : actual evapotranspiration during the flowering critical phase 
- PotMETcy : maximal evapotranspiration of the crop during the cycle 
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Figure 1 Main component of the soil crop water balance 

To improve his cropping system, the farmer may so modify : 

1'.·fulc.h 

- The sowing period associated to the optimal cycle duration in order to capture the maximal 
amount of both global radiation and water. Many crops ( as millet, corn, rice) are very sensitive 
to an early sowing date that finally is increasing the total Lai index. 

- As crop water demand is linked to Lai value, any input in minerai nitrogen will increase the 
crop water demand. In the case of conventional systems in low favourable climatic conditions, 
any reduction of the climatic risk may be obtained by reducing the crop density but with a 
negative impact on the expected total dry matter production. 

- An other solution is to adjust ( reduce) the nitrogen input during the early phase of the cy
cle in order to reduce Lai and AET with the objective of conservation of enough water in soil 
that will secure the crop if a drought period is coming (risk of crops burning). Compared to 
conventional systems, this adjustement is always efficient with DMC systems due to its ability 
at using organic N stored in the soil, especially if the rainfall distribution is finally becoming 
favou ra ble. 

- Finally, as DMC management is reducing run-off and bare soil evaporation ( mulch effect), 
ail these water balance oriented adjustements are resulting in an efficient increase of the crop 
's transpiration productive flux. It is why, we may say that water balance in the case of DMCs 
systems may be defined as a good tool for estimating and predicting the productivity. 

- Practically, the combination between the Monteih Energy model and the soil crop water ba
lance model is used to estimate not only yield but also fertilizer use efficiency ( kg grain /mm 
of rainfall /unit of fertilizer). This ratio is highly increased in DMC systems ( fig 2) as perma
nent caver crops with powerfull rooting systems are avoiding both water loosing and leachning 
of nutrients. 
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Figure 2 Role of permanent cover crops on water and nutriments availability 
( Cerrados- Brasil) 
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As national action plans in Agroecology in Mekong Region have to propose strategies for the 
best use of soils and water resources, we may say that the OMC approach discussed in this 
paper, with the perspective at combining annual and perennial crops with a high efficiency for 
water and fertilizer, is an opportune alternative. 

Therefore, looking at farmers constraints, on field OMCs solutions are not a panacea. If we 
may conclude that OMC technology is potentially an interesting option for both production and 
natural resource conservation : soil, water, biodiversity conservation, it is known from many 
experiences that the adoption process is very slow due to the complexity of sociological and 
economical constraints that are facing individual farmers. 

On the agronomie point of view, we may see that OMC systems based on permanent biomass 
cover have the biophysical ability at producing more primary biomass, food, fodder with less 
inputs ( rain , fertilizer, labour .. ) but only w thin a viability domain that is depending of many 
conditions and factors that are not generally under the control of farmers ( education, availi
bility and access to inputs, quality of infrastructures .. ) 

3 Long term impact : Organic matter and Carbon sequestration 

If we consider a landscape's Unit combining annual, perennial crops, fields and plantations, 
these mixed agrosystems should combine productivity and sustainability by making the opti
mal use of the sun radiation and rainfall to produce a maximum quantity of biomass all over 



the seasons. The Henin equation 3 hereunder related to matter organic accumulation in soil 
aggregates is showing that the more we produce primary biomass and the most we recycle 
it on the surface layer, the more we increase organic matter and carbon accumulation in the 
soil . 

C = C O . e + kl M ( 1 - e ) / k2 
OC/dt= kl M - K2*C = 0 

- C : Humus stock in the soil profile ( 1- 10 cm) 
- M : mean annual input of organic matter by the cropping system ( in dry matter equivalent ) 
- kl : Isohumic coefficient 
- k2 : Humus related degradation coefficient 
- CO : Sustainability threshold 

This equation is allowing at estimating a pertinent stability carbon treshold 

DC/dt = 0 or M min = k2 * C / kl 

kl and k2 values are measured in the field or estimated by using the relevant bibliography. In 
general, kl is linked to the type of crop ( C3 or C4) and k2 is dependant of soil micro environ
ment (mainly temperature and oxydation rate). 

As an example, values were measured in Brazil for annual cropping systems : 

kl = 0.26 for corn , sorghum residues. 
k2 = 0.054 to 0 .040 in conventional and minimum tillage in tropics 
k2 = 0.010 in OMC no till mulch based cropping systems ( Sà & al, 2007) 
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Figure 3 The Henin dynamic Model 

4 Towards multifunctional OMC systems 

Origin B l : for~y i!cosyst= 

Origm B2 : Degraded i.md after yi!.m of 
chelllÎca.l a g:ricu!t\ll:e un.di!r monoci-oppiug 

Sustainability of an agrosystem may be analysed both on the productivity and on sustainability 
point of view by calculating the minimum a mou nt of an nuai biomass input in soi! Mmin needed 
to maintain this stability. Studies have shown that C storage is directly linked with C from crop 
residue input (Sa et al. , 2001; Kong, et al., 2005; Séguy et al. , 2006; Bernoux et al., 2006; 
Bayer et al., 2006). 
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C sequestration rates vary widely for the tropical zones (-0.03 to 1.7-Mg ha·1 y,1 ) and for sub
tropical zones (-0.07 to 1.4-Mg ha·1 yr·1) . On farm observed performances are generally below 
the potential of biomass production of those agroecozones mainly due to the fact that OMC 
recommendations are not fully applied (Corbeels et al. 2006; Bayer et al., 2006; Bernoux et 
al., 2006; Cerri et al., 2007). 

Weil managed OMC cropping systems with high biomass input to maintain the soil perma
nently covered can mimic the conditions founded in the natural vegetation (e.g. forest, sa
vanna, etc .. . ) and provide a continuous mass and energy flow releasing organic compounds to 
stimulate the soil biota biodiversity and the soil organic matter (SOM) changes (Uphoff et al., 
2006; Six et al., 2006). This concept is based on the multifunctional action of each species in 
the cropping system interacting with the soil attributes and stimulating the biological activity 
in a systemic interdependence of the soil structure and the soil organic matter pools (Perry et 
al., 1992; Uphoff et al., 2006; Séguy et al., 2006). 

Comparative results obtained by Sà and Séguy on DMC systems in Brazil and Malagasy are pu
tting in evidence an ability for C sequestration depending of two main factors : i) total a mou nt 
of carbon input du ring a long term sequence, ii) effect of type of soil management, crops and 
rotation. 

Nevertheless, this organic matter accumulation is limited by the value of k2, that is directly lin
ked to micro environments patterns ( soil temperature and 0 2 concentration). For this reason, 
it is necessary to create OMC systems that are able to reduce k2 value and to produce much 
biomass in order to assure a positive value to the DB/Dt differential function ail over the crop 
growing season ( as well this is the case of majority of natural agroforestry systems but that 
produce not much food !). 
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Figure 5 Carbon sequestration in DMC systems - Madagascar (10 years) 
and Brazil ( 8 years) to be published ( Sà, Séguy & al, 2008) 

These results mean that DMC systems due to the permanent vegetal cover of soil (litter from 
trees, crops .. ) are the best option to sustain soil fertility with a minimal production of biomass. 
As an example, cumulative dry matter production observed over 10 years in a corn based OMC 
in Madagascar is nearly m = 50 Mg C ha·1yr1 corresponding to a cumulative Carbon input of 20 
Mg C ha·1yr1 and finally transformed in O. 7 Mg C ha·1yr 1 organ ic carbon sequestrated . 

A Carbon and Nitrogen survey implemented by Cirad and Embrapa (Corbeels and al, 2005 ) with 
a group of farmers in the Cerrados who have adopted the DMC system shows that soil C seques
tration is in line with the 0 .86 Mg C ha·1yr1 (0-20 cm depth), estimated by de Sa et al. 
(2001) for OMC systems on oxisols in sub-tropical southern Brazil. 
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Figure 6. (a) Soil organic C and (b) total N contents in surface soils (0-20cm) in a DMC chro
nosequence in the Cerrado reg ion of Brazil. 

The comparison with the evolution of N content in soil shows that these 2 process are deeply 
linked. It means that a fine tuned Nitrogen monitoring in DMC systems by farmers is of high 
importance for chieving the expected high performances of these promissive systems. 

This minimal amount of annual recycled biomass m to guarantee C sequestration is clearly 
not so easy to obtain ( near 8 Mg C ha·1y, 1 in tropical areas ). These DMC systems need to be 
performant stable annual N,P,K inputs without which they will be running as a mining process 
due to the high capacity for cover crops at extracting nutrients, cations from the sub soil. 
Therefore, if the 
question of access to fertilizer is fully adressed, DMC practices for both annual and perennial 
cropping systems should allow the best efficiency of fertilizers ( kg grain/ unit of N,P,K) pro
vided to the crops ( Séguy et al, 2006). 

5 Conclusion 

After 8 years of on farm participative experimentations in the Mékong Région, we may say that 
DMC systems have the potential for improving both agricultural and livestock production. 

Furthermore, they may also provide environmental regional national and global services if 
they are significantly adopted at a pertinent scale. Weil selected watersheds within the Mékong 
Région, should now allow the pertinent monitoring of climate, soil , hydrological, agronomical 
as economical patterns we need for assessing with accurracy both short term agricultural per
formances and long term environmental and social impacts of this promissive technology. 
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Abstact 

In the four southern districts (Kenthao, Paklay, Boten, and Thongmixay) of Xayabury province, 
the current cropping systems are based on cash crop production. Maize is the main crop under 
rainfed conditions and covers more than 30,000 ha in the region. Land preparation is based 
mainly on plowing, which degrades soil and destroys infrastructures (paddy fields and roads). 
These deteriorations result from growing pressure on agricultural systems and farmers' lack of 
access to affordable labour. This study sought to analyze soil aggregation, soil water-holding 
capacity, and soil biological activity under tillage and no-tillage conditions in relation to the 
cropping sequence. Three cropping sequences were investigated: 1. maize monoculture; 2. 
two-year rotational sequence, maize - rice bean; 3. two-year rotational sequence, maize + 
Brachiaria ruziziensis - rice bean.). Each year of the sequence was represented under no-till 
(NT) and tillage (CT) practices. Independent of depth, soil aggregation was greater under no
till conditions and enhanced by crop rotation and higher dry matter production (maize + B. ru
ziziensis / rice bean). Soil macrofauna, that is, the number of species and amount of biomass, 
was increased with no-till and the cropping sequence. Earthworms increased with no-till and 
for some cropping sequences amounted to more than 50% of the total macrofauna biomass. 
The cropping sequences produced a limited amount of dry matter. The main challenge was to 
increase biomass productivity (above-ground and below-ground) to recover ecosystem func
tions (recycling of nutrients, carbon sequestration, high biological activity, integrated weed 
and pest management, etc.) in a medium-term process (five years). Generating and adap
ting intensive cropping sequences (high production of aboveground and belowground biomass 
combined with a high diversity) under no-tillage systems with smallholders is an essential step 
in achieving long-term land sustainability, to obtain more reliable harvests and higher farm 
profits. 
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Introduction 

In the four southern districts (Kenthao, Paklay, Boten and Thongmixay) of Xayabury province, 
the current cropping systems are based on cash crop production. Maize is the main crop under 
rainfed conditions and covers more than 30,000 ha in the region. This development has been 
enhanced by Thai demand and transfer of technologies (different means of production, such 
as tractors, plows, hybrid maize seeds, and pesticides). Land preparation is based mainly on 
plowing (up to a slope of 45%), which generates severe soil degradation and infrastructure 
destruction (paddy fields and roads) . Herbicides are widely used for land preparation and 
weed management. These deteriorations result from growing pressure on agricultural systems 
(to increase their productivity and generate marketable commodities) and farmers' lack of 
access to affordable labor. 
Soil potentials in the Kenthao, Paklay, and Botene districts are closely related to the soil parent 
materials (igneous rocks, schist, and sandstone). Soil organic carbon (SOC) under 'natural' 
vegetation is estimated at 86.5 and 13.8 MgC.ha·1 (0-20 cm) under basaltic and sandstone 
parent materials, respectively. Under basaltic conditions, SOC in cultivated fields (rotational 
swidden system over several decades and tillage for 15 years) is half (43.6 MgC.ha) of the 
amount under 'natural' vegetation. This region has experienced strong rural growth (income 
generation, road construction) related to the Thai market demand. However, even very good 
soils with high potential for agricultural development can be rapidly degraded. 
The National Agriculture and Forestry Research Institute (NAFRI) of Lao PDR, in partnership 
with CIRAD, implemented the Lao National Agro-Ecology Program to create, adjust, and op
timize smallholder alternative cropping systems based on the principles of conservation agri
culture and direct seeding mulch-based cropping systems. The main objectives were to de
velop innovative systems that can help preserve soil, water, and nutrients in order to achieve 
long-term land sustainability, so as to obtain more reliable harvests and higher farm profits. 
This study sought to analyze soil aggregation, soil water-holding capacity, and soil biological 
activity under tillage and no-tillage conditions in relation to the cropping sequence. 

Materials and methods 

Experimental design 
A range of no till systems was implemented in 2004 in a demonstration field of Nongpak
bong (sandstone parent material, Botene district, Xayabury province, 17°40'47 . 74"N, 
101°10'48.37"E), integrating local species (rice bean) as a first step. 

bl Soil ch f th h onzons, ex Denmental site o f kb 

Soi! depth (cm) C (g.kg·1) N (g.kg·1) pH 
CEC Particle size distribution (g.kg· 1) 

(cmol.kg· 1
) Sand Silt Clay 

0-10 22.9 1.83 5.53 27.9 295 296 409 

10-20 19.9 1.59 5.54 27.6 293 280 427 

20-30 16.5 1.36 5.48 26.7 281 267 451 

A criss-cross design was used (two factors: land management and cropping sequence) and 
each cropping sequence, and each year of the sequence, was represented under no-till (NT) 
and tillage (used as a reference - CT) practices. Cropping sequences: 1. maize monoculture; 
2. two-year rotational sequence, maize - rice bean; 3. two-year rotational sequence, maize + 
Brachiaria ruziziensis - rice bean. Twenty five days after sowing (under no-till management), 
was intercropped with maize at a rate of 15 kg.ha· 1

• Under tillage, cropping sequence 3) was 
maize - rice bean. 



Table 2: Summary of cropping systems studied. 
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In 2008, undisturbed soil samples were collected to measure soil aggregation, soil water 
holding capacity, and soil biology activity. The distribution of soil aggregates was recorded at 
three depths (0-10, 10-20, and 20-30 cm) as were bulk density, soil water-holding capacity, 
and soil macrofauna activity. Each parameter was also recorded under forest ecosystem. 

Bulk density (Da) 
Da was measured on undisturbed soil samples using soil samplers and cylinders of 94.12 cm 3 • 

Three soil replicates were collected at depths of 0-10, 10-20, and 20-30 cm. The soil contained 
in cylinder was dried for 48 hours at 105°C. The dry weight of the sample was measured to 
express bulk density (kg.dm·3). 
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Soif Water Holding Capacity (SWHC) 
Undisturbed soil samples for Da determination were used for SWHC determination. Samples 
were humidified to reach the full capacity, weighed, and then dried at 105°C for 24 hours. Re
sults of soil water holding capacity had to be interpreted carefully because water available for 
plants (between 0.03 MPa to 0.42 MPa) was not measured. The volume of water contained in 
each sample (94.12 cm 3 ) was used to express SWHC (mm H

2
0) per soil layer. 

Water Stable Aggregates (WSA) 
Three undisturbed soil samples that were replicates from each plot were collected from tren
ches at depths of 0-10, 10-20, and 20-30 cm to record WSA. A sample of 100 g was used to 
obtain the aggregate size fractions through the wet sieving method (Yoder, 1936); a sub-sam
ple was weighed and dried at 105°C for 24 hours to determine the soil moisture content to be 
used in the aggregation index calculations. Samples were dried in the shade to allow just the 
loss of excess moisture, but care had to be taken not to dry out the soil excessively. The total 
soil mass of each replicate was then passed through a 19 mm mesh sieve; clods greater in 
diameter than the sieve mesh were broken along their natural cleavage planes. The samples 
were moistened by capillarity by placing them on a filter paper at the top sieve (8 mm). The 
water volume was then raised inside the water tank to wet the filter paper and consequently 
the soil. The time taken to moisten the soil was 5 min. The filter paper was then removed and 
the wet sieving process was carried out. Each test used six sieves of 8, 4, 2, 1, 0.5 and 0.25 
mm mesh; the wet sieving process lasted 10 minutes. The sieves were then removed from 
the tank, and the aggregates were removed from each sieve to measure the dry weight. The 
aggregates retained in each sieve were weighed after 24 h in a cirier at 105°C. 
MWD was calculated according to the following formula: 

.,. Pi ·J 
MWD = '\' - .d111i where dmi = ( i + d(i + 1)) 

~ Pr ~ 

With: 
n = number of sieves 
Pi = dry weight of the soil fraction measured on the di grille sieve. 
Pt = Total dry weight measured on ail sieves 
dmi = mean soil particle diameter on the sieve 
d(i+l) = grille of the sieve above di grille sieve. 

Soil macro fauna 
Fauna sampling was done on squares of 25 cm x 25 cm on three replicates and four depths: 
top soil, 0-10, 10-20, and 20-30cm. Total fauna was collected at each depth using pliers and 
put into alcohol for identification in laboratory. Fauna identification and accounting was done 
under binocular glass. Fauna weight was recorded for each treatment at every depth and for 
each species by a electronic balance. In relation with animal weight losses in alcohol, final 
weight was adjusted using a specific coefficient for each species (from 6 to 24%). 

Statistical analysis 
Graphie representations and calculations of confidence intervals for regressions and standard 
deviation (SDEV) were carried out with SigmaPlot 9.0 for Windows (Jandel Scientific). Statis
tical analysis was done with SPSS 9.0 for Windows. 



Results 

Soil aggregation under forest showed the largest macro water-stable aggregates (> 8 mm) 
at each depth (Fig. 1). Under system 1, no-till was characterized by larger water-stable ag
gregates (WSA) at 0-10 cm (Fig. 2) than tillage, with average WSA of 4. 7 mm and 3.0 mm, 
respectively. No significant differences were observed for 10-20 and 20-30 cm depths (Table 
3) . No-till showed a larger proportion (52.8%) of macro (> 2 mm) water-stable aggregates. 
In contrast, tillage showed fewer large macro aggregates (40.5%) and more small (1 to 0.25 
mm) water:stable aggregates (59.5%). For system 2, differences between tillage and no-till at 
0-10 cm depth were significant, with WSA of 3.3 and 4.9 mm, respectively (Table 3). 
Under no-till system 2 (Fig . 3), large macro water-stable aggregates (from 2 to 8 mm) at a 
depth of 0-10 cm amounted to 53.9% while under tillage they represented 38.6 %. For system 
3, differences between tillage and no-till were significant at the three depths (Table 3). Under 
no-till, this rotational sequence showed a large proportion of large macro water-stable aggre
gates (Fig. 4). Aggregate size from 2 to 8 mm represented 62.7 % under no-till and 46.4 % 
under tillage. In comparison with natural ecosystem (Fig. 1), aggregate size distribution was 
irregular (Fig. 4), and no continuity was observed between aggregate size. 
Soil aggregation was influenced by land preparation and by cropping sequence (dry matter 
input and quality of residues). At 0-10 and 10-20 cm (Table 3), WSA were larger under no-till 
conditions and enlarged by crop rotation and greater dry matter production (maize + B. ruzi
ziensis / rice bean). Significant differences were recorded in relation to the cropping sequence 
with greater water-stable aggregates produced under system No. 3 under no-till and at 0-10 
cm. Independent of depth, soil aggregation under this system was close to that of the natu
ral ecosystem. Soil aggregation was rebuilt probably due to an increase in temporary (roots 
hairs) and transient (polysaccharides) binding agents, which are the most important aggre
gation components. Distribution of the soil aggregation size is a global indicator of a cropping 
system's potential to rebuild soil cohesion, protecting soil organic carbon through soil biology 
en ha ncement. 

Table 3: Water-stable aggregates for three cropping sequences and two soil managements 
(no-till and plowing) plus the results of the Duncan test (0.05). The water-stable aggregates 
with the same letters are not significantly different at p < 0.05. 

j Land prep,aration Cropping sequence 
Water Stable Aggregate (mm) 

0-10 cm 10-20 cm 20-30 cm 

\Ttllage 3.0c 4.62b 4 .3"bc 
maize monoculture 

No-till 4_7t' 5.0a 4 .2"b" 

ITtllage 3.3c 3.6c 3.8 t:c 
maize - rice bean 

4_9b te 3.8 tc No-till 4.0 

\Ttllage maize + B. ruziziensis - rice bean 
3.6c 3.7c 3.4" 

1No-till 6.0~ 5.0~ 4.8~b 

iForest 5.6" 5.3" 5.1• 
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Bulk density (Da) was affected by the treatment and soil depths (Table 4). Da values were 
lower under no-till for 0-10 cm and 10-20 cm depth , except for system 3 . For this system, 
no significant differences were observed between tillage and no-till at 10-20 cm depth. Under 
t illage, system 2 showed the highest Da at the 0-10 cm depth. By contrast, under no-till, sys
tems 1 and 3 showed lower bulk density at 0-10 cm depth resulting in a favorable environment 
for root penetration. We can reasonably conclude that these changes were related to biological 
soil improvement. At 20-30 cm depth no differences were observed between treatments 

Table 4: Bulk density for three cropping sequences and two soil managements (no-till and 
plowing) plus the results of the Duncan test (0 .05) 

Land preparation Cropping sequence 
Bulk density {kg.dtii) 

0-10 cm 10-20 cm 20-30 cm 

Tillage 
1. maize monoculture 

1.37~ 1.51 4'3' 1.456' 

No-tJl l 1.32<:f '1.365' 1.464
3 

Tillage 
2. maize - rice bean 

1.43cf 1.50if 1.495'3 

No-till 1.3~ ·J.38f 1.444a 

Tillage 
3. maize + B. ruziziensis- rice bean 

1.384~ ·1 _399' 1.47cf 

No-liJl l 1.32t 1.365' 1.534a 

Forest 1.36J81> 1.42rf 1.42f 

Soil water-holding capacity (SWHC) was affected by land preparation, with higher SWHC 
recorded under no-till (Fig . 5). However, no clear differences were observed between rotatio
nal sequences. Under no-till, SWHC was significantly higher at 0-10 cm depth for system 1 
and 3. At 0-10 cm, the increase in SWHC (between no-till and tillage) ranged from 6.6 mm for 
system 3; 7.1 mm for system 2, and 8.6 mm for system 1. The increase in SWHC was mainly 
in the 0-10 cm layer. At 0-30 cm, higher SWHC was observed under no-till except for system 
3, which showed no significant differences between tillage and no-till management. No-till 
system 3 showed higher value than the natural ecosystem (125 ,5 mm), with a SWHC of 134.6 
mm, but it was similar to those of systems 1 and 2 . 

Soil macrofauna, as the number of species and a mou nt of biomass, was positively enhanced 
with no-ti ll and the cropping sequence (Figure 6). Over 2,000 individuals per m2 were recorded 
with no-till. Earthworms increased with no-till and amounted to more than 50% of the total 
macrofauna biomass (two-year rotational sequence maize - rice bean). 



Figure 1. Mean frequency ± SDEV (six replicates) of soil water-stable aggregate distribution 
for three depths, under forest 
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Figure 2. Mean frequency ± SDEV (six replicates) of water-stable aggregate distribution for 
three depths, tillage and no-till, in maize monoculture 
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Figure 3. Mean frequency ± SDEV (six replicates) of water-stable aggregate distribution for 
three depths, for tillage, no-till, in relation to the maize-rice bean rotational sequence 
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Figure 4. Mean frequency ± SDEV (six replicates) of water-stable aggregate distribution for 
three depths, for tillage, no-till, in relation ta the maize + B. ruziziensis - rice bean rotational 
sequence 
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Figure 5. Box and whisker representations of the soil water-holding capacity (SWHC) in forest, 
cropping sequence combined with conventional tillage (CT) and no-tillage (NT). The median is 
illustrated in the box. The bottom of the box is at the first quartile, Ql, and the top is the third 
quartile, Q3. Red dashed lines indicate the mean SWHC; same letters are not significantly dif
ferent at p < 0.05 (Duncan test). Depths of 1) Q-10 cm and 2) 0-30 cm, n = 6. 
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Figure 6. Density and biomass of soil macrofauna for tillage and no-tillage in relation to two 
cropping sequence (system 1 and 2) 
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Discussion 

Soil aggregation, water holding capacity, and macrofauna are affected by soil and crop ma
nagement (tillage, no-till, and rotational sequence). Under tillage, water-stable aggregates 
are disrupted, which enhance aggregate turn-over and increase decomposition of soil organic 
carbon (Tiessen et al. 1994; Six et al. 1998). By disrupting the soil and reducing soil organic 
carbon (SOC) content, tillage negatively affect the chemical, physical, and biological parame
ters, which causeunfavorable conditions for crop growth. In contrast, SOC content increases 
under no-till, rotational sequence, and use of cover crops (Sa et al. 2001; Bayer et al. 2001; 
Séguy, Bouzinac et al. (2001, 2006). 

Soil aggregation improves soil cohesion, decreasing soil susceptibility to erosion and loss of 
organic matter. These effects are linked to biological activity (mycorrhizal symbionts), root 
exudates, polysaccharides and humic compounds, all of which are promoted by undisturbed 
soil and biomass production (Puget et al., 1999). Plants provide energy that fuels biological 
processes and either directly or indirectly creates structure within soils (Perry et al, 1989). 
For example, a large proportion of photosynthates is allocated to roots and much of that is 
diverted to mycorrhizal symbionts or exuded into the surrounding rhizosphere (Morel et al. 
1990; Nguyen 2003; Jones et al. 2009) . Polysaccharides produced by mycorrhizal fungi and 
rhizodeposition glue minerai particles together into water-stable aggregates (Aiguo Liu et al ., 
2005; Gobat et al. 1998; Lynch and Bragg 1985). Aggregation is the one of the main ways to 
protect the carbon within soil aggregates and stimulate the interactions among soil chemical, 
physical, and biological attributes (Tisdall and Oades, 1982; Elliot, 1986; Elliot and Coleman, 
1988; Six et al, 1988). 

Soil aggregation is a non-equilibrium phenomenon that is maintained and increased by perio
dic influx of fresh extra-cellular polysaccharides. Soil aggregation is influenced by the dyna
mic interaction of the below-ground ecosystem (microbial activity, rhizodeposits) and above
ground species (Perry et al, 1989; Kong et al., 2005). The beneficial functions of each species 
may be shown for soil aggregation, nutrient uptake and changes in SOC (Ryan et al. 2001; 
Jones et al. 2004). 

However, the cropping sequences presented in this study produced a limited amount of dry 
matter. As already proposed for other tropical conditions (Séguy and Bouzinac, 2008), the 
main challenge is to increase biomass productivity (above-ground and below-ground) to reco
ver ecosystem functions (recycling of nutrients, carbon sequestration, high biological activity, 
integrated weed and pest management, etc.) in a medium-term process (five years). Gene
rating and adapting intensive cropping sequences under no-tillage management with small
holders is an essential step in achieving long-term land sustainability, to obtain more reliable 
harvests and higher farm profits. 
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Abstract 

Soil organisms are not just in habitants of the soil, they are part of the soi 1, heavily influencing 
soil properties (chemical, physical and biological properties), ail of which are essential for pri
mary production and the decomposition of organic residues . The impact of the conversion of 
traditional agricultural practices into practices more sensitive to the soil protection was studied 
through the changes in the community structure of the soil macrofauna. Soil macrofauna are 
sensitive to land use changes and this may have implications to soil functioning. The presence 
of abundant and diverse communities of macro- invertebrates was thus considered as a factor 
of sustainability in agro-ecosystems. This work focused primarily on the effect of direct see
ding in mulch cropping systems (DMC) on the soil macrofauna community in Sakon Nakhon 
Province, Thailand. Secondarily, it was also a question of seeing their impact on soil microflora 
through the study of the soil respiration. In comparison with the conventional practice (plou
ghed bare soil) and the natural ecosystem (degraded forest), we observe globally an increase 
of the total mean density and biomass of the soil macrofauna under DMC systems. The strong 
observed densities are mainly due to the presence of the social insects. Differences are also 
observed in the respiratory activities of the soil. 
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Abstract 

In this paper we estimate Madagascar's natural capital and assess the sustainability 
of its development path through the calculation of its genuine saving. Our departure point is 
the World Bank publication Where is the wealth of nations? (2006). We refine this work with 
several theoretical and methodological improvements. Our results confirm the importance of 
natural capital, the main component of which is soil resources, in Madagascar's total wealth. 
Genuine saving interpretation indicates that Madagascar's growth has not been sustainable 
over the last two decades. However, since the early nineties, genuine saving increased steadily 
and even became positive after 2000, driven mainly by an increase of gross savings. Sail ca
pital depletion and rural indoor pollution have a considerable downward effect on wealth crea
tion . This article stresses the need to integrate soil depletion and indoor pollution in genuine 
saving calculations for African countries which are particularly vulnerable to these factors. 

Keywords: natural capital, sustainable deve/opment, genuine saving, Madagascar, wealth ac
counting 

1 Introduction 

Sustainability is most often introduced through Bruntland commission's definition: "a 
development that meets the need of the present without compromising the ability of future 
generations to meet their own needs" (1987) . One difficulty is to define the needs . For eco
nomists, this can be evaluated through the level of utility (or consumption), or the stock of 
capital assets for example. Sustainability would then require a non declining utility or stock of 
assets. Severa! approaches have been developed to translate broad objectives of sustainability 
into action. For example, indicators have been developed to track sustainability and help policy 
ma king: aggregate indicators as well as list of indicators, rooted in economic theory as well as 
natural sciences. The World Bank played a pioneering raie in this debate, promoting actively 
one specific approach, based on environmental economics. It proposes the measurement of 
the composition of total wealth (with a focus on natural capital) in nearly every country of 
the World, as well as adjusted net savings (ANS) which is the sustainability indicator actively 
promoted by the World Bank. This paper assesses the change in the productive base of a parti
cular economy, that of Madagascar, through the calculation of a macroeconomic sustainability 
indicator: the genuine saving. 

Our departure point is the World Bank publication Where is the wealth of nations? 
(2006). It is an impressive study, built on several years of effort. David Pearce, among others, 
laid the theoretical foundations (Pearce and Atkinson, 1993) . Kirk Hamilton and his team at the 
World Bank continued the work and made major improvements over the last ten years. Where 
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is the wealth of nations? presents natural capital (and total wealth) estimates and calculates 
genuine saving for 210 countries. Many assumptions and simplifications had to be made and 
the work is still in progress. It nevertheless delivers interesting insights on the composition of 
wealth, and an assessment of the sustainability of these countries' growth paths. 

There has been much theoretical debate on natural capital valuation and genuine saving 
calculations (see for example Atkinson and Hamilton (2007) for a review of progress achie
ved). Yet apart from the World Bank's impressive work, there have not been many detailed 
empirical applications. 1 For Africa, again except for the World Bank's work, there has not been 
any attempt at valuating the natural capital and genuine saving of any country, even though 
natural capital is very often an essential part of their total wealth. Moreover, poor populations, 
especially in rural areas, are highly dependent on their natural assets for their subsistence . 
The assessment of natural capital trends is thus of crucial importance in the actual pro-poor 
growth strategies context advocated by international organizations. 

Madagascar is one of the poorest countries in the world and is heavily dependent on 
its natural resources. Its GDP in 2005 was $989 per capita (World Bank, 2006), of which agri
culture accounted for a round 25%, and 75% of the population lives in rural areas. 15% of the 
country area is covered with forests, which are renowned worldwide for their endemic species 
and their biodiversity. GDP per capita has been growing slowly over the last two decades (!MF, 
2007) . The environmental degradation of the island is severe. Deforestation rates are high in 
some parts of the island, soils are being eroded, and many ecosystems have been damaged. 
Can we say that Madagascar is in a spiral of environmental degradation? The aim of this article 
is to present a methodology to assess the sustainability of Madagascar's current development 
path, into which some of the environmental problems faced by the country are included. 

We have collected extended datasets and numerous studies from international orga
nisations (World Bank, European Union, Food and Agricultural Organization, United States 
Agency for International Development, French Agency for Development, etc.), national minis
tries (agriculture and fisheries, environment and forestry, national institute of statistics, etc.), 
non-governmental organizations (World Wide Fund for Nature, Conservation International) 
and Antananarivo University. We have discussed with experts the reliability of the data col
lected. This work is thus a comprehensive compilation of most existing studies and databases 
on Madagascar's natural capital. We are therefore able to deliver a more precise picture of 
that capital, including new components such as fisheries and a 'bioprospecting value' for fo
rests. Our genuine saving calculation is also more accurate and comprehensive than the World 
Bank's seminal work. 

The paper is organised as follows. Section 2 recalls the theory of wealth accounting and 
the importance it has for sustainability issues. In Section 3 we detail the methodology used to 
estimate Madagascar's natural capital and genuine savings. We present the results in Section 
4 and then discuss those results and the methodology in Section S. We conclude with some 
policy implications. 

2 Theoretical framework 

2.1 Sustainability definitions 
One can distinguish two variants used for capital-based indicators and more generally in 
welfare economics. On the one hand, the sustainability dimension is introduced through a 
constraint on the utility of consumption over time. A development path will be considered sus-

1 See for example Lin and Hope (2004) for Taiwan, and Brown (2005) for Australia, or Alisjahbana (2003) for Indo
nesia . 



tainable as long as the utility of consumption is not declining over time (we will call it the 'Ha
milton-Clemens-Pezzey' definition as it builds on (Hamilton and Clemens, 1999) and (Pezzey, 
1997)). On the other hand, the constraint is on changes in opportunities (rather than change 
in outcomes). The development path will be sustainable as long as total wealth or aggregate 
capital, defined as the monetary sum of the four type of capital, is non-declining (we will call it 
the 'Arrow-Dasgupta-Maler' definition as it relies on (Arrow et al, 2003). The two approaches 
are linked but not equivalent (Pezzey, 2005). 

2.2 ANS theoretical foundations 
Let us define intertemporal social welfare Vt at t as: 

V = f
00 

u(c(s))e-ô<s-tJds 
t Ji 

where u is a utility function, t is time, c is a vector includ ing marketed goods consump
tion flow, but also non-marketed goods or services consumption such as ecosystem services, 
and <3 is the discount rate. The consumption path, and thus intertemporal welfare, is determi
ned by the evolution of the economy's productive base. At any given time, the output genera
ted by this productive base is allocated between consumption and investment in the different 
capital stocks. The rules governing the allocation of the different resources are the resource 
allocation mechanism. It can be governed by optimizing behaviours or by more exogenous 
rules that make it non-autonomous. If we assume that the resource allocation mechanism is 
non-autonomous, it means that Vt is an explicit function of time. Thus we have: 

V1 = V [K 1(t), ... ,K 0 (t),t] 

The allocation rules can be non-autonomous for several reasons. Dasgupta (2009) 
gives five examples: an exogenous technological or institutional change, global public goods, 
capital gains, population change, and uncertainty. If we differentiate (1) with respect to time, 
we obtain: 

dV1 av f av dK; 
-=-+~--
dt at i=l aK i dt 

where is the marginal increase in intertemporal welfare from one unit increase of the capital 
stock (shadow price of the capital stock). Thus, intertemporal welfare Vt variation results from 

av 
the evolution of the capital stocks and exogenous factors described by ai. In this context, 
ANS is defined as the variation of the capital stocks . In previous equation, it corresponds to 
the right term: 

ANS= i av dK; 
i=I aK; dt 

At this stage, we can say that the ANS is built in an autonomous context (the drilt term 
is not included). And it is equal to intertemporal welfare variation. 
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2.3 ANS and sustainability 
It is quite straightforward that a positive (negative) ANS ensures sustainability (un

sustainability) as defined as non declining wealth (which corresponds to the second Arrow
Dasgupta-Maler variant). However, this does not necessarily ensure that utility will not decline 
(first variant). Hamilton and Clemens (1999) show that a negative ANS implies that future 
Jevels of utility over some period of time will be lower than current level, which means unsus
tainability regarding the first variant. A positive ANS signais sustainability (defined through a 
non-declining utility) provided that the growth rate of ANS does not exceed the interest rate 
(Hamilton and Withagen, 2007). Thus, the interpretation of ANS depends on the sustainability 
definition used, the non-declining utility definition being a bit more restrictive than the non
declining wealth one. Nevertheless, a negative ANS signais unsustainability in both cases. 

3 Methodology 

3.1 Measuring the value of Madagascar's natural capital stock 

General introduction 

The value of a capital is the present value of the stream of benefits from its future use. 
This definition is extended to natural capital. Natural capital includes exhaustible resources, 
renewable resources (forests, land/soi! resources) and environmental services produced by 
ecosystems (water filtration, waste assimilation, etc.). Most of the time, renewable resources 
are multifunctional: they provide goods as well as environmental services. The whole ecosys
tem can then be considered as a capital. Market prices for natural assets are often missing. 
As a consequence, the different resources are valued as the present value of resource rents 
during the asset's lifetime: 

V= i (P;q-C(q)) 

;~1 (l+r)' 

where pi is the price at time i, qi is the production, C the production cost and r the discount 
rate. For each natural resource, we apply the following assumptions: 
- a constant rentai rate over time2 

- a 25-year accounting period (2005-2030) 
- the value of the resource at the end of the discounting period is zero 
- a 4% discount rate. 3 

One important point is that we assume a competitive economy so that rents refiect 
the 'contribution of nature' (if we disregard externalities) and are used to value Aows from 
natural capital stocks. However, especially in a country such as Madagascar, prices are highly 
distorted and rents also refiect market power effects. The methodology we use for natural ca
pital calculation is very similar to that of the World Bank (2006). We improve on it in several 
respects. First, we use local prices instead of world prices, which makes sense as most goods 
are consumed Jocally and are not exported. Second, whereas rentai rates in the World Bank 
study are crude, whenever possible we use local production cost studies to estimate rentai 
rates. This refiects local production conditions more accurately. Finally, because some of the 
data are not reliable (for wood production for example), we use better data, according to local 
experts, whenever possible. Finally, we add halieutic resources and the bioprospecting value 
of forests. 



This work is of course not exhaustive. We do not value every natural resource and 
ecological service, and have to be cautious not to double-count some services. One important 
point is that we do not really value ecosystems as separate assets. For example, we may think 
that mangroves are not valued. But the two main services they produce, wood for the local 
population and a habitat for fish nurseries, are valued through wood resources and fisheries. 
We therefore compile our results by categories of service produced and not by ecosystems. 

Another point is that the rents calculated are the sum of different environmental servi
ces. For example, cropland rent is not only the service produced by the soil ecosystem; it also 
includes externalities from the forest caver in the upper watershed which regulates water and 
sediment flows. As a consequence, these kinds of services are counted through the cropland 
value and not in the forest value. Moreover, these rents also olten include services from public 
infrastructures, social rules, etc. 

In the following paragraphs we describe the methodology more specifically for each 
type of resource. Data (prices, production costs, production volumes) and sources are repor
ted in Appendix B. 

Crop/and 

The main crops in Madagascar are: rice, maize, cassava, sweet potatoes and coffee. 
We do not consider other crops such as saonjo, groundnut, patata, vanilla or pepper, which 
do not caver significant areas. We assess rentai rates on the basis of various production cost 
studies and local market prices. Total rent in 2005 for each crop is estimated with the following 
formula: 
Total rent (crop i) = mean yield (crop i)*local market price*rental rate*crop i area 

To project those rents in the future, we use current production trends (over the last 
five years) for each of these crops. In order to assess the sustainability of current cultivation 
practices, the World Bank (World Bank, 2006) posits constant production between 2025 and 
2030 . We use the same assumption although results are not very sensitive to it. A disputable 
point is the way to include unused lands. Uncultivated lands do not have a price at present, 
but do have an option value as they could be used in the future. They are in a way included in 
our accounting as we consider a growth of the production (resulting from productivity growth 
and cropland extension). Those lands which will be cultivated in the future thus have a value 
equal to the rent they will produce. However, it would be necessary to introduce an adjustment 
cost, the cost to transform the unused lands into croplands. 

Pasture/and 
Pasturelands in Madagascar are used mainly for zebus grazing and wool production, which 
constitute the main outputs. As we found no comprehensive data on production costs, we 
use the rentai rate from the World Bank (2006), which assumes that return to pastureland is 
45% of the output value. Future rent projections are forecast using current production volume 
trends. We do not consider milk production which is not significant in the country. 

Timber resources 
Timber wealth is calculated as the net present value of rents from wood production. We dis
tinguish industrial roundwood from fuelwood production. We do not use FAO data (from the 
FAOSTAT database or the Forest Resource Assessment 2005), which are based on national 

'Rentai rate = economic rent / output *100 
'This choice is critical to the calculation. The discount rate can be broken down with the following formula: 6 = r + a.µ 
with r the pure rate of time preference, a the elasticity of marginal utility with respect to consumption, and µ the 
consumption growth rate. Reasonable orders of magnitude are: r=0,1% a=l , µ=4%. See Stern (2007) for more 
details . 
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statistics that are down-biased as they exclude illegal logging and production from zones not 
considered as forests in the FAO classification. Instead, we use a recent study (Meyers et al., 
2006) which is the most complete attempt to assess wood production sustainability in Mada
gascar. The sustainability of wood production is introduced through the lifetime of the resour
ce. We evaluate the time to exhaustion with current production trends, annual regeneration, 
and total wood stock. Rentai rates are assumed to be 30% for industrial roundwood (World 
Bank, 2006) and 50% for fue/wood production (Carret and Loyer, 2003). 

Non-timber Forest resources {NTFR) 
We use Andrianjaka (2001) who values NTFR in Ambohitantely (a small village in a tropical 
forest in the north of Madagascar). He considers only direct values: fruits, wild animais, me
dicinal plants, honey, raffia and bark. The production cost is the time spent to collect those 
products. FrolTl this we obtain a value of $13 per year for one hectare. Contrary to the World 
Bank study (which uses a 10% rate), we assume that 50% of the forest area is exploited as in 
Madagascar most of the Forest area is accessible. We do not add indirect values because it is 
most often already included in the market value of the asset that benefits from the service. 1 

Bioprospecting value of forests 
Madagascar is well known for its endemic species and its impressive biodiversity. It is one 
of the biodiversity hotspots of the planet. We add a component to measure the value of that 
biodiversity, which is a very important asset for the country. The way we value biodiversity 
is very reductive, as it includes only the genetic diversity value of Madagascar's forests . But 
some other aspects of biodiversity are valued through protected areas. We use the methodo
logy suggested by Rausser and Small (2000) applied to Madagascar. They elaborate a model 
to estimate pharmaceutical companies' willingness to pay to buy forest lands, depending on 
assumptions such as the number of endemic species, new annual drug approvals and proba
bility of a hit. Their estimates are very rough but it gives an order of magnitude. This mode! 
gives a value of $2,961/ha for Madagascar's forests. 

Protected areas 
Carret and Loyer (2003) calculate the net present value of the network of protected areas for 
Madagascar. They value different types of benefits: 
Hydrological benefits: forest cover protects irrigated perimeters downstream from erosion and 
constitutes a natural filter for downstream water users 
Ecotourism benefits: net revenues from the tourism industry 
Existence value of those parks: conservationist NGOs receive money from northern consumers 
to protect Madagascar's biodiversity. 
To obtain the net present value, they subtract from these benefits the different costs of those 
parks: the maintenance cost, which is a direct cost, plus an opportunity cost (which prevents 
populations a round the park from using forest products). 

Fisheries 
Here we value only marine fisheries . We distinguish shrimps, tuna (mainly for export) and 
other marine fisheries. For shrimps, we have precise data on rents, production volumes and 
prices (from the economic observatory for shrimp fishing). But data on production costs for 
tuna and other marine fisheries do not exist. We therefore use a 30% rentai rate which is the 
one used in Lange (2004) for fisheries in Botswana and Tanzania . We suppose that fisheries 
are sustainable, with the same production every year. This assumption is tolerable for shrimps 
because many investments have been made over the last years to make this industry sustai
nable. It is disputable for tuna and other fisheries, but we do not have any data on stock size 
trends. 



3.2 Measuring genuine saving 
We now present the methodology to calculate genuine saving. Genuine saving (equation (1)) 
is: 

G = dW = dK + dN + p dH 
dt PK dt PN dt H dt 

(where K is produced capital, N is natural capital and H is human capital). To estimate em
pirically genuine saving, we use the 'Hamilton-Clemens' growth mode! and add soil capital 
dynamics. 5 The model and the hypotheses are detailed in Appendix A. Figure 1 presents the 
relationship between our theoretical definition (the variation of each type of capital stock) and 
the practical calculations (how these variations are assessed). Table 1 presents the main steps 
and formulae for the practical calculation of genuine saving. 

Capital stock GENUINE SAVING Methodology Formula 

+ Gross national saving 
.dK - physical capital depre- National statistics 

ciation 

- net forest depletion Net price method 
Forest rent*net forest 

.dN 
depletion 

- soil degradation cost 
Nutrient lost replace- Nutrient price*net nu-

ment cost trient depletion 

+ human capital for- Education 
mation expenditures 

- urban pollution da-
WTP* disability adjus-

.dH Contingent valuation ted life year lost due to 
mages (PMlO) 

PMlO emissions 

- indoor pollution da- Damage valuation 
Defensive medical ex-

mages penditures 

World C02 damages 
( carbon value*global 

.d (Kp+Kh+Kn) - C02 damages Damage valuation emissions)*(% of the 
global cost carried by 

Madagascar) 

Table 1: summary of the different steps to calculate genuine saving 

More details on each of the steps are given below. 

+ 

dK/dt dN/dt dH/dt 

Figure 1: principles of genuine saving calculation 

• Gross saving 

!ffl Produced capital depreciation 

D Natural capital depletion 
(forests and cropland) 

D Education expenditures 

D Air pollution damages 

D COZ damages 

10n this point, we disagree with the World Bank methodology which we believe leads to double 
counting. 
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Produced capital variation (LJ.K) 
We extract gross national saving (GNS) from national statistics. GNS represents produced 
capital investments. Net national saving equals GNS less produced capital depreciation. The 
latter term is the replacement value of capital assets used in the production process, derived 
from the World Bank (2006). Net saving is thus a measure of produced capital variation (in
vestments less depreciation). 

Natural capital variation (LJ.N) 
Forest depreciation 
The method used here is the net price method (Vincent and Hartwick, 1998). Thus, we assume 
that the resource is extracted optimally (to maximize the discounted sum of rents), and that 
prices, the extraction costs and the discount rate are constant over time. In this case, timber 
wealth depreciation equals the average unit rent6 multiplied by net wood depletion (quantity 
harvested minus natural growth). 

Soif capital depreciation 
Soil is the major capital asset of poor farmers. Therefore, it is important to introduce it into our 
genuine saving calculation. Soil erosion and degradation reduce soil fertility and thereby future 
agricultural productivity. We consider only on-site costs and cropland soils. Off-site costs are 
too difficult to assess and are often already included in standard national accounting as they 
affect marketed assets. We do not have any information on pastureland degradation. Various 
authors try to include soil depletion in natural resource accounting (Adger, 1992; Crowards, 
1994; Hrubovcak et al., 2000). Sail is usually introduced as an homogeneous production factor 
modelled through one stock variable such as soil depth or a soil quality index. However, soil 
is a very complex and heterogeneous ecosystem and it is an over-simplification to describe a 
soil through only one proxy. A vector of variables would be more appropriate (Ekbom, 2007). 
However, abundant data are required, and are not available on a national scale. That is why 
we consider soil resources as a nutrient stock (see Appendix A for a more formai explanation 
on how we include soil capital depletion in the 'Clemens-Hamilton' mode!). Sail depletion can 
thus be valued as net nutrient depletion multiplied by the price of lost nutrients. However, ob
taining an idea of soil nutrient depletion on a national scale is a very ambitious and uncertain 
task . Extrapolations from field plot data to watersheds or regions are highly complicated. And 
soil nutrient budgets are often based on models which have important caveats: they do not 
mode! non-linear processes of soil degradation, and results are highly sensitive to soil erosion 
rates (erosion being one of the main exporters of nutrients outside the field) . 

For Madagascar there are several studies of soil nutrient depletion on a national scale 
(Rakotandramanana, 1995; Drechsel and Gyiele, 1999; Henao and Baanante, 2004). We use 
Drechsel and Gyiele (1999), based on the national nutrient balance predictions for the year 
2000 from Stoorvogel et al. (1990). They obtain a range of 90 to 127 million $US for the re
placement cost of an nuai nutrient depletion, which represents 6 to 9% of the agricultural GDP. 
We include only private costs here. However, fertilizers are not easily available everywhere in 
Madagascar so that the replacement cost should also include the social cost to implement a 
sustainable fertilizer industry. 

Human capital variation (LJ.H) 
Education expenditure 
Investments in human capital are estimated through educational expenditures. This includes 
both capital expenditures and current expenditures that are usually counted as consumption 
rather than investment in traditional national accounts. It is certainly nota perfect proxy for 
human capital formation, as we assume that a one-dollar investment in education produces 
the same amount of human capital. Thus, we do not consider the efficiency of the investments, 
nor human capital losses through death or a degradation of the school system. 



Urban outdoor air pollution 
We use the World Bank estimate based on Pandey et al. (2005). Pollution damages from PMlO 
(particulate matter Jess than 10 microns in diameter) emissions are valued through the impact 
of pollution on health (thus on human capital). It is based on the willingness to pay to avoid 
the mortality and morbidity from cardiopulmonary disease and Jung cancer for adults, and 
acute respiratory infections for children. In Madagascar, the average level of PMlO is estimated 
for six cities: Antananarivo, Antsirabe, Fianaratsoa, Mahajanga, Toamasina, Toliara . We use 
results compiled by the World Bank (2006) . 

Indoor air pollution 
Health problems due to indoor air pollution in rural areas are huge in many African countries. 
In Madagascar, 95% of the population cooks with fuelwood, a very harmful source of energy. 
Hereafter, we estimate successively the economic costs of morbidity and mortality due to in
door pollution. Details and a description of data used are given in Appendix C. 

•Mortality cost 
The WHO (2007) estimates that 11,690 people die each year in Madagascar from indoor 
smoke because of the use of traditional fuels (1,420 adults over 30 years old, from acute 
respiratory illness and 10,270 children under 5 years old from chronic obstructive pulmonary 
disease). We use the human capital approach to estimate the social cost of these premature 
deaths. It is based on an individual's economic contribution to society over his or her lifetime. 
Death involves an economic Joss that is approximated by the loss of ail that individual's future 
income. 

•Morbidity cost 
Rabevohitra (2001) gives estimates of damages due to rural indoor pollution. 7 Damages are 
valued on a yearly basis (long-term effects on morbidity and mortality are not considered) 
through revenue losses and defensive healthcare expenditures for an average rural household . 
Following Huhtala (2007) and Hamilton (1996), we subtract defensive healthcare expenditures 
from net saving. However, we do not subtract revenue lasses as they are already included in 
standard national accounting . We extend these average defensive healthcare expenditures per 
rural household to the whole rural population (70% of total population), assuming an average 
household size of 4.6 people . 

C02 damages (f1K+!JH+!JN) 
We do not use the World Bank methodology which has one major shortcoming: C02 damages 
are introduced as proportional to the country emissions, but Madagascar clearly suffers more 
from other countries' emissions than from its own. We therefore use the methodology deve
loped in Arrow (2007). Their idea is to index Madagascar's climate change cost on global and 
not national emissions, using the fact that damages from climate change are unequally distri
buted. Nordhaus and Boyer (2000) estimate that African countries (and thus Madagascar) will 
suffer lasses of 3.5% of their GDP while the entire world will suffer 1.5% of global GDP. Thus, 
we can conclude that the climate change cost for Madagascar will be 0.026% of the total cost 
for the world. Then, if we consider that carbon emissions in the world in 2000 are 7 billion tons 
(World Bank, 2005), with a marginal damage cost of $50 per ton of carbon (Toi, 2005), we 
have a global damage for 2000 of 6,696 billion dollars. The climate change cost for Madagas
car is then 92 million dollars. 
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4 Results 

4.1 Natural capital stock valuation 

Net present value 

This study World Bank 

Timber 192 174 

NTFR 80 171 
Forest land 

Protected area 7 36 

Bioprospecting value 197 ---

Cropland 1318 955 
Agricultural land 

pastureland 192 345 

Sea resources fisheries 70 ---
Total 2056 1681 

Table 2: value of Madagascar's natural capital 

We can see from Table 2 that land resources are the most important part of Madagascar's 
natural wealth, with cropland constituting more than half of its total natural capital value. The 
importance of Forest and fish resources is understandable, given their share in the GDP, but 
the relatively weak importance of NTFR is more surprising . It is important to underline the 
uncertainties of some of our calculations. The future use of the different assets and the sus
tainability of the exploitation are for example difficult to assess. 

Natural capital compared to total wealth 
The methodology used to calculate reproducible capital and total wealth is similar to that of 
the World Bank (2006). Intangible wealth is the difference between total wealth and the sum 
of produced and natural capital. Table 3 presents the value of the different assets. 

Net present value ($2005) 

Natural capital 2056 

Produced capital 804 

Intangible capital (social + human) 1331 

Total wealth 4191 . . .. . - .. . ... ,., 
p g 

These results confirm the importance of natural capital in Madagascar's wealth. It accounts 
for around 50% of the total wealth . The other interesting fact is the relatively small share of 
produced capital which accounts for only 19% of the total wealth. 

5Theoretical criticisms have been raised by different authors on the model. Dietz and Neumayer (2004) underline 
that genuine saving is built on a model based on an intertemporally efficient economy. This condition seems unrea
listic for a country such as Madagascar where markets are highly imperfect. They also point out that genuine saving 
is vulnerable ta exogenous shocks such as term of trade effects or a non-constant discount rate. Asheim (2003) 
shows that the interpretation of genuine saving becomes ambiguous when considering a non-constant discount rate. 
6t is a simplification because marginal unit rent is tao difficult ta estimate. See Ferreira and Vincent (2005) for a 
discussion on the use of average versus marginal production cost and the other existing methods. 



4.2 Genuine Saving 
Our calculations are more complete than those of the World Bank (2006) as we add cropland 
soil depletion and rural indoor pollution, and give a new estimate for carbon dioxide damages. 
However, this accounting is not exhaustive. We had insufficient data to include for example 
water pollution, pastureland depreciation (zebu is an important type of saving in Madagascar) 
or fish stock depletion. Figure 3 present genuine saving calculations from 1980 to 2004. 8 
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Figure 3: genuine saving evolution between 1980 and 2004 

- - - Gross national saving 

-- Genuine saving 

These calculations give different elements to characterize Madagascar's growth path. First, 
Figure 3 shows that, since the early nineties, genuine saving has been on an upward curve 
and even becomes positive a~er 2000 (except in 2002 because of political unrest). Madagas
car can therefore be said to be on a sustainable growth path since 2000. This upward trend 
is mainly driven by an increase of the gross saving. As shown in Figure 3, genuine saving is 
strongly dependent on net saving rates. 

This study* World Bank (2005) 

Gross national saving +9.56 +9.56 

Consumption fixed -8.11 -8.11 
capital 

Education expenditure +1.80 +1.80 

Net forest depletion 0 0 

Soil depletion -2.36 ---

C02 damage -2.5 -0.35 

PMlO urban pollution -0.41 -0.41 

Rural Indoor pollution -2.8 (1.1+1.7) ---
(morbidity+mortality) 

Genuine saving -4.8 +2.9 

* 7,500 people were interviewed in the district of Arivonimamo. This is not an exhaustive study on a national scale 
but is fairly representative of the national situation. 
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Table 4: Madagascar's genuine saving results for the year 2000 
(Data are presented in percentage of gross national incarne) 

% of Gross national income 
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Figure 2: genuine saving decomposition (for the year 2000) 

Figure 2 and Table 4 show the relative contribution of the different components of genuine 
saving (for the year 2000 only). Net saving and human capital investments, through education 
expenditures, are positive contributors. They increase respectively the produced and human 
capital stocks. The other components are decreasing total wealth. Soil degradation and indoor 
pollution have a strong downward effect on genuine saving. The global warming cost is also 
important. We can see the absence of net forest depletion. A recent study (Meyers et al., 2006) 
does not show any depletion of the wood stock. However, the total wood consumption will ex
ceed total production in 2010, which means that wood capital stock should then decrease. It is 
important to point out that this is a nation-wide perspective, and that deforestation rates are 
alarming in some parts of Madagascar (in the Mikea forest for example). 

5 Discussion and policy implications 

5.1 Genuine saving as a weak sustainable indicator 
Genuine saving is a weak sustainability indicator since it relies on the assumption of perfect 
substitutability between the different assets. It is a first step to assess sustainability. A country 
which is not weakly sustainable will not be strongly sustainable, as this requires a non-decli
ning natural capital (or at least a non-declining 'critical natural capital'). More work is needed 
on this crucial point of substitutability between natural capital (especially ecological services) 
and other assets. Moreover, most growth models have very simple natural capital stock dy
namics. However, many ecosystems have highly complicated dynamics, o~en non-linear with 
threshold effects (Muradian, 2001). The notion of ecological resilience is an interesting way to 
link wealth accounting and strong sustainability. Resilience can be understood as the capacity 
for an ecosystem to cope with a sudden shi~ from a normal stable state into a different, less 
desirable state (Holling, 1973). Walker et al. (2007) proposes very interesting ideas on how 

8 To extrapolate genuine saving calculation from year 2000 over the period 1980-2004: for national saving, produ
ced capital depreciation, education expenditures, and PMlO urban pollution data from the World Bank website; for 
soil depletion, we transformed our global cost into a per hectare cost and indexed it on the arable area; for rural 
pollution, we indexed it on rural population; for C02 damages, it is indexed on global emissions. 



resilience may be included in a comprehensive wealth approach. For example, in Madagascar 
such ecological shifts could occur in the dry spiny forest in Androy. As there is a fragmentation 
of the forest area, this could induce a rapid reduced connectivity between the forest patches, 
with consequences on pollination services and thus on crop production (Bodin, 2006). Many 
ecologists world-wide are trying to identify those critical thresholds. 

5.2 Policy implications 
This study has different important messages. First, Madagascar's natural capital is an impor
tant part of the country's wealth, with croplands constituting the main part. Secondly, soil 
degradation and rural indoor pollution have a considerable downward effect on Madagascar's 
wealth. They have to be considered as two important political issues. It moreover seems criti
cal to assess the profitability of actions limiting these two severe environmental degradations. 
Another important element is that the sustainability of Madagascar's growth is heavily depen
dent on the net saving of the country, which remains among the lowest in the world. 

5.3 Perspectives 
Human capital is poorly integrated into our genuine saving calculation as we consider only 
education expenditures and air pollution damage to health. We do not account for death of 
educated people as a destruction of human capital. In other words, we should count as an 
increase in human capital only those parts of education expenditures that increase the ave
rage education level of the population. Secondly, in addition to education expenditures, health 
expenditures should be considered as investments, increasing life expectancy and workers' 
productivity in the long term. Thirdly, research and development investments build a form of 
'knowledge capital'. Arrow (2007) proposes a very interesting framework to account for this 
'knowledge capital', based on changes in total factor productivity. 
Another interesting improvement would be to include land use changes in genuine saving cal
culation . It would better reflect the sustainability of the development path of a country such 
as Madagascar, where deforestation and agricultural extension are two important characteris
tics. 
Finally, our work deals strictly with inter-generational and not intra-generational equity. It 
would be interesting to implement the same work on a smaller scale, a watershed for example, 
where the different wealth stock dynamics could be estimated more easily for the different 
population categories . This would give us an idea of the differences of development paths 
between the population categories, and investigate the link between wealth and inequality. 

Conclusions 

This paper reviews and seeks to improve World Bank natural capital and genuine saving cal
culations for Madagascar. We raise some methodological issues, as well as more theoretical 
ones. We use more reliable data and add fish resources and a forest bioprospecting value to 
the natural capital estimate. Our results confirm the considerable hare of natural capital in 
total wealth, and underline the importance of land resources, especially cropland. Concer
ning genuine saving calculation, we add soil capital depletion and rural indoor pollution, and 
modify the methodology to estimate C02 damages. Results are quite different from previous 
World Bank calculations. Genuine saving has been negative for the last two decades, as soil 
degradation and indoor pollution have had a substantial downward effect. However, since the 
early nineties, genuine saving has improved steadily and has even become positive since 2000 
( except in 2002 because of the political crisis). This study stresses the need to integrate soil 
degradation and indoor air pollution into genuine saving calculations for African countries, 
which are particularly vulnerable to those factors. 
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Appendix A 

The model is an extension of the 'Hamilton-Clemens' model (Hamilton and Clemens, 1999). 
The dynamic optimization program is the maximization of the intertemporal social utility func
tion: 

f"' u(c(s),B(s))e...S<s-t)ds 
Max W= Ji 

under a set of constraints on the dynamics of the different stocks which are explained in the 
table below: 

Produced capital K K =F(K,H,A,d)-~K-c-x-a-m 

Soil capital A (equivalent to a nutrient stock) À=b(A)+ j(x)-ô .F(K,H,A,d) 

Timber resource F F = -d + g(F) 

Pollution stock X and related flow of environ- X =e(F ,a)-t(X) and B=a(X) 
mental service related B 

Human capital stock H H = q(m) 

where Fis the production function ; c is consumption; ~ is produced capital depreciation rate; 
x are soil improvement expenditures; a are pollution abatement investments; mare education 
expenditures; bis soil regeneration rate (depending on the nutrient stock); j(x) is the effect of 
soil improvement expenditures on soil capital; é is a factor of degradation due to agricultural 
activity; d is wood extracted; g is natural wood regeneration; e(F,a) is the pollutant flow; t is 
pollution natural dissipation function; q(m) is transformation function from education expen
diture to human capital formation). 



The current-value Hamiltonian function is given by (for simplicity, the subscript t is dropped) 

H = u( c,B) + ÀK + µÂ + rjF + rcX + oH , where A, µ, ri, a are respectively the shadow prices of 
produced, soi!, forest, human capital and pollution. 
The standard first-order conditions for this optimal contrai problem are: 

~ = u' ( c) - À = 0 = À = u' ( c) ac 

~=-À+ µ.j'(x) =Ü = µ= ~'(c) 
ax J'(x) 

-=(À-µ.ô)--l'] +rc--=Ü=l'] =(À-µ.ô)-+rc--= u (c) (1---)-+-----
aH aF ae aF aF ae aF , [ ô aF 1 ae aF ] 

ad ad aF ad ad aF ad j'(x) ad aF !ad aF ad 

aH ae u'(c) 
-=-À+rc-=û=rc =-
aa aa aF !ad 

The Hamiltonian may thus be written as: 

H = u c B + u' c K + -- A+ 1--- -- + - F + X + --H 
. 1 . [ ô aF 1 ae aF ] · 1 . 1 . 

C ' ) ( )[ j '(x) ( j'(x)) ad aF !ad aF ad aF !ad q'(m) 1 

Thus, we have the following expression for genuine saving: 

G =K +-1-Â+[c1--ô-)~+ 1 ae ~iF + 1 X +-1-H 
j'(x) j'(x) ad aF !ad aF ad aF !ad q'(m) 

. 1 . [ ô e\ ] · 1 q =G =K +-A+ (1--)+- F (-d+g)+-(e-t)+-., ., F, d F, , 
J x J x d d qm 

=G =GNP -C-tK-m-a-x+-
1 

Â+[l-~+~]F' (-d+g)+-
1
-(e-t)+_g_ ·, ., F, d F, , 

J x J x d d qm 
Different hypotheses are used in this model presented above. Pollution abatement expenditu
res and soil conservation investments are usually intermediate expenditures, so that they are 
already included in standard national accounting. Thus they are deducted from genuine saving 
calculation. Education expenditures are used as a lower limit for human capital investment 
(Hamilton and Clemens, 1999). We introduce z=l/F'd which is the marginal cost of pollution 
abatement (the economy is on an optimal trajectory so that this social marginal cost equals 
the social benefits from one more pollution unit). 1/j'x is the marginal cost per unit improve
ment in soil capital. As we consider that soi! capital is defined by the nutrient content, 1/j'x 
equals the nutrient price. We introduce w as the fertilizer price. For C02 which can be conside
red as a pure cumulative stock pollutant, natural dissipation is considered as zero. 
We consider that the terms w.o and z.e'F are negligible compared to one, so that, the ac
counting price for wood resources equals its marginal rent. In the end, with the assumptions 
presented above, the genuine saving expression is: 

G = G NP - C - tK + w[ b + j ( x) - ô .F ] + F 'd ( -d + g) + z( e - t) + m 
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Appendix B: data and sources for Madagascar natural capital evaluation 

Crop/and 

2005 area Yield (tons/ 
Producer pri-

Rentai rate 
Crops 

(Ha) Ha) 
ce (Ar2005/ 

(%) 

rice 1250000 

maize 252838 

cassava 388779 

Sweet potato 123913 

coffee 115020 

Sources: (MAEP, 2005), FAOSTAT 

Pasture/and 

kg) 

2.5 481 

2.1 310 

32 153 

5 949 

0.35 1300 

Output Price 
2005 production 

(tons) 

Zebu 3432 Ar/Kg 535000 

Milk 426 Ar/Liter 146625 

Sources: (MAEP, 2006), FAOSTAT, (World Bank, 2006) 

Timber resources 

2005 Production 
Price(Ar) 

(1000m3) 

Charcoal 8575 

fuelwood 9026 2.5 

Total fuelwood 17600 

Industrial 
4127 91 

Roundwood 

60 

39 

50 

40 

8 

Rentai rate(%) 

45 

Rentai rate(%) 

0.5 

0.3 

Production 
growth rate 

(%) 

6.6 

13.7 

-5 

1.6 

0 

Total rent pro-
duction growth 

trend (%) 

2.95 

Production 
growthrate (%) 

0 .10 

3 

Sources: (USAID, 2006), (FRA 2005), (Carret and Loyer, 2003), (World Bank, 2006), (Meyers, 2006) 

Non timber forest resources 

Value 

Annual rent per hectare ($/Ha) 13 

Total forest area (1000 hectares) 11378 

Forest area exploited for NTFR (%) 50 

Sources: (Andrianjaka, 2001), World Resource Institute 



Protected areas 

$2003/Ha/year 
Evolution (per Net present va-

year) lue ($/ha) 

Hydrological 1.3 +5% 38 

Water filtration 1.7 +5% 50 
Benefits ecotourism 4 +5% 117 

Biodiversity 
3 -5% 31 

conservation 

Maintenance 5 constant 83 
Costs 

Opportunity cost 1.8 +$0 .27 81 

Source : (Carret and Loyer, 2003) 

Appendix C: indoor air pollution cost calculation 

Mortality cost 

For children human capital valuation, we assume that 38% of children between 5 and 15 years 

are working (INSTAT, 2001). Their annual wage is around $74. Above 15 years old, they are 

all working, earning an annual wage of $233 (INSTAT, 2001). Their life expectancy at birth is 

around 54 years. Using a 4% discount rate and a 3% annual increase of the wages, it is pos

sible to calculate the discounted future incarne of children under 5 years old. For an average 

3 year old child working until 45 years old, we obtain $5943. For adults above 30 years, we 

use the wages and rates presented above, assuming that COPD reduce life expectancy by 10 

years, which is equivalent to $2443 of incarne lost. 

Morbidity cost 

We present in the Table below the decomposition of the different annual costs (and frequency) 

of damages due to rural indoor pollution for an average rural household. 

Revenue loss (Ar/event) 87007 

Automedication (Ar) 1461 
Defensive healthcare ex- Medicines (Ar) 11017 

penditures 
Transportation (Ar) 8167 (Ar/event) 
Hospitalisation (Ar) 8929 

Cost of one event (Ar) 116581 

Event frequency per year 3.7 

Annual cost (Ar) 424273 

Annual cost ($) 65 

Total annual morbidity Total annual healthcare defensive expendi-
17 

costs of indoor pollution per tures ($) 
household Total annual revenue loss ($) 49 
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Abstract 

In this paper we discuss the main results of a feasibility study for the implementation of Pay
ments for Environ mental Services (PES) in a small watershed of northern Laos. The aim of the 
work was to assess the relevance of such a scheme as a way to contrai bath the quality and 
flow of a small mountain stream. We found that the PES concept, with some adaptations, may 
offer interesting avenues as a means to maintain water quality through an impraved contrai 
of soil erasion in the upper catchment: WillingnessToPay 
(WTP) within the sampled population was apprax. USD 0.3/month/household which would be 
sufficient to abate the negative impact of soi! erasion. At the whole catchment scale, major 
impediments to the immediate implementation of a PES scheme were i) the lack an unequi
vocal relationship between environmental services, users and providers, ii) insufficient WTP 
to maintain water quality along the stream thraugh waste management and iii) absence of a 
critical mass of buyers. A precondition of successful implementation of PES in the area is to 
increase the awareness of enviranmental issues in the concerned communities. 

1 Introduction 

Environmental Services (ES) are benefits that humans obtain from natural and cultivated en
viranments (WertzKanounninoff, 2006). For example, hydrological services can be obtained 
thraugh river flow regulation, flood contrai or protection against soil erosion (Wunder, 2002; 
WertzKanounninoff, 2006). ES are threatened worldwide, in a variety of ways, by human acti
vities. In response to such threats, the concept of Payments for Enviranmental Services (PES) 
has been proposed as a simple mechanism to reward land users who adopt practices that 
generate ES, hence pramoting sustainable land use. The concept of PES, can be described as 
follows: "Communities that are in a position to pravide an ES should receive compensation, 
and it is those who benefit fram these services that should pay [ ... ] PES schemes are aimed at 
giving a specific value to ES and to setup effective systems of price setting, institutionalisation 
and distribution which favour changes in behaviour and the adoption of sustainable landuse 
practices that benefit the whole community" (Mayrand and Paquin, 2004; Fig. 1). In this paper 
we present the main results of a feasibility study aimed to assess whether this concept can 
be applied and help imprave the management of a small upland catchment of northern Laos. 
The study was organised according to the guidelines of the FAO electronic forum on payment 
schemes for environmental services in watersheds (FAOREDLACH, 2004). 



Data required to carry out the successive steps of this approach were collected through I) a 
survey of the local population's perception of water issues , II) a critical analysis and compi
lation of preexisting biophysical, socioeconomical and geographical information and III) field 
measurements of biophysical parameters. 

Benefi1 s 10 
l,111d users 
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Figure 1: Schematic representation of the PES principle 

Modified 
land use 
with PES 

(Alter http://www.itto.or.jp/1 ive/Live_Server/2869/18_Sander. pdf). 

2 Location and characteristics of the study area 

The Houay Xon watershed is located in the Luang Prabang province, in northern Laos, (Figure 
2), south of the UNESCO World Heritage city of Luang Prabang. The studied watershed (Figure 
3), covers 22 km 2 and includes 7 villages located along the Houay Xon stream. The stream 
runs for approximately 15 km and has three main tributaries. The average annual rainfall is 
1403 mm (average of the last 30 years), and the mean annual temperature is 25°C. Two dis
tinct seasons characterize the study site: a wet season from April to October, and a dry season 
from November to March. This catchment's maximum elevation is 584 m a.s.l., near the head
water area (Chaplot et al., 2005). The study area encompasses a population of 6251 inhabi
tants mostly of the Lao Lum, Khmu and Hmong ethnie groups. Farming activities are located 
upstream, in the Houay Pano headwater catchment. In downstream villages, the population 
is dominated by government employees and agricultural activities are limited to small scale 
vegetable gardening and fish breeding. Over recent years, the Houay Xon catchment has been 
subjected to increasing environmental pressure which resulted in degraded water quality and 
reduced flow. In addition, extreme climatic events, such as the flood of September 2006, have 
reportedly caused increasingly severe damage to infrastructure essential to the community. 
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location of villages 

3 Survey design and implementation 

To estimate the supply and demand for hydrological services in the Houay Xon catchment, 
we selected a sample of 67 people who were interviewed over a period of one month. People 
included in this sample represented the five main categories of water users identified along 
the Houay Xon: farmers from upland and downstream areas, gardeners, tradespeople and 
villagers who only use the Houay Xon water for domestic purposes. Not ail categories are 
represented equally in the sample because not ail categories encompass equal numbers of 
people and some individuals were not willing to participate. Ali these users, who are scattered 
along the stream, potentially contribute to water pollution and/or flow decrease. Therefore 
they are potential buyers and suppliers of hydrological services since they participate in water 
extraction, transformation and discharge. The questionnaire was designed to document inter
viewees' socioeconomical background and that of their dependants, their awareness of water 
flow and quality changes, their perception of the causes behind these changes, their ability and 
willingness to participate in a payment scheme and their understanding of institutional and go
vernmental support. This original data set was combined with information previously collected 
by public and private institutions and biophysical data monitored by IRD since 1991. 

4 Calculations of ES provision 

The cost of ES provision was assessed using the following equation: 

Cast of Change = [C(1+2+3)] - B Eq. 1 

Where, C represents the total costs linked to the adoption of the new practice, including: 1) 
the cost linked with setting up the system including the initial investment to buy seeds and 
materials and provide training; 2) the economic lasses related to the adoption of this use, 
calculated as [(yield of previous crop) x (area turned into new use) x unit selling price] - pro
duction costs; and 3) the production costs linked to management of the new practice, such as 
the workload, taxes on the crop etc ... Finally, B corresponds to the benefits of the new practice 
i.e. the profits from the new crop are calculated by multiplying the yield of the crop by its unit 
price. 



Results 

The ES a guaranteed minimum water flow of set quality standard Surveys in 2007 revealed a 
clear downstream demand for improved water quality and more constant stream water flow 
in the Houay Xon catchment (Mousquès et al., 2007). Upstream from the agricultural areas 
under study, the Houay Pano and Houay Thong sub-catchments are suffering from variable 
degrees of erosion. In the past decade, annual cropping has intensified inversely to a drop 
in fallow time. The time under cultivation has doubled between 1995 and 2003 from 1 to 2 
years, while the fallow times have been reduced from 8 to 2 years since 1970. These changes 
are mostly due to government pressure. The aim of the Gol's 'land use planning and allocation 
programme' is to intensify agricultural production and eradicate slashandburn and shifting 
farming by 2010, in order to alleviate poverty and protect biodiversity and some of the last 
remaining pristine forest in SEA (Lestrelin et al. 2006). 

In addition to topsoil loss, erosion is responsible for changes in water quality and increased 
instability of surrounding landscapes. In particular, a large amount of vegetative material/ 
waste can be observed saturating the stream. This material consists of large branches and 
stems resulting from land clearing and burning. Landslides are also common upstream. Most 
of these landslides were caused by diverse types of human pressure such as farming activities 
or construction related to urbanisation of the uplands. These landslides lead to a large loss of 
soil and increase the turbidity of the Houay Xon. 

Ali of the farmers surveyed in the Houay Pano confirmed they were aware of erosion problems. 
Erosion from upland maize fields has now reached 5.9 t hal yearl of sediments, a marked in
crease from the 1990s where erosion was stable at 0.9 t hal yearl (with 1 year of upland rice 
cropping followed by 8 years of fallow) (Valentin et al. 2008). The graduai shift from upland 
rice to maize and other cash crops is primarily due to the workload associated with weeding, 
which is heavier with upland rice. The yearly sediment load exported from this catchment is 
increasingly affecting the quality of water downstream. 

Survey results also showed that the downstream community is playing a major role in the de
terioration of stream water quality. Indeed, when asked for the causes of reduced water qua
lity, 68% of the interviewees mentioned increases in village population and household waste. 
Downstream villagers, market gardeners and fish farmers predominantly affect water quality 
by inputting chemical and organic waste into the stream. The results of a survey carried out 
by Lestrelin in 2003 in Ban Lak Sip showed that even 5 years earlier, 63% of interviewees 
thought that stream water quality was deteriorating due to increases in the population. The 
most visible cause of degraded water quality is insufficient waste management. Of all the vil
lagers interviewed, only 7 use the existing garbage collection service. The need for an efficient 
garbage collection service was proposed by 47.8% of the villagers surveyed. Despite the lack 
of waste collection the primary form of household pollution along the stream is the input of 
grey water (i.e. water used for washing clothes, dishes, people) rather than solid waste. There 
are no systems in place for collecting grey water that is produced by activities carried out in 
the stream along the Houay Xon. Inputs of grey water varied quite a lot from 50 to more than 
2,500 litres per week. 44% of the villagers interviewed throw between 1,000 and 1,500 litres 
of used water into the stream every week. Sewerage is also present from leaking toilets as 
well as direct defecation into the river. 
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5 the ESLand management practices and infrastructure measures 
that can be used to provide 

In order to improve water quality in the catchment a dual target is required to combat ups
tream erosion and chemical use and downstream domestic waste and grey water. The MSEC 
(Management of Soil Erosion Consortium http:// msec.iwmi.org/ ),programme clearly esta
blished that alternative farming practices and careful management of sensitive areas (e.g. 
riparian areas; Vigiak et al., 2007) opens new avenues for the improvement of water quality 
by reducing sediment delivery (Van Breusegem, 2005; Valentin et al., 2006; van der Helm, 
2007). As an example, a simple measure like the replacement of rainfed rice by Job's Tears 
on degraded land would reduce erosion; Table 1 summarises the factors explaining this reduc
tion. Other measures to improve water quality include an improved garbage collection system 
which was suggested by 48% of the villagers surveyed, a grey water collection system and the 
installation of cheap toilets designed to limit seepage as much as possible. 

Factors lnfluenclng soli eroslon Raln-fed rlce Job's tears 

Soil cover Length of time (months/year) 5-6 7-8 

Average % of area cropped during the season 70 90 

% after two months of cropping 10 20 

Cropping Days worked per season 228 168 
practice 

Activity spread throughout the season Peaks and lulls Spread out 

Table 1: Factors associated with Job's Tears cropping that lead to a reduction in erosion 

6 Managing erosion through change in crops 

The cost of landuse changes results from a costbenefit analysis of the change determined by 
the equation (Eq. 1). Due to the lack of data for some parts of the Houay Xon catch ment, the 
following economic evaluation is focused on the upstream Houay Pano catchment (67 ha) . 
For some of the proposed ES, a lack of information makes it impossible to apply this calcu
lation method. In that case, economic estimates were derived from the literature and were 
then adapted to the study zone. The team evaluated the effectiveness ( either by field trials or 
modelling) and the cost induced by the adoption of each of these measures (see Table 2). For 
example, conservation or introduction of grass on river banks is both an effective and virtually 
free means to contrai sediment delivery to streams. 

lmproved Contour Conservation Job's Vegetation Tree 
fallow planting agriculture Tears on banks corridors/ 

Hedges 

Total costs 328.4 357.6 240.6 305.9 204 .6 8 

Total 44 .8 80.1 20.6 182.1 176 0 
benefit 

Cost of 283.6 277 .5 220 123.8 28 .6 8 
change 

Table 2: Cost (in USD/ha/year) induced by the adoption of a range of land use changes in 
the Houay Pano catchment. 



Sorne of the possible land use changes could also lead to increased profits with a number of 
ES for abating erosion eventually leading to increased profit for the farmers, as can be seen 
in Table 3. 

Papaya Market gardens Banana plantations Animal 
plantations husbandry 

Total Costs 1191.4 476.4 297.4 568 

Total Benefit 4019 2606 1045.2 688.5 

Net Benefit of 2827.6 2129.6 747 .8 120.5 
Change 

Table 3: Land use changes which would reduce soil erosion in the Houay Pano catchment 
while bringing some net benefits (in USD/ha/year) 

7 Managing domestic pollutants 

The cost of using a garbage collection system is relatively low. The current price of the garbage 
collection system in Ban Kouathineug and Ban Khoy is lUSD/month/household. However, this 
system has many shortcomings; it is therefore probable that an improved system will be more 
expensive. The cost of managing grey water is higher. According to the statements made by 
inhabitants, the construction of appropriate toilets costs 100 USD per household for a standard 
mode!. This price is in agreement with a study by Duncan Mara (1985), who calculated the 
average costs to be 122 USD in four different Southeast Asian countries StakeholdersSup
pliers, 

8 Beneficiaries and mediators 

The binary concept of user vs supplier is poorly suited to the situation studied because wa
ter extraction and contamination are diffuse along the stream. Figure 4 illustrates the lack 
of relationship between the location of users along the stream and the way they use water. 
Locating potential buyers downstream leads to an additional two obstacles. Firstly, downs
tream villagers are not the main water users. These villages are made up of a large majority 
of employees, factory workers, and shopkeepers, with only 3. 7% identifying themselves as 
gardeners or farmers. The downstream population is rather unaware of the degradation of 
the hydrological service, and the villagers would be reticent to buy a service that they do not 
use . Secondly, the downstream users (farmers and gardeners) do not have sufficient income 
to support a PES market. 
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Figure 4: Complex userswater use relationships in the Houay Xon watershed 

These groups derive little profit from their activities. In the villages of Ban Ma and Ban San
gkhalok the sale of vegetables represents only 46% of the incarne. Furthermore, data from the 
DAFEO from 2003 shows a clear decrease in the percentage of revenue derived from farming 
or market gardens between 1990 and 2003 in Ban Lak Sip and Ban Donkang (Lestrelin et al. 
2005). This decrease is also observed in the villages downstream of Ban Donkang, which ear
ned almost all incarne from agriculture 8 years ago (RDC, 1999). The main economic activity 
of these villages is now commerce and there has been a large decrease in crop production. 
Half of the producers interviewed declared that they want to decrease their area under crop
ping. Likewise, highincome earning stakeholders in the region do not seem to be the appro
priate buyers of the ES. The majority of operating PES markets work with a single buyer of 
the service and several suppliers. The major companies in the study area, that is Nam Papa 
and DLPCP, both bottled water companies, are potential buyers. However, the quality of the 
stream water does not pose a major problem to them because they bottle spring water not 
river water. Nam Papa has license to act independently in an area of 3000 ha. It aims to com
pletely reforest the Phu Phung Mountain by cropping in the area. The situation appears to be 
the same for the DLPCP Company that also owns large tracts of land a round the spring source. 
It appears difficult to propose a PES to these companies that already have a huge influence on 
land usage in the surrounding areas. Thus in principle, there is a lack of buyer(s) for the ES, 
having determined that the few users downstream do not have the means to pay for such a 
service, and that the few potential buyers who do have enough money do not use the river or 
already have contrai over the usage of land upstream from their spring water source. 

9 Additional obstacles to the immediate implementation of PES in the 
Houay Xon 

In addition, the current land allocation system makes it difficult, if not impossible, for farmers 
to alter land use (National Growth and Poverty Eradication Strategy, cited in NAFRI, 2005), 
while it is a basic principle of the PES concept that land use can be altered with a certain flexi
bility so as to ensure delivery of ES. The population relocation policy initiated in the 1970's 



by the Gol (Lestrelin et al., 2006), also contributed to the emergence of conditions rather 
adverse to the immediate success of a PES scheme: it resulted in the cohabitation of several 
ethnie groups within small communities, often inducing tensions, and fell short of establishing 
good communication between villages and between villages and local authorities. A side effect 
of the relocation policy was also that displaced populations did not fully bond with their new 
environment. This resulted in limited awareness of environmental issues and unsustainable 
use of the natural resource base by the community, naturally leading to a lack of WTP for ES 
among many. 

10 Elements of hope for a successful ES market in the Houay Xon 

Nevertheless WTP within the sampled population was approx. USD 0.3/month/household 
which, if put in practice through a PES, would suffice to abate significantly the negative impact 
of soil erosion on water quality (Table 4). However, at the whole catchment scale, this would 
not warrant good water quality as it would not be enough to maintain the waste collection 
system essential to abate the observed distributed contamination of the stream. Therefore, 
one of the preconditions of successful implementation of PES in the Houay Xon watershed is 
to increase the awareness of environmental issues in the concerned communities to increase 
their WTP for ES, as at the moment, they fail to recognize the cost of producing these ES. 

Cast in USD/inhabitant/month (1 USD = 
Proposed Solution 8750 LAK ) except for # which is oneoff pay-

ment 

Improved fallow 0.22 

Contour planting 0.20 

Conservation agriculture (i.e. zero 0.16 
tillage, crop rotations and permanent 
soil cover) 

Grass on river banks < 0.016 

Tree corridors/plantations 0.15 

Garbage collection system 0.23 

Grey water collection system 0.46 

Toilet construction 20# 

Table 4: Selection of possible environmental management practices and estimated costs. 

Discussion and conclusions 

The need for improved water quality and more constant stream water Aow in the Houay Xon 
catchment has been clearly identified. These results can be used to define an ES, such as a 
guaranteed minimum water Aow of set quality standards. This study identified several obsta
cles likely to impede the straightforward implementation of a PES scheme a long the Houay Xon. 
First, the binary concept of user vs . supplier is poorly suited to the situation studied because 
water extraction and contamination are diffuse along the stream. In addition, the current land 
allocation system makes it difficult, if not impossible, for farmers to alter land use (National 
Growth and Poverty Eradication Strategy, cited in NAFRI, 2005), while it is a basic principle of 
the PES concept that land use can be altered with a certain Aexibility so as to ensure delivery of 
ES . The population relocation policy initiated in the 1970's by the Gol (Lestrelin et al., 2006), 
also contributed to the emergence of conditions rather adverse to the immediate success of a 
PES scheme: it resulted in the cohabitation of several ethnie groups within small communities, 
often inducing tensions, and fell short of establishing good communication between villages 
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and between villages and local authorities. A side effect of the relocation policy was also that 
displaced populations did not fully bond with their new environment. This resulted in limited 
awareness of environ mental issues and unsustainable use of the natural resource base by the 
community, naturally leading to a lack of WTP for ES among many. 
In spite of these obstacles, alternative farming practices and careful management of sensi
tive areas (e.g. riparian areas) opens new avenues for the improvement of water quality by 
reducing sediment delivery. WTP within the sampled population was approx. USD 0.3/month/ 
household which, if put in practice through a PES, would suffice to abate the negative impact 
of soil erosion on water quality. However, at the whole catchment scale, this would not war
rant good water quality as it would not be enough to maintain the waste collection system 
essential to abate the observed distributed contamination of the stream. Therefore, one of the 
preconditions of successful implementation of PES in the Houay Xon watershed is to increase 
the awareness of environ mental issues in the concerned communities to increase their WTP for 
ES, as at the moment, they fail to recognize the cost of producing these ES. 
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Abstract 
Southern Sayaboury province has long been at the forefront of rural economic development 
in the Lao PDR. Over the past twenty years, livelihoods have undergone drastic changes and 
agriculture has become increasingly linked to the demand of the Thaï market. At the same 
time, similar to the 1970s agrarian transition in northern Thailand, agricultural systems have 
shifted from traditional shifting cultivation systems based on fallowing, slash-and-burn and 
crop rotations, to more intensive systems based on heavy mechanized tillage, pesticides and 
hybrid seeds. Responding to substantial demand from local traders, smallholders have enga
ged massively in maize monocropping and have rapidly generated large profits. As a result, 
the area planted to maize in southern Sayaboury province has expanded rapidly to cover more 
than 42,000 ha, i.e., more than 88% of the total rainfed area cultivated in 2008. 

Although livelihoods have certainly been improved in the short term, in the longer term, this 
dual process of agricultural intensification and expansion can have very negative social and 
ecological impacts, including increased soil erosion (leading to the destruction of roads and 
siltation of paddy fields), graduai soil exhaustion, chemical pollution of soils and hydrological 
systems, and increased risk of human intoxication by pesticides. In the light of these various 
threats, and since 2003, the National Agro-Ecology Programme (PRONAE) of Laos has been 
developing and adapting direct seeding mulch-based cropping (DMC) systems through a par
ticipatory approach involving village communities and farmer groups. Since 2006, and based 
on PRONAE's research results, the PASS-PCADR project - a rural development project active 
in the 4 southern districts of Sayaboury province - has been disseminating DMC systems on 
a larger scale. 
Between 2005 and 2008, extensive surveys were carried out in order to: (1) assess the socio 
economic outcomes of DMC systems on a household level, (2) estimate the level of dissemi
nation of DMC systems on a community level, and (3) determine the factors conditioning 
smallholder adoption or rejection of DMC systems. Surveys were carried out by the PRONAE 
programme in 4 villages (462 smallholders) and the PASS-PCADR project in 21 villages (2,160 
smallholders). 

The results of these surveys show that there are currently more than 1,200 smallholders using 
DMC systems on a total of about 1,500 ha of cultivated land. Overall, the rates and levels of 
DMC system adoption by smallholders appear to be greater in areas where the environment 
is most degraded and/or particularly fragile. With significant levels of crop diversification and 



engagement in off-farm or non-farm activities, livelihoods in general appear more diversified 
in these areas. These trends can be considered as 'risk avoidance' strategies. By adopting DMC 
systems, smallholders attempt to avoid the environmental and economic risks associated with 
less sustainable systems based on heavy mechanization and maize monocropping. In turn, by 
diversifying their livelihoods, smallholders attempt to limit their vulnerability to the potential 
failure of a single economic activity. In contrast, in less environmentally-degraded and less 
fragile areas, the level of DMC system adoption is still rather limited. With more productive 
soils, mechanized monocropping can still provide high profits and, as such, retains the interest 
of a majority of farmers. 

Although on-farm experimentation has shown positive technical and economic results, DMC 
system dissemination faces many technical and socio-economic constraints. For instance, 
whilst no-till agriculture can certainly reduce productions costs (hence, contribute to impro
ving the livelihoods of poor households), the credit and collection systems that have developed 
in southern Sayaboury province continue to favour conventional, mechanized agriculture and 
prevent farmers from adopting technical alternatives (i.e. crop rotation and diversification). 
Lack of access to appropriate agricultural equipment also prevents farmers from adopting 
DMC systems. Finally, poor communal land management (i.e. wildfires and grazing in the dry 
season) often leads to the destruction of both crop residues and caver crops used in DMC 
systems. 
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Abstract 

Direct sowing mulch-based cropping systems (OMC) have been disseminated in Madagascar 
since ten years. They meet environmental conservation, incarne generation and poverty al
leviation objectives, especially in zones under the constraints of strong population growth, 
land scarcity, environmental and resources degradation, and unsustainable traditional farming 
systems. The Alaotra Lake region, has seen substantial OMC dissemination in recent years 
through a local development project BV-LAC. The approach taken by the project is intended to 
combine OMC dissemination with socio-territorial actions such as land certification, access to 
credit, marketing of agricultural products, input supplies, assistance for livestock production 
and pastures management. The project takes into account the complexity of local agrarian 
systems as well as farmers' diversity. Several farms categories were thus identified in a ty
pology using the following main differentiation criteria: rice self-sufficiency, size of the farm, 
access to the different units of the physical environment, crop diversification, and off-farm 
activities. The implementation of a "farming system reference monitoring network", associated 
with farming system modelling with the software« OLYMPE», enable to assess the economic 
impact of a technical choice for the different types of farms. Prospective analysis is done in or
der to identify the best bet alternatives and assess risk through climatic events or prices vola
tility. There are no categories that are completely "resistant" to OMC systems, but the degree 
of adoption can vary depending on i) the type of advantages or the response to a particular 
constraint and ii) the ability to implement these new technologies: integration with livestock, 
securing incarne on upland beside irrigated areas, relation between risk rating and investment 
capacity, access to markets .... By ta king these different elements into consideration, it's possi
ble to improve significantly the dissemination efficiency. 

Media Summary 

The dissemination of OMC technologies in the Alaotra Lake region in Madagascar is facilitated 
by its interaction with a project witch develops actions at a socio-territorial scale. 

Key words : Madagascar, environment, conservation agriculture, catchments, OMC technolo
gies, socio-economy, farming system approach, adoption 



1 Introduction 

In Madagascar, land scarcity and stagnation of the productivity in irrigated areas, led to in
creasing cultivation of the hills ("tanetys"). However, erosion and runoff can induce the degra
dation of these fragile soils and cause damage to infrastructure and crop production downs
tream. The development of technical solutions preserving the environment, well adapted to 
the various agro-socio-economic contexts, economically viable and easily applicable, repre
sents a key challenge for the country. The "Direct sowing mulch-based cropping systems" 
(DMC) can take up this challenge. 
The purpose of this communication is twofold: ( 1) demonstrate the benefits of these techni
ques in terms of economic profitability and identify the determinants of a significant level of 
diffusion, (2) highlight a strategic approach that promotes the development of such techni
ques in the Alaotra Lake area. This approach is designed both to enhance the socio-economic 
environment of the farms (access to land and bank credit, marketing of agricultural products, 
input supplies) and the technical capital, and to better adapt the technical offer by taking 
better into account the farm needs and constraints: implementation of a "farming system re
ference monitoring network" (FSRMN) and notion of "decision support system" (DSS). 

2 Innovation mechanisms in agriculture 

The "farming system" approach was introduced in 2006 into development projects of "wa
tershed-irrigated perimeters" type, funded by AFD and particularly in the pilot project "BV Lac 
Alaotra" (Penot 2008). The approach emphasises a clear understanding of the farms structure, 
with a "constraint and opportunity" analysis for a better integration of technologies to develop 
(new technical schemes, DMC or others, organizational improvement for access to credit ... ). 
A farming strategies analysis is implemented based on an operational typology. The farming 
system approach differs from the classical "plot approach" aiming at increasing the number 
of adopters trough a better appropriateness between farms' constraints and technologies pro
posed by projects . 
The decision support for both the final users of those technologies and the developers them
selves seems now to be a priority in a context of sustainable development. This approach does 
not systematically provide the optimal solution proposed by a model. It informs actors, nego
tiators and policy makers on the impact of technology adoption and the resilience of systems 
after a technical change by showing to them the consequences of a technical or organizational 
choice, the objective of such approach is to optimize the efforts of outreach by proposing for 
each type of farmers, adapted technologies and relevant services. 
The main idea is to better understand the outgoing and ongoing processes of innovations, to 
acquire the knowledge, the "know-how" and appreciate the practices that corne along and to 
find the most appropriated techniques and services for the producers according to their socio
economic situations and their strategic orientation towards technical change. 
Two tools were developed to support such an approach: self-evaluation sessions of API type 
(Acceleration of the Propagation of Innovations) (Penot, 2008), initially launched by Guy Bel
loncle and the "farming system reference monitoring network" (FSRMN). 
The API method is a group session which consists in making the farmers who obtained the 
best yields, explain the technical schemes to other farmers who produced less, and thus to 
stimulate discussions on the practices, constraints and adaptations made in the pilot villages 
(on the basis of initial technical proposais). Through this approach, all the members of the 
organisations (without exception) talk about their experiences and subsequently, it becomes 
possible to define precisely the strategies that will corne along, to improve or secure the yields 
within all the farmers network, for the following cropping season. The method is also called 
«meeting of assisted self-evaluation and self-assisted programming". 
A "farming system reference monitoring network" is a group of farms, representative of the 
various agricultural situations, depending on i) morpho-pedological and climatic units, as well 
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as ii) contrasted socio-economic contexts. Farms are surveyed and then monitored annually, 
in order to assess the impact of projects actions and ongoing development policies (on the 
land, legislation, access to services for agriculture, organization of the producers; innovation 
processes ... ) The objectives of a pluri-annual follow-up are the impact assessment, monito
ring and evaluation, and technical and organisational decision support for the projects. It also 
allows prospective analysis (coupled with the software Olympe, INRA/ CIRAD / IAMM, Penot, 
2003) and comparison of potential and actual scenarios (according to climatic events or prices 
volatility). 
These two tools combined provide a double collective learning. The API sessions on the one 
hand help to understand the details of farmers' decisions on the selection of components of 
cropping systems. It provides collective knowledge for organisations, sharing of knowledge 
and a relatively good measure (for the opera tors' data base) of the differences between the ini
tial message and the actual practices ( «Gap» notion). Beside, the "farming system reference 
monitoring network" and its application with a prospective analysis involves technicians and 
engineers who carry out development work, in a collective learning process (multi-operators) 
for the identification of priorities, risk measurement and eventually the choose of the most 
promising techniques locally adapted according to diversification and intensification strate
gies. 

3 Examples of other agronomie innovations popularized in Madagascar 
(SRI, SRA etc .... ) 

Reduction of rural poverty and safety food in Madagascar remain strongly related to improve
ment of productivity in agricultural sector (land and work), which supposes that the farmers 
are ready to modify their practices, to even intensify them. But these changes are particularly 
difficult to implement. Madagascar is an academic case on the matter, mainly due to the na
ture of its farms: small size of the exploitations, weak integration on the markets, strategies 
of survival, minimum risk management, saving in resources, role of the communal exchanges, 
strong external dependence ... 
Recent studies highlight the complex and slow process of the innovation within the Malagasy 
country society (Gannon and Sandron, 2006). They reconstitute the process of diffusion of 
the simple transplanting of rice in line, which put nearly forty years to be adopted by 90% 
of the exploitations of the commune of Ampitafika on the Highlands. The process takes the 
well-known "S" shaped curve (slow progression of the adoption rate during the first years, 
acceleration then deceleration) for which the values of the slope (the speed of adoption) and 
the asymptote vary according to innovations and the various conditions of adoption (Ramasin
jatovo, 2006). However, this apparent S shape innovation diffusion, in quantitative terms and 
considering as a whole, masks the complexity of the process of adoption itself, which mobilizes 
many mechanisms of social interaction and comprises multiple dimensions: space, economic 
and in terms of perception of the risk, social (Gastineau 2006). 
The case of the intensive rice growing system (SRI) is a perfect illustration. This innovation 
showed all the characteristics of an ineluctable success story: designed locally with the far
mers rather than by experts, slightly expensive in inputs in a subsistence economy, adapted 
to poor soils, promising in yield in a country with chronic rice deficit (Jenn-Treyer and Al, 
2007). Several surveys explained the difficulties of diffusion of this technique in comparison 
with concurrent traditional methods: very accurate water control, high labour requirement 
(therefore expensive for the poorest families), significant cash flow requirement, technical 
complexity and need for support (Moser, 2002), as well as effect of social conformity related to 
the perception of the risk. The farmers evaluated the technical offer by putting it in perspective 
within the framework of the constraints to which they are confronted and of the goals which 
they pursue, and accepted it with difficulty. 
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However, some local experiments of diffusion show that there is a possibility of adapting SRI 
to its environment, to make it more plastic, and thus widening its potential public even if not 
aiming at records of productivity, while making this technique easier to contrai, nearer to the 
socially conventional practices, and less demanding in work. These pragmatic attempts pro
pose a modification with the margin in the farming ways to allow gradually a measured risk 
taking by rice growers in the process of security. It is the case of the technical diagrams sug
gested to the Alaotra Lake and Manakara where the technicians help the farmers to arrange 
the system suggested in order to make it more compatible with their financial constraints: mi
nimization of the seeds, lengthened du ration in nursery, possibility of transplanting not only in 
line, variable density of the seedlings, man ure being able to replace fertilizer, reduction of wor
king time on certain tasks, numbers and mode of hoeing, management of the water swell. ... In 
the two zones, there was inflection of the initial technical scheme of the SRI, already from the 
rice growers but also from the diffusers, to adapt to the financial constraints of farmers. 
In addition, the diffusion of the technical innovations in Madagascar cornes up against the 
brake of the economic environment not carrying these agricultures: failing availability and 
access reduced to the factors of production (land, capital through credit, labour. .. ), to the pu
blic infrastructures and to services (roads, information on the prices ... ) and to the markets (of 
the products and the inputs). Thus the failure of the adoption of several technical innovations 
leads to the need of setting up public policies supporting the reduction of uncertainty related 
to the environ ment of the farms. Several recent initiatives show that the State tends today to 
better accept its share of responsibility and directs its interventions towards the creation of 
favourable conditions for the functioning of various markets (Jenn-Treyer and Al, 2007). 
Thus, in the Malagasy context, the inversion of minimization risk strategies suppose at the 
same time: sufficiently "acceptable" techniques (designed in interaction with the beneficiary, 
limited "technological jump" ... ), an iterative offer and a technical support showing sufficient 
flexibility to generate a process of training (necessarily slow) of the beneficiary and diffusers. 

4 Principles and history of DMC technologies in Madagascar 

Direct Seeding Mulch-Based cropping systems (DMC) rely on a few principals, comparable to a 
Forest system: i) the soil is permanently covered, ii) plants with deep root system recycle the 
nutrients leached deep into the soil, iii) biological activity and biodiversity are very high and iv) 
plant nutrition is insured by a rapid turn-over of organic matter. To insure these functions, OMC 
systems proposed a change in paradigm, and rely on three main principals, trying to mimic a 
na tu rai Forest environ ment and to speed up the biological processes involved: i) The soil is not 
disturb (sowing is done with minimal soil disturbance), ii) It is permanently kept covered by a 
thick mulch, iii) Crop rotations and associations helps maintaining biodiversity. 
DMC systems rely on a high biomass production for a rapid turn-over of nutrients and organic 
matter. This biomass is produced thanks to crop associations and/or rotations, use of caver 
crops/forages to maximize water utilization, especially during dry and/or cold seasons when 
biomass production is usually very limited. 
Plants with strong and deep root system are used, as "biological pumps" to recycle water and 
nutrients from deep horizons, soil characteristics are improved (increase in organic matter, 
biological diversity and activity, structure, porosity, etc.) in a sustainable way (reduction of 
erosion). Water use efficiency is largely increased through better porosity, reduction of run-off 
and evaporation, etc. 
By suppressing land preparation (no need to plough, soil structure and weed contrai being 
insured by respectively root systems and biological activity, and mulch/cover crop), the la
bar costs are reduced which make this systems very attractive to farmers, ail the more that 
increase in yield is rapid. In Madagascar, DMC systems have been locally adapted by TAFA (a 
local NGO) and CIRAD for over 10 years in various agro-ecological and socio-economic envi
ronments: (1) High lands (>1200-1700 m), with sub-tropical climate and a cold season; (2) 
Medium altitude (700-1000 m) with a long dry season (>6 months) as in the Alaotra lake; (3) 
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humid tropics (0-500 m, 2-3 m/year) rainfall and (4): semi-arid conditions (400-800 mm/year 
rainfall, over 7 months- long dry season). 
A large panel of systems adapted to the agro-ecological conditions (climate, various soil type 
from rich to poor or even abandoned land) is proposed in each region, to fit the local socio
economic conditions and to be able to propose solutions locally adapted at farm level. 

5 The Alaotra lake: lessons for extension 

5.1. A project at the size of local constraints in the Alaotra Lake 
The Alaotra Lake reg ion, located 250 km north of the capital Antananarivo, has seen substan
tial dissemination of DMC techniques in recent years. With 100,000 ha of cultivated lowland 
plains, it is considered to be one of the main rice growing zones in the country and is known 
as the Madagascar «rice granary». Despite its relative richness, the region is threatened by 
several factors: saturation of the lowland rice fields and the impossibility of extending them, 
stagnating rice yields, a landscape marked by heavy erosion (7,000 km 2 of watersheds), 
difficulty for local stakeholders to take contrai of their development. Today, upland rainfed 
cropping is no longer considered as an emerging or marginal phenomenon. The incarne from 
upland cultivation has become considerable and sometimes vital for many farmers. It is in this 
context that the project "BV Alaotra Lake» (financed by the "Agence Française de Développe
ment") was launched in 2003. 
The Project aims at several objectives: (1) improving the incarne of local populations, (2) avoi
ding natural resources degradation in order to secure important irrigation infrastructure on the 
lower side of the watersheds and (3) strengthening the capacity of farmers' organisations and 
local municipalities to become responsible for their own development. 
This project is a real size prototype of the approach promoted by the government in its na
tional program "watershed-irrigated perimeters". One component of this project, entrusted 
in particular to the society "BRL-Madagascar", is intended to extend DMC techniques among 
farmers at watershed level. 

5.2. DMC techniques extended in Alaotra 
5.2.1. Context 
The Alaotra lake plain in itself, located 750 m above mean sea level, counts 30 000 ha loca
ted in large scale perimeters with irrigation means, and 72 000 ha of traditional paddy fields, 
without water control. This plain is surrounded by a set of hills and steep mountains streaked 
with small valleys. The climate is a tropical climate of moderate altitude, with long dry season 
(7-9 months-long). 
The main constraints of this region are water resources and the strong erosion on watershed 
which creates huge problems of floods and sanding up. 
In paddy fields without water contrai, unreliable rainfalls at the beginning of the rainy season 
do not allow farmers to grow rice at a favourable time. Unable to predict the transplanting 
date, it is difficult to prepare the nursery as it should be and transplanted plants are often very 
old. The length of the period during which paddy fields are submerged is unreliable and yields 
often are low, even when the crop was properly settled. As a consequence, farmers often 
broadcast rice seeds, playing a kind of lottery It should be mentioned that part of these paddy 
fields with tao unreliable yields is no longer cultivated, since years. 
Soils on the hillsides show very variable fertility levels, according to their geological origin, 
their place on the toposequence and their history of cultivation. The poorest soils in the region 
are located on the western shore of the lake. They are ferrallitic soils, leached, with high aci
dity, high aluminium and low organic matter contents. On the eastern shore, soils are richer, 
as originating from basaltic substratum (gneiss at amphiboles). The mains crops are upland 
rice, cassava, maize, groundnut and green bean. Declining yields and large erosion marks (at 
field level and at landscape level) are clear indicators that these traditional systems are not 
sustainable. 



5.2.2. Technical offer 
TAFA NGO started the first experiments on DMC in Alaotra Lake in 1998 (Charpentier 1999) 
Technical references on DMC were produced and made available to extension organisms 
(ANAE, BRL, VSF .. ) from 1999. Systems proposed to start DMC are based on farmers systems 
and their main crops. From the first year (often with ploughing as in the traditional systems), 
the aim is to increase considerably the total biomass production with addition of a cover crop, 
either associated to the main crop or as relay cropping A range of diversified cropping systems 
has been developed for hillsides, rainfed lowlands, and paddy fields with unreliable irrigation 
systems. 
In paddy fields with unreliable irrigation, « polyaptitude » rice (SEBOTA varieties, with a high 
degree of polyvalence and the ability to grow either under rainfed or irrigated conditions) du
ring the rainy season followed by a legume or vegetable during the dry season, provide good 
economic results. On the hi lis, the technical offer is a function of the soil fertility. On rich soils, 
the most adopted cropping system is a rotation with Maize associated to a legume (Dolichos 
/ab/ab, Vigna umbellata, Vigna unguiculata, Stylosanthes guianensis ... ) followed the next year 
by upland rice (eventually associated with Cajanus cajan and/or Crotalaria sp.). This system 
has the double advantage of being an excellent system to start DMC (high biomass production 
and soil structure improvement from the first year thanks to the association between maize 
and a legume) and to be economically very attractive to farmers. On poor soils, the associa
tion between Cassava and Brachiaria is being extended fast as it produces significantly higher 
yields than the traditional technique, while it also allows to increase forages production at farm 
scale and erosion contrai on steep slopes (Charpentier 2005). Low-demanding grain legumes 
such as bambara nuts or groundnuts can be cultivated in rotation with this association. 

5.3. First results obtained regarding OMC extension 
The surface cultivated in DMC under BRL supervision (one of the BVLAC project development 
operator) has steadily increased every year. In 2008, around 1200 farmers applied DMC sys
tems on a total of 608 ha (Fig.1) (Dornas and Andriamala, 2008). The increase in areas culti
vated under DMC per farmer also insures a greater impact on farm benefit (Chabierski and al, 
2005). 
Fig. 1: Evolution of the extension (Dornas and Andriamalala, 2008) 
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The assessment of the main DMC cropping systems that have been extended based on a tech
nical and economical monitoring of fields supervised by BRL shows an increase with time in 
the valorisation of the labour. With DMC practice, yield is increasing from year to year while 
charges are decreasing: no ploughing, decreasing weed pressure, increasing valorisation of 
manure (Dornas and Andriamalala, 2008). 

182 Regional Workshop on Conservation Agriculture, Laos 2008 



As seeding is done very early, from the first rains, the production can be commercialized very 
early, at a time where prices are high (in march-april, during the hunger gap) (Fig.2). 

Fig. 2: Relation between labour productivity and the number of years of DMC practices (Do
rnas and Andriamalala, 2008) 
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Fig.3: Evolution of rice and maize price in the Alaotra Lake area (PENOT, 2008) 
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The use of the BRL plot database helps in the precise evaluation of the abandon rate within 
the farmers ' network. This rate was high at the beginning of the project but it now tends to 
decrease: It ranged from 40 % in 2005 to 29% in 2008 (Dornas and Andriamala, 2008) . The 
training, the simplification of the cropping systems and a qualitative approach at territorial and 
farming systems scale justify this positive evolution. The main factors mentioned (Fig.4), are 
in ascending order: the technical contrai of crop management sequence, the levels of invest
ment (notion of risk, in relation to the farms' type), the land access and the work organization 
at farm scale. 



Fig.4: Evolution of the abandon rate (Dornas and Andriamalala, 2008) 
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Farmers sometimes face difficulties in carrying out technically DMC technolog ies. The adoption 
of DMC technologies is considered as a « mini-revolution » of the mentalities, a reversai of 
the agro-techniques fundamentals of the farmers' practices. A good understanding of these 
new approaches and a good technical level is essential. The non-respect of the technical re
commendations or the inadequacies of the proposed systems could harm the subsequent 
dissemination. 
The important climatic variability observed in the region (subsequent years of dryness, devas
tating storms ... ) can inhibit the capacity of some farmers to invest in the rainy crops, especially 
the modest ones. The more prevalent DMC systems require a mean level of investment of 200 
$/ha, witch represent an intensification ratio significantly superior than the traditional systems 
(Fig. 5). 

Fig.S: « Intensification Rate » according to the cropping system and 
the sale price (Penot, 2008) 
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Cropping systems: (1)" Maize traditional": Maize on ploughing; (2) Maize OMC: "Maize + Do
licos /ab/ab"/ "Maize + Dolichos /ab/ab". 
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The land tenure is one of the principles determinants of farmers' strategies at cropping system 
scale and represents a major challenge in Madagascar. Sorne tenure such as share cropping 
or land renting, remain an important barrier to OMC adoption, limiting therefore a sustainable 
smallholder development. In the Lac Alaotra area, landlords are reluctant to rent their plots 
for several years, fearing to lose their land ownership in the long term. Still, a strong compe
tition appears every year between the implementation of irrigated rice and rainfed crops. Rice 
remains the cornerstone of household production and thus the agricultural operations in irriga
ted perimeter, with a good water contrai, constitute a priority in the farming management. 
The follow up of the abandonment help to estimate the appropriateness of the cropping systems 
introduced to the local context and to adjust both the technical offer and the socio-economic 
measures (training, land security, organization of the farmers ... ). Extensionists were not able 
at the beginning of the project to tackle with farming systems complexity and various strate
gies. This sometimes resulted in unsuitable technical recommendations: intensive and poorly 
diversified system to poor farmers leading to a risk of credit no reimbursement, "integration 
agriculture-livestock" topics poorly developed, land factor not clearly understood ... Although 
these principles are now widely accepted, it is good to recall that taking into account farmers' 
practices, strategies, objectives and constraints are fundamental in a process of agricultural 
extension. Farmers should not be regarded as an homogenous set as they do not have the 
same means, and do not necessarily produce in the same social and economical conditions. 
Improving locally the knowledge on farmers' reality made it possible to improve the relevancy 
of the technical proposais and as a consequence, the efficiency of extension. 

5.4. A holistic approach placing the farm at the centre of project strategies 
5.4.1 The improvement of the socio-economic context 
The strategy of the project is based on the idea that the degree of adoption doesn't only de
pend on the expected advantages but also on the ability to implement these new technologies 
(Fig. 6). Based on this principle, the actions developed within the pilot villages consists in i) 
training the farmers at mastering diverse "OMC scenarios", on their lands, using crops of their 
choice, and ii) in contributing to the organisation of the villages communities: access to credit, 
marketing of the productions, inputs supply, agricultural equipment, seeds productions, cut
tings, breeding grounds of shrub species for hedgerows. 

In 2007 for instance, 100 farmers organisations (included more than 600 individuals) worked 
with BVLAC project, the amount of the bank credits contacted (for input costs) was around 
150 000 USD and 450 land certificates were delivered to DMC adopters. Cover crops had also 
been implemented at territorial scale by several village communities, in order to contrai ero
sion and increase significantly the forage availability for the cattle raisers. But the real impact 
of these activities at a regional scale is conditioned by the level of involvement of the local 
stakeholders, the private sector notably. In that matter, the private sector susceptible to buy 
agricultural products ("URCOOPA" from Reunion island, "Taureau ailé" from France ... ), to sale 
chemical inputs (FIAVAMA, SEPCM etc .. . ) or to rent their equipment (AGRO-BP-CONSEIL) had 
been regularly informed of the projects activities. The private sector should have a marked 
impact on the dissemination and adoption of these new cropping practices since they are in 
regular contact with farmers. 



Fig. 6: a holistic approach for a sustainable development 
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5.4.2 Refinement of the technica/ offer 
The diagnosis 
A regional farm typology, obtained from a survey on a sample of 107 farms made in 2007 
made it possible to identify 6 farm types, based on: rice self-sufficiency, farm size, access to 
the different land units, products diversification and off-farm activities (Table 1). 

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

Rice self suffi-
Livestock Off farm 

Types Total area 
ciency production activities 

TA>9ha 
A (RI>Sha / UPL> 4 ha) [S / C] Cattle No 

B 
TA>7ha 

[S / C] Cattle No 
(RL>Sha / 2<UPL<3 ha) 

C 
TA<Sha [S] Cattle, pig, Commerce, han-

(RI/RL=2ha / UPL< 3ha) poultry, duck dicrafts 

D 
TA<3,5ha 

[S] 
Pig, poultry, Commerce, farm 

(RL=l,5 ha/ UPL<2ha) duck worker 

E TA<l,5 ha [NS] Poultry Farm worker 
(RI/RL<O,Sha / UPL< 1 ha) 

F TA<l,5 ha 
[NS] Poultry Fishing 

(RL=l h / UPL< 0,5 ha) 
Kl : KICene 11ana surraces : KL : K '~, ~. ~P ainrea Low1ana su, aces 
S : rice self-sufficient ; NS : not rice self-sufficient ; C : rice commercialisation 

Large rice growing farmers (A type) 
These farmers are self-sufficient regarding rice production and can sell a large part of their 
production. They have large irrigated paddy fields (> Sha) and upland fields (mainly on the 
hills). Farming is centered on rice cultivation and the hills are often partially cultivated, in an 
extensive way, with low labour-demanding crops (Cassava, groundnuts, etc.). These farmers 
have rather large cattle herds which represent their main labour force. Permanent workers are 
the couple, one child and very often a permanent employee, and they usually employ tempo
rary manpower. 

Rice growing farmers with unreliable yields (B type) 
These farmers have large paddy field areas, with unreliable water contrai(> 3 ha) and upland 
fields (2 to 3 ha) which are rather intensively cultivated (upland rice, maize, vegetables, etc.) . 
This "upland cropping" strategy allows to compensate the unreliability linked to the poor water 
contrai in the paddy fields. They are self-sufficient in rice (which represents 60 % of the farm 
incarnes), except during the rare very bad climatic years. They have a high number of cattle . 
Crops diversity demands a good organization of cropping calendars at farm scale and they 
have to hire temporary manpower 
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Farmers self-sufficient in rice, cultivating on the hifis (C type) 
These farms produce enough r ice to caver the family needs. The farming system in not entirely 
centred on rice production and is very diversified: upland crops (groundnuts, maize, cassava, 
legumes, vegetables during the dry season and fruit trees) and animal raising (chicken, ducks, 
gooses and pigs). These farmers have 1 to 3 ha of paddy fields (with good or unreliable water 
contrai) and 1 to 3 ha of upland fields. Sorne of these farmers also chose to have off-farm 
activities, but are not selling their labour force to other farmers. They often employ temporary 
manpower, especia lly during labour picks. Upland crops provide . 80 % of the total net agri
cultural incarne. 

Farmers not self-sufficient in rice and diversifying their productions (D type) 
These are rather small farms which viability can rely on one family member off-farm activities : 
manpower, handicraft, trading . They usually have 1.5 ha of paddy field with unreliable water 
contrai and small upland fields (1 to 2 ha) . The crops are diversified, over half of the profits 
coming from selling upland crops or animais (pigs, poultry) . Most of these farmers do not 
sell rice although a few of them do it to purchase daily basic products (oil, soap, etc.) , which 
leads them to eat cassava during the hunger gap. It should be mentioned that these farmers 
are found exclusively in villages of migrants and are innovating farmers. New agricultures 
following m igration can indeed be opened to new technologies which they will apply without to 
much recognition as the intimacy with the cultivated plant, the environment and the technique 
will be poor (D. Rollin, 2000). 

Farmers not self-sufficient in rice and farm workers (E type) 
This type of farm has very limited land: less than 1 ha of paddy fields and less than 1 ha of 
upland fields . These farmers are often young (less than 30 years old), do not hire farm wor
kers and sell their labour force to other farms. They do not own cattle and earn small incarnes 
from poultry. They cultivate the hills intensively (cassava, upland r ice, maize, etc.) for cash. 
Fishermen having off-farm activity (F type) 
These farmers benefit from their location near the lake to get significant incarnes from fishery. 
Their area in paddy field is tao small to make them self-sufficient in rice . They cultivate upland 
fields intensively, trying to get some cash from their products . Less than 30% of the total farm 
incarnes corne from agriculture. 

Fig. 7 : Economie performances comparison 
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Fig. 8 : Ratio « Familial expenses / farm incarne » 
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Figures 7 and 8 show respectively the various sources of incarne and the ratio " Familial ex
penses/agricultural incarne" for each of these farm types . A significant difference between 
two groups of farmers is highlighted: a first group is composed of A and B type, which have a 
net profit from agriculture three times higher than the second group, gathering farmers from 
C, D, E and F type . Farmers of this latest group have to rely on off-farm activities to insure 
their v iability. This statement is confirmed by figure 7. It should be mentioned, however, that 
D type shows a ratio expenditure/agricultural incarnes slightly higher than 1: diversification 
of products through animal raising (integrating crop production with pig feeding) allowing an 
important added-value. 

This typology indicates that several factors have to be taken into account during 
extension work. 
(1) A and B types have more financial means, allowing them to capitalize and in
vest for the improvement of their farming systems. Strategies developed by these 
two types, however, are very different : (1) A type farmers base their farming sys
tems on a secured rice production (paddy fields with controlled irrigation system), 
with a large part of the production commercialized every year; (2) B type farmers 
have more variable results with rice, depending on climatic conditions, and upland 
crops allow them to buffer these hazard . These two types have large cattle herds 
and the long hunger gap (7 months-long dry season) reduces considerably the 
performances of the animais when they have to work in the fields. 
(2) C, D and E types have a strategy of diversification, under important financial 
constraints. They are looking for systems more efficient and more reliable for 
marginal production areas (paddy field with poor water contrai, uplands, etc.) 
Incarnes from off-farm activities, upland crops, pigs and poultry insure the eco
nomic viability of their farm. Their capacity to invest and take risks are globally 
much lower than A and B type . 
(3) Farmers from F type get most of their incarnes from fishery (69%) but are 
more and more interested in agriculture due on the one side to the increasing pri
ces of agricultural products and on the other side to declining fisheries resources 
in the Lake. Their financial means are rather high . 
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Propensitv of the different types ta adopt OMC technologies and adaptation of the technical 
offer 
By taking these different elements into consideration it is possible to improve dissemination 
efficiency. 
The rice producers (A) could be interested by DMC technologies to improve their forage re
source and to diversify their productions but their farming systems are based on irrigated rice 
production and the ricefields activities constitute a priority for them. Forage-based cropping 
systems with a flexible cultural calendar (sowing dates notably) will thus be proposed. These 
cropping systems could include Cassava or short cycle legumes in rotation with Brachiaria sp. 
(groundnut or cowpea). The implementation period of these DMC based cropping systems 
allow a rational labour force organisation at farm scale (Fig. 9). 

Fig.9: adaptation of the DMC based cropping systems proposed (cultural calendar) at farm 
scale 
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The "Type B" farmers are really interested in DMC technologies to secure their productions on 
rainfed lowlands and on the hills. According to their investment capacities (cash flow after ail 
expenses), all types of cropping systems can be proposed, including intensive rice or maize 
cultivation and the integration of intermediate or heavy mechanisation: two row Planters and 
sprayers for power tillers, no-till Planters for small-medium tractors etc ... Their farms could 
constitute technologie showcases for all farmers of the area and they could invest in equip
ment, witch would be rented to a network of small farmers. They could also focus at given 
places, significant levels of production, to help at merchandising the products. 
DMC adoption presents a major interest for the farmers who belong to the types C and D. They 
are interested by DMC to secure their yields on the hills and to improve their livestock produc
tions. Diversified rotational sequences integrating notably agriculture and livestock will thus 
be advised: cattle's fattening with forages like Brachiaria sp. and Stylosanthes sp. ; incorpora
tion of Mucuna sp. in the feed rations of the pigs. The diversification of the sources of incarnes 
allows these farmers to buffer efficiently climatic and economic hazard, frequently observed 
in the region. The level of intensification proposed will be modulated in function of the soil's 
categories but also the farm size ("risk management" notion of the cropping systems in rela
tion with investment capacities). These farmers could use small mechanization like hand-jab 
planters, sowing wheels, sprayers for human traction etc. .. 
Farms belonging to the type E are really poor; they may be potentially interested by DMC 
technologies for two main reasons: i) DMC allows the removal of ploughing which is an impor
tant constraint for this class of farms (high rentai costs) and ii these systems could ensure an 
added incarne, essential for the long-term viability of the farm. This substantial improvement 
would allow these farmers to move towards the superior categories after several years of 
practices. Extensionists should however be very careful in the systems recommended because 
a majority of these farmers live in precarious conditions which prevent them from having a 
vision on the long term. It seems to be hardly possible to propose costly cropping systems, 



witch require consequent financial contribution and don't provide incomes during the first 
year. These farmers can't afford to leave their land fallow, making it difficult to establish sole 
regenerative of fertility (during two or three years). The "burn-beating" technique (Ecobuage 
in French) or Stylosanthes rotation based cropping systems which can be managed without 
chemical inputs, could be well adapted in this situation. 
Type F fishermen often need additional incomes and some of them think about a retraining 
in agriculture, at a medium term. According to their investment capacities, ail the cropping 
systems could potentially be adopted by these households, in function of their needs and ob
jectives. 
The table 2 presents (1) the advantages found by each type in DMC techniques, and (2) the 
cropping systems that can be proposed in function of these different farm types. 

Table 2: Technical offer according to the farms categories 

Type Interests Technical proposais 

A (3) 
Forage availability Forage-based cropping systems / flexi-
Diversified productions bility of the cultural calendar 

Securisation of the income provided by Ali the cropping systems/ integration 
B (1) the rainfed lowland and the hills of the medium and heavy mechanisa-

tion 

Securisation of the income on the hills Diversified rotational sequences / inte-
C (1) Integration with livestock (cattle and gration « agriculture-livestock » ; high 

pig) level of intensification possible 

Diversified rotational sequences / inte-

D (1) 
Securisation of the income on the hills gration « agriculture-livestock » ; dif-
Integration with livestock (pig, poultry) ferent levels of intensification following 

investment capacities 

Ploughing removal 
Cropping systems without chemical 

E (2) Improvement of the incomes 
inputs Ali cropping systems 

F (3) 
Additional incomes 

Ali cropping systems 
Reconversion in agriculture 

(1) High propensity to adopt DMC techniques 
(2) Interests but some constraints can restrain the adoption 
(3) No interests and/or important adoption constraints 

The use of the software « OLYMPE », associated with this classical farming systems survey, 
will enable to i) test the economic impact of a technical choice (level of fertilization, integra
tion with livestock ... ) for the different types of farms, ii) test the robustness (resilience) of a 
technical choice according to climatic or economical uncertainties, iii) assess risks and iv) do 
a prospective analysis according to climatic events or prices volatility. 

6 Experience at national level: Conditions for extension of OMC sys
tems 

At national level in Madagascar, the same constraints to extension of DMC systems as in the 
Alaotra reg ion are observed: 

(1) Human resources availability is a necessary (but not sufficient) condition to extension. 
Without efficient extension teams, able to propose DMC systems locally adapted to actual 
farmers' needs, constraints and means, extension of DMC systems is not sustainable. This 
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requires an important phase of capacity building prior to large scale extension. Extension staff 
should acquire knowledge (and know-how) on OMC systems, but also capacity to analyze local 
constraints, risks and opportunities at farm and village levels. It usually takes 3 years to build 
efficient extension teams. 

(2) Socio economic environment is of high importance: unreliable land tenure, poor access to 
credit and agricultural inputs, poor marketing channels for instance can annihilate the benefits 
of OMC systems of high agronomie and economic interest. 
Experiences in various socio-economic environments also shows that some situations may lar
gely favor rapid extension of OMC systems as for instance when OMC systems can be proposed 
to overcome a major constraint to agriculture (like Striga infestation in the middle west), un
reliable paddy field irrigation (Alaotra Lake), open possibility to reclaim uncultivated land, or 
systems with very limited inputs (all zones). 

Integration agriculture/livestock may be seen as a constraint (in case of very high cattle pres
sure on natural resources) or an advantage for extension of OMC systems (increase of forages 
production through OMC). 
In ail cases, the first 2-3 years of transition from conventional systems to OMC are crucial and 
require proper accompaniment of farmers by extension staff to help them to face new situa
tions. After 3 years, extensionists support to farmers can be reduced. 

7 Conclusion 

The Alaotra Lake shows today the highest rate of dissemination of OMC technologies in the 
country. But besides the number of farmers or the global surface concerned, the decrease of 
the abandonment rate incite to be optimistic for the durability of OMC extension in the region, 
thanks to "farming system approach" adoption. 

Many reasons can explain this local evolution. First the results of a efficient Research and Oe
velopment program witch allowed the creation of a large range of cropping systems adapted to 
various agro-ecological conditions and categories of farms. Then the important role of a local 
development project: its originality is to adopt a global and integrate approach, associating 
technical training and socio-eco-territorial actions: land access, access to credit, integration 
to market. 

A good understanding of the local practices also helped extensionists to be more efficient in 
choosing their technical advices according to the type of farmers. It is not necessary to un
derstand ail an agrarian context to identify the axes of a relevant work, and initial diagnostic 
is not necessarily long, the "optimal degree of knowledge" has to be found out. The elements 
currently available in the project make it possible to formulate adequate solutions to various 
categories of farms encountered. Significant efforts have also been realized to better link 
the selected cropping systems, the cultural calendars, the periods of commercialization (in 
relation with the evolution of the prices), the real amount of credit needed and the ability to 
refund, even in the situation of low productivity or during the dried years. The executives of 
the project didn't identified categories totally refractory to the adoption, but the propensity 
to adopt can vary depending on the interest found by each farm in the proposed system and 
the ability to implement these new technologies. If some farms categories have a vital need 
to find sustainable alternative to cultivate the hills, for others this is not a priority and the 
technicians must be aware of it. The implementation of a "farm monitoring network" covering 
the variability of the farming systems encountered in the reg ion, already allows to improve the 
approach developed in the pilot villages. Field officers feel thus more responsible and see their 
outputs valorised, while people in charge now have tools which enable them to well assess 



the impact of their actions on the technical change, on the incarnes and on the evolution of 
farming systems . The vision of the use of the various "agricultural services" ( outreach, credit, 
supplies, marketing) had been changed and its importance is now clearly recognized by ail the 
project's partners. 
The experience from the Lac Alaotra is demonstrating that the conjunction of an efficient tech
nical offer adapted to the constraints and to the needs of farmers, and the existence of a fa
vourable socio-economic environment, allows a significant dissemination of OMC technologies, 
even in a smallholder's context. 
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3.3 IMPROVED MARKETING OF LARGE RUMINANTS IN XIENG KHOUANG, LAO 
PDR: BUILDING ON THE IMPACTS OF PRODUCTION SYSTEM IMPROVE
MENTS 
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Abstract 

The development of market-oriented production systems is a proven option for addressing 
poverty alleviation and shifting cultivation in the Lao PDR. Through improved feeding of lives
tock, and consequent production improvements, farmers have the opportunity to move toward 
increasingly market-oriented production, changing the role of livestock in smallholder systems 
from a means of capital accumulation to that of incarne production. 

A managed feed resource is the key mechanism enabling livestock systems change in the 
uplands of the Lao PDR. Improved livestock management, which is integral to these improved 
systems, acts as an enabling mechanism for structural change in the sector. Within a transition 
economy, such as the Lao PDR, the sector may benefit from support to facilitate an appropriate 
response to these changes. Support to the sector, with the goal of increased market efficiency, 
can take many forms, including increased market awareness of actors through market chain 
analyses and market information systems; support to Business Development Services; and 
addressing governance issues to improve the regulatory environment for livestock trade. 

The work of CIAT's Forages and Livestock Systems Project (FLSP) and the Small- scale Agro
Enterprise Development in the Uplands (SAOU) project are examined to understand the im
pacts of these projects on the livestock sector in Xieng Khouang. 



3.4 A FARMER-GROUP BASED APPROACH LINKING RESEARCH AND DEVELO
PMENT FOR THE PROMOTION OF CONSERVATION AGRICULTURE IN THE 
LAO PDR 
An essential base where systems and supports are designed to evolve alongside 
the market, and in line with agricultural constraints and developments 
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Abstract 

Over the past fifteen years, farming systems have changed drastically in southern Xayabury 
province, Lao PDR. Rotational cultivation systems and fallow periods are disappearing, being 
gradually replaced by a 'resource-mining' agriculture that has serious environmental costs, 
including increased soi! erosion, Joss of soil fertility, and chemical pollution of the environ ment. 
Under the Programme for Capitalization in Support of Rural Development Policy (PCADR) 1 , 

and its components PASS2 and PRONAE3 , alternatives were sought to the degradation of the 
physical environment, and to the reduction in incarne and work productivity in these rainfed 
cropping systems, based on the use of direct seeding mulch based systems (DMC). The aim 
of this article is to present and discuss the approach taken to promote the dissemination of 
these innovations, centring research and development actions on farmer groups . This study 
discusses the results obtained and details the constraints for launching such an initiative and 
ensuring its perpetuation over the long term. 

Keywords 
Research and development, farmer group-based approach, promotion of conservation agricul
ture and OMC systems, adoption of innovations, dissemination process, Xayabury Province, 
Lao PDR. 

Introduction 

Xayabury province (17030' to 200 N, 101035' to 100020' E), which is located on the right 
bank of the Mekong river, is delimited to the south by the Nam Heuang river, which forms the 
border with Thailand, and to the north the Mekong marks its separation from the provinces of 
Oudomxay and Bokeo. 

'Programme funded by Agence Française de Développement and Fonds Français pour l'Environnement Mondial 
2PASS: Application Site for Southern Xayabury Province, technical support by Lao Consulting Group 
3PRONAE: National Agroecology Programme resulting from a partnership between Institut National de Recherche 
Agronomique et Forestière (NAFRI) and Centre de Coopération Internationale en Recherche Agronomique pour le 
Développement (CIRAD) 
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Three distinct geographical zones can be described from North to South: i) a northern moun
tainous zone where slash and burn systems predominate, ii) a central zone (Xayabury and 
Muan Pieng districts) which correspond to the rice granary of the province and the largest 
production area for the provinces of northern Laos, iii) a southern zone grouping the districts 
of Kenthao, Botene, Paklay and Thong Mixay. It is the richest agricultural zone in the province 
due to the quality of its soils and its integration on the Thai domestic market. 
The district of Kenthao has long been the crossroad between Laos and Thailand; it became 
the trading hub between these two countries, with the opening of the international border in 
2006. These four districts, geared towards the international market (case of Paklay with daily 
exchanges by river with Vientiane) and regional market (Thailand, China), are major trading 
poles. 

Following the introduction of new economic mechanisms (1986) promoting trade, cash crops 
underwent a considerable boom and occupied a predominant role in the farming systems of 
the region. The arrivai of mechanization (tractors, walking tractors, hullers, threshers) was a 
result of increasing trade with Thailand over that period. 
Today, a constant flow of products can be seen along the major trading routes, namely the 
Mekong (Vientiane), the Kenthao - Paklay - Xayabury road and the Nam Heuang border cros
sing (Kenthao district). 

The transposition of a Thai semi-intensive scheme, characterized by heavy mechanization and 
use of numerous inputs (pesticides, improved bottomland rice seeds, maize seeds, ground
nut seeds, and minerai fertilizers) gradually occurred in these three districts. The absence of 
fallow periods, the systematic removal of crop waste and repeated mechanical activity rapidly 
weakened the rainfed ecosystem, leading to a degradation of downstream rice growing and 
road infrastructures. Sorne initial soil analyses have revealed a 50% loss of the organic carbon 
stock over the last 15 years. That loss is linked to the erosion of cultivated plots and rapid oxi
dation of organic matter after tilling. Wooded zones, serving as a biological filter on riversides, 
have globally disappeared from these environments (Photos 1). 

Photos 1: «Open fields» situation in southern Xayabury province, with the disappearance of 
gallery forests and wooded zones 

Although these agricultural practices benefit from an exceptional soil potential when compa
red to the other provinces of northern Laos, a diagnosis reveals massive degradation of the 
physical environment. This means that, even in these zones that have benefited from major 
growth, the natural environment can be degraded very rapidly (5 to 10 years of practices), 
with negative economic and social consequences. 



Under the Programme for Capitalization in Support of Rural Development Policy (PCADR), 
and its components PASS4 and PRONAE5 , alternatives were sought to the degradation of the 
physical environment, and to the reduction in incarne and work productivity in these rainfed 
cropping systems, based on the use of direct seeding mulch-based systems (OMC). Farmers 
were placed at the heart of the research and development process, thereby enabling concer
ted construction and adjustment of innovations, with regular discussions between farmers, 
agronomists, researchers and extension officers, with ongoing feedback on innovations being 
tested under true conditions. 
The aim of this article is to present the approach taken to promote the dissemination of these 
innovations, centring research and development actions on farmer groups. This study discus
ses the results obtained and details the constraints for launching such an initiative and ensu
ring its perpetuation over the long term. 

Materials and methods 

The approach 

A holistic approach, based on a permanent link between research and development, was im
plemented by NAFRI/PRONAE, PASS, and the Sector-based Programme on Agroecology (PRO
SA, MAF), in partnership with the department of agriculture and forestry of Xayabury province 
and the districts involved in these activities (Paklay, Kenthao, Botene and Thang Mixay). 
The systemic approach, designed to progressively transfer skills to farmer groups, local autho
rities, research and development agencies, and private operators, was organised around two 
main principles: 

• An iterative process. The technological offer, the methodology and the organization were 
constantly adapted to the evolution of the bio-physical, socio-economic and political context 
.... and to the demand of the various stakeholders involved. Constant evaluation at each stage 
enabled real-time adjustment of activities and reorientation of programmes, and so optimized 
the use of all resources. 

• An integrating approach that united research, extension, training, communication, finan
cial and policy decisions from the very start of the activities and throughout its cycle. This 
required links with ail actors in rural development: farmers, extension officers, trainers, re
searchers, the private and banking sectors, and political and financial decision makers. 

Methods of intervention 

This approach was constructed around four main components (Bouahom et al., 2005), focused 
on farmer groups, namely: 

- a precise analysis of the agricultural and economic environ ment and a dual partitioning of 
the environment into cultivated entities and farm typologies, 
- implementation of experimental designs encompassing a wide diversity of cropping sys
tems but also simple technologies (species, varieties, various inputs, tools) enabling famers 
and extension officers to assess the evolution of the systems and their characteristics over 
the medium term (weed pressure, soil fertility, yield trends, work times, etc.) and choose 
the best innovations in relation to conditions at the outset, 
- On-farm assessment and validation of chosen innovations to integrate the conditions spe
cific to each farm (financial capacity, work load, accessibility to means of production, etc.), 

4 PASS: Application Site for Southern Xayabury Province, technical support by Lao Consulting Group 
PRONAE : National Agroecology Programme resulting from a partnership between Institut National de Recherche 

Agronomique et Forestière (NAFRI) and Centre de Coopération Internationale en Recherche Agronomique pour le 
Développement (CIRAD) 
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- Creation of an environ ment of professional training and exchanges between farmers, agro
nomists and extension officers organized around practical training in the field, field days and 
exchanges between groups from different regions, to compare the advantages and draw
backs of a given innovation, 
- Dissemination of these innovations on a larger scale, with close technical support for far
mer groups. 

Over the 2006 - 2008 period, these different activities and work scales were implemented on 
the basis of concerted action between the different operators (PAFO/DAFO, NAFRI/PRONAE
PCADR, PASS-PCADR, PROSA). 

Farmer groups 

The farmer groups approach was used to facilitate training and regular technical support, 
and to structure access to agricultural inputs, enable joint use of specific equipment (planting 
machine) and stimulate exchanges with families (creation of structures) concerning the pro
duction systems developed. It also promoted the involvement of the private sector to supply 
credit and agricultural inputs and, at the same time, reinforced the position of farmers in rela
tion to it. The approach was flexible, and evolved in line with results and indicators, and was 
able to structure and gear groups of producers towards service activities (e.g. supply, credit, 
and collection). Ali agronomie and economic data were recorded to evaluate the advantages 
and the constraints involved in adjusting innovative systems and technologies. 
By forming groups, the farmers were able to avoid always finding themselves in a testing 
context, as tests were carried out at demonstration sites or by just one of the group mem
bers. 

Proposed systems and technologies 

Direct seeding systems, some of which incorporated cover crops or intercrops, or crops in 
succession to the main crop, were proposed to these groups. The first stages were geared 
towards validating a simple technology (direct seeding on residues from the previous crop) to 
promote graduai learning and, in particular, gain the confidence of the farmers in the ability of 
the research-development programme to meet their short-term expectations. 

Technica/ support based on the sustained involvement of district extension officers 

One of the essential points lay in the creation of a team of agronomists and extension officers 
with a great ability to integrate different work and analysis tools, thereby intervening as much 
on a cropping system scale as on a livestock rearing scale. Such versatility is essential for this 
type of programme. As a priority, there was a need to train general agronomists and extension 
officers; 32 extension officers (Table 1) were involved in these research-development opera
tions over the 2006 - 2008 period. 

Table 1: Number of extension officers involved in these operations at the end of the 2008 
season 

Districts Botene Kenthao Paklay Thong Mixay 

Number of ex-
7 10 10 5 

tension officers 



Results and discussion 

The research component 

NAFRI (PRONAE) activities were geared towards setting up demonstration sites (10 ha) as a 
medium for designing and characterizing cropping systems and training technicians, extension 
officers and farmers. 
Technologies focusing on agroecosystem processes such as organic matter accumulation, wa
ter use efficiency, soil biological activity, resource preservation and general enhancement of 
agrobiodiversity and synergisms between components, were to be promoted. A broad range of 
options was developed to enable farmers to adjust their systems in line with changing market 
demands ( continuai diversification and adjustment of systems). These demonstration fields, 
managed by researchers and extension officers, served as a basis for creating knowledge and 
for training. These bases were essential within a context of constant support for dissemination, 
where systems were designed to evolve alongside the market, and in line with agricultural 
constraints and developments. Agricultural and economic analyses were carried out for all 
cropping systems conducted under a conventional system (ploughing) and with no tillage. The 
first step in creating no-till systems was based on indigenous species and cash crops com
monly used by smallholders. 
There was also substantial biodiversity at these sites, particularly: 

- all-purpose rice varieties (Sebota) developed by Lucien Séguy, Serge Bouzinac and James 
Taillebois. These varieties display the characteristic of being growable under varied water 
supply conditions, from strictly rainfed, to bottomlands (transplantation), with irrigation 
in the dry season, and under contrasting biophysical conditions. They have been tested in 
southern Xayabury province and in Xieng Khouang up to an elevation of 1200 m, 
- fodder species (Brachiaria sp., P.maximum, S. guianensis, elephant grass), 
- cover crops (C. cajan, Crotalaria sp., E. coracana), 
- food species (soybean, V. unguicufata, V. radiata, etc.) 

Creation of farmer groups 

Farmer groups were set up for 4 districts 
in southern Xayabury province (Kenthao, 
Paklay, Botene and Thang Mixay), invol
ving a total of 45 farmer groups by the 
end of the 2008 season (Figure 1) . 
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Figure 1: Distribution of the number 
of farmer groups over the 4 districts 
in southern Xayabury province (green: 
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One extension officer was responsible for one geographical area and gave advice to farmer 
groups on all components of the farming systems (annual cropping, use of equipment, lives
tock). One person supervised from 2 to 3 farmer groups (50 to 120 households). Extension of 
OMC systems does not only require a technical message but it should be accompanied by the 
creation of an enabling environment based on training, communication, access to agricultural 
equipments, facilitating input access, and market opportunities. The yearly activities of exten
sion officers were organized around five main components: 

- training sessions intended for extension officers concerning CA practices and concepts, 
- farmer group organization and elaboration of tools to exchange with them, 
- setting-up of a credit system with traders, 
- on-farm demonstration and extension with training session focus on implementing CA 
practices (use of equipment, crop management, etc.), 
- monitoring, presentation and discussion of the agro-economic results obtained with far
mer groups. 

The promotion of new cropping systems, and innovations in general, calls for continuai close 
support in the first two years, in order to promote the learning of farmers and create a climate 
of confidence between farmers and extension officers. In addition, the charisma and persona! 
commitment of each extension officer, but also of each group leader, plays a major role in dis
seminating information and innovations and in the success of this approach. 

Along with the technical background, extension officers were trained in farmer group facilita
tion and coordination. Today, 32 extension officers are involved in the south of Xayabury in 
this approach and they are trained in programme definition, implementation and coordination 
(technical and financial aspects). 

Farmer group organization 
Elaboration of communication tools (posters, technical 
sheets). Awareness-raising campaigns in villages 

Setting up of credit systems with traders (agreement 
Setting up of credit systems between farmer groups & traders). 

Project support concerning the choice of inputs 

Training sessions related to (i) direct seeding techni-
Farmer training & demonstration ques & (ii) input use (herbicides). 

On-farm demonstrations with all the farmer groups. 

Permanent technical support provided by agents du-

Permanent monitoring 
ring the campaign. Presentation & discussion of the 
agricultural and economic results obtained with farmer 
groups 

Specific themes were implemented with farmer groups, such as the use of agricultural equip
ment (hand-jab seeder, planting machine for hand tracter), use of fertilizer and crop diversifi
cation (particularly in the case of southern Xayabury, intercropping between maize and Vigna 
umbellata, C. cajan, V. radia ta). 

Relations between stakeho/ders 

The promotion of OMC systems, and the graduai integration into the cropping systems of cover 
plants (additional resources, be it monetary or fodder), was not based merely on a technical 
message. It had to be accompanied by an improvement in the agricultural and economic envi
ronment, incorporating access to means of production (agricultural equipment, credit, inputs) 
and to the market, along with the provision of professional training and exchanges between 
stakeholders. 
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Extension officers also played a role in establishing relations between farmer groups and the 
private sector, to improve input supply chains, sales circuits and the provision of services. 
Over this period, any agricultural implements and service providing that may have been linked 
to the initiative were not transferred to the traders in the region. Different discussions were 
organized on the subject, but the current sizing was, for this category of stakeholders, too 
limited to consider investing in this type of operations. Service provision was organized with 
farmers owning tractors who carried out these operations for the farmer groups established 
in nearby geographical zones . 

Strengthening of the professional environment 

An environment conducive to the dissemination of conservation agriculture was created by 
capacity-building, through the training of farmers, researchers and rural development players. 
Academic and technical training were provided and open to ail who wanted to be involved. 
Field days were also scheduled in each province and exchanges were promoted between far
mer groups involved in Xayabury and Xieng Khouang provinces. 
A training strategy is not limited to the addition of sessions, days and courses, but is above 
ail an ongoing attitude that all players must have. It results from a combination of 3 types of 
action: 
• Promoting access to information, 
• Stimulating and supporting collective deliberations at ail stages of the development pro
cess, 
• Organizing and taking training action simultaneously, covering all the aspects involved (tech
nical, managerial, organizational, legal, etc.). 

Proposed systems and technologies 

Through its proximity to Thailand and the existence of Thai investments, production today is 
mainly geared towards maize growing. The level of diversification (Table 2) has rapidly fallen 
in the south of this province, with 90% of the rainfed cultivated area now devoted to that crop 
in some zones. The increase in areas planted to maize is linked to different aspects: rising sale 
prices linked to world market trends, limited work times, high work output and net profits. 
However, this situation differs depending on the production areas. The production areas dis
playing advanced degradation of the rainfed ecosystem (along the road between Pakkhem and 
Houayleuk, Kenthao district), low fertility (the case of Botene district) or remoteness from the 
markets or main trading routes (the case of Thongmixay district) maintain a wider diversity 
of cropping systems. 

Table 2: Level of diversification for 45 production areas 

Diversification level Botene Kenthao Paklay Thong Mixay 
(%) 

Maize monoculture 72 80 100 82 

Rotation or association 28 20 0 18 

The first systems to have been disseminated are based on the management of crop residues. 
This system is far from efficient in terms of fertility improvement (biological, physical and che
mical) and weed contrai, but we felt it was preferable initially only to modify part of the crop
ping system (soil management), in order to favour the graduai learning process rather than 
incorporating additional species whose advantages the farmers would not have understood 
and which would have involved more technical management of the system . At the same time, 
on a smaller scale (150 ha) some intercropping between Vigna umbellata (commercial species 
used in the region for many years and marketed in Thailand) and maize was proposed, in order 
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to produce two commercial crops in the same wet season, generate additional incarne, limit 
the impacts of inter-annual variations in maize prices, and take advantage of the agronomie 
benefits of such a species (weed contrai, nitrogen return to the soil). 
In order to disseminate these systems on a larger scale, it was necessary to eliminate two 
types of constraints identified during follow-up/assessment studies (Tran Quoc et al. 2005, 
2006) . These were i) the laboriousness of sowing in crop residues without specific equipment 
and ii) the availability of inputs, including minerai fertilizers that were sought by the farmers. 
As part of its work, PASS removed these two constraints by facilitating access to specific direct 
seeding implements (Table 3) that could be used on different scales depending on the nature 
of the plots (topography, area). This equipment was imported from southern Brazil (Fitarelli, 
Knapik, Campo Novo and Rubemaq companies) which is the reference for the development 
and production of direct seeding equipment for small-scale family agriculture (Sefrin Kühn & 
Bombassaro, 2006). Dibbers, seeders drawn by hand tractors, with one or two sowing rows, 
and sprayers (Photos 2) were acquired by the projects . 

Table 3: Nature of the equipment imported by the projects 

Equipment No. 

hand jab seeder 150 

1-row seeder 1 

2-row seeder 14 

4-row seeder 6 

200-litre sprayer 16 

Access to inputs (seeds and minerai fertilizers) was organized in direct relation with the private 
sector in order to promote exchanges between these groups of players (farmers and private 
sector) and try, eventually, to transfer some of the farming operations (sowing with 4-row 
seeders) to that sector, which already covers all «ploughing on credit» operations and maize 
hybrid seed sales. 

Photos 2: Direct seeding equipment imported from Brazil (a: hand jab seeder, b: Knapik two
row seeder, c : Fitarelli two-row seeder, d: Knapik four-row seeder) 

a b 
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Dissemination (2006 - 2008) of OMC systems 

At the end of the 2008 season (corresponding to the third agricultural campaign of large scale 
dissemination), the area cultivated by direct seeding was estimated at 1787 ha for 1254 fami
lies (Table 4) . Contrasting results were seen between districts for the increase in DMC areas 
and the proportion of families practising these systems (Figures 2 & 3). Severa! points need 
to be considered to explain these differences (Tran Quoc et al. 2005, 2006): i) the average 
size of the areas cultivated by each farmer, ii) topography, iii) level of soil degradation, iv) ac
cess to agricultural equipment, etc. The production areas displaying lower fertility and a more 
pronounced degradation of the rainfed ecosystem (Botene and Thong Mixay) showed greater 
adoption of these systems. In Botene district, over 40% of the families in the villages invol
ved practised DMC. In the villages of Nongpakbong and Thanang (Botene district) these DMC 
systems accounted for 60% to 80% of the rainfed areas per family (data not shown). A simi
lar situation, though to a lesser degree, was found in the villages of Houaypet and Houaylod 
(Kenthao district) where the DMC systems amounted to 20 to 30% of the cultivated rainfed 
areas respectively. Conversely, the production areas of Paklay district showed a limited num
ber of adoptions and proportion of DMC areas ( < 10%) compared to the other districts. 

Table 4: Variation in the number of families and DMC areas between 2006 and 2008 in 
southern Xayabury province. 

District 

Botene 

Kenthao 

Paklay 

Thong Mixay 

Total 

_\ 
N 

2006 2007 2008 
Families Area (ha) Families Area (ha) Families Area (ha) 

104 

173 

75 

33 

385 

82 

213 

83 

23 

401 

{'î 
/ -! 

-· .::'. ~ 
·-,,/~/ 
~/ 
.( 

U ndpt1111 0...., i11?aOI 
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137 151 328 574 

287 343 464 627 

196 277 316 468 

69 59 146 118 

689 830 1254 1787 

Figure 2: Distribution of three soil 
management methods (tillage, 
slash and burn and DMC) for diffe
rent production areas (khum ban) 
in 2008 
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Figure 3: Variation in families (%) practising OMC in the intervention villages between 2005 
and 2008 
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An iterative approach was adopted, trying to integrate cover crops as the process progressed, 
in order to diversify these 'è: ropping systems and incorporate the main functions of OMC sys
tems (integrated weed management, fertility improvement as a whole, better water use, 
biodiversity). This change of systems is not yet effective, with few diversified systems, and 
limited use of cover plants, a part from a few farmer groups who adopted a maize - Vigna um
bel/ata combination. Although better agro-economic results than with the conventional system 
were obtained over this period, it is worth highlighting that this first system, based on crop 
residue management, was not viable, since it did not allow integrated weed management, 
total protection of soil resources, and fertility improvement. 
Based on these findings that the first innovations only provided a tiny proportion of the ad
vantages offered by OMC systems, more efficient systems incorporating the main functions 
of OMC (integrated weed management, fertility improvement as a whole) will have to be pro
posed. Given the context of this region, a few examples are given below: 

1. Biennial rotation of maize + B. ruziziensis / soybean + [Eleusine coracana + Crotalaria 
sp.] 
2. Biennial rotation of maize + B. ruziziensis / Vigna radiata (mung bean) + [Eleusine co
racana + Crotalaria sp.] 
3. Biennial rotation of maize + [B. ruziziensis + C. cajan] / V. umbellata, 
4. Biennial rotation of maize + [C. cajan + S.guianensis] / rice + 5. guianensis 

This approach makes it possible to combine different scales of intervention. To this end, the 
management of village land areasand use of multi-purpose perennial species (high added 
value wood, medicinal plants, fodder species, etc.), must be a priority for future campaigns. 
The most striking example is the change in landscape units in southern Xayabury province, 
with pronounced degradation of the cultivated ecosystem, the virtual disappearance of trees 
from the landscape, and the destruction of downstream rice growing and road infrastruc
tures. Wooded zones, serving as a biological filter on riversides, have globally disappeared 



from these environments . Thought needs to be given on a provincial and national level to 
(re)constructing gallery forests which should make it possible to protect water courses and 
recreate a natural filter limiting the risks of pollution by pesticides and suspended particles. 
Organization on a village land area level would also make it possible to improve the efficiency 
of OMC systems through better crop residue management in the dry season. Indeed, uncon
trolled burning, or roaming cattle over that period, can lead to the total destruction of cover 
plants or crop residues. 

Organization of farmer groups 

The first farmer groups were set up to facilitate technical follow-up by the extension officers 
and encourage exchanges between farmers. Many groups exist, but are not necessarily ac
knowledged by the local authorities or the economic operators as a whole. Today, by way of 
these structures, it is a matter of enabling farmers to identify their needs (supplies, credit and 
sales), specify their commitment to preserving their direct environment (gallery forests to pro
tect water courses, reforestation of hilltops, systems centred on conservation agriculture, etc.) 
and thereby carry weight in development decisions that could be taken on a local level. 
Human and financial assistance will have to be identified to ensure the functioning and running 
of these groups and their graduai structuring towards farmer associations . At the same time, 
the groups will only be able to develop and evolve towards an associative type structure and 
play a clear raie in future development if the State invests in that structuring . Eventually, crop 
processing and marketing will have to be incorporated into these structures. 

Communication & Information 

Whoever the stakeholders involved (farmers, extension officers, traders, decision-makers), 
the absence of a communication and information network, structured right from the outset of 
operations, is a handicap to the advancement of such an initiative. It is a matter of strengthe
ning an existing but informai network between the different players (research - extension -
private sector - farmer). 

Financial considerations and provincial coordination 

For many years, the south of this province has been undergoing sustained growth due to its 
trading relations with Thailand. The development scheme adopted is largely based on an op
portunistic approach that is a very large consumer of non-renewable natural resources (soil, 
forests). In this process, Foreign investors are making the most of existing structures in Laos 
(decision makers, network of extension officers, farmer and trader groups), without their 
making any financial contribution to the development of this region. This «mining» approach, 
with serious degradation of natural resources and increasingly pronounced social differentia
tion with in communities, is partly attenuated today by the high prices for agricultural products. 
It is a matter of ta king advantage of this situation, which combines high export volumes with 
rising prices, to introduce a development scheme based on natural resource management, in 
order to preserve the productive potential (soil, water, people) of this reg ion and the stability 
of these agricultures. To that end, Patrick Julien (2007) proposed a levy on exports, taking 
the example of maize production with a deduction of US$ 1 per ton exported. These funds 
would be reinvested initially for specific Conservation Agriculture operations (support to far
mer groups, funding of demonstration sites, mechanical support, resource and exchange cen
tres, study trips, etc.) and could, after this probationary phase, feed development operations 
in a broad sense. This development scheme, based on natural capital management, combined 
with the introduction of agri-environmental measures, is beginning to take shape for this pro
ject under the impetus of the provincial authorities, the Ministry of Agriculture and Forests, 
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and with support from PASS and PROSA. There needs to be close consultation with all players 
(central level - MAF and provincial and local level - district), in order to define the institutional 
framework, the degree of commitment and responsibilities of the different players (State bo
dies, individuals and private bodies), along with technical and budgetary programmes. 

As mentioned by many farmers, the lack of banking sector involvement holds back the pro
gress of their farming systems and cultural practices. In southern Xayabury province, most 
credits in kind (tillage, inputs) or in liquidity is provided by the private sector. This situation ge
nerates high dependency on the private sector, which practises very high rates. These groups 
and farmers who commit themselves to environmental protection should be able to turn to 
incentive credits at reduced rates, particularly so that they can buy agricultural equipment and 
have access to seasonal credit. 
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Abstract 

In Cambodia, the traditional family farming system is based on rainfed lowland rice crop
ping. This type of cultivation intersects two main agro-ecosystems concentrated around the 
"Mekong-Tonle Sap system" in the central region of the country: (1) strict rainfed areas on 
upper and sandy terraces and (2) lower hydromorphic plains reached by river floods, during 
the second half of the rice cycle. In a simplified manner, those production systems alternate 
between photosensitive rice crops during the rainy season and a common grazing period du
ring the dry season and the early rainy season. 
Roughly 2.5 million families share less than 2.3 million hectares of these production systems 
with low land productivity and low labour output, mainly designed and driven by climate risk 
management (no water contrai). This overall land limitation, combined with traditional prac
tices based on an extensive management of labour (in connection with risk contrai) leads to 
general underemployment on farms and drives families to look for additional incarnes from 
off-farm activities. Due to a lack of job opportunities in the countryside, this "quest" results 
in major migration flows: in some cases, some family members move "seasonally" (parent) 
or definitively (children) to cities or even abroad, in the subregion; in other cases, the whole 
family (younger household) moves to search for land in peripheral and less populated parts of 
the country (northern regions, eastern highlands, etc.). This second type of migration contri
butes to increase the pressure exerted on natural resources, with the new migrants, after 
reclaiming forested areas, implementing upland cropping systems geared towards subsistence 
(upland rice) and/or cash (maize, cassava, etc.) with additional incarne derived from logging, 
charcoal production, poaching, etc .. For those poor migrants, the lack of access to land rights 
and sustainable cropping practices in these new types of agro-ecosystems largely prevent the 
development of fixed, profitable and environment-friendly production systems. 
These "pioneer flows" could be considered as a resumption of pre-war farmer movements 
which led to the "reconquest" of the western regions (mainly on the hydromorphic plains of 
Battambang, Siern Reap, etc.), the reclamation of the Kampong Cham plateaux (for both trees 
and annual cash crops) and the expansion of a colonization fringe around the Tonie Sap popu
lated regions (upper sandy terraces). 

In the far west of the country (Pailin and western districts of Battambang), this general land 
access pattern for medium and poor farmers has been modified by recent history. This region 
was one of the last Khmer Rouge strongholds and the "surrender" negotiations with the Royal 
Government of Cambodia in the late 1990s included a land deal for former KR soldiers' fami
lies. 

Initially (1996-98), each family involved received around 5 ha of hilly land, mainly on pre
viously logged and often mined Forest areas. Quickly, after an early phase of small-scale sub
sistence farming, probably a continuation of wartime practices, commercial farming driven by 
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Thai market demand arase in the early 2000s. Initial natural capital (linked to neighbouring 
natural resources), good soils and high fertility inherited from reclaimed forest, simple crop
ping systems -2 cycles per year- eased by credit and contract labour offers for ploughing and 
conventional sowing proposed by Thai traders, triggered fast and massive deforestation. That 
movement reached a peak between 2002 and 2005 and gave rise to more than 100,000 ha of 
cropped uplands in the "far western" region. 

The first cropping systems developed were based on soybean production (2000 - 2005) and 
then shifted to maize growing (2004 - 2008); today, massive conversions to cassava (demand 
from the ethanol and animal feed sectors) are observed. These successive mutations were 
carried out in accordance with Thai market demand, but also correspond to graduai soil de
gradation; the mineralization of soil organic matter, erosion, soil compaction, increasing weed 
pressure, etc., induced by 2 disc-ploughings per year, limited crop yields and increased pro
duction costs (weed control) year after year. Graduai soil degradation and a reduction in crop 
performance are currently balanced by the recent rise in agricultural prices, but will greatly 
worsen with the conversion to plough-based cassava monocropping. 

Although threatened by disastrous agricultural practices, relying on «mining» exploitation of 
soil resources, this "western episode" must be considered as a demonstration of the dynamism 
and flexibility of family-based agriculture, once it has access to the necessary production fac
tors to respond to various market demands. 

Besides its 3.5 million ha of protected areas, Cambodia has several million hectares of land 
reserves with an agricultural potential (5 to 7 million ha?). Taking inspiration from the western 
experience, part of this huge national asset could be gradually allocated for smallholder agri
cultural development. 

This agrarian policy may be an appropriate way to (1) alleviate poverty and rural underem
ployment, (2) achieve more balanced economic development between the booming larger 
cities and the countryside and (3) enable the growth of an agro-industrial sector connected to · 
national and regional demand, a new outlet for local and international investors. 

This new agricultural development, involving small and medium-sized farms should primarily 
be based on annual crops, due to their lower implementation costs, the absence of an imma
ture period, the high flexibility and diversity of the cropping systems created by mixing grain, 
tuber and livestock production. 

Such an orientation of agriculture can and must be based on the extensive promotion of DMC 
systems, the only available technologies enabling sustainable management of soil resources in 
strict upland situations. Large-scale extension could be enhanced through the support of DMC
based labour contractors for direct sowing, herbicide applications etc., in close association with 
the downstream agro-industrial sector and larger farmers. 
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Abstract 

The Plain of Jars is an acid, infertile savannah grassland covering an area of about 60,000 ha 
in the western region of Xieng Khouang Province, northeastern Lao POR. In this ecology, far
ming systems are mainly based on lowland rice cultivation and extensive livestock production. 
An increase in rice production and intensification of the livestock industry are two key compo
nents in the Lao government's poverty alleviation strategy for this area. The main agronomie 
constraints for developing crops and forage systems are related to serious unfavourable soil 
chemical characteristics. Low pH, along with nutrients deficiencies (in nitrogen, phosphorus, 
potassium, calcium and magnesium) and high levels of aluminium saturation probably have 
a negative effect on the growth of upland crops, as well as many pasture species. Moreover, 
severe phosphorus deficiency generates animal health problems. Since 2004, the Lao National 
Agro- Ecology Programme (PRONAE) has been working on innovative farming systems based 
on direct seeding mulch-based cropping system (OMC) principles, as a technical approach, 
and on a progressive in situ validation process with smallholders as a Research & Oevelopment 
(R&O) approach. The advantages of the methodology are presented through the case of a 
OMC system developed in 2005 by the project to intensify rice-beef production in the Plain of 
Jars. The farming system initially proposed was a 5-year rotational sequence where improved 
pasture land was implemented in the first year, fattening activities conducted in the following 
three years and pasture regenerated in the filth year using rice as a cash crop to finance pastu
reland re- implantation. Costs and benefits of the system were simulated according to the data 
collected in the creation sites. At the end of the 5 years, an average net incarne of 160 $US/ 
year/ha and an average labour productivity of 2.5 US$ per ha and working day were expected. 
The system was then proposed to 89 families forming 16 farmers' groups in 12 different villa
ges for an in situ validation covering 76 ha. Even though promising results have been descri
bed at the creation site, 3-years of continuous validation have revealed several constraints for 
mass extension. In- field monitoring and interviews with farmers showed the main constraints 
to be (i) Market channels' constraints or malfunctioning, (ii) Fencing costs and maintenance, 
(iii) Production costs rising faster than benefits, (iv) Credit access and supply, (v) Technical 
skills required for good-quality pastureland implementation and management and (vi) Cattle 
fattening management. This feedback has given rise to development-related discussions and 
proposais regarding credit access, market channel functioning and training supports to be 
provided to farmers. This feed back has also given rise to new research topics, such as (i) 
how to generate higher incarnes during the first year of implementation and (ii) how to reduce 
fertilizer use (main production cost) while maintaining at the same time improved pasture
land productivity. New farming systems based on direct sowing of rice associated with forage 
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species on degraded native pastureland have therefore been tested at creation sites and are 
currently under validation with farmer groups. This rice-beef system "creation- validation" 
process shows (i) the need to maintain research activities in the development process and (ii) 
the merits of the "creation site/ farmer validation group" system for determining the potential 
for technology dissemination. 

Keywords: OMC systems, R&D methodo/ogica/ approach, "creation-validation" approach, rice
beef production, Plain of Jars, Xieng Khouang province, Lao PDR. 

1 Introduction 

1.1 Why (and how) try to improve agricultural research efficiency? 
Agricultural research is a key component of agricultural development process. However, in 
most countries, agricultural research and extension is the responsibility of separate organiza
tions. As recorded by NAFES (2005), this has often led to a number of interrelated problems: 
• lack of consensus on priorities for agricultural development; 
• a weak flow of technical information, particularly in response to field problems; 
• conflicting advice being given to farmers; 
• the development of technologies that are effective on research stations but which are not 
appropriate under normal farming conditions; 
• recommendations being made by extension workers that have not been properly tested . 

1.2 How promote a higher farmers' involvement in the Research process? 
The Research and Development Methodological approach presented is based on five interde
pendent steps that are: I) the Assessment of farming systems and farming conditions (initial 
assessment, monitoring and evaluation of farming changes), II) the Creation and adaptation 
of innovative farming systems, III) the Training of involved stakeholders and related commu
nication activities, IV) the Creation of a favorable environment for adoption and V) the Scaling 
up and promotion of the more promising innovative systems. 
As underlined in illustration 1, the specificity of the approach has to be found in the creation 
phase that includes several validation steps with farmers. Farmers are associated in the as
sessment of the constraints, the creation and implementation of the innovative systems and 
in the monitoring and the evaluation of these systems. 
The benefits of working with farmers to improve research efficiency are presented through a 
case study coming from PRONAE experience in the Plain of Jars, Xieng Khouang Province, Lao 
PDR. 

1.3 Case study from PRONAE experience in the Plain of Jars, Xieng Khouang Pro
vince, Lao PDR 
The Plain of Jars is an acid, infertile savannah grassland covering an area of about 60,000 ha 
in the western region of Xieng Khouang Province, northeastern Lao PDR (see illustration 2). 
In this ecology, farming systems are mainly based on lowland rice cultivation and extensive 
livestock production. Paddy rice and big ruminants represent respectively 20 to 50% and 
50 to 80% of families' annual monetary income (Lienhard et al, 2006a). An increase in rice 
production and intensification of the livestock industry are two key components in the Lao 
government's poverty alleviation strategy for this area. The main agronomie constraints for 
developing crops and forage systems are related to serious unfavorable soil chemical charac
teristics. As reported by Hacker et al. (1998) and Gibson et al. (1999), low pH, along with 
nutrients deficiencies (in nitrogen, phosphorus, potassium, calcium and magnesium) and high 
levels of aluminum saturation have a negative effect on food crops' growth as well as on forage 
species' development. Severe phosphorus deficiency generates also animal health problems 
(Gibson et al., 1999). 
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Since 2004, the Lao National Agro- Ecology Programme (PRONAE) has been working on inno
vative farming systems based on Conservation Agriculture and Direct seeding Mulch- based 
Cropping (OMC) systems principles as a technical approach and on a progressive in situ vali
dation process with smallholders as a Research & Development (R&D) approach. 
In relation with the initial constraints analysis research activities have been focused on rice 
and cattle production. After two years of experiments on research stations, a first OMC rice
beef farming system was developed and proposed to farmers groups in 2006 for in- situ vali
dation. 

2 Materials and Methods 

2.1 Innovative farming systems construction and evaluation in creation sites 
As reported in illustration 3, research activities conducted in research stations for rice-beef 
systems creation were focused on three main tapies. 
1) Forage species selection: forage species were selected from two research stations repre
sentative of the Plain of Jars variability in terms of slope (respectively medium and low) and 
elevation (respectively 900m and 1100m above sea level). Forage collections were implemen
ted in 2004 under OMC techniques (no tillage, direct sowing on degraded pastureland). Twelve 
forage species (ten grasses and two legumes) were cross-linked with four different level of 
fertilization and evaluated regarding forage production, fodder quality (palatability and fodder 
content) and seed production. 
2) Cattle fattening management and performance: Cattle fattening opportunity was evaluated 
on a 1,6 ha plot of Brachiaria ruziziensis 'ruzi' grass implemented in 2005. Zoo-technical (ani
mal stocking and growth rate) and economical (costs/benefits analysis, technical skills requi
red for system implementation and management) performances were analyzed and compared 
with traditional livestock system. 
3) Regeneration of improved pastureland using rice as a cash crop: sin ce 2005, various crop
ping systems including trials on species association modalities (sowing date, sowing depth and 
density), fertilization level and rice cultivars' selection are tested and evaluated according their 
economical performance and technical feasibility. 

2.2 Validation phase with farmers' groups 
As presented in illustration 4, the validation process with farmers' groups included several 
steps with a progressive increase of the experimental size (increase in number of farmers 
and in surface), an evolution in the sharing of responsibilities (progressive backing out of the 
project) and in the number and kind of partners involved. Key points of the methodology are 
presented below: 
- Different scale, different evaluation tapies: experimental size has progressively increased du
ring the evaluation process from 6 farmers groups, 6 villages and 14 ha in 2006 to 16 farmers 
groups from 12 villages and 76 ha in 2008. Data recorded at small scale (step 1) were focused 
on technical and economical aspects (in situ evaluation of system productivity and feasibility); 
at larger scale (step 2), organizational aspects were integrated to evaluate requirements/ 
constraints for mass extension (training gaps, human resources required to support farmers 
groups, credit and inputs management). 
- Guarantees and responsibilities sharing: contracts were discussed and established between 
the project and the farmers groups to define responsibilities (who is doing what) and provide 
farmers financial guarantees regarding failure risk. In case of farmers groups' being unable to 
pay back improved pastureland implementation costs, the project guaranteed to make-up the 
missing amount up to a limit of 50% of total implementation costs. Project financial support 
was however conditional on farmers' capacity to fulfill their engagement (participation in fod
der plot implementation, plot fencing and maintenance etc.), the agricultural services being 
involved as a referee. 



Toplcs 

"Forage species 
selection" 

"Cattle fattening 
management & 
performances" 

"lmproved 
pastureland 
regeneration 

using rice as a 
cash crop" 

Parameters & data record 

• Species collection x fertilization 
• Above ground and below ground 
biomass production (forage 
adaptability) 
• Fodder quality (protein content) 

• Seeds production - --
• Benefit/cost analysis 

• Average Animal Daily Gro'A1h 
Rate (DGR) assessment 

• Easy tools for GR monitoring 
without balance 

• Cropping systems (rice cultivars 
x species association modalities x 
fertility ) 

• Technical feasibility 
• Benefit/cost analysis 

Illustration 3: Topics and parameters evaluated in research stations 

Validation process 1st step 2nd step 3rd step 

"Direct Seeding of • 2006 : 6 villages, • 2007: 12 villages , • 2008 : Partner,;hips 
lmproved forage 6 farmers groups, 13 farmers groups, initiated with 

species on degrnded 24 farmers, 14 ha 66 farmers , 62 ha NNRBDP and Agri. 
Pastureland" Dev. Bank (250 ha) ,--

"Cattle Fattenlng 
• 2007: 6 villages, • 2008: 12 villages, 
6 farmers groups, 13 farmers groups, 

actlvltles" 24 fanners, 14 ha 65 farmers, 62 ha 

-
"Regeneration of 

• Not yet started wlth 
improved pastureland farrner,; groups 
using rice as a cash 

crop" 

• Technical (tri.ining , • Te chnical & financial • Technlcal Bll pport 

Modalities of sharing of 
techniciant., equipment) & r.upport provided provlded 

flnancla l (credlt) suppo rt • Flnanclel rlsk ~ • Financial rislc as!".llmed by 

responsibilities provlde d by farmen. fnrmers 

• Financial risk ~ with • finan cial support 
farm ers (Hcurity if f11 i lure} provided by banlcjog sectuf 

- . - - - - -
• Research program • Researc:h program • Research program 
(researchers • exteMlon • Farmers groups • fermer, groups 

Partners involved agents) • Ex,enslon agencln • EKtension agencies 
• Farman groupe, (training) ~rolnlng • lmplamontlng) J 

.JL • Banking sedo r 

- · ---- .. 1 .~ -• CoSYbeneflts analysls • Costlbenefibl analysla • Costlbenetlts analylls 

Monitoring and 
Qn situ vs conttolled site) • Prablams nlatad to • Problams ralalad 10 
• Syslem 8"111uadon by ~~npulsand l.l.lllDa,y,a (cradll managt. 

evaluatlon f1nnara (constnllnta equlpmanll management) training qua~ 
lb••- ···~> • Fanners evaluatfon • Fermera waluatlan 
• Cndll relmburaomenl rate • Credlt relmbu11emant raie • Cradit ratmbursamant rata 

~ 

Illustration 4: Principles of validation process with farmers' groups 
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- Number and kind of partners involved: the initial bilateral partnership (research project / 
farmers groups) was progressively extended to a development project (training of extension 
agents and then on- field support) and banking sector. 

2.3 Constraints / benefits analysis 
Constraints and benefits of the system were evaluated using two different tools: 
1) In-field monitoring was conducted all year long to evaluate the in situ economic perfor
mance of the system (forage seeds production, animal daily growth monitoring) as well as the 
technical feasibility of the system (level of ski lis required for each operation: sowing, fertilizer 
use, stocking rate management) 
2) Stakeholders' point of view on the system were also evaluated through working groups 
involving farmers' representative, projects' extension agents, private sector and decision ma
kers. Two workshops were organized in June 2007 (118 persans, 39 farmers) and August 
2008 (89 farmers). Participatory Rural Appraisal (PRA) methods were used to discuss (i) the 
constraints and the benefits of the system and (ii) the way to improve system performance. 
Discussion results were analyzed and presented using Mindjet MindManager Pro software. 

3 Results and discussions 

3.1 Initial DMC system developed to enhance rice-beef production 
The farming system initially proposed was a 5-year rotational sequence where improved pas
ture land was implemented in the first year, fattening activities conducted in the following 
three years and pasture regenerated in the fifth year using rice as a cash crop to finance pas
tureland re- implantation. 
The ratio na le of the system was based on the use of rustic perennial fodder grasses to improve 
the soil fertility and to raise new agricultural possibilities. The objective was to give farmers 
the possibility after 3-4 years of soil improvement either to keep on cattle fattening activities 
or start crops cultivation (rice, soybean). 
Severa! species (Brachiaria decumbens, B. brizantha, B. ruziziensis, B. humidicola, and B. 
mulato) exhibit on the research station good adaptability and forage production under the 
specific environ ment of the Plain of Jars. However, Brachiaria ruziziensis was selected for this 
experiment due to its good balance between seed production, forage palatability and quality, 
and ease of pasture establishment under OMC conditions (Lienhard et al, 2006b). 

h:1 yur lad ) 'rat 3rd yur ,hb nar S1la yiur 

Plotorl b 1 P:adurrland Bulll BuU1 Balls 
Paitarcland 

implfmn. raut nlar rattr:nlaz rattniDf 
n--implcm 

friC'ttfonr.•1 

COSTS (US5) 2n 765 IIOJ 11-11 JOJ 
P!nl frncini:; !lnd tlc!<oign ing n~ ml nd nd nd 

P:ts.iÜrcÎJnd impkmcnlU1iO:i l(KI 0 0 D 140 
Fi:r1ihz1:r 110 12: pi ( Jlj 14f, 
Animais S:. animal~ i:~uc (1 615-- - r,.i; 675 -·-o- -

Cr.:-1fü rc-quirc:mr:nt 11(1 --1:!0 440 4i0 ! 1'(, 

Cr-;di! inlcf\!'S1 10 25 U1 2S Il 
L~BOllR {md.b1-l) 6S 72 62 62 55 
Fi:ndng_ & Fc:, l:'.c 11urn1cn:1n~c: JO 2U IU IU IU 
CrÔp; imrtkn1c-nl.Jll \">n :ind -

' 1 10 
m:tn.lJ;~ I- - 1) - ------ is-Si:-cds h.1o ·L°':'\tlll~ JO IJ 0 

Bu!ls mrmagcmcnt (1 -su 5(1 5(1 1) 

BENEFITS fUS S) 2 IG IINJO 1 05(1 1100 395 
Bulb. s:ik (1 1 (XXI 1 050 1 IIK> 1) 

Sr:ci!s produ~ti<m 
·- --- 110 - i) - ·-o--- 0 )•)5 

IŒTll\COME i US S) CJO lJS 247 258 92 
L~BOUR PR0DUCl1VIT\' 

-0,.J.I 3,16 .1,H 4.16 1,67 l l USS/ .,d) 

Illustration 5: Costs & Benefits expected from Beef-rice 5-years farming system (for 1 ha plot) 



*Cost / Benefit simulation was made using the following figures: 

First year: Improved pastureland implementation: 
- Plot fencing: use of local material (wood, bamboo); only labour is recorded 
- Pasture land implementation cost: land preparation (30 US$/ha) + Seeds (35 $US/ha) + 
Operational costs (35 $US/ha) 
- Fertilization: 60-80-60 kg of NPK/ha, total cost of 120 $US/ha 
- Credit requirement: Ali pastureland implementation cost, credit interest of 12%/year du-
ring 9 months (from sowing to harvest and drying of the seeds) 
- Seeds production: 140 kg/ha for ruzi grass seeds at 1,5$ US/kg 

2nd to 4th year: Bulls fattening activity 
- Inflation rate (all products): 5%/ year 
- Bulls stoking rate: 4 animais/ha, initial price of 150 $US for a bull of 110-120 kg (1,2 
$US/ living kg) 
- Bu lis fattening : fattening period of about 5,5 months; average growth rate of 15 kg/ani
mal/month, ie gain of 80 to 90 kg/Al/fattening period 
- Credit requirement: credit for buying 2 bulls (the 2 other ones are coming from owm 
farmer herd)+ fertilizer at interest level of 12%/year for 6 months 

5th year: Pasture re-establishment using rice as a cash crop 
- Rice + Pasture sowing cost: land preparation (40 US$/ha) + Seeds (60 $US/ha)+ Ope-
rational costs ( 40 $US/ha) 
- Rice production: 1,8 T/ha at 220 $US/T 

Good daily growth rate were obtained with local breed (native x Redinski) with an average of 
539g/animal/day during the six-month raining period (May-October) for an initial animal stoc
king rate of 540 kg of liveweight per hectare ( 4 young bu lis) and a total fertilization of 60 kg/ 
ha of N, 80 kg/ha of P205, 60 kg/ha of K20 (Lienhard et al, 2006b). In comparison, extensive 
grazing on native pastureland allow for the same period an average growth of 165g/ animal/ 
day (PRONAE, unpublished data) for an estimated stocking rate of 0.3 animal per hectare. 
With a total meat production per hectare of 390 kg and 9 kg for improved pastureland and 
native grassland respectively (i.e. a 40 times higher production) improved pastureland really 
offered great opportunity for cattle industry intensification. 
Based on the 2 years' data collected in creation sites, costs and benefits were simulated for 
the all 5-year period. Costs and benefits analysis is presented in illustration 5. For the 5 years 
period, an average net incarne of 160 $US/year/ha and an average labor productivity of 2.5 
US$ per ha and working day were expected. 

3.2 Lessons learnt from Farmers' groups validation process 
Even though promising results have been observed at creation sites and encouraging re
sults observed in farmers' field, three years of continuous validation have revealed several 
constraints to mass extension. Farmers' interviews conducted in August 2008 showed different 
level of cattle farming intensification. As shown in illustration 6, 40% of farmers were using 
the improved pastureland in an intensive way (fertility management of the fodder plot, cattle 
purchased to fatten and sell), 49% were using it to fatten animais but more extensively (non
permanent use of the fodder plot, no investment in fertilizer) and 11 % of farmers that inves
ted in improved pastureland were motivated by other reasons (incarne diversification through 
forage seeds sales, land appropriation). 
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Farmers use of improved pasture land in 2008 
(PRONAE monitoring, n=89, 12 villages) 

No animal grazing 

Non permanent use of pasture land 

Fattening for animal sale without use of fertilizer 

Fattening for animal sale with use of fertilizer 

Fertilizer Credit for pasture productivity 
maintenance (2008) 

Credit for Cattle (2008) 

=:::J 

1 

1 1 

1 1 

1 

1 

0% 10% 20% 30% 40% 50% 

Illustration 6: Evaluation (PRONAE, 2008) of improved pastureland use by farmers 

In-field monitoring and interviews with various stakeholders showed the main constraints to 
be: 

3.2.1 Market channel constraints or malfunctioning 
As shown in illustration 7, different constraints were highlighted regarding the two main sour
ces of scheduled income: 
- Forage seeds sale: with an average ruzi grass seeds production of 147 kg/ha recorded in 
2006 and 2007 and an average need of about 15 kg/ha of ruzi grass seeds for improved 
pastureland implementation, the local market was already saturated and extra forage seeds 
production coming from farmers groups that recorded high forage seeds production could not 
be bought. 
- Cattle purchase and sale: in a context of livestock being traditionally considered as living 
savings, some farmers experienced trouble finding young bulls to purchase for fattening; 
constraints regarding price negotiations between cattle breeders and traders were also em
phasised especially in 2008 during which the border of Vietnam (the main demand source) 
was closed during 4 months for sanitary reasons. 

3.2.2 Fencing costs and maintenance 
As shown in illustration 8, fencing appeared to be the main trouble in cattle farming intensifi
cation. If collective fencing and maintenance is traditionally organized for paddy fields areas, 
collective fencing and collective fence maintenance for collective cattle fattening activities 
appeared to be much more complicated to organize. Moreover, the use of traditional material 
(bamboo) for fencing appeared to be too constraining in terms of maintenance needs, espe
cially regarding the surrounding pressure of animais (in the context of animais free-grazing) 
and the high difference between quantities of fodder produced per hectare respectively by 
native and improved grasslands. The cost for a 4-line barbed wire fence using wood posts is 
about 240 US$ for 400 linear meters and can not be reimbursed in a single year (especially 
the first year). 

3.2.3 Production costs rising faster than benefits 
As reported in illustration 9, system was evaluated in 2008 by farmers as financially hazardous 
with a risk that benefits hardly cover implementation costs. The comparison of production 
costs vs. benefits for implementation of improved pastureland and for cattle fattening activity 
shows that, between April 2005 and June 2008, production costs have been increasing more 
rapidly than benefits with a difference of 20% and 17% respectively for improved pastureland 
implementation (see illustration 10) and cattle fattening (see illustration 11). 



Stakeholaers' point of v1ew 

·we stlll nave to raoe seE:ds we collected but no 
one to buy lt" (Farmers from My and 
1$./Jrn~a.J vlllageJ 

·n ls dlfflcult ta rlnd young bulls for 
purchase"(Farmer from ~ ~ vl/lage) 

' It ls dlfficult ta sell animais at a good prlce: 
traders propose us really low prices when they 
corne to buy animais; If we sell them at that 
pr1ce we can't even earn any moneyt..,.;; 
(Farmer from My vlllage) 
·we need contracts wlth traders ta buy and sell 
animais at a deflned prlce" (Farmers tram My 
volage) 
"Traders tell us that mis ls now dlfflcult ta sell 
ln Vietnam, but we don't know! " (Farmer from 
1$./ùWQ/Jt:Va.J vil/age) 

Constra lnr emphas1zed 

• Foraoe seeds market 
too IÎmlted 

• Tao few young bulls 
avallable for iatten1ng 

• Tao llmlted 
relattonshlps between 
farmers and trac:lers 

• Insutnc1ent lnformauon 
on demand ln llvestock 
markets 

What to c:lo/change to lmprove the system? 

Worl< to be done on processlng and 
promottng forage seeds ta stlmulate local 
and reglonal demand !or ttiem 

Flnd new cropplng systems ln whtch 
generated lncome ls not dependlng on 
forage seeds market 
Facllltate exchanges between farmers and 
traders to better deflne the needs for animal 
fattenlng and anl.OJ<IIS.buy1ng/~lllng pr1ces. 

Facllltate Information nux to and wlttiln 
farmers groups on marl<et channels (prlces, 
demand etc.) 

Illustration 7: stakeholders' point of view referring to Market channel constraint 

Stakeholders' point of v1ew canstra1nr emphastzed What ro do/change to 1mprove the system? 

"Bamboo fences are nor solld ~ 
cattlc can easlly penetrate and dcstroy the 
forage plot ; If we use barbed wlre, lt ls 
cxpenslve and then lt's dllflcult to pay back 
me credtt and even ro save money" 
(Farmers trom ~r:JiJtâ.vJl/age) 

"When farmers ao .not r1x the1r fences every 
year, then animais can easlly break fences 
and destroy totally lmproved pastureland" 
(pro Je et technlclan) 

• Fence solldlty and 
renclng cost 

• Fence maintenance 

Promoœ collective fenclng/ collective animal 
fattenlng to reduce fenclng cost per unit area 
Promote lower cost fendng technologies (bamboo + 
living fence; mlx stmple + barbed wlre etc.) 

• Oevelop flnandal lncentlves for llvlng fence (agro
envlronmental tunds related to relntroducUon of 
trees ln the landscape) 
Make farmers consdous ttiat they need to lnvest ln 
fence maintenance to protect ttielr Initial 
lnvestment (otherwlse hetter net to lnvest ln 
lmproved pasture land for cattle grazJng; waste of 
money and tlme) 

Illustration 8: Stakeholders' point of view referring to plot fencing constraint 

Stakeholders' point of view 

"lmplementation costs are too high; it is 
difficult to pay back ... " (Farmer from 
t..utlal.Jil~ village) 
' Fertil izer price is tao high ; too much risk 
net being able to pay back if we take a 
credit for fertilizer" ( Farmer /rom 

IV Il ~/J~ village) 

"Fertiliser cost is increasing but not the bulls 
selling price; it is more difficult to get 
profit ... " (Farmer from eal.WOUW village) 

Constraint 
emphasized 

• Production costs 
are increasing 
faster than the 
benefits 

What ta do/change ta improve the system? 

Jntroduce fodder legumes to decrease 
pasture fertilisation needs (productivity 
maintenance) 

Develop new cropping systems allowing 
generating higher incarnes especially during 
the first year of irnplementation. 

Develop financial incentives for fertilize rs 
use (especially organic fertilizer such as 
thermo pl1osphate) 

Illustration 9: stakeholders' point of view referring to Economies constraints 

218 Regional Workshop on Conservation Agriculture, Laos 2008 



Corn paris on of production costs and benefits 
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Illustration 10: Comparison of production 
costs and benefits rise for improved pastu
reland implementation (2005-2008 period, 
PRONAE data) 

"If you can not provide financial guarantees, you 
can not get any credit" (Farmers from c.!.i,./dw.~ilQ 
village) 
"Procedures ta get a credit are too complicated" 
(Many farmers) 

"Credit interest is too high! We need reduced 
interest rate for animal raislng" (Ali farmers) 

"Credit amounts proposed are too limited; we need 
higher credit amounts for animal purchase" 
(Farmers from My and EG11bo11w. village) 

"You ask for a credit and then money arrives 3 
months later; it's too late!" (Many farmers) 
"Money disbursement is too slow'' (Many farmers) 

"Farmers are asking us money in February for 
March; it's too latel We need to know their needs 
in November" (Head of ~~Agricultural 
Development Bank) 

Comparison of production costs and benefit! 
rise for cattle fattening activity 
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Illustration 11: Comparison of production 
costs and benefits rise for cattle fattening 
activity (2005-2008 period, PRONAE data) 

emphasized 

• Credit access too 
difficult 
(guarantees & 
procedures) 

• Credit interest 
rate too high 

• Credit amount tao 
limited 

• Credit 
disbursement tao 
slow 

• Request for credit 
toa late 

system? 

• Facilitate negotiations between 
farmers groups and banking sector 
in order ta: 

Facilitate credit access 
(promote collective guaranties 
ltS indîvidual financial one) 

Negotiate specific lower interest 
rates 

Simplify procedures for credit 
request and credit 
disbursement 

• Help farmers' groups to assess and 
define their credit needs, go 
through bank procedures and 
respect calendars (for request and 
pay back). 

Illustration 12: stakeholders' point of view referring to Credit constraint 
Stakeholders' point of view 

"Forage establishment was bad due to important 
delay between land preparation and forage sowing" 
(Farmers from ~ village) 

"There are many weeds in my forage plats since 
they were not well controlled before forage sowing" 
(one /aimer from ~ village) 

"In my plot wai is growing well in some parts but 
does not develop in other parts" (one {armer from 
~ village) 

"Sometimes, cuzi grass has been overgrazed in 
some parts of the plot or native grasses are 
growing back but farmers do not do any weeding 
or pasture maintenance work" (project technician) 

Constraint 
emphasized 

• L.ack of technical 
skills to insure a 
good pasture land 
implementation 

• Low investment in 
improved 
pastureland 
maintenance 

What to do/change to improve the 
system? 

• Train and support technically 
farmers groups for each 
implementing step (pasture 
implementation but also pasture 
and animais management) 

• Make fanners consdous that they 
need to invest in the maintenance 
and the protection of their 
improved pastureland in order net 
to lose their investment 
( otherwîse better not to învest în 
improved pasture land for cattle 
grazing; waste of money and 
time) 

Illustration 13: stakeholders' point of view referring to technical skills required for a good 
pasture land implementation and management 



Stakeholders' point of view 

"You tell a farmer only to put 4-5 animais per 
hectare and then he puts in ail his animais; 
pasture is then overgrazed and disappears" 
(project technician) 

''You have improved fodder resources but at the 
same time, if farmers do not use ';eQ+UO,ls;ii;: or 
vaccine, animais don't get tatter" (project 
technician) 

"Farmers do not bring animais every day to the 
fodder plot; they usually bring them late in the 
morning and bring them back home early in the 
afternoon leading to poor animal weight gains" 
(Project technician} 

"Animais are getting fat during the rainy season 
out then farmers do not sell them at the end of the 
rainy season; a.nimals are getting thinner during 
the dry season and can loose ail their weigl1t gain! 
The farmers don't get any benefit and do not 
invest în fertilisation leading ta a decrease of 
fodder production ... " (Project technician) 

Constraint 
emphasized 

• Bad 
management of 
animal stocking 
rate 

• No specific 
animal care for 
fattened bulls 

• Extensive use of 
improved fodder 
resource 

• No animais sale 
after fattening 
period 

What to do/change to improve the 
system? 

Make farmers conscious that if they 
are net in a strategy of livestock 
system intensification, 
implementatian of impraved 
pastureland for bulls fattening will be 
a waste of time and money 

For punctual use of fodder resources 
as animal dîet complement, a cut
and-carry system canducted dose to 
houses might be more interesting. 

Illustration 14: Stakeholders' point of view referring to cattle fattening management 

With an increase of 127% in 3 years related to the price of oil (from 104 $US in April 2005 for 
a fertilization of 60-80-60 kg NPK per hectare to 236 $US in June 2008), fertilization cost is 
the principal factor of this unequal rise between production costs and benefits. 

3.2.4 Credit access and supply 
As reported in illustration 12, guarantees and procedures required to get credit, high rates of 
credit interest, limited credit amount and too slow credit disbursement were pointed out by 
farmers as constraints for system implementation. 
On the other hand, the need of an earlier evaluation of credit requirements was emphasised 
by bank representatives. 

3.2.5 Technica/ skills required for a good-quality pastureland implementation and manage
ment. 
In situ validation on a large scale has highlighted the variability of practices between farmers 
and supporting projects, providing information on the technical skills required to insure a good 
pastureland implementation and maintenance (see illustration 13). 

3.2.6 Cattle fattening management 
2-years of in situ monitoring of cattle management have shown up constraints regarding 
animal stocking rate management, animal care practices, forage resource management and 
overall fattening strategy (see illustration 14). 

3.3 Farmers feed back importance for Research and Development. 
3.3.1 Development-oriented discussions and proposais ta improve the system 
Discussions and proposais have been made regarding: 
(i) Credit access and supply: negotiations between farmers' groups, development projects and 
the ban king sector have been facilitated in order to: 
- Make access to credit easier: the principle of a collective guarantee (vs. formerly individual 
financial ones) was accepted by the Xieng Khouang Agricultural Development Bank 
- Negotiate specific lower interest rates: credit interest were reduced from 18% a year (casual 
interest rate for a credit concerning animal activity) to 12% 
- Simplify procedures for credit request and credit disbursement: guarantees have been given 
by the bank to proceed to disbursement within a month alter a credit request. 
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- Help farmers' groups to assess and define their credit needs, to go through bank procedu
res and to respect calendars (for request and pay back): guarantees have been given by the 
development projects supporting farmers groups to help assessing and requesting credit as 
early as possible. 
(ii) Market channel functioning: exchanges between farmers and traders will be facilitated to 
better define the needs for animal fattening and buying/selling prices of animais as well as the 
changes regarding cattle market channels (animais desease outbreak, prices, demand.etc.). 
(iii) Training content and support materials to be provided to farmers: a first tool-kit box for 
an extension agent - including a field guide with illustrations and videos enlightening what to 
do and not to do, according farmers and technicians - is being developed . 

3.3.2 New research tapies 
This feed-back has also given rise to new research tapies, such as (i) how to generate higher 
incarnes during the first year of implementation, and (ii) how to reduce fertilizer use (main 
production cost) at the same time as maintaining improved pastureland productivity. 
A new farming system - based on a first year of direct sowing of rice associated with forage 
species on degraded native pastureland - has therefore been tested at creation sites and is 
currently under validation with farmer groups. 
This new system based on rice and not forage seed production in the first year (see illustra
tion 15) should allow higher incarne the first year and motivate farmers to invest in fencing . A 
nitrogen-fixing forage legume (Stylosanthes guianensis CIAT 184) was added to B. ruziziensis 
to improve pastureland quality (higher protein content) and soil fertility. 

4 Conclusion 

This rice-beef system "creation-validation" process shows (i) the need to maintain research 
activities in the development process to provide more appropriate technologies to farmers 
and (ii) the merits of the "creation site / farmer validation group" system for determining the 
potential for technology dissemination. 



lst:year 2nd ye ar 3rd yeaF 4thye,ar Sth year 

Plot of l ha OS of RI~ Bullts Bulls Bu.lis Pa sturetand 

+ fo,rage fattenlng tattenlng fattenilng r-e.-lmplem 
( rlce+forage) 

COSTS (.US $) 466 l 017 1 063 1 115 6 .25 ' Plot fenclng and desl,gnmg 111 d nd nd nd f\d 
Grop lm p·leme11tatlo 11 ll:30 0 0 0 230 
FertJllzer :no 24 5 255 270 36 0 
An lmal:s & animais care 0 735 770 805 0 

O-edlt req ulrement 440 613 540 673 590 
O-edlt lnterest 26 37 3 B 4,0 JS 
LABOUR (md.h.a-1) 7l 72 62 62 60 ~ 
Fencln g & Feno 3 0 20 10 rn 10 malnte11.ance 
Crnps lrnpllem . ani B, 2 2 2 10 manag ement 
$eeds h arvest lng :3 5 0 0 ô 40 
Bulls ma nagemem 0 50 50 50 0 
BENEFIT5 (US$) 512 1360 1430 1 5 00 860 
Bu lls sal·e 0 l 360 l 430 1 50 0 0 
Seeds produ ction 512 0 ü 0 8 60 

NET l'NCOME ( U S $ } 4 6 343 367 385 235 
LABOUR P'RODUCTIVITY 

0,62 4,77 5,9.1 6 ,20 3,91 (US :$ / wd) 

Illustration 15: Costs & Benefits expected from rice-Beef 5-years farming system (for 1 ha 
plot) 

*Cost / Benefit simulation was made using the following figures: 

First year: Rice + forage implementation: 
- Pasture land implementation cost : land preparation (35 US$/ha) + Seeds (rice 30 $US/ 
ha and forage 50$/ha) + Operational costs (15 $US/ha) 
- Fertilization: 60-80-60 kg of NPK/ha (total cost of 230 $US/ha) with Bo, Mn and Zn the 
first and the 5th year (80 $US/ha) 
- Credit requirement: Ali pastureland implementation cost, credit interest of 12%/year du
ring 6 months (from sowing to rice harvest) 
- Rice production: 1,6 T/ha at 320 $US/T 

2nd to 4th year: Bulls fattening activity 
- Inflation rate (ail products): 5%/ year 
- Bulls stoking rate: 4 animais/ha, initial price of 180 $US for a bull of 110-120 kg (1,2 
$US/ living kg) 
- Bulls fattening: fattening period of about 5,5 months; average growth rate of 15 kg/ani
mal/month, ie gain of 80 to 90 kg/Al/fattening period 
- Credit requirement : credit for buying 2 bulls (the 2 other ones are coming from own far
mer herd)+ fertilizer at interest level of 12%/year for 6 months 

5th year: Pasture re-establishment using rice as a cash crop 
- Rice production: 2,2 T /ha at 390 $US/T 
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Abstract 

The northern Cameroon cotton-based agricultural region, as well as the whole of the western 
and central African cotton belt is mainly characterised by a cotton based agriculture extension 
program implemented and monitored by the cotton companies. The companies' names or field 
approaches may differ from one country to another, but they all operate a strong extension 
team and program that follows the cotton crops from seedling through harvesting, offering 
relatively higher performances to cotton sectors. Such extension performances can be seen 
on the large areas covered, involving a large number of cotton farmers and relatively inten
sive production practices (with high level of fertilisers and other chemical inputs, high average 
yield, etc.). 
Direct seedling-Mulch based-cropping systems (OMC) extension program in the northern Ca
meroon began in 2007 within the Soil Conservation Project (PCS) following the pilot expe
rimental phase in the Water-Soil-Tree Project (ESA) from 2002 to 2006. Since the two soil 
conservation projects were monitored by SODECOTON (cotton development company), the 
newly emerging OMC extension program had to choose between two different extension ap
proaches: a structured extension approach laying on Sodecoton performed and experienced 
extension team which implies well defined technical message to disseminate; and a sponta
neous extension, laying on progressive construction of on-farm technical messages, perma
nent adaptive processes on cropping systems, and hence little need of a highly structured 
extension team but rather of an agricultural based progressive approach to change. This study 
examines the two approaches not by offering a final answer to the best suitable extension 
approach, but through investigations on the advantages and constraints of each approach and 
common determinants of OMC extension programs like seed supply and community based 
experimentations and up scaling. The study is based on seven years of experience on OMC 
experimentation and extension program in northern Cameroon including on-farm trials and 
spontaneous disseminations around the village-based cropping systems trials as well as three 
years of OMC pre-extension program. 
According to the study, structured dissemination approach may be adapted to dissemination 
through an extension team performing its activities on simple but definitive cropping systems. 
Consequently, any additional amelioration within the system may need high input investment 
(skills and materials). This may be of interest in familiarising farmers with OMC techniques but 
may limit OMC appropriation by them since simple and rigid options may not fulfil their main 
constraints like less fertiliser use, and appropriate integrated weed contrai. 
OMC spontaneous extension approach aims at permanent adaptation of OMC techniques to 
each given context. This means that various OMC options may be suited to different contexts, 
thus excluding or avoiding a single "able to disseminate" technical message. Therefore, for 
an extension team, the need of permanent on-farm construction of technical messages may 
imply new adaptive skills for taking into account the diverse socio-economic and ecological 
constraints of farmers which are always ignored in the structured extension approach. On the 
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other hand, this maximum farmer's engagement in decision-making implies minimum input 
from the structured extension agents' team. Thus, the farmers' uptake rate of techniques and 
know-how will be determined either by extension agent dissemination rate (area or farmers 
he/she is able to supervise) for the structured extension approach or by the ability of the DMC 
options to respond to farmers constraints for spontaneous extension. 

Key words: OMC, conservation Agriculture, structured extension, spontaneous extension, ex
tension approach, cotton. 

Introduction 

The assessment of adoption of Direct-seeding mulch-based cropping systems (DMC) (syno
nymous with Conservation Agriculture, see below) based on "adoption school" as opposed to 
"evaluation school" in economic analysis focuses on explaining and predicting the divergences 
in soil conservation behaviour between economic agents. This analytical approach helps to ex
plain the reasons behind differential adoption of an innovation. Different factors influence the 
adoption of agricultural innovations, and specifically DMC. These factors include farm resour
ces, technology, institutions and farms preferences. Different extension approaches try to take 
these factors into account by providing an adapted framework to ensure wide dissemination. 
They can vary from little to full consideration of these factors in the field approach . 

DMC in this paper refers to FAO (Food and Agriculture Organization) definition of Conservation 
Agricultural (CA) cropping systems comprising: 
• Minimum soil disturbance 
• Permanent soil cover 
• Appropriate crops rotations and associations. 

Based on these three main component practices of CA, it appears that DMC is not a single 
technology but a package of technologies and practices which can vary according to given spe
cifications. It is nota ready-made standard innovation package. There is no single DMC option, 
but several DMC options that may be designed for each agro-climatic situation and according 
to specific socio-economic factors. Variability in DMC options may derive from several factors 
that will affect its agronomie performances: 

• Choice of the main crop or crops combination 
• Choice of caver crop or cove crops combination 
• Crop/cover crop combination management (date of sowing, biomass management after 

harvesting, weed and crop control by herbicides). 

In cotton areas of developing countries, the extension approach on cotton related innovations 
is strongly based on a top-down field approach and strong incentives to adopt through sup
plying the needed input to reduce farmers' constraints related to level of available resources 
(Erenstein, 1999). Little consideration is directly accorded to other adoption factors like insti
tutional factors, technology and preferences of the farm household . The extension framework 
focuses on improvement of resources level of each household, with a strong assumption that 
this can influence other factors by generating a new set of resources and technology within the 
farm household. Because of its ability to provide logistical support facilities production inputs, 
technology and credit, and for wide dissemination of a technical message through various geo
graphical areas, this approach is said to be "structured" dissemination. During the last deca
des in northern Cameroon, structured extension approach ensured the necessary or required 
results on cotton figures, with more than 330,000 cotton farmers; 215,000 ha of cotton total 
cultivated area; and 300,000 tons of seed cotton produced in 2003/2004. 



However, recent figures reveal relatively lower performance due to limited availability of fi
nancial resources by the cotton company, thereby leading to less intervention on production 
inputs and credit supply and greater reliance on farmers organisation and farmer households 
in the decision making process. Specific interest has thus been accorded to household resour
ces and preferences, in addition to institutional factors which now appear to be taken as given 
and less subject to modification by external intervention strategies. On the other hand, the 
new dissemination approach, focusing on innovation adaptation to farm household, and on 
farmer's preferences and participation through out the innovation adaptation process, is cal
led "spontaneous" dissemination. This extension approach, designed by many research teams 
and formerly implemented by the non-public (or NGO) extension institutions is progressively 
being adopted by the NGO's especially for the extension of complex agricultural innovations 
like DMC. 

In this paper, we discuss the advantages and constraints of both structured and sponta
neous dissemination approaches, before proposing strategic perspectives for efficient DMC 
dissemination in cotton areas in developing countries in general and in northern Cameroon in 
particular. Since access to production resources is important, the study also focuses on the 
importance of incentives on input availability for DMC dissemination in developing countries, 
and finally the paper discusses the appropriate size of extension team over time. 

Information on field experiences about DMC dissemination approach was gathered especially 
in northern Cameroon for structure dissemination, while for spontaneous diffusion experien
ces from Madagascar have also been cited. DMC dissemination in the Madagascar context is 
marked by little input access to farmers in addition to DMC dissemination dedicated approach 
and team. 

Overview of different extension approaches in northern Cameroon 

Structured dissemination approach 
Extension approaches to disseminate innovations in northern Cameroon widely include the 
use of the structured approach by public institutions and Cotton development Company and 
more recently the spontaneous approach, especially by specific development project, and on 
dedicated innovations. 

Structured approach refers to a well organised extension team, covering permanently a given 
geographical area and number of farmers, and extending simple and clear technical message 
on a top-down approach basis. Additional services are provided to ensure both farmers ability 
to respect the technical sheet (input and credit supply) and adapted tool for monitoring and 
evaluation (cotton production and commercialisation data and other climatic and agronomie 
figures on the agricultural campaign). The three main features of structured extension ap
proach are: 

• input and credit supply, 
• specific monitoring and survey organisation-based and 
• Simple message extended by a structured field team . 

In fact little attention is given to farmers specific needs and constraints since farmers' circums
tances and features are taken to be similar. Basically, structured extension approach focuses 
partly on institutional factors, mainly correcting market imperfections related to farm house
hold resources to influence adoption of an innovation . Institutional factors are not taken to 
be only related to external conditions but also influence resources availability within the farm 
household (Reardon and Vosti, 1997). In fact, structured extension generates new institutions 
by providing unavailable agricultural services. Structured extension, by relying on a diffusion 
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model, also tends to see diffusion as strongly influenced by information and past experiences. 
Therefore, a strong assumption made here is that a well organised extension team ensures 
technical information on the innovation and helps the farmer to build good skills and experien
ces on it. 

Spontaneous dissemination approach 
In response mainly to the inability of the structured extension approach to tackle specific 
constraints arising from the variability among farmers, the spontaneous extension approach 
lays emphasises on: 

• adapting innovation to its beneficiaries, 
• Facilitating self replication of the technology and spontaneous dissemination. 

The need for adapting innovation arises from the assumption that adopting farm households 
may be different from those for whom the original innovation was dedicated, and also that 
within the adopting farms, there may be specific differentiation that could influence the level 
of adoption (Napier et al, 1994, and Nowak, 1987). Variability among farmers includes diffe
rences in term of resources, technology, institutions and preferences (Erenstein, 1999). Farm 
household may differ based on resources they can afford. 
In spontaneous diffusion, inputs may not necessarily be provided by the extension service, or 
may be provided insufficiently and, therefore, resources availability still influences the level of 
the adoption within and between the farm households. Innovation screening and adaptation is 
therefore crucial in order to make it suitable or match to the farm household. In spontaneous 
dissemination of innovation a strong assumption is made on farm resources: typically land, la
bour and capital resources are the main bottle necks in dissemination of innovations, because 
they imply assessing the opportunity cost of using their scarce resources in implementing 
the innovation. Technology influences adoption for innovation in term of available technology 
among the farm household and complementarities of available technology and the innovation 
implications. Farm household preferences are influenced by its objectives and attitudes. Bath 
objectives and attitudes are specific ta each farm household, and therefore, the household 
will seek to choose innovations that ensure maximum utility given the constraints imposed by 
available resources, technology and institutions. 

DMC extension in northern Cameroon: a two approach framework 
An experimental pilot phase of designing and monitoring DMC was conducted from 2002 to 
2006 by ESA project through on-station trials and on-farm trials distributed within the cotton 
belt. Results from this work provided information on agronomie performances of several DMC 
options in cotton-based cropping systems. 
As from 2007, Soil Conservation Project (PCS/ESA 2), a new DMC extension program replaced 
ESA project. This project emphasised DMC extension on two different intervention scales: 

• A wide dissemination of DMC based on structured extension approach relying on the SO
DECOTON operated experienced extension team with a well defined technical message ta 
disseminate, and 

• A spontaneous dissemination, relying on progressive on-farm technical messages construc
tion, permanent adaptive processes on cropping systems, and based on adaptive research 
program in specific villages. 

Within PCS project, DMC wide dissemination by Sodecoton team was organised at the same 
time as adaptive research was being organised on designing DMC options and collective action 
for an appropriate adoption of DMC within the village. This deliberate (and contradictory) al
ternate choice made during the feasibility study clearly assumed that: 



• a structured extension team may be sufficient in disseminating rapidly OMC techniques, 
and 

• an adaptive phase is needed to design technology packages that are suitable to farm hou-
sehold preferences and resources, and also institutional factors. 

While spontaneous dissemination based on OMC adaptation and farmer participation as orga
nised in other fields like Madagascar seems to be also suitable in northern Cameroon, several 
reasons leading to structured dissemination by the cotton Company are listed as: 

• Efficient pre-existing extension program relying on wide field coverage (both area and far
mers' coverage) by extension team 

• Sustainability of OMC adoption by farmers at the end of project funding by the extension 
team 

• Agricultural credit and inputs supply organization 
• Availability of reliable statistics on dissemination rate 

Therefore, designing the field intervention approach of OMC dissemination in northern Came
roon provides a theoretical framework to assess the determinants of adoption mainly accor
ding to extension approach and input incentives. 
In practice, planned quantitative objectives have been assigned to structured dissemination 
(Table 1) while evaluation of spontaneous dissemination relies on percentage of farmers adop
tion within specific village ("terroir" in French) selected on agro-ecological and collective rules 
on resource access. Other evaluation tools of spontaneous dissemination relay on qualitative 
aspects of OMC desig, according to farm household and collective action constraints within the 
specific village. 
According to figures in Table 1: OMC dissemination within structured approach depends on 
number of field extensionists involved and the average area of OMC the field extensionists 
can supervise. The low dissemination rate at the beginning only reflects the time needed for 
a field extensionist to master the technical message to transfer (Evangelista and Charpentier, 
2006). After sufficient training of field extensionists, number of villages and area per village 
can rapidly increase. 

Table SEQ Tableau \ * ARABIC 1: planned figures of structured dissemination of OMC in 
Northern Cameroon 

Parameters/Year 2007 2008 2009 

DMC area per village (hectare) 2,5 5 10 

Number of villages involved 3 3 3 

Number of field extensionists 100 100 100 

New total area under DMC (hectare) 750 1 500 3 000 

DMC area per village (hectare) 2,5 5 

Number of villages involved 10 10 

Number of field extensionists 150 150 

New total area under DMC (hectare) 3 750 7 500 

DMC area per village (hectare) 2,5 

Number of villages 3 

Number of field extensionists 100 

New total area under DMC (Hectare) 750 

Total area under DMC (hectare) 750 5 250 15 500 
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Advantages and constraints of different approaches in extension of 
OMC 

Advantages and constraints of structured dissemination of OMC 

Advantages 
Rapid dissemination rate, due to efficient monitoring approach. Frequently in cotton crop mo
nitoring, the survey is made through step-by-step operations monitoring, and relevant statis
tics enabling anticipated technical constraints to be tackled . Also, quantitative-based vision of 
monitoring in cotton companies make it easy for the extension team to evaluate quantitative 
goals to be achieved, based on annual bottom-up quantitative objective planning. Global ob
jective is achieved through a wide geographic coverage by field extensionists. 
Relevant technical sheet adaptation for the use of extension team providing simple and clear 
technical message to disseminate . When starting OMC dissemination, the need of simple ex
tension and communication tool for farmers is always necessary to understand the simple 
agronomie principles of innovations before adopting them. Complexity of OMC may therefore 
alter this comprehension and influence farmers' adoption. Ouring transitory phase of adoption, 
simple OMC options to disseminate help in building farmers' comprehension and appropriation 
of the innovation . Annual adaptation of various technical sheets is necessary to move from 
the complex message provided from on-station trials to operational extension sheets. 
Strong link between annual planning, input supply and implementation. Since input supply is 
the key factor of structured extension, agricultural campaign planning in term of inputs nee
ded by household is important. Implementation of OMC is then monitored by the technical 
assistance team to make sure of the final utilization of the provided input. This finally makes 
it easy to attain rapid planned extension objectives. 

Constraints 
Limited self replication of OMC, due to poor farmers' incentives to provide needed input for 
replication, since input supply (agrochemical inputs and seeds) is provided by the technical 
team. In addition, simple OMC options and technical message used make it clear for the far
mers that self adaptation may not be useful in the process. Access to cover crop seeds may be 
of great concern in self replication of OMC, especially in cotton areas where because of crop 
protection reasons, cotton seeds have always been provided to the farmers who are charged 
for them . Most of cover crops seeds are not common and thus farmers always feel that provi
ding seeds by SOOECOTON is an informai go-ahead from the extension team in OMC extension 
process. 
Limited OMC options to disseminate, thus altering farmers individual interest and incentive 
to adopt, given their own internai farm household preferences and resources. Limited options 
mean little technical alternatives for the farmer. Given that a particular OMC option is not 
equally attractive for ail farmers within a given area, the diversity of farm environment the
reby tends to undermine generalizations. Even if few options are necessary to train farmers on 
OMC principles at the beginning, the basket of DMC options must then be provisioned by the 
extension team, to help the farmer adapting and selecting among different options. 
Strong need for technical team training, and sometimes on different ranges of DMC alternati
ves. Historically, to provide strong technical skills to field extensionists, technical message has 
therefore been simplified to a maximum for it to become rigid. Specific skills is now required 
with more flexibility and therefore, extensionists feel unsatisfied with this new flexible trai
ning approach. Limited diversified technical skills of extensionists are of great concern since 
intervention is based on reporting to hierarchy, with little individual initiative. Inappropriate 
approach to tackle territorial resources management. In fact, structured dissemination is desi
gned to determine new institutional arrangements by the emergence of new rules on resource 



management with no or little stakeholders' participation. This works with cotton since the 
emerging rules do reinforce traditional rules on land and residues, but may not be suitable for 
OMC dissemination given the importance of traditional ru les and attitudes to changes. 
Poor qualitative monitoring of farmers, which by not emphasizing on qualitative success on 
OMC plots, thus alters the demonstration of agronomie and economic performances of OMC. In 
Cameroon, this occurs mainly in the intercropping year of cereal with caver crop, where poorly 
monitored plots provide insufficient biomass to ensure soil coverage the next year. 

Advantages and constraints of spontaneous dissemination of DMC 

Advantages 
Various OMC adapted options, hence improving farmer's adapted alternatives seeking. Oespite 
adapting OMC to farm specific features was of great concern in on-station OMC designing, 
dissemination must also provide a large basket of alternatives to each farm household. Spon
taneous dissemination provides this by conducting within the same village all possible agrono
mie alternatives to make it easy for the farmers to compare and select the ones that are more 
suitable to their specific preferences. 
Strong implication of farmers in OMC options differentiation. Spontaneous dissemination relies 
on farmers' visits and self assessment on demonstration plots or during on-farms visits. Oiffe
rent scales in OMC options differentiation exist. 
On a pure agronomie base, different options may be compared. 
Then the comparison will progressively take into account specific farm household constraints 
to screen among them. 
The final differentiation step consists of taking into account external factors to the farm hou
sehold to assess the feasibility of selected options. 
For example, high biomass providing options may not be feasible according to fertilizer availa
bility of the farmer, or given livestock keeping practices within the village. 
Strong and progressive replication among farmers. Oespite it taking time before real appro
priation, farmer to farmer technology transfer deriving from spontaneous dissemination ap
proach (demonstration plots) is more sustainable than in structured dissemination. Even input 
and seeds availability is organized by the farmers on their own. For the selected caver crops, 
seeds multiplication or harvesting is organized individually or collectively and is no more a 
limitation for larger scale dissemination. 
Proper arrangements on territorial resources management issued from farmers strong belief 
and conviction on the need to disseminate OMC. In conflictual context like in northern Came
roon, strong conviction of farmers generate interesting lobbying actions with other stakehol
ders (livestock owners and traditional rulers) to make it possible to modify traditional practices 
and collective rules on land and crop residues management. Spontaneous dissemination also 
include different stakeholder consultations and validation framework to define: 
General rules on crop residues access within the village 
Specific distribution on related differentiated access within the village (pasture lands, syste
matic non exportation fields, crop residues exportation subject to individual negotiation) 
Penalties in case of non-compliance of validated rules 
Additional measures to accompany livestock activities and avoid externalities on this activity. 

Constraints 
Limited extension rate at the beginning due to preeminence of diversifying OMC options with 
few farmers, rather than covering a large number of farmers with limited options. But from the 
time when general principles are understood by farmers (2 to 4 years) and replication begins, 
this rapidly changes. 
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Weak initial mastering of annual planning, input supply and implementation. Flexibility when 
planning excludes quantitative-dedicated approach. Therefore permanent adjustments can 
make it difficult to provide specific input in a large quantity. This also makes it difficult to res
pond to project evaluation framework, relaying on strong planning over time and quantitative 
objectives assignment. Planning limits also disappear with time, as self-replication is initiated 
among the farmers. Therefore, to assess input needs, where as seed provisioning is supposed 
to be handled by farmers, others such as credits may be assessed during individual area plan
ning by farm household. 

Tendency to provide less economic incentives to farmers. Wrong assumptions based on no 
need for project team to provide input to farmers but rather to enhance farmer's replication is 
responsible for this. On a theoretical point of view, weak response of farmers on conservation 
techniques derives from low marginal returns of conservation investment and market imper
fections in developing countries. Providing input and credit supply by extension team responds 
to these specific constraints, and make it easy for the farmers to tackle transitory cost of 
soil conservation, to facilitate rapid marginal returns on the investment on soil conservation. 
Especially in northern Cameroon, input supply (credit not necessarily included in subsidies) 
determines the most adoption rate of each innovation. This effect is more emphasized within 
the actual context of financial limitation on input supply by SODECOTON. Even if adoption of 
DMC seems to be related to input access differentiation, this only ensures a greater access of 
farm household to this limited capital resource . 

Specific needs in term of extensionist's skills imply a wide variability in mastering the technical 
aspects. Considering DMC as alternative of crop diversification, such skills are not common, 
since technical skills are specific to each major crop. For the present, extensionists in sponta
neous dissemination previously worked on standard on-station trials and therefore accumula
ted wide skills on related technical aspects. Specific actions are to be taken to ensure training 
of a great number of field technicians with such similar technical profiles. 

Strategic perspectives of efficient DMC dissemination in northern Ca
meroon. 

According to the assessment of bath structured and spontaneous dissemination on DMC, a 
three point framework is proposed to ensure rapid and sustainable dissemination of DMC wi
thin small-scale, cotton-based cropping systems. This framework relies on options to be dis
seminated, extension approach, and input strategy. 

In term of extension approach, bath structured (but bottom-up) and spontaneous (participa
tory) approach must be used. When initiating DMC dissemination, because of the complexit y 
of the innovation package and constraints inherent to quantitative project-based objectives, 
structured approach is always necessary in training farmers on fundamental principles of DMC. 
This is done properly with a near-rigid extension approach, which is more able to avoid coun
ter-demonstrations on DMC performances. With time, the near-rigid extension must shift to a 
more flexible supervision, to facilitate farmers' adaptation through participatory learning . 

In terms of variability of options, extension message must move progressively from simple 
message to more complex technical options. Learning about DMC principles required simple 
DMC options at the beginning, with little variation from conventional practices, to facilitate 
farmer's perception on single change effects on their cropping systems. With time, variabi
lity in DMC options designing will effectively be made by bath farmer and the extensionists, 
according to individual farm characteristics. In the context of tropical agriculture, there is a 
strong assumption that given the climatic constraint, the best performances of DMC options 
are related to more complex options, ensuring greater biomass production. 
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In term of input supply, progressive actions must ensure seed production transfer to the far
mers, and fertilizer, and pesticides provision by the extension team to accompany DMC adop
tion, until farmers' organization can handle this. Providing input and credit supply by extension 
team responds to market imperfection and low marginal returns on soil conservation, and 
make it easy for the farmers to tackle transitory cost of soil conservation. Relevant quantita
tive statistics are necessary to ensure input supply and logistics at the right time, while close 
monitoring will ensure high involvement for credit payment. 

Conclusion 

Wide DMC dissemination within the cotton belt of northern Cameroon has been tackled throu
gh a strong involvement of SODECOTON extension team and logistics, and therefore involved 
more a top-down approach. At the same time, a spontaneous dissemination is being organised 
through an adaptive research program emphasizing on farm household features and institutio
nal factors to design not only adapted DMC packages to be disseminated, but also extension 
features to be taken into account. 

Since DMC is not a simple technology but rather a complex package of technologies and prati
ces, two points are important in disseminating it. First, a strong involvement of farmers in the 
process of adaptation is necessary. Secondly, designing DMC must imply flexibility of the re
sulting package, for the farmers to adapt them with little self-modification or to select between 
alternative options according to their preferences, resources and technology. Instead of dis
seminating ready-made solutions as proposed by structured extension approach, there is a 
real need to provide options that are assessed locally through participatory adaptive research. 
Final adaptation of DMC techniques after a certain period (2 to 3 years according to the level 
of complexity) will certainly serve in spreading autonomously these techniques from farmer to 
farmer, with little intervention from extension team. Technical adaptation of DMC may involve 
local cover crop selection, and technical adjustment on specific operations for example. Ty
pically, when well understood, DMC adaptation by farmers never abandon the three principle 
components of DMC systems. 
Results obtained from cotton extension make it clear that structured extension may be efficient 
in spreading simple DMC options to a large number of farms within a short period of time. This 
step seems to be of crucial importance in controlling the impact of transitional cost of DMC, 
hence it is appropriate for farmers' early training on DMC principles and practical options. Pro
per technical assistance and monitoring service will help in reducing counter-demonstration 
effects in the field, hence properly revealing on-site and farm household performances of DMC 
and facilitate its appropriation by farmers. By the time, early mastering of DMC package is 
well understood by the farmers, constructive adaptive process may take over. Flexibility and 
farmer participation is then needed to ensure self adaptation of DMC and autonomous repli
cation from farmer to farmer. 

On the other hand, technical DMC options to be disseminated must be adapted to resources 
constraints on the farm household. Not only techniques must be adapted to farm specific fea
tures, but also productive resources access must be improved through policy intervention. In 
this situation, logistic support by Cotton Company based on input and credit supply are crucial, 
since it is addressing market imperfections. Input and credit supply must be part of the ex
tension package of DMC. Specific input need when starting adoption (especially of seeds and 
fertiliser) has to be ensured to guarantee a rapid increase of DMC marginal returns. Especially 
in western and central Africa disseminating innovation on cotton strongly relies on this, and 
DMC dissemi.nation also may benefit from it. 
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Adapting complex innovations like DMC may not only take into account farm household scale 
of analysis but also include external factors, mainly territorial and collective resource manage
ment. Structured extension approach fails in addressing these important issues, especially in 
sub-Saharan Africa which in many parts is subject to free access to crop residues and poorly 
defined property rights on land. To create conditions for spontaneous dissemination, collective 
action must be organised at the overall community level to ensure specific arrangements that 
will ensure both private maximum utility for different groups of actors and overall social utility 
for the whole community. This collective adaptive research level may be more important than 
farm household level constraints since they will create an enabling environment for DMC's 
wide dissemination. 

Spontaneous dissemination of DMC or CA practices are mainly the result of a process begin
ning from innovation adaptation, input supply, efficient farmers training and experiencing. It 
therefore needs structured extension tools and other methods and necessary time for training 
and learning to completely mastering the technology package. A three point framework is 
proposed to ensure rapid and sustainable dissemination of DMC within small-sacle, cotton
based cropping systems. This framework relies on options to be disseminated, extension ap
proach, and input strategy. Finally, the way forward in DMC dissemination by SODECOTON 
consist in bringing together both spontaneous and structured extension approaches. In prac
tice, this will imply maintaining logistics and organizational framework in extension facilities, 
while changing field intervention framework and tools . 
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Abstract 

The National Agroecology Programme (PRONAE) and the Southern Xayabury Application Point 
(PASS) of the Capitalization and Rural Oevelopment Support Programme (PCAOR) have de
veloped an approach in the provinces of Xayabury and Xieng Khouang that relies on direct 
sowing mulch-based cropping systems (OMC). This approach has provided relevant alternati
ves to traditional agricultural practices which can no longer ensure the foundations of sustai
nable agriculture. 
In view of the results obtained, be they socio-economic or environmental, the Council of 
Ministers asked the Ministry of Agriculture and Forestry (MAF) to promote these techniques 
throughout the country, and called for this approach to be included in university and school 
courses. It is in that context that the Sector-based Agroecology Programme (PROSA), whose 
main aim is to define and implement a national strategy for the dissemination of Conservation 
Agriculture based on agroecological techniques (OMC), operates. 
This strategy is based on implementing an Agroecology Action Plan relying on the necessary 
incorporation of natural capital in rural development policies. The plan involves programming 
activities, setting in place decision-making and operational processes and bringing into play 
financial, material and human resources on both a central and local level (province, district 
and sub-district). The finest level of intervention comprises groups of farmers linked to service 
centres set up by the government within the districts (Kum Ban Pattana). 
On each level, the agroecology action plan is to arise from an integrated and concerted ap
proach, in which each category of rural development stakeholders is committed to a process 
in which their needs and skills are acknowledged by ail. Likewise, on each level, it is necessary 
to define, in a concerted manner, the initiatives that have to be taken (diagnosis, planning, im
plementation, monitoring-appraisal), the tools required (training of the different stakeholders, 
organization and structuring of the State sector and of the private sector, contractualization 
between stakeholders) and the fields of involvement (extension, local development funding 
arrangements, management of natural resources, equipment management, organization of 
supply and marketing chains, etc.). 
Each of the two pilot provinces, Xayabury and Xieng Khouang, is in the process of defining its 
Provincial Action Plan in Agroecology. An initial diagnosis of farming systems and their envi-
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ronmental impacts, along with the needs and contributions of each category of stakeholders, 
has been completed. The provinces then gave priority to defining decision making and opera
tional processes, and setting in place financial arrangements for the Provincial Action Plans. 
Initially, two funding tools are under consideration: constitution of a development fund, and 
agricultural credit. 
On a central level, the decision-making and operational processes are directly attached to the 
Ministry of Agriculture and Forestry, notably via the Planning Department. The creation of a 
Research and Service Provider Centre in support of local and national development is envisa
ged. Likewise, on a central level, it is a matter of facilitating the implementation of training 
plans for the different stakeholders. Lastly, the inclusion of agroecology in university and scho
ol courses is under way. Also for the educational sector, it is necessary to define a training plan 
to strengthen the skills and abilities of teachers. The creation of a national, or even regional 
network associating agricultural faculties and agricultural schools would enable an economy 
of scale by more effectively taking advantage of complementarities and decentralization to a 
more functional local level. 

1 Context 

The National Agroecology Programme (PRONAE) and the Southern Xayabury Application Point 
(PASS) of the Capitalization and Rural Development Support Programme (PCADR), have de
veloped an approach in the provinces of Xayabury and Xieng Khouang that relies on direct 
sowing mulch-based cropping systems (DMC). This approach has provided relevant alternati
ves to traditional agricultural practices which can no longer ensure the foundations of sustai
nable agriculture. 
In view of the socio-economic or environmental results obtained, the Council of Ministers as
ked the Ministry of Agriculture and Forestry (MAF) to promote these techniques throughout 
the country, and called for this approach to be included in university and school courses. It is 
in that context that the Sector-based Agroecology Programme (PROSA), whose main aim is 
to define and implement a national strategy for the dissemination of Conservation Agriculture 
based on agroecological techniques (DMC), operates. 
The operational experience acquired by PRONAE and PASS enable us to adopt the following 
action principles. 

2 Definition of a national strategy based on three principles 

2.1 Integration of natural capital 
This strategy is based on implementing an Agroecology Action Plan relying on the necessary 
incorporation of natural capital in rural development policies. Development must be regarded 
not simply as dependent on technical (infrastructure) and human (health and education) ca
pital with environmental and social constraints, but rather as relying on the effective manage
ment of capital with four components: physical - human - natural - social. 
Five types of action need to be initiated. They are presented below from the most conceptual 
to the most political: 
• Give natural capital its rightful place within development concepts 
Setter understand and model the variations in natural capital and their effects on growth, po
verty and inequality. 
• Improve knowledge of natural resources 
Take more account of renewable resources such as soil, water and fish, and areas particularly 
rich in biodiversity; better appreciate the environmental services which are by nature corn
mon property, and more generally, the benefits of a healthy environment; establish sets of 
indicators that can be used to judge the effects of sustainable development and fix concrete 
objectives; reinforce systems of environmental accountancy and statistical analysis bodies so 
that they can better track the degradation of natural resources. 



• Subject the results of past and current trial activities to thorough and comprehensive eva-
luation. 

Draw from them ail inferences that can help in scaling-up. 
• Accelerate North-South and South-South technology transfer. 
This is particularly important for agriculture, for example in the field of Clean Development 
Mechanisms. 
• Mobilise the relevant decision-makers. 

This involves the governments and political/civil society leaders of the countries and develop
ment agencies concerned. They must be persuaded that: 
• Sustainable development depends on four and not three pillars, 
• nature is a sensitive pillar which must be handled with care, for it has a finite life and can 

be exhausted if too much is required of it, 
• If this pillar of development is ignored, the other pillars are irredeemably weakened, 
• Budgetary choices must reflect this priority, beginning with the elimination of tax incenti-

ves that increase the pressure on natural resources. 

In the agricultural sphere, farmers cou Id be encouraged to take up agro-environmental measu
res that restore and consolidate natural capital. They should then be compensated for pro
viding non-commercial services which do not yet have a specific market price but which: 1) 
generate gains for other activities or directly benefit the well-being of the population; 2) have 
'potential value' (e.g. bacteria or plant species yet to be discovered may provide a miracle cure 
for cancer); 3) have an 'intrinsic value' in the eyes of many (e.g. environmental management, 
preserving biodiversity etc.). 

Policies must bear in mind the many functions of conservation agriculture. Good cultivation 
methods are based on agroecology and more specifically on the technique of direct seeding 
with plant caver, restarting natural ecosystem functions which should be further developed. By 
supporting the natural regulatory functions of biogeochemical cycles, conservation agriculture 
provides the following functions: 
• Supply of goods to society: food, fresh water, wood, fuel, genetic resources and biochemi

cal products. 
• Regulation : regulation of climate, soil erosion and degradation, protection against flooding 

and disease, purification of water. 
• Cultural: aesthetic landscaping, leisure and ecotourism, education, cultural heritage. 
• At present only goods supply functions are paid for. The other functions, which are ne

glected in their financial value, are unaccounted for even though they make a substan
tial contribution to the overall well-being of society. These agro-environmental measures 
should thus not be regarded simply as aid assistance, subsidies or donations - ideas that 
do not hold much value for farmers - but rather as payment for environmental services 
(PES) provided to society. Only agriculture based on the ecosystemic functions of biogeo
chemical cycle regulation can provide these services. The agroecological management of 
cultivated ecosystems by direct seeding and plant caver fully satisfies these objectives. 

2.2 An iterative and integrative approach 
In order to define and implement the national strategy, it is necessary for all stakeholders to 
be associated to varying degrees with ail the activities undertaken. This involves farmers, agri
cultural development technicians (State services or projects), representatives from Research, 
the private sector, the banking sector, political decision-makers, donors, trainers and teachers . 
The processes concern diagnosis, analysis, the creation of cropping and farming systems, 
training, dissemination, creation of a technical, financial and material environment suitable for 
the supply of inputs and equipment (agricultural machinery), access to credit, access to mar
kets, and structuring (farmer groups, etc.). And it is via an iterative approach devoting plenty 
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of time to participatory processes, feedback, assessment, adjustment and validation that the 
initiative needs to be implemented . 

2.3 Need to define decision-making and operational processes 
Whether it be on a national or local level (province, district, villages), it is necessary to set in 
place the decision-making and operational processes making it possible to define priorities in 
terms of sizing and socio-economic and environ mental challenges, how those priorities should 
be applied, methods for strengthening capacities through training and teaching, methods for 
funding the dissemination of conservation agriculture techniques, methods for sharing infor
mation among ail those involved in agricultural development. 

2.4 Main biophysical and socio-economic challenges 
The main challenges are : agriculture for mountainous areas in the Northern provinces (Xieng 
kouang), strongly market-oriented agriculture in the North-West Provinces (Xayabury), rice 
terraces and plains with low water contrai, hydromorphic terraces and plains (Southern pro
vinces). 

2.5 Conclusion: national and provincial action plans in agroecology 
It is therefore necessary to define a national strategy. This strategy is based on implementing 
an Agroecology Action Plan constructed from the programming of activities, the introduction 
of decision-making and operational processes, and the mobilization of financial, material and 
human resources, be it on a central or local level (province, district and sub-district). The fi
nest level of intervention consists of farmer groups associated with the service centres set up 
by the government in the sub-districts (Kum Ban Pattana). 

3 Structuring on a national level 

3.1 The decision-making process 
The decision-making processes are ensured by the Ministry of Agriculture and Forestry via its 
Planning Department in consultation with: the Permanent Secretary of the Ministry of Agricul
ture and Forestry, the different MAF departments: Agriculture, Livestock, Forests, Irrigation, 
etc., the Department of Human Resources, the Institutes and their corresponding Centres, Na
tional Agriculture and Forestry Institute (NAFRI), National Agriculture and Forestry Extension 
Service (NAFRI). Priorities are fixed in accordance with ministerial and government decisions. 
This decision making structure promotes and sustains exchanges with the national and inter
national bodies involved (banking sector, Ministry of Education, communication, donors, etc.) 
and arbitrates between requests from the different provinces covered. 

3.2 Operational processes 
The operational processes are derived from: 
• Different projects and programmes working in DMC-based conservation agriculture, 
• Rural development projects, 
• Service provider centres set up in the sub-districts (Kum Ban Pattana), 
• And the different MAF technical departments. 
The MAF provincial correspondents are in charge of monitoring the implementation of activi
ties . 

3.3 Creation of an Agroecology Centre 
However, it has proved necessary to create an operational structure with the following func
tions provision of services in the form of technical support, support for programming and 
implementation, sesearch for the creation, adaptation and validation of technical innovations, 
training, and the promotion of a systemic integrated approach developed and implemented by 
projects working in agroecology. 



These functions can be proposed to the private sector, if possible already structured (groups, 
association, etc.), to rural development projects, to local bodies, and to the national authori
ties and donors for decision support. 

4 Structuring on a local level 

On the provincial, district, sub-district, village and farmer levels, local planning: 
• engages ail local stakeholders in a mobilizing plan for the future enabling sustainable uti

lization of local human, natural and agricultural resources, 
• allows them to translate the project into plans and action plans which they contrai, 
• creates conditions so that local stakeholders can negotiate with each other and with the 

official and private sectors. 

The Provincial Action Plan in Agroecology must include the short, medium and long terms 
defined from a current local situation, a shared diagnosis, the implementation of a very short
term concrete programme, and the definition of a long-term local development plan ( 4 or 5 
years). 

It is necessary to effectively define: 
• decision-making processes, 
• procedures enabling decisions to be implemented 
• methods for capacity building by training and teaching, 
• methods for financing the extension of conservation agriculture, 
• methods for sharing information among all the stakeholders, including the decision makers 

and donors. 

Provincial workshops held in 2007 brought together 120 people in each of the two provinces. 
They were used to take stock of the contributions and needs of each group of rural develop
ment operators. 

The following aspects were raised, as unifying, concrete and priority tapies: 
• Organizational, decision-making and legal structuring of the PAPAs, 
• How to finance the Provincial Action Plans in Agroecology, 
• Implementation of training programmes for all stakeholders, 
• Professional structuring (farmer groups, trader associations etc.). 

The main potential sources of funding for local rural development are development/compen
sation funds, individual and collective credit, savings, and subsidies. 
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Case study of Xayabury Province: Development fund on a provincial level 

Province 

PAFO,PL 
MMERCE, " 

DISTRICT LEVEL: 
DAFO, farmer groups, trader groups, service 

providers, banks 

Compensation 
fund 

Other 
Sources 

Government, 
Donors, 
Projects, 
Environmental 
services ... 

The compensation fund is for massive environmental degradation due to conventional practi
ces for corn production exported to the Thai market, earning $ 1 per ton of exported corn at 
the border (a potential of more than 180,000 tons/year) 
Possible uses of the development fund include: 
• Complementary fund for DAFO and NAFRI for research and extension, 
• Capacity building of the various stakeholders (technical support, awareness campaigns, 

training, study trips, etc.), 
• Structuring of stakeholders (groups), 
• Projects for submission to donors, 
• Definition of specific credit lines and implication of the banking environment, 
• Studies of environmental impacts, and defining Payments for Environmental Services. 

5 Training 

Tihe target groups are farmers, DAFOs, technicians from provincial and sub-district centres, 
technicians from rural development projects, technicians from the service provider centres, 
trainers, the private sector, researchers, teachers and students. The main objective is training 
in agroecological practices, including the choice, setting up, management and fine-tuning of 
OMC. However, to extend conservation agriculture, training in the following aspects is also 
required: 
• structuring of stakeholders (farmer groups, trader associations, decision making and ope

rational processes, etc.), 
• economic domain: input supplies, credit management, product processing, etc., 
• decision-making capacity depending on rural development policies and the need to inte

grate natural capital, 
• and the capacity for dialogue and negotiation with the other partners in the official sector 

and the private sector. 



Particular skills are then necessary in order to reinforce the ability to: 
• Analyse and diagnose agrarian realities to define the priorities of rural development, 
• Identify and test adapted innovative alternative OMC, 
• Define more powerful forms of organization and structuring, 
• Acquire the instruments and methods of monitoring/appraisal. 
• The keys to success are: 
• Training anchored in reality, 
• Training that takes into account the knowledge of each stakeholder, 
• Training that includes practical but also theoretical aspects that will be able to explain and 

justify new practices, 
• Training that is organized in successive modules, each module having a particular signifi

cance in itself and preparing later acquisitions at the same time, 
• The effectiveness of training is directly related to true dialogue and a horizontal training 

link between trainers and recipients, 
• Follow-up is needed in order to check if training causes changes in practices and behaviour, 

and to see the difficulties encountered in their implementation. 
Training is organized in theoretical and practical short and long-duration modules: short du
ration thematic training modules, short-duration practical training modules, and long duration 
practical training modules. 

The short-du ration thematic and practical training modules concern ail users of the same tech
nique (examples: management of direct seeders, use of pesticides, etc.). This training is pro
vided in real situations (fields, cattle, respecting farming calendars, etc.). It is provided in the 
form of practical demonstrations, and field visits organized on a precise tapie. An important 
place is granted to justifications of the techniques suggested and constraints to their adoption. 
It is accompanied by theoretical training sessions. 
The long-duration practical training modules (one cropping season) concern the training of 
"specialists" who through their positions (DAFOs, service providers) are destined to have a 
technical function. The objective is to train some "multi" qualified specialists to be as autono
mous as possible, who use their knowledge and know-how for the collective interest. 

Training is a requirement for stakeholders in rural development to contrai technical, economic, 
social, environmental and cultural changes. 

The effectiveness of training is related to several factors: 
• Training must be planned and belong to a coherent strategy (Local and National Action 

Plan), 
• Training is inseparable from action, 
• Effective training requires substantial human resources, along with material, teaching and 

financial means. 
Training would be a public service mission which it is necessary to take into account in rural 
development policies and in transfer processes. 
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6 Teaching 

The main objective is to build a national network of schools and faculties of agriculture to teach 
agroecology. The first priorities, objectives and expected outputs are: 
To study the relevance and feasibility of a national network for the teaching of conservation 
agriculture, 
Gradually, to integrate schools and other faculties in a national network for teaching conser
vation agriculture, 
• To exchange views on the courses, in order to highlight shortfalls in the teaching of the 

basic principles of conservation agriculture and the complementarities existing between 
the various teaching structures (faculties and schools), 

• To identify requirements in teaching documents, capacity building and human resources, 
• Nomination of the representatives of each institution in the national network, 
• Programming of activities. 

7. Communication tools 

We note the importance of information flow between stakeholders and the quality of mul
timedia documents for the communication and awareness strategy. This is why the various 
programmes and components working on conservation agriculture, PRONAE, PASS, PROSA, 
PCADR Central Unit, have attempted to work out a joint communication activity with the pro
duction of capitalization and training documents. 

Products Expected results Broadcasting and targets 

Website and VCD, 
Exemplary CD-Rom 

DATABASE practices in CA policy-makers, agronomists, 
educational institutions and 

international community 

Documentary to be broad- TV + DVD + website, wide 
cast on international network audience 

Thematic issues (6 to 8) to 
TV + VCD + website, wide 

be broadcast on national 
AUDIOVISUAL network 

audience 

Lao Extension system (VCD) 

Technical issues 
+ website, smallholders, ex-
tension officers, educational 

institutions, agronomists 

FIELD GUIDE 
Detailed technical issues in 

Books, Website and CD 
CA 

TRAINING MATE-
Field guides for trainers, 

RIALS 
agronomists and educational Books, Website and CD 

institutions 

(characterization of no-till 

SYNTHETIC AND 
Scientific information in CA systems ; adoption proces-

SCIENTIFIC AR-
(characterization of no-till ses and 

TICLES 
systems ; adoption proces- methodology) 

ses and methodology) Articles, scientific 
community + website 



8 Conclusion 

To ensure a sustainable agroecology development strategy in Laos, it is necessary: 
• To proceed in an integrative and participatory way, since only the direct and voluntary in

volvement of each stakeholder will make it possible to ensure that the objectives and the 
means mobilized to achieve these goals are fairly shared and accepted by all concerned, 

• To jointly approach the socio-economic conditions conducive to the adoption, dissemi
nation and sustainability of the ongoing initiative, and in close interaction with technical 
aspects. 

In particular, it will be necessary to take into account: 
• Legal and legislative aspects: concluding contracts between stakeholders, land allocation 

policies, landscape and territorial management, etc. 
• Aspects relating to funding of the Action Plan in Conservation Agriculture: development 

funds, compensation funds, credit, savings, subsidies, individual and collective credit, 
etc . 

• Human resources management, capacity building, etc., 
• The process of planning: diagnosis, concerted analyses, objectives and priorities, pro

gramming, implementation, monitoring/appraisal, etc., 
• Decision-making and operational processes, 
• Processes for the transfer of skills and responsibilities, in particular associated with com

munication and training in technical matters but also in organizational and decision-ma
king aspects. 
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Abstract 

This paper summarizes the history of using the forage legume Stylosanthes guianensis, 
'Stylo 184', for feeding pigs, and the methodologies and results of scaling-out the use of Stylo 
for supplementing the diet of village pigs in northern Laos. 'Stylo 184' was introduced to far
mers as one of a wide range of adapted forage varieties that are well suited to use for feeding 
ruminants. Through farmer innovation it was found that Stylo can be used for pigs as well as 
for ruminants. The main benefits of feeding Stylo 184 to pigs are: (i) reducing the time used to 
collect green leaves from about 3 hours to about 40 minutes, (ii) improvement in the growth 
of pigs from around 100 g per day in traditional village systems to 200 g per day and more 
by supplementing Stylo. The use of 'Stylo 184' was scaled -out through an alliance of resear
chers and development practitioners from the Lao government, CIAT, NGOs and development 
projects. Within two years, this approach has resulted in the adoption of 'Stylo 184' by more 
than 1,200 households in 120 villages, in 12 districts, of 6 provinces in northern Laos. It was 
concluded that forming development alliances of researchers and development practitioners 
was a very useful approach for scaling-out successful livestock technologies. 

Key words: Pigs, forage legume, scaling-out, development alliance, Stylosanthes guianensis, 
Stylo 184 

History of using Stylo 184 for feeding pigs 

The National Agriculture and Forestry Research Institute (NAFRI) and the Department of Li
vestock and Fisheries (DLF), in cooperation with the International Center for Tropical Agricul
ture (CIAT) have been working together for nearly 20 years through several research and de
velopment projects, such as the Forages for Smallholders Project and its successor the Forage 
and Livestock Systems Project, to introduce and integrate a range of broadly adapted forage 
species and varieties into smallholder farming systems in the uplands of the Lao PDR. The aim 
of this work was to help farmers overcome feed shortages in ruminant production. 
Through participatory approaches of working with farmers to evaluate these adapted forages, 
farmers were found to prefer grasses more than legumes as feed for ruminants, as they valued 
the quantity of grass produced over the quality of the legume forages. A few farmers started 
to experiment with feeding the legume 'Stylo 184' to pigs and they learnt that it is an excellent 
feed for pigs as well as ruminants. According to an unpublished survey by Phengsavanh (cited 
in Phengsavanh and Stür, 2006a), during which farmers were interviewed about the impact 
of growing and using Stylo for pigs, the main impacts of using Stylo were improved animal 
growth rates and the saving of time for the collection and preparation of feed. 



Main benefits of using Stylo for feeding pigs 

Time and labour saving 
In the traditional way of raising pigs, farmers, primarily women, collect green leaves and star
chy roots from fallow fields and forest margins to feed to pigs in combination with rice bran, 
cassava roots, and other high-energy feeds. In order to collect sufficient feed for their pigs, 
farmers spent nearly 3 hours per day. The farmers were able to reduce the time needed for 
collecting and preparing feed from 3 hours per day to about 30-40 minutes by establishing 
relatively small plots, 300-400 m2 , of Stylo near to the village. 

Growth rate improvement 
Pig productivity in traditional village pig systems tends to be poor, with growth rates of only 
100 g per day. Phengsavanh and Stür (2006a) reported results from a survey indicating that 
using 'Stylo 184' as a supplement reduced the du ration of fattening of pigs, from a mean live 
weight of 14 kg to 65 kg, from 18 months to 9 months. Thus, the mean growth rates had 
increased from 107 to 207 g per day when pigs were supplemented with 'Stylo 184'. 

Production system change 
The entry points for systems change are production constraints, and in this case the constraints 
were the time spent collecting feed and the slow growth of pigs. Once these constraints were 
reduced or overcome, farmers looked for other production system improvements such as new 
feed resources, improvement of pens, provision of better water supply, and improved mana
gement of animal health. Major impacts of these changes were that more piglets survived for 
fattening and the farmers could increase the number of pigs raised per fattening cycle and 
increase the number of fattening cycles per year. 

Development Alliance - A strategy for scaling-out 

An ACIAR-funded project, 'Forage legumes for supplementing village pigs in Lao PDR' (the 
Legumes for Pigs Project, L4PP) was initiated in 2006 to look for ways to scale-out the bene
fits of using 'Stylo 184' to more farmers in the uplands of the Lao PDR. A strategy has been 
developed to form an alliance of researchers and development practitioners from the Lao go
vernment (NAFRI researchers and PAFO and DAFO extension workers in target provinces and 
districts), CIAT, NGOs, and development projects, with the aim of developing the capacity of 
the staff from these organizations on scaling-out the improved technology. 
Several approaches and methodologies were used to facil itate the development alliance. Ini
tially, a workshop and field day were organized where interested staff of development projects 
and NGOs working in northern Laos were invited to a field day in villages where farmers were 
growing and using 'Stylo 184' as a feed supplement for their local pigs. The members of the 
alliance met twice a year to plan and review the outcome of working with farmers on utilization 
of 'Stylo 184' for feeding pigs. The meetings provided a platform for staff to share experiences 
and learn from each other. This helped to create an informai local network for innovation and 
promotion of these technologies . 
The alliance partners used several methods and tools to scale-out the supplementary feeding 
of 'Stylo 184' and other improved pig production technologies. These included the formation of 
farmer interest groups, farmer-to-farmer exchanges, cross visits to successful examples, and 
conducting village learning activities to experiment with Stylo 184 and other pig management 
improvements. 
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Results of working in a Development Alliance 

By the end of 2007, the development partners reported that they were working with farmers 
to improve pig production in more than 100 villages located in 12 districts of 6 provinces in 
northern Laos. The number of households that were growing and feeding Stylo 184 to pigs 
had grown from 200 households in 2005 to 1,200 households by the end of 2007 (Figure 1). 
Approximately 75 % of these households were in the target areas of NGOs and development 
projects. The remaining households were in villages serviced by the three participating go
vernment extension offices (Phengsavanh et al, 2008). 
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Figure 1. Households growing 'Stylo 184' as supplementary feed for pigs, 2005-2007 

The average area of 'Stylo 184' grown by individual households increased from 150 m 2 in 2005 
to 320 m2 in 2007 (Figure 2), with a range in 2007 from 100-400 m2 • New farmers tended to 
start with a smaller area of 'Stylo 184' and expanded in subsequent years. The average plot 
size of Stylo needed to provide sufficient feed for one pig fattened in a pen was 150m2 • 

"O 

0 400 
..c: 

<1) 

"' 300 ;:::) 
0 

..c: 
---"'E 200 
,,f 
<1) 

100 .... 
es:! 

0 

~ 0 
IZl 

2005 2006 2007 

Figure 2. Average size of Stylo plots grown by households (m 2), 2005-2007. 
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Conclusions 

Research projects working by themselves can only reach a very limited number of end users 
and development workers do not always have easy access to the most appropriate technolo
gies. By developing an alliance of researchers and development workers, more farmers can be 
reached relatively quickly and farmers are less likely to waste their time and resources with 
less beneficial technologies. 
•The alliance provides a platform for local staff to exchange experiences and learn from each 
other. 
•The alliance approach is conducive to innovation through researchers, extension workers, 
and, most importantly, farmers working together to adapt and modify technologies for local 
and even individual situations. In this way, the adaptation process is part of the adoption pro
cess. This approach, of starting with strategies that can and need to be adapted, is in stark 
contrast to that of presenting prescribed model technology packages for direct adoption . 
•The alliance has created informai local networks of local staff, who will continue to interact 
and assist each other. These staff, with an understanding of the technologies and the skills to 
work on adaptation and innovation, will continue to scale-out the technologies in their own 
local areas. 
•The alliance approach can bring together groups that do not interact normally. This not only 
includes researchers, extension workers, and farmers, but also government, non-government, 
and development project staff, who often have rather different outlooks, short and medium
term goals, and different resources . 
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4.3 THINK BEFORE VOU PLANT: AN OVERVIEW OF THE 
RESEARCH-EXTENSION INFORMATION SYSTEM 

Bandith Ramangkoun, Khankham Ouanoudom, Andrea Schroeter and Michael Victor 
AIM project, NAFRI/NAFES, Lao PDR 

Abstract 

Farming systems in Laos are going through a transformation which is being driven by the rapid 
marketization and commodification of the Lao agriculture sector. Previously, farming systems 
were diverse, based on local knowledge and met subsistence needs. Farmers thus did not 
see a value in improved technologies to increase production, quality or improve soil quality. 
As systems move from subsistence to market oriented ones, farmers need a greater range of 
options and technologies to choose from, rather than top-down extension messages and one
size fits ail technical options. 
In order to improve farmers' access to options and information, NAFRI and NAFES have esta
blished the joint Working Group on Agriculture and Information Management (AIM). This was 
based on the recognition that there is a need to improve the flow of information between NA
FRI and NAFES as well as ensure that information produced is reaching and meeting the needs 
of farmers and extension staff. The purpose of AIM is to improve extension staff and farmers' 
access to agriculture- and forestry-related information and knowledge to make more informed 
decisions. This is the first inter-agency working group established between NAFRI and NAFES 
to promote improved coordination. 
This presentation presents some of the activities and results of the AIM working group and 
examines how information and communication systems can support farmers through the tran
sition accu rring. 



4.4 IN NEW TOOLS FOR TRAINING AND CAPACITY BUILDING IN TAXONOMY 
PERSPECTIVES IN DEVELOPMENT AND CONSERVATION 

Pierre Grard1, Juliana Prosperi1, and Khampeng Homsombath2 

1 CIRAD, UMR AMAP, Vientiane, Laos; CIRAD, UMR AMAP, Montpellier, F-34000 France 
2 NAFRI-LARReC, P.O.Box: 9108, Vientiane, Laos 

Introduction 

Signatory countries of the Convention on Biological Diversity (CBD) have recognized that 
taxonomists are highly sceptical about its implementation. They have identified the following 
bottlenecks: i) the number of described species is still low in comparison with the approximate 
number of existing species, ii) accessing information on species is difficult, due to the fact 
that the information is not easily available or, contrary to this, is dispersed throughout the 
internet without hierarchical ordering, iii) identification tools (flora) are old and out-dated or 
unavailable. 

In the particular field of weed contrai, the identification of species is a major handicap for im
plementing the necessary measures recommended by the Convention on Biological Diversity, 
in many parts of the world, notably in South-East Asia. The drastic reduction in the number 
of taxonomists throughout the world and the irremediable loss of their knowledge have made 
the task more difficult for agronomists and ecologists in general. 

Nevertheless, identification is a basic activity of life, essential for man to identify his surroun
dings and to classify his tasks. The mechanisms that enable us to establish identify are corol
laries of those that help in classification. Indeed, it is not necessary to look at all the specimen 
of a species to identify one of them. Thus man, like animais to some extent, is capable of 
distinguishing groups of similar living and non-living things through some common features. 
We see that herbaria of herbalists existed even in the Middle Ages; these works helped the 
diffusion of information on medicinal plants in European monasteries. However, identification 
was possible only through comparison. It was only in the seventeenth century and the begin
ning of the Linnean era that identification keys were proposed. It is quite probable, at least in 
botany that a lucid classification was lacking for the preparation of identification keys. In his 
Flore Francaise (1778) Lamarck stated that keys should follow two basic rules: 

1. Identification should be achieved through the most reliable path. 
2. This path should also be the shortest one possible. 

For a biologist, identification means giving an individual the name of the species to which it 
belongs. The normal scientific step in all domains of biology is to know the exact identity of 
the living material used in an experiment, otherwise no proper research can be carried out. 
Most botanical classifications follow dichotomous keys, which have not evolved much since 
the seventeenth century. Nevertheless, in the early 60s, i.e., about fifteen years after the first 
computers were invented, attempts were made to use the mathematical capacity of these ma
chines to conceive of identification methods that would not be based on decision trees alone, 
but on other approaches which were until then inconceivable due to lack of computing tools. 

248 Regional Workshop on Conservation Agriculture, Laos 2008 



1 Methods of plant identification 

Classifications done by biologists are hierarchic. They rank the taxa (order, family, genus, 
species) in groups containing taxa with an adequate number of common characters. Thus in 
the following figure, we have level 1 (family) higher than level 2 with genera, which itself is 
linked to the next level, i.e., level 3, consisting of species. The classifications can therefore 
be represented in a form which mathematicians call a tree. Every tree has a root (here family 
level) and leaves (species level) connected by branches (genus level). Every branching point 
in the tree's architecture is a node. 

Dichotomous keys are the outcome. Although the theory of decision trees is, in principle, very 
effective (identification of an individual from 65,536 taxa by asking 15 questions), direct ap
plications in the form of identifications are much less effective. 

The user may often have incomplete specimens (flowers, fruits, underground parts, etc., may 
be missing). However, some keys help identification from vegetative parts alone, but they do 
not tolerate errors in interpretation by the identifier. 

On a mathematical scale, when we consider a key to identify T species, if two answers are 
possible for every question, we have: 

Q=T-1 

Nevertheless, the Q questions, which will be the nodes of the tree, can be organized at diffe
rent levels ranging 

from 

- a maximum number of levels that is equal to the number of questions: it is then an unba
lanced key 

to 

- a minimum number of levels with a value of log2(T) - 1. This key is perfectly optimized be
cause the number of questions asked to arrive at any taxon level will be minimal and always 
the same. 
However, there are some risks of committing identification errors when using this organization 
of keys. If, due to intraspecific variation or observational error, the frequency of error for every 
question is f = 1/10, the success rate will be f' = 9/10 . If this key is capable of identifying 256 
species, we will have: 

T = 256. 

The number of levels in the key will be N: 

N = log2(T) - 1 = 1092(256) - 1 = log2(28) - 1 = 7 

If the dichotomous key is balanced, the success rate for the identification of each species will 
be: 

fT = (9-10)7 = (0.9)7 = 0.47 



In other words, in the case of a perfectly optimized key that enables the identification of only 
256 species, the identifier will commit identification errors in more than half the cases. 

Another way to identify species is to make identification of species by matching . A simple si
milarity coefficient can be defined as below. In a computerized form of comparison between a 
specimen and the taxa, the following formula can be used to calculate the agreement for each 
character: 

No. of common shared character states in both 

Total number of observed states in both 

In this method, weights can be attached to the characters and even to the character states 
(Grard 1996), taking into account the confidence that can be given to them on the basis of 
intraspecific variation or if the character state is easy to observe. This method was used for 
the identification of weeds of Réunion Island (Le Bourgeois et al. 2001), for the identification 
of weeds of Indo Gangetic Plains and as been applied to the Oswald () implementation. 

2 Application to weed species 

The objective of this work has been to provide to scientists working on biodiversity-related 
subjects with a software to help identify these species in spite of missing information and, wi
thin certain limits, errors, and which can provide information of the users' choice. This is done 
entirely graphically by constituting an identikit picture. After identification, the user can access 
a descriptive file of the species where botanical terms are defined in a hypertext manner. The 
information available on the CD-ROM will be printed in: 

- a «paper» flora in the form of a field book making ail the information available on the CD
ROM accessible . 
- an updateable web site giving information on these species (www.oswaldasia.org). 

The software, in this version, is able to identify about 113 species of weeds of paddy fields of 
Cambodia and Laos. Besides botanical, ecological it includes information on their contrai. De
voted to non-specialists, it is useful in capacity building for training and self-training of young 
agronomists. 
This work is a collaborative project of the European Asia IT&C program: "Open Source for 
Weeds Assessment in Lowland Paddy fields". 

The Identikit: 
The identikit has been developed with vectorized drawings. On this version on weeds species, 
the software needs to use 19 different layers, which compound the picture of the species that 
the user is trying to identify. 

Ali these graphies were then converted to the Windows Metafile format which are directly rea
dable by Windows. Access to the different files, which constitute the identikit is managed by 
MS-Access and data are formatted following the rules defined by IDAO System (Grard 1996) . 

In this application, 138 character states belonging to 18 characters are used to identify a 
flora of 113 species (see list of species). A weight ranging from 1 to 9 is given to each of the 
characters, depending on the easily observable nature of the character, its variability and the 
« confidence » that can be given to it. Thus, the phyllotaxy will have a greater weight than 
the hairiness of the leaves or the colour of the flowers. What is important while attributing 
weight to a character is the note given to each character state in a relative comparison to the 
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others. 
The second database shows the hypertext mark-up language (HTML) pages alter a species is 
identified. This database contains a table listing the species that can be identified, as well as 
all the information on these plants to assemble their description. For each species, the number 
of photos and their titles appear on the respective HTML pages, and then the descriptive text 
of each species and the legends of the drawing, if included. Ali the digitized and processed 
photographs are then listed in a folder with this database. 

The identification process: 
This soltware acts through a graphie interface with an identikit of the species to be identified 
as the main support. This identikit contains 19 elements (one for each character), which are 
modified during the search: 

The choice of characters can be identified when the cursor is moved, activating the sensitive 
zones: on certain colours, or on a frame on the identikit. 

Once the selection is made, one simply clicks on the character state that closely resembles 
the species to be identified. The identikit page responds to the selected character in a newly 
created cell. 

Thus the identikit refines as and when the descriptions of character states are seen in the 
species while being identified. 

The number of species closely matching with the identikit appears on the lower right-hand 
corner of the screen, a long with a percentage of confidence index. 
When a certain number of characters is collected, it is possible to obtain the results of a 
search, i.e., the list of species that closely resemble the description obtained, by clicking on 
the "Results" button. In fact, it is not necessary to know all the characters to get the result. 
This list is classified in descending order of the confidence percentage of the species. 

When a species is selected, the page with its description and illustration appears; the botanical 
drawings can be enlarged many times by using the zoom and clicking on the illustration. 

It is possible to obtain definitions of botanical terms in the descriptions through hypertext 
links. 

Identification can be done in a second way: any botanist knows that some character state is 
"strong". For instance, in the case of weeds, it is easy to imagine that there are not so many 
different species having a spiny attachment on the leaves. The selection of such a character 
state is strongly discriminant. 



Conclusion: 

This computer aided identification software is based on recognizing mainly vegetative charac
ters. This capacity helps identify trees in any season, without bothering about the phenology 
of the species. Moreover, identification is made easy because the characters to be identified 
are more easily visible than floral structures. This graphie interface also enables people who 
are not specialists in botany, and who do not know its descriptive terms and the logic of 
identifying a plant, to use this software. For identification, it is enough to simply compare 
the character states of the plant to be identified with the different character states proposed. 
Moreover, the possibility of getting a botanical description, good photographie illustrations 
and accu rate botanical drawings enables the user to visually confirm his identification and be 
assured of his result. 

The user need not define ail the descriptive characters to obtain results. Hence he does not 
stop if no response to his question is received, as is the case when using traditional floras. 

Finally, after confirming the identification of a species, it is possible to find errors in the choice 
of characters, if there were any during identification, through the photographs. For this, it is 
enough to use the « contradiction » button after identifying and selecting a species. This will 
appear on the results page only if the species identified does not have a 100% identification 
index. When it is activated, it shows the characters selected by the user on the identikit that 
are not the characters of the species identified. These non-conformable characters are marked 
with a red cross in the cell showing the character. 

Ali these capacities are end-user oriented and have been endorsed by the global taxonomy 
initiative (GTI) of the Convention on Biological Diversity (CBD) as following the rules defined 
for training and self-training of non-specialists, for information dissemination and capacity 
building. The next step will be to propose the extension of this software to other paddy fields 
of the world and to apply this work to other species identification sets. 
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4.5 ORCATAD - DEVELOPING A DATABASE OFEXEMPLARY PRACTICES IN 
CONSERVATION AGRICULTURE 

Rico Lie & Florent Tivet 
WU, NAFRI/CIRAD 

ORCATAD project, Wagenigen University/CIRAD/NAFI, Lao PDR 

ORCATAD - Open Resource on Conservation Agriculture for Trade and 
Development 

ORCATAD (Open Resource on Conservation Agriculture for Trade and Development) is a Eu
ropean Union funded project aiming at promoting conservation agriculture in Lao PDR. In its 
slipstream it aims to enhance export capabilities. The core of the project consists of the de
velopment of a knowledge base of best practices in the field of conservation agriculture. This 
knowledge base will serve different purposes through the use of ICTs. On the one hand it will 
be used to improve training and extension services for farmers and farmer groups and on the 
other hand it will also target at small and medium agro-based enterprises and intermediary 
business organizations. Partners in the project are the Centre de Coopération Internationale 
en Recherche Agronomique pour le Développement (CIRAD) from France, the National Agri
culture and Forestry Research Institute (NAFRI) from Lao PDR and Wageningen University 
(WU) from the Netherlands. 

Under the umbrella of this project, we have been searching for the expertise of different stake
holders such as government officiais from the Ministry of Agriculture and Forestry (MAF), staff 
from NAFRI and NAFES, officiais from the Ministry of Industry and Commerce, from extension 
personnel at the district level, from traders, from communication and ICT specialists and from 
people working in international organizations such as FAO and the EU. Tapies for discussion 
were appropriateness, content, relevance and use and distribution of such a database. 

The database is centralized in the ORCATAD project. This means that the main question is 
reformulated into questions such as: How can the database be made of relevance to different 
kind of end-users? How can the content of the data base best be structured? How can the same 
information on best practices be presented and accessed? What is the best entry for each type 
of end-user? How can the sustainability of the database be secured? 

Mission and Objective 

The database has three missions: 1. to conserve information, 2. to operate through pro
viding a pool of educational material, and, 3. to act as a promotional and advocacy 
tool. 

Therefore, the objective of the database is three-fold. First, it wants to conserve a knowledge 
base for the agricultural sector at large by presenting a selection of exemplary practices and 
related materials in conservation agriculture. The second objective is to operate as a pool of 
educational material to be used by extension service providers and educational institutions 
operating in the same domain. Third, it also wants the database to be of relevance as a pro-



motional tool in the domain of (international) trade and as an advocacy tool in the domain of 
policy making (at different levels). Through building upon up-to-date, basic and concerned 
information it aims to be a promotional tool for traders and an advocacy tool for decision 
makers. As such it will emphasize issues of sustainability (environmental health, economic 
profitability and social and economic equity). 

Specific Target Groups 

There are three specific target groups of the database: 

1. The first target group consists of extension officers and students in the field of conser
vation agriculture. The database aims to be of relevance at different levels of education. For 
general students in agriculture or related disciplines, an overview of basic information and 
general description of practices will be sufficient. For extension officers on the other hand it is 
important that the database not only provides an overview of basic information on exemplary 
practices, but also provides detailed technical information. 

2. The second target group can be found in the commercial sector. The database aims to 
be used as a promotional tool for marketing purposes. This can also be done in combination 
with other material, like the films that are going to be produced on different aspects of conser
vation agriculture. Dissemination of the materials in Laos and the Sub-region of the Greater 
Mekong can be done in cooperation with the Department of Production and Trade Promotion 
at the Ministry of Industry and Commerce. The Press and Information Officer of the European 
Union in Laos also expressed his willingness to help in distributing the CD-Rom with the data
base. 

3. The third target group is the national and international community of governmental 
and non-governmental organizations operating in the domain of agriculture or related do
mains. For this target group the data base can be used as an advocacy tool. The consequences 
for the content and the functioning of the database are similar to the consequences for using 
the CD-Rom as a promotional tool in the commercial sector. 

Content 

The content of the database consists of two main areas and several sub-areas: 
1. Exemplary Practices and Training Materials 
2. Related Material 
a. Selected bibliographies in several fields of interest 
b. Selected set of links to relevant information on the internet 
c. Networking in conservation agriculture 

1. Exemplary Practices and Training Materials 

In order to be able to describe the exemplary practices, a set of dimensions for assessing 
the practices needs to be developed and adopted. Success stories describe practices that are 
socially acceptable, economically profitable and environmentally sound, and adhere the tech
nical principles of conservation agriculture (permanent soil cover, minimal soil disturbance and 
crop rotations). However, the database will not only consist of best practices that score high 
on specific criteria, but will also feature practices that might score high on one dimension and 
score low on another dimension. This is the reason why the database consists of exemplary 
practices and not of best practices. The practices are taken from the specific situation in Lao 
PDR. This does not mean that it could not have any relevance to other countries and regions 
in the world, but transferring it to another context needs to be done with care. 
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The selection of the dimensions and the selection of the exemplary practices are guided by the 
following principles: 

• The selection of the dimensions serves an inward looking function as well as an outward 
looking function. Inward means that the focus is on the quality of life of the farmers and ap
propriate extension services. Outward means that the focus is on the sector of trade and com
merce, policy makers and governing bodies, and the academic and professional communities 
at large. 

• Selection of the exemplary practices will be taken from experiences in the two provinces of 
Lao PDR; Xieng Khouang and Xarabury. 
• The exemplary practices will be selected under the expertise of the staff of NAFRI (PRO
NAE). 

• Exemplary practices will be described in a qualitative way (through descriptive staries). The 
staries will highlight aspects of the dimensions that are relevant and typical to the particular 
practice. No sub-criteria will be defined in advance as emphasis will be put on particular cha
racterizing aspects of the selected practices. Each exemplary practice will be accompanied by 
a so-called 'Quadrangle'-visual, an image that visualizes the scores on the 3 inward looking 
dimensions (the Quality of Life, Environmental Sustainability, and, the Regulatory Environ
ment and Service Provision) and the 1 outward looking dimension (Commercialization and 
Advocacy) (see Figure 1.). 

• The exemplary practices will also be assessed in a more quantitative way by adding a score 
on a scale of five on the four dimensions. 

The selected dimensions are the following: 

• Ouality of Life: This dimension is about the sensitivity that a practice has for the improvement 
of the quality of the life of the farmer and his or her livelihood. The Quality of Life dimension 
adopts the Sustainable Livelihoods Approach (SLA) as developed by DFID. The quality of life 
equals a sustainable livelihood and can thus be seen as depending on the different identified 
capitals. For the purpose of assessing exemplary practices in conservation agriculture on the 
dimension of quality of life, we have adopted the following capitals as being of relevance: a.) 
the human capital; b.) the social capital; c.) the physical capital; d.) the natural capital, and 
e.) the financial capital. 

- Human capital is defined by the OECD as "the knowledge, skills and competences 
and other attributes embodied in individuals that are relevant to economic activity". (OECD, 
1998:9 ). It refers to the kinds and levels of education needed, to training demands and tore
quired skills and technological knowledge. It also includes health and psychological well-being 
of the farmer. 

- Social capital is the whole of social relations that are relevant in one way or the other 
for production purposes. "For the majority of writers it is defined in terms of networks, norms 
and trust, and the way these allow agents and institutions to be more effective in achieving 
common objectives" (Schuller ) . It refers to community issues and collective organizational 
requirements. Issues that are of interest here are for instance: sensitivity to labor inputs and 
availability of labor, sensitivity to gender (un)balances, and sensitivity to cultural embeddings. 
Social capital also includes cultural embedding and appropriateness. A new practice can for 
instance be a continuation of an existing practice or the change to the new practice can be too 
vast, and the gap between the traditional practice and the new practice can turn out to be too 
big. 
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- Physical capital consists of non-human assets that are made by humans and are 
required for or used in production activities, e.g. technical equipment. But besides technical 
equipment, physical capital also includes infra -structural capital, which refers to communica
tion infrastructures, roads, irrigation dams and any physical improvements made to nature. 

- Natural capital refers to water, land, air, plants, etc .. . This capital is about the poten
tial that nature offers . It is commonly divided into renewable resources (agricultural crops, 
vegetation, wild life), and, non-renewable resources (fossil fuels and minerai deposits). 

- "Financial capital denotes the financial resources that people use to achieve their 
livelihood objectives" (DFID, ). It refers to the availability of cash or equivalents that people 
apply to improve their livelihood and their quality of life. 

The 5 capitals cover the human, inter-human (social), extra-human (man-made artifacts), 
and non-human (nature) aspects of the quality of life . It is not necessarily so that the larger 
the capital, the higher the quality of life is. However, it is envisaged that the quality of life is 
subject to the qualitative existence of these capitals, individually and in relation to each other. 
The description of the dimension of the 'qual ity of life' should therefore include reviews of the 
characteristics of these capitals and score the a mou nt of sensitivity to these capitals - A high 
score on this dimension means that the practice has a positive influence on the im
provement of the quality of life of the farmers and is thus sensitive to issues related 
to human, social, physical, and natural capital. 

• Environmental Sustainability: This dimension is about maintaining the qual ities that are 
valued in the natural environment on a long-term basis. To what extent does the practice sus
tain the environment and conserve agricultural diversity? To what extent are the production 
techniques environmentally sound? To what extent does the practice have a positive result on 
the maintenance of biodiversity and the totality of the eco-system? To what extent does the 
practice promote the natural functioning of the eco -system? Good integrated management 
aims to maintain enough diversity to allow interesting eco-systemic properties to emerge. - A 
high score on this dimension means that the practice scores high on maintaining the 
natural eco-system and promoting the natural functioning of the eco-system. 

• Regulatory Environ ment and Service Provision: This dimension is about the availability of a 
supportive political climate and regulatory environment. It also includes the availability of ru
ral services; extension services and other support services. To what extent is the political and 
regulatory environment supportive to the practice? Is the practice appropriate and does it fit 
into the existing environment? Issues of concern are for instance: the political environment; 
regulation; market access; taxes; the financial context; credit provision; reasonable pricing; 
effective extension support; facilitating marketing ... )? Does the government enable a positive 
environment? - A high score on this dimension means that the regulatory environ
ment is supportive towards the practice and that rural services are appropriate and 
in place. 

• Commercialization and Advocacy : This dimension is of a different nature than the three 
dimensions identified earlier. It measures the potential that a practice has for trade and advo
cacy. It captures the 'market outlook' of a practice by identifying characteristics of the practice 
that have high marketing potential, and thus high economic potential. These characteristics can 
corne out of the above mentioned three dimensions, a combination of these three dimensions, 
or from a totally different field of operation of the practice. A practice cou Id for instance perfectly 
fit into the discussion on the establishment of a new 'good for development'-label , or it could 
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nicely fit within existing trade relations.. . - A high score on this dimension means that 
the practice has (a) characteristic(s) that ha(s)ve high potential for use in (social) 
marketing. 

Below you will find an example of how the scores on the different dimensions can be visualized 
in a quadrangle. 

Fig 1. Example of a Quadrangle 

Erwi.rll'r!ltlt~Jhtàl 

.Sw:ta.in:ib.il.ity 

R~.!l.l!lbtc,ry EŒ1vkotim~t1t 

;iiad S>èt'VÏ L'!! PruV-iSill'li 

Corn mcrr:ià'lizàiw 11 a.ni!! 

Ailvr~~àr::y 

Q11;ility ·L•I" Lifc 

In this example the selected practice scores high on the dimensions of environmental sus
tainability and the regulatory environment is supportive towards the practice. Moreover, the 
service provision to the practice is appropriate and in place. However, the particular practice 
scores low on the dimension of improving the quality of life for the farmers. This could mean 
for instance that the practice requires labor that is too hard for the farmers (human capital) or 
that the community is not ready to adopt the practice (social capital). 

Training Materials 
The database will include a listing and descriptions of the training materials linked to the 
exemplary practices. The goal is to have most training material available in 3 languages: Lao, 
French and English. Currently, most material is available in Lao and French, not in English. 

2. Related Materials 

2a. Bibliographies 
The bibliographies are in development. They cover the following (sub)areas: 
• Conservation Agriculture 
• Communication, Education and Trade 

OECD (1998). Human Capital Investment: An International Comparison, Paris: Organisation for Economie Coopera
tion and Development. 

www.open .ac. uk/1 ifelong-lea rni ng/pa pers/393B8EO 5-0008-65B9-0000015700000157 _ TomSchu ller-paper.doc 



- Communication, Innovation and Development 
- Extension, Training of Farmers and Farmer Field Schools (FFS) 
- ICTs (incl. open source) and (Agricultural) Development 
- Trade 

2b. Relevant information on the internet 
The idea is not to have as much links as possible to relevant information on conservation 
agriculture to be found on the internet, but to have a selected list of quality, trusted and sus
tainable resources. 

2c. Networking 
The data base will also include basic information on organizations working in the area of conser
vation agriculture and provide information on main conferences and other meetings. Exam
ples are: the Southern Conservation Agricultural Systems Conference (SCASC) (http://www. 
ag.auburn.edu/auxiliary/nsdl/scasc/); World Congresses on Conversation Agriculture (see for 
the 3rd congress: http://www.act.org.zw/congress/index.htm); Latin American Network of 
Conservation Tillage (RELACO) (http://www.fao.org/ag/ags/ AGSE/6to/relaco/sld001.htm); 
The Conservation Technology Information Center (CTIC) (http://www.conservationinforma
tion.org/?action=about) ... 

Entering the Database 

The database will have two different possibilities for accessing the data base. One for extension 
officers, students and other users who already have at least a basic knowledge of conservation 
agriculture and are interested in the database as an educational tool. The other entry should 
be for policy makers, traders, the general public and other users who have no or very limited 
knowledge about conservation agriculture. Here the database should function as a promotio
nal and advocacy tool. 

Database Conservation Agriculture 
Training & Education 

Promotion & Advocacy 

The sub-structure for entering the information as a consumer of the data base is under develo
pment. An existing idea is to enter the database by clicking on the link "Promotion and Advo
cacy" through kinds of agricultural products (maize, ricebean, pigeon pea ... ) and then linking 
through to the dimensions of commercialization and advocacy that are linked to the product. 
A possible structure for entering the database as a pool of training and educational material 
is through the first three dimensions, the material itself and related materials. As a sub-menu 
it looks as follows: 

QAMAR, M.K. (2007) . Agricultural Technology Management, Transfer and Commercialization: An Overview with Fo
cus on Asia-Pacific Region, paper presented at the International seminar, " Best Practices in Agricultural Technology 
Transfer", held from 5 to 9 November 2007 at Colombo, Sri Lanka, organized by the Asian Productivity Organization, 
Tokyo in collaboration with the Ministry of Agriculture Development and the National Productivity Secretariat, Sri 
Lanka . 

ELLIS, K. & WARNER, M. (2007). Is the Time Ripe for "a Good for Development" Product Label?, ODI Opinion Pa
per, October. ( http ://www.odi .org .uk/IEDG/Business_Development_Performance/Papers/0DI_op88_Good_for _De
velopment. pdf) 
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Promotion & Advocacy Training & Education 
maize quality of life 

ricebean environmental sustainability 

pigeon pea 
regulatory environment and 

service provision 
livestock training material 

... related materials 

listing of exemplary practices listing of exemplary practices 

Training & Education 
Let us say you are a Bachelor student in agriculture, then you get the following screen when 
you click on "quality of life": 

Dimension of Quality of Life (Ranking) 
Score 5 

• Practice A 
• Practice B 
• Practice C 
• 

Score 4 
• 

Score 3 
• 

Score 2 
• 

Score 1 
• 

If you then click for instance on Practice A, you get the following screen: 

Practice A 

Dimension of Quality of Life 
<description of the dimension> 

Links to Other Dimensions 
• Link to dimension 1 
• Link to dimension 2 
• Link to dimension 3 
Training Materials 

Sustainability of the Database 

Monitoring, evaluating and updating 
It is proposed to evaluate the data base after a period of three years and decide if the informa
tion is still of relevance and the database still meets its objectives . It can then also be decided 
if the database needs to be updated. No updates in the first three years after the release are 
planned, however if means are available we could update the database on a regular (maybe 
yearly) basis. 



Connecting the database to the existing communication infrastructures 
• As an integral part of AKIS -
In order to become sustainable the data base must find a relevant and efficient position amongst 
the existing Agricultural Knowledge and Information System. One should be aware of not crea
ting a parallel system of knowledge and information. 

• As a promotional tool for traders and an advocacy tool for decision makers -
Sustainability of a promotional tool is hard to predict. It highly depends on fluctuation in the 
markets. 

Going for an Internationally Certified Database 

We also discussed the establishment of a Committee on Certification, especially for the selec
tion of the exemplary practices in conservation agriculture. 
Members of the Committee of exemplary practices in conservation agriculture could be the 
following people: 

• 1 specialist from CIRAD 
• 1 specialist from Wageningen University 
• 1 specialist from FAO 
• 2 specialists from Laos (or Great Mekong Sub region) 

Going (also) for Open Source 

"Going for open source" means in the case of ORCATAD, making the database accessible 
through non-proprietary means. Unlike Windows, the best known proprietary software (the 
opposite of Open Source Software) that was developed by the Microsoft Cooperation, Open 
Source Software (e.g. Linux) is free in the sense as mentioned below. 

Free Software, Open Source Software and Libre Software are confusing terms for those who 
are not familiar with software development as most of the end-users are. Underneath the 
wings of the World Summit of the Information Society (WSIS), the Free Software Foundation 
(FSF) Europe produced a document to clarify the concepts (FSF Europe, 2003 ). This docu
ment first of ail makes it clear that it is important to understand that Free in Free Software 
is referring to freedom, not to costs. Quoting one of the first documents that defined Free 
Software the following four freedoms are referred to: 1.) the freedom to run the program for 
any purpose, 2.) the freedom to study how the program works, and adapt it to your needs, 
3.) the freedom to redistribute copies so you can help your neighbor, and, 4.) the freedom to 
improve the program, and release your improvements to the public, so that the whole com
munity benefits . 

The term Open Source is in fact a term that was introduced in the late 1990s to market Free 
Software. The term Open Source is less value loaded and was introduced to promote the type 
of software by using primarily the technological features and not the ideology of freedom that 
is implicitly associated with the use of the term Free Software. Libre Software is then a third 
term for the same and was introduced by the European Commission to avoid the ambiguity 
of the English word Free Software and to end misunderstandings with the term Open Source 
Software. Open Source Software is therefore not per definition free of charge (although some 
of it is), but basically tries to break through Microsoft's global monopoly by introducing com
petition (and cooperation) again. 
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ORCATAD can best incorporate the ideas of 'open source' by adhering the ideas of freedom as 
mentioned above. In concrete terms this might mean producing a web based version that is 
accessible with a Firefox browser and designing a stand alone LINUX version. 

Going for a Strategic Location of the On-Line Database 

Connecting the database of exemplary practices in conservation agriculture to the website of 
NAFRI seems the most logical option for positioning the database. It emphasizes the research 
component of the enterprise and profits from the established position of NAFRI in Laos. The 
NAFRI website is well developed and incorporates already a database consisting of documents 
relevant to agriculture in Laos (LAD - Lao Agricultural Database 
http://lad.nafri.org.la/lad/index.html). The NAFRI website could as such well develop into a 
focal point for exemplary practices in the area of conservation agriculture. Setting up a com
pletely new website for the database is not desirable as it might become too isolated. 

Going for a CD-Rom too 

The database will be published on a CD-Rom too. This CD-Rom publication is of interest to ex
tension officers working in agricultural areas where there is no or slow access to the internet. 
The second goal of the CD-Rom version is to have a promotional tool with a glossy look, but 
consisting of quality information. 

Selection of Existing Databases in the Field of Agriculture 

IReNe - Agriculture, Forestry and Fisheries 
Database of Intellectual Resources and Needs in the areas of Agriculture, Forestry and Fishe
ries 
http ://irene-db.org/aff/index.php 
(You can search with the key word "conservation agriculture (sustainable agriculture)" - found 
31 entries on 3 March 2008) 

Conservation Agriculture Technology 
The database concentrates on equipment and machinery for manual, animal or motorized ope
ration which has been specially designed for the needs of Conservation Agriculture. 
http://www.fao.org/ag/catd/ 

LAD - Lao Agricultural Database 
http ://lad. nafri .org .la/lad/index.html 
The Lao Agriculture Database is the first on-line system to collect Lao agriculture and forestry 
reports and materials in both the Lao and English Languages. LAD has been established by 
the National Agriculture and Forestry Research Institute (NAFRI) in collaboration with the Thai 
AGRIS Center, Library of Kasetsart University (Thailand) to improve the collection and dis
semination of agriculture and forestry related information in Laos. The system is based on the 
AGRIS system of FAO. The database includes research results, surveys, training and extension 
materials, working papers, as well as policy and strategy reports. The database consists of 
bibliographie information, abstracts and to a limited extent, full text digital files. 

Pakistan Agriculture Database 
http://www.parc.gov. pk/data/CatPak/catalog .asp 
Database containing bibliographie information of literature published in Pakistan or elsewhere 
in the world about Pakistan agriculture. It is facilitating the scientists to identify, locate, and 
use research literature. From 1997, abstracts have also been added. Total records in the da
tabase are more than 53,000. 



Betuco - Documents on Conservation Agriculture 
http://www. betuco. be/Eng/ ca_doc-eng. htm 
Listing of many documents on conservation agriculture. 

EarthTrends - The Environmental Information Portal - Agriculture and Food 
http ://earthtrends. wri .org/searchable_db/index. php ?theme=8 

Selection of Related Projects and Websites 

Conservation Agriculture 
http://www.fao.org/ag/ca 
Website of FAO on conservation agriculture 

Conservation Agriculture Portal 
http://www.fao.org/ag/ag 1/agll/prtcons.stm 
Conservation Agriculture Portal of the FAO 

Supporting Conservation Agriculture for Sustainable Agricultural and Rural Development (Pha
se II) 
http://www.nrsp.org/database/project_ view_print.asp?projectid =485 
Tanzania and Kenya, project period: 07/05/2007 to 14/05/2010 

Knowledge Networking for Rural Development in Asia/Pacific Region 
http://www.enrap.org/ 

Lao Extension 
http ://laoex.org/ 

NAFRI - NAFES 
http://www.laolink.org/ 

Examples of Database Entries 

Improved Pastureland and Cattle Fattening Opportunities on the Plain of Jars (Xieng 
Khouang) 
On altitude plains in Xieng Khouang, large areas of savannah grasslands are "under-utilized" 
by smallholders with main farming systems based on lowland paddy fields, livestock produc
tion with extensive grazing on savannah grasslands and off-farm activities. This ecology repre
sents at least 60,000 ha on three districts (Pek, Phoukhouth and Phaxay). 
Improved pastureland is established using no-till technologies (no ploughing, no burning) and 
the main forage specie used is Brachiaria ruziziensis well adapted to acid soils. Native grasses 
(Themeda sp., Cymbopogon nardus, Hyparrenhia sp.) are controlled by spraying systemic 
herbicide (Roundup, 3 to 41/ha) one month prior the sowing. Organic (thermophosphate) and 
minerai (urea and KCI) fertilizers are broadcasted before sowing (thermophosphate and KCI) 
and during the rainy season (urea, KCI). 
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Regulatory Environment 
and Service Provision 

E~~~~~~n~~~:~ z<::: 1 :::::>r- C Quality of Life 

Commercia\iz.ation and 
Advocacy 

Dimension 1. Quality of Life 
Specific training is needed to start this system based on the establishment of improved pastu
reland. However, farmers have the required skills and technical knowledge to become rapidly 
independent in establishing new fields and in managing cattle in existing pastures (cattle gra
zing managed in blocks to allow good forage growth and appropriate fertility management). 
Low labor input is required to establish pastureland, but equipments (hand tractor, sowing 
machine, and sprayer) are needed to conduct these activities; they can be shared by several 
families. However, animais' management required reasonable labor for animais' care and daily 
water provision. 

This system requires initial investment to establish pastureland (fencing, land preparation, 
seeds, and fertilizers) and to conduct cattle fattening activities (young cattle stock of the fa
mily and/or possibility to buy cattle). Infrastructures ( equipments) and financials are the more 
constrained capitals. Credit is essential in this system. 

No-till system showed very promising results allowing the use of new lands on the Plain of 
Jars, increasing the productivity of such lands, and generating new incomes. Forage seed 
harvesting is the only activity performed during this first season and cattle fattening activities 
started the second year in order to allow a good establishment of the pasture the first year. 
Five young cattle can be fattened per hectare and an average farmer can get a net income of 
300 USD (not including seed production). 

Process of land allotment has been conducted by communities in different villages where such 
systems have been promoted. This change from community land management to individual 
land management has positive and negative impacts. Positive in generating new incomes 
and increasing the productivity of the land allowing in the near future crops diversification as 
rice. Negative impact if the land "allocation" is not well distributed (equitable access to land) 
between members of the same community creating social conflicts. 

This system scores high ( 4) for this criterion due to new land accessibility, generating new 
commercial opportunities, and increasing incomes. Main constraints are based on infrastructu
res and financial capitals particularly availability for mechanization and cattle or the possibility 
to access to credit to buy animais and equipments. 

Dimension 2. Environmental Sustainability 
The soil is not disturbed by mechanical action while land preparation is based on direct sowing 
of forage species alter control of natural pasture land. Before sowing, in order to control native 
grasses, herbicide (glyphosate) is used and minerai fertilizers (urea and KCI) are broadcast 
allowing good establishment of the forage specie . 

FSF Europe (2003). Free Software (a.k.a. "Libre Software" or "Open Source"), Free Software Foundation Europe 
(http ://fsfeurope.org/projects/wsis/fs. html, last accessed: 4 March 2008). 
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Thermophosphate is classified as organic product. 
This system improves soil fertility in a broad sense: physical (bulk density, soil permeability 
and aggregate stability), biological (soil diversity) and chemical (increase of soil organic matter 
and stock of organic carbon) characteristics. Use of living fences increase flora (multipurpose 
species) and fauna (insects, birds) diversities. 
This system scores medium (3-4) for this criterion. 

Dimension 3. Regulatory Environment and Service Provision 
Animal fattening is clearly related to market access and meat demand. Rural areas of Laos 
have traditionally struggled to find markets for products because of low population density and 
poor transport links. However, Xieng Khouang province has begun to show a high commercial 
rate of cattle export to Vietnam (Onekeo, 2005; Syphanravong et al., 2006) and the recent ex
periences of the Forage for Smallholders Projects (CIAT-NAFRI) and the Small Scale Agro-en
terprise Development in the Uplands (SADU-CIAT) show increasing commercial opportunities 
in places where smallholders are growing forages for cattle feeding. However, market chain 
has to be improved; traders raise that administrative format and tax contributions have to be 
simplified to enhance commercialization between districts, provinces and Vietnam. 
The local ecologies on schist and granite present good physical properties but low minerai 
contents (Hacker et al, 1998) with high deficiencies of N, P, K, Ca, Mg and micronutrients (Zn, 
Bo, Mn). Thermophosphate addition is thus essential, providing reasonable quantities of Ca, 
Mg and P and allowing implementation of efficient livestock production and cropping systems. 
A market channel for such fertilizers has been organized by PRONAE in Xieng Khouang pro
vince through Vietnamese traders, but this channel is not already operational to scale-up this 
system. 

Moreover, specific equipment adapted to local economic conditions (sowing machine for hand
tractor) must be promoted to decrease labor inputs for land preparation and sowing. The other 
limiting factor is that the system is perceived as requiring an initial cash investment and credit 
access is essential. 

Promising results have been recorded in producing forage seeds for Brachiaria species. Deve
lopment of specific market channels for seeds could indirectly improve pasture management, 
avoid high stocking rates and generate new income that could be invested in fertilizer and ani
mal care. The Lao National Agro-Ecology Programme (PRONAE) started promoting forage seed 
production and the Small Scale Agro-enterprise Development in the Uplands (SADU-CIAT) 
initiated some activities in designing and facilitating the implementation of agro-enterprise. 

On these high plains, innovative farming systems based on direct mulch-based cropping and 
better integration of livestock and cropping activities could be stable and profitable if, at the 
same time, economic incentives (access to market, inputs, credit, agriculture equipments and 
livestock product processing) are promoted. 
To conclude this system scores very low (1) for this criterion due to the absence of environ
ment structuring: lack of credit access, inputs, specific equipments, and technical supports 
from extension agencies. 

Dimension 4. Commercialization and Advocacy 
Pastureland improvement and no-till system show very good results (reducing production 
costs and land erosion) on the Plain of Jars and could be extended to staple (rice), cash (mai
ze, soybean), and niche crops (sesame, buckwheat) production. 

In conclusion, despite positive economic and technical results with cattle fattening, a glo
bal approach involving credit access plus technical and political support has to be defined if 
productive and efficient systems are to develop in this ecology. This poses a great challenge 
which, if grasped, could yield great benefits in the upper part of the Nam Ngum river basin. 

264 Regional Workshop on Conservation Agriculture, Laos 2008 



This system scores high ( 4) for this criterion due to its potential for commercialization and 
being a good example of advocacy for donors and policy-makers. 

Training Materials 
<<to be filled>> 

Rainfed Rice, Improved Pastureland and Cattle Fattening Activities on the Plain of 
Jars (Xieng Khouang) 
Severa! options are available for farmers to regenerate and open new lands on the ecology of 
the Plain of Jars. The first step is based on direct sowing of forage species to conduct cattle fat
tening activities and to eventually regenerate soils for annual cropping (see previous system). 
The second system is to associate rice and forage specie to produce a staple crop for farmer 
and to establish, the same year, pastureland for livestock activities. This system differs from 
the previous one only by this association between rice and Brachiaria ruziziensis; all others 
technical ope rations are identical. 

En viron mental 
Su s tainabili ty 

Reg ul a tory En vironment 
and Serv ice Pro v isi on 

Commercialization and 
Ad vocacy 

Dimension 1. Ouality of Life 

Quality of Life 

No-till system showed very promising results allowing the use of new lands on the Plain of 
Jars, increasing the productivity of such lands, and generating new incarnes for the families. 
This association has positive trait regarding crop diversity and incarne generation on an ecolo
gy generally used for extensive grazing and lowland paddy. Direct benefits of this first season 
are i) rice and ii) forage seed production which can be sold to other farmers in the village. For 
the coming seasons, incarnes are generated by cattle fattening activities that can be conduc
ted indifferently by man or woman. 

Specific training is essential to implement this system. However, human capital, as skill and 
knowledge, is available to implement such system. Main labor inputs concern rice harvesting 
and other cultural operations as land preparation and sowing requires low labor if specific 
equipments are available as sowing machine and sprayer. 

Process of land allotment has been conducted by communities in different villages where such 
systems have been promoted. This change from community land management to individual 
land management has positive and negative impacts. Positive in generating new incarnes and 
increasing the productivity of the land, but negative impact if the lands are not well distri
buted (equitable access to land) between members of the same community creating social 
conflicts. 



The main constraints of this system are linked to the infrastructures and financial capitals and 
the needs for: 
• Specific direct sowing machine for tractor or hand-tractor to sow rice and forage specie, 
• Specific short cycle rice cultivar in order to complete his cycle before the total establishment 
of the forage specie which becomes very competitive for nutrients, water and light energy, 
• Cattle availability. 
This system scores high ( 4) for this criterion due to new land accessibility, generating new 
commercial opportunities, and increasing incarnes. 
Dimension 2. Environmental Sustainability 
The soil is not disturbed by mechanical action while land preparation is based on direct sowing 
of forage species after contrai of natural pasture land. Before sowing, in order to contrai native 
grasses, herbicide (glyphosate) is used and minerai fertilizers (urea and KCI) are broadcast 
allowing good establishment of the forage specie. Thermophosphate is classified as organic 
product. 
This system improves soil fertility in a broad sense: physical (bulk density, soil permeability 
and aggregate stability), biological (soi! diversity) and chemical (increase on soi! organic mat
ter and organic carbon) characteristics. Use of living fences increase flora (multipurpose spe
cies) and fauna (insects, birds) diversities. This system scores high (4) for this criterion. 
Dimension 3. Regulatory Environment and Service Provision 
As described previously the main constraints are related to: 

- Low soi! fertility and the necessary use of organic and minerai fertilizer. Market chain has to 
be organized at the local level between Vietnamese traders and local providers, 
- Access to specific equipments as sowing machine and sprayers and inputs (forage seeds and 
herbicides), 
- Access to credit provisions to buy inputs, equipments and cattle. 

Extension officers have to give technical support and information to smallholders regarding 
the choice of forage species and rice cultivars . 
On these high plains, innovative farming systems based on direct mulch-based cropping and 
better integration of livestock and cropping activities could be stable and profitable if, at the 
same time, economic incentives (access to market, inputs, credit, agriculture equipments and 
livestock product processing) are promoted. 

This system scores very low (1) for this criterion due to the absence of environment structu
ring: lack of credit access, inputs, specific equipments, and technical supports from extension 
agencies. 

Dimension 4. Commercialization and Advocacy 
This ecology has a great potential for agricultural productions and the promotion of this sys
tem is directly related to political decisions and the recognition to invest in this location and 
in this alternative to improve livelihoods and to generate new commercial opportunities at the 
provincial level. 

Opening new rainfed areas for rice production on a small-scale basis is a great challenge that 
could benefit the entire population of the province . The cost of this operation will be low re
garding funds invested on lowland paddy fields infrastructures on the Plain of Jars which are 
globally unused due to the low soil potentiality, lack of alternatives during the dry and cold 
season, and poor social management of the irrigation network. 
This system scores high ( 4) for this criterion and particularly as a good example of advocacy 
for donors and policy-makers. 
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Training Materials 
<<to be filled> > 

Maize Production under No-Till System and Intercropping with Rice-Bean (Southern 
Xayabury) 
Over the past fifteen years, farming systems have changed drastically in Laos, with swidden 
systems giving way to more modern agricultural technologies in many areas. In southern 
Xayabury, traditional systems have collapsed, with a transition from subsistence agriculture to 
intensive cultivation of cash crops, led by the demands of the Thai market. Notable changes 
in agricultural practices have included the adoption of heavy mechanization and use of pestici
des. With the support of local traders, ma ize is now widely sown throughout the region and is 
spread ing to more areas every year. With agricultural intensification, rotational cultivation sys
tems and fallow periods are disappearing, being progressively replaced by a ' resource-mining' 
agriculture that has serious social and environmental costs, including increased soil erosion 
(leading to destruction of roads and paddy fields), loss of soil fertility, and chemical pollution 
of the environ ment. In view of this situation, the Lao National Agro-Ecology Programme (PRO
NAE) is implementing an iterative research-development approach oriented on Conservation 
Agriculture to find innovative systems to revert, the present resource-mining practices in 
southern Xayabury into no-till system based on permanent soil caver, no soil disturbance, crop 
rotations and use of relay/cover crops . 

Environmenta \ 
Sustalnability 

Regu latory Environment 
and Service Provision 

Commercialization and 
Advocacy 

Quality of Life 

Many systems are actually under adoption and validation process by farmer groups. The 
system described hereafter refers to the intercropping of rice-bean with maize. Maize is com
monly sown at the beginning of the rainy season from end of April to mid of May and rice-bean 
is intercropped in August when maize leaves become senescent and sunshine is sufficient to 
allow this additional crop to germinate . Maize is commonly harvested in September and rice
bean in earlier December. Rice-bean is also one of the main cash crops commonly used since 
several decades by smallholders. This system is promoted mainly in Paklay and in some loca
tions in Kenthao districts where farmers produce maize every year due to good soil potentiality 
and where is very difficult to promote rotational sequence. 

Dimension 1. Ouality of Life 
No-till system for maize production and intercropping with r ice-bean showed promising im
pacts on quality of life , particularly in: 

• Reducing production costs for land preparation (ploughing) , 
• Increasing labor productivity and net incarne, 
• Reducing labor inputs particularly for sowing and manua l weeding, 
• Reducing greatly the use of herbicide for land preparation and weeds management during 
maize cycle due to the good weed competitiveness of rice-bean, 



• Reducing contact for man, woman and child with seed coated with insecticide using sowing 
machine, 
• Increasing spatial and temporal crop diversity (maize + rice-bean, the same year on the 
same field), 
• Maintaining and improving soil fertility. 

Higher incarne is generated with this system due to soil improvement and better weed contrai. 
Rice-bean contributes also to this incarne even if the yield is relatively low due to late sowing 
in the season. 
However, in order to prevent grazing of rice-bean at the beginning of the dry season, to pre
serve residues and cover crops during the dry season (problems with wild-fires and cattle 
grazing), modification of collective land management have to be defined and accepted by the 
community. These social changes occurred in some locations and are under discussions in 
others villages. This process should be iterative and conducted by the own community to avoid 
conflicts between farmers and between farming components (annual cropping and livestock). 

This system scores high ( 4) for this criterion due to several aspect presented above and to the 
reduction in use of herbicides. 

Dimension 2. Environmental Sustainability 
This no-till system and cropping sequence based on maize and rice-bean intercropping pre
sents several positive traits: i) improvement of soil fertility (physical, biological and chemical) 
and biodiversity, ii) participate to carbon sequestration, and iii) reduce weed pressure by bio
logical contrai (integrated management of weeds through shade and reduce use of herbicide). 
Locations where rice-bean is very well established allowed to avoid use of herbicides at the 
beginning of the rainy season. Thus, this system scores high ( 4) for this criterion . 

Dimension 3. Regulatory Environment and Service Provision 
In southern Xayabury since several decades cropping is mainly based on cash crops production 
as maize, rice-bean, sesame, Job's tears and peanut. In this region, farmers have good access 
to market, to credit and inputs due to efficient provider's network for sale and supply. 

However, regulation and modification of community land management during the dry season 
would be useful to preserve, as much as possible, residues on the field for the coming cropping 
season and to improve the integration between cropping and livestock components. 

Access to specific equipments, as sowing machines for hand-tractor and hand-jab seeder to 1 
intercrop rice-bean with maize, is necessary to improve the dissemination and adoption of this 
system. 

Even if regulations have to be integrate regarding credit (mainly done by traders with high 
interest rates) and collective land management, we conclude that this system scores high (4) 
for this criterion due to the actual situation characterized by a high level of commercial com
modities. 

Dimension 4 . Commercialization and Advocacy 
This system is a good example of advocacy for policy-makers scoring high for the quality of 
life, environmental sustainability and regulatory environment. On the other hand the potential 
for commercialization is also high due to the fact that this commercial product could be in the 
near future producing under organic management. 

Training Materials 
<<to be filled>> 
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Maize Production, No-Till System and Crop Rotation (Southern Xayabury) 
The system described hereafter refers to a rotational sequence between maize and rice-bean 
under no-till systems and residues management. This system has been widely adopted by far
mers in Botene district to decrease the risks related to the soil potentialities (low soil fertility 
and low water retention capacity due to sandy soils). 

Rcgulatory Environment 
and Service Provision 

Enviro?me~~a\ fi( I • 
Susta1nab1lity 

Commercialization and 
Advocacy 

Dimension 1. Quality of Life 

Quality of Life 

No-till system for maize production and rotational sequence with rice-bean showed promising 
impacts on quality of life, particularly in: 
• Reducing production costs for land preparation (ploughing), 
• Increasing labor productivity and net incarne, 
• Reducing labor inputs particularly for sowing and manual weeding, 
• Reducing greatly the use of herbicide for land preparation and weeds management during 
maize cycle due to the good weed competitiveness of rice-bean, 
• Reducing contact for man, woman and child with seed coated with insecticide using sowing 
machine, 
• Maintaining and improving soil fertility. 

The main difference with the previous system is based on farmer' strategy related to soil fer
tility, climatic and economic risks in producing maize every year (intercropped with rice-bean) 
or in having a rotational sequence between two main crops. Market price of rice-bean can be 
erratic one year from another one and productivity is susceptible to rainfall distribution in Sep
tember and October. Usually, farmer who adopt this rotational sequence are located on sandy 
soil (botene) or in degraded areas (southern kenthao) where cropping maize every year is not 
highly profitable. 

However, in order to preserve residues and caver crops during the dry season, modification of 
collective land management have to be define and accept by the community. These changes 
occurred in some locations and are under discussions in others villages. 
This system scores high ( 4) for this criterion due to several aspect presented above and to the 
reduction in use of herbicides. 

Dimension 2. Environmental Sustainability 
This no-till system and cropping sequence based on maize and rice-bean sequence presents 
several positive traits: i) improvement of soil fertility (physical, biological and chemical) and 
biodiversity, ii) participate to carbon sequestration but less than maize + rice-bean system, 
and iii) reduce weed pressure by biological contrai (integrated management of weeds through 
shade). Thus, this system scores high (4) for this criterion. 



Dimension 3. Regulatory Environment and Service Provision 
In southern Xayabury since several decades cropping is mainly based on cash crops production 
as ma ize, rice - bean, sesame and peanut. In this region, farmers have good access to market, 
to credit and inputs due to efficient provide(s network for sale and supply. 

However, regulation and modification of community land management during the dry season 
would be useful to preserve, as much as possible, residues on the field for the coming rainy 
season and to improve the integration between cropping and livestock components. 

Access to specific equipments, as sowing machine for hand-tractor, is necessary to improve 
the dissemination and adoption of this system. 
Even if regulations have to be integrated regard ing credit (mainly done by traders with high 
interest rates) and collective land management, we conclude that this system scores high (4) 
for this criterion. 

Dimension 4. Commercialization and Advocacy 
This system is a good example of advocacy for policy-makers scoring high for the quality of 
life, environmental sustainabil ity and regulatory environment, it scores 4. 

Train ing Materials 
<<to be filled>> 

Maize Monoculture in Southern Xayabury 
PRONAE followed an iterative process to promote not-till systems in this region. Regarding 
conventional land management based on ploughing, burning of residues and use of herbicide, 
the first step was to modify the land preparation shifting from mechanical action to no-till sys
tem and residues management of the former crop. 

Regu latory Environment 
and Service Provis ion 

E~~~~fn~~n~~ Cszj _:;ft 

Commercta\lzation and 
Advocacy 

Dimension l. Ouality of Life 

Qualiry of Life 

Positive traits of no-till system and residues management for maize production are: 

• Reduction of production costs for land preparation (ploughing), 
• Increasing la bor productivity and net income, 
• Reduction of land erosion, 
• Reduction of labor inputs, 
• Reducing contact for man, woman and child with seed coated with insecticide using sowing 
machine. 
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However, this no-till system is incomplete regarding the main functions provided by Conven
tional Agriculture. Weed control is not efficient due to the absence of crop rotations and use of 
herbicide tends to increase with years increasing risks of environmental pollution and intoxi
cation of farmers by misuses. This system is clearly not a solution on medium and long-term 
processes and should be only considered as a first step to promote no-till systems, rotatio
nal sequence and use of cover crops. The main constraint refer to the infrastructures capital 
and the needs of specific equipments to reduce labor requirements for land preparation and 
sowing. 

This system scores medium (2-3) for this criterion due to positive but also negative traits on 
medium-term process. 

Dimension 2. Environmental Sustainability 
This no-till system based on maize monoculture can be described as follow: 
• Reduction of land erosion but inefficiency of this system to control soil erosion, 
• Increase use of herbicides due to maize monoculture and risks of soil and water pollu
tion, 
• Low soil improvement due to low level of dry matter input. 
Thus, this system scores medium (2) for this criterion. 

Dimension 3. Regulatory Environment and Service Provision 
In southern Xayabury since several decades cropping is mainly based on cash crops production 
as maize, rice-bean, sesame and peanut. In this region, farmers have good access to market, 
to credit and inputs due to efficient provider's network for sale and supply. 

Access to specific equipments, as sowing machine for hand-tractor is necessary to improve the 
dissemination and adoption of this system. 
Even if regulations have to be integrate regarding credit (mainly done by traders with high 
interest rates) and access to equipments, we conclude that this system scores high (4) for this 
criterion. 

Dimension 4. Commercialization and Advocacy 
This system is not a good example of advocacy for decision-makers or potentialities for com
mercialization and this system scores low (1) for this criterion. 

Training Materials 
<<to be filled>> 



4.6 THE WORLD ASSOCIATION OF SOIL AND WATER CONSERVATION 
(WASWC) AND ITS ROLE IN CONSERVING SOIL AND WATER WORLDWIDE 

Samran Sombatpanit 
Past President and Coordinator General of WASWC 

sombatpanit@yahoo.com 

The WASWC is an international non-government organization that was established 26 years 
aga with the objective of promoting the wise use of the earth's land resources. In doing this, it 
acts as a forum for people from ail over the world, who are interested in soil and water conser
vation; it provides us with a network, through which we can make contact with people with 
similar interests, problems and projects to our own from any country or region in the world; 
and it provides information - mainly through the quarterly newsletter and monthly HOT NEWS 
- about matters of mutual interest. The WASWC also sponsors and co-sponsors conferences, 
seminars, workshops every now and then, and synthesized and compiled them into the book 
form . Over the last 26 years it has been responsible for producing more than 20 books, which 
have been made available to members at reasonable prices. Our books have had a very big 
influence on the way soil and water conservation is now perceived and approached in many 
countries, especially the small booklet, "Land Husbandry - a Framework for Sail and Water 
Conservation" - it was one of our first publications and it has been widely distributed and given 
guidance to many soil and water conservationists in many parts of the world. 

The WASWC is run by a hard working Council, who give their time to the Association for 
free. The 25 Council members corne from different countries all over the world. As you can 
see, we are a very international group but we do represent a large number of regions, coun
tries, interests and experiences. Although the members of the Council live in different parts of 
the world, we are in contact practically every day by e-mail, sometime several times a day; 
we conduct nearly all our business and meeting on the e-mail. 
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WASWC Publication 
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NO-TILL FARMING SYSTEMS book (2008) 
• 34 chapters from 20 countries 
• 84 authors•06 editors 
• 68 co-publishers 
• 9,500 copies distributed 
• English, French & Chinese 



Editors ~sa: 

At present we have approximately 1,000 members from about 100 countries and our mem
bership numbers are growing rapidly. Apart from that, we have more than 10,000 Guest mem
bers who do not pay. 

We also have a number of Vice-Presidents who represent different countries. It is the res
ponsibility of the VPs to represent WASWC at their country or region, to advise the President 
on what is happening and to organize all kinds of activities. 

The WASWC works very closely with national soil and water conservation societies, and 
soil science societies. We have also developed strong links with other related organizations like 
the International Union of Sail Sciences (IUSS), the International Erosion Contrai Association 
(IECA), the International Sail Conservation Organization (ISCO) and the European Society for 
Sail Conservation (ESSC). 

The SWCS and the Move to China 

When the WASWC was established 26 years aga, we were sponsored and helped by the 
American Sail and Water Conservation Society. That society was very good to us; they pro
vided us with a secretariat and ran our affairs from their office in Ankeny, Iowa. They looked 
after our administration; they kept our records, handled our finances and published our books 
and newsletters. This arrangement worked well for many years but recently there were some 
troubles. The main problem was that we had to pay for the services that we received and, 
being in America, it was expensive - in fact, we were beginning to run at a loss and we were 
using up our small savings. 

We looked at several possibilities and then, in August 2002, we received an offer from 
China. The Department of Sail and Water Conservation in the Ministry of Water Resources in 
Beijing offered to provide the facilities for our secretariat. They offered very generous terms. 
We have signed an MoU with the Ministry of Water Resources; under this agreement, the 
Chinese took over responsibilities for the administration of our Association from April 1, 2003. 
We have now cancelled our charity status in America and have yet to register with the autho
rity in China as a non-profit organization 
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Vice Presidents 

Vice Presidents are appointed by the Council and the activities of members in the country 
can be organized through some new or existing organization, such as national soil and water 
conservation society. 

We feel like we are doing a development project, which is more or less a process for esta
blishing some kind of movement that is sustainable for a long time. At this point we are rather 
certain we have corne in a right direction, since the membership has climbed up to more than 
1,000 from approximately 100 countries. We are sure there is much need in having a central 
organization like ours. But the important point is that, this kind of organization needs per
sonnel who are willing to work for global soi! and water conservationists worldwide, normally 
without any compensation; those who belong to such category should therefore step forward 
and join hands with our administration in managing the WASWC now and in the future. 

Officers -VPs, SRs, "'120 

The WASWC Newsletter 

I would like to mention the WASWC newsletter because its production is probably the most 
important single thing that we presently do. 

For over twenty years the WASWC has produced a newsletter every three months. For a 
long time this came out as a small printed publication, usually of only four pages. During the 
time of my predecessor, David Sanders, he and I made a big effort to improve the newsletter 
by making it longer and to contain more articles that would be of interest and value to our 
members . When I took up the presidency the Council had put more pages and contains several 
sections that may serve most members in a satisfactory way. A breakthrough came when we 
were able to produce the electronic newsletter and send out by e-mail. One previous problem 



was the difficulty in getting members ta contribute with articles. This has now changed; we are 
now receiving a wide range of articles, book reviews and other items from ail over the world. 

The WASWC HOT NEWS 

This monthly publication had first appeared in 2006 out of the fact that the quarterly 
Newsletter could not serve our members timely. The hundreds of meetings ail over the world 
used ta have relatively short deadlines; hence the monthly digital publication came into effect 
but this has ta be done in a short time, and without proper editing. Up ta this time HOT NEWS 
covers almost everything in soil and water sciences while those news items that are not urgent 
in nature may go ta be published in the Newsletter. At present, items announced in HOT NEWS 
include: 

Jobs-Positions, Awards, Prizes, Funds, Fellowships, Scholarships, Studentships, Courses, Tra i
ning, Lectures, Photo Competition, Exhibitions, New Information Sources (Books, Proceedings, 
Reports, Bulletin -Newsletters, Manual-Handbooks, Journals, Videos-Photos, Libraries, Websi
tes), A Cali for Your Attention, Obituary, Advertisements, LANDCON series of meetings, and 
Meetings for 2009 and 2010 and beyond, then ending with Information about membership 
and rates 

The Journal/Proceedings 

We have since recently started the Journal and Proceedings of WASWC ta published peer-re
viewed articles and non-peer reviewed articles, respectively. Though we cannot publish on the 
paper we instead post them on our website. The WASWC website is going ta be used more 
efficiently for many purposes. 

The Special Publication 

It is our intention that, under this program we will be able ta publish Special Publication ta 
give ta our members for free once a year. We try to find an issue that may attract interest from 
majority of our members in the form of long articles, which can be used as additional reading 
for students. In 2003 we published The USLE Story by John Laflen and Bill Moldenhauer. In 
2004 we published Carbon Trading - Agriculture and Poverty by Mike Rabbins. The next ones 
were No-Till Farming Systems and Sail and Water Assessment Tool (SWAT), respectively. 

The Norman Hudson Memorial Award 

We started ta give an award called the Norman Hudson Memorial Award ta a deserving 
persan since 2004. This is the highest honor bestowed on an individual by the Association, 
one persan a year. It is given for distinguished service in recognition of international accom
plishments in soil and water conservation . The award is named for Dr Norman Hudson, whose 
exemplary professional career was devoted to the cause of global soil and water conservation. 
Persans receiving it were Calvin Rose (2004), Rolf Derpsch (2005), John Greenfield (2006), 
Hans Hurni (2007) and Michael Stocking (2008). 

2 7 6 Regional Workshop on Conservation Agriculture, Laos 2008 



Calvin Rose, 
Australia, 2004 

John Greenfield , New 
Zealand, 2006 

Norman Hudson Memorial Award 

Norman Hudson 
1924-1996 

Hans Hurni, 
Switzerland, 2007 
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Rolf Derpsch, Paraguay, 
2005 

Michael Stocking, UK, 2008 

I have talked about what the WASWC is and I would now like to mention what it is not. I 
want to mention this because we often get request that we cannot meet. The WASWC is pri
marily a professional association of soil and water conservationists. It is not a funding agency. 
Unfortunately, some of our members do not understand this point and we sometime receive 
requests for funding or for help in setting up projects. Of course, we cannot help with these 
requests other than putting the people involved in touch with some agency that may be able 
to help. 

The Vision and Mission Statement 

The Council is very keen that the WASWC should not only grow in numbers of members 
in various categories, but that it should also become more responsive to the needs of our 
members. In other words, we want to become more useful to you all. For this reason, we have 
been having discussions with our members in 2003 and have acquired the "Vision and Mission 
Statement", as is shown below, which we intend to follow it as much as possible. 

WASWC Vision: A world in which ail soil and water resources are used in a produc
tive, sustainable and ecologically sound manner. 
WASWC Mission: To promote worldwide the application of wise soil and water mana
gement practices that will improve and safeguard the quality of land and water re
sources so that they continue to meet the needs of agriculture, society and nature. 



We invite you to write to us to exchange ideas and make your membership creative, and 
send articles to publish in our Newsletter, HOT NEWS or Journal/Proceedings, so we will conti
nue to function as a forum for soil and water conservationists and academics and profession ais 
in many related fields worldwide. 

WASWC slogan 

At the same time we also deliberated on what slogan we should use, and found the 
following to be suitable, but can also change at a later date when something better could be 
found. 

Conserving soil and water worldwide - join WASWC 

Guidelines for Successful Meetings and LANDCON series of meetings 
This is the most recent acquisition of WASWC. We had lively deliberated about it in 2008 and 
it is in effect now. We did this to assist people who organize meetings, so they will successfully 
obtain good results and it's a way to help academics and professionals to know which mee
tings they should go to attend, so not to waste their time and money. There are more than 10 
meetings in the next 3 years that have registered as LANDCON meeting. 

Appendix 

List of WASWC Publications 
Published in association with other institutions or publishers 

1988 
• Conservation Farming on Steep Lands. Edited by W.C. Moldenhauer and N. W. Hudson, ISBN 
0935734198 

1989 
• Land Husbandry - A Framework for Soil and Water Conservation. by T.F. Shaxson, N.W. Hud
son, D.W. Sanders, E. Roose and W.C. Moldenhauer, ISBN 0935734201 

1990 
• Soil Erosion on Agricultural Land. Edited by J. Boardman, I.D.L. Foster and J.A. Dearing, 
ISBN 0471906027 (From a meeting co-sponsored by WASWC) 

1991 
• Development of Conservation Farming on Hillslopes. Edited by W.C. Moldenhauer, N.W. Hud
son, T.C. Sheng and San-Wei Lee, ISBN 0935734244 
• Soil Management for Sustainability. Edited by R. Lai and F.J. Pierce, ISBN 0935734236 

1992 
• Conservation Policies for Sustainable Hillslope Farming. Edited by S. Arsyad, I. Amien, Ted 
Sheng and W.C. Moldenhauer, ISBN 0935734287 
• Soil Conservation for Survival. Edited by K. Tato and H. Hurni, ISBN 0935734279 
• Erosion, Conservation and Small-Scale Farming. Edited by H. Hurni and K. Tato, ISBN 
3906290700 
• Environmental Regeneration in Headwaters. Edited by J. Krecek and M.J. Haigh 

1993 
• Working with Farmers for Setter Land Husbandry. Edited by N. Hudson and R.J. Cheatle, 
ISBN 1853391220 
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1995 
• Adopting Conservation on the Farm: An International Perspective on the Socioeconomics of 
SWC. Edited by T.L. Napier, S.M. Camboni and S.A. EI-Swaify, ISBN 0935734317 

1996 
• Hydrological Problems and Environmental Management in Highlands and Headwaters. Edited 
by J. Krecek, G.S. Rajwar and M.J. Haigh, ISBN 8120410483 

1997 
• Sail Conservation Extension: From Concepts to Adoption. Edited by S. Sombatpanit, M. Zoe
bisch, D. Sanders and M.G. Cook, ISBN 8120411897 

1999 
• Multiple Objective Decision Making for Land, Water and Environmental Management. Edited 
by S.A. EI-Swaify and D.S. Yakowitz, ISBN 1-57444-091-8 
• Incentives in Sail Conservation: From Theory to Practice. Edited by D.W. Sanders, P. Huszar, 
S. Sombatpanit and T. Enters, ISBN 1-57808-061-4 

2000 
• Reclaimed Land: Erosion Contrai, Soils and Ecology. Edited by M.J. Haigh, ISBN 90 5410 793 6 

2001 
• Response to Land Degradation . Edited by E.M. Bridges, I.D. Hannam, L.R. Oldeman, F. Pen
ning de Vries, S.J. Scherr and S. Sombatpanit, ISBN 812041942 

2004 
• Ground and Water Bioengineering for Erosion Contrai and Slope Stabilization. Edited by D.H. 
Barker, A.J. Watson, S. Sombatpanit, B. Northcutt and A.R. Maglinao, ISBN 1-57808-209-9 

2007 
• Monitoring and Evaluation of Sail Conservation and Watershed Development Projects. Edited 
by J. de Graaff, J. Cameron, S. Sombatpanit, C. Pieri and J. Woodhill. ISBN 978-1-57808-
349-7 

Special Publications, published by WASWC 

2003: No. 1. Pioneering Sail Erosion Prediction - The USLE Story. By John Laflen and Bill Mol
denhauer, ISBN 974 91310 3 7, 54 pp. (available on the website) 

2004: No. 2 . Carbon Trading, Agriculture and Poverty. By Mike Rabbins, ISBN 974 92226 7 9, 
48 pp. (available on the website) 

2008 : No. 3. No-Till Farming Systems. Edited by Tom Goddard, Michael A. Zoebisch, Yantai 
Gan, Wyn Ellis, Alex Watson and Samran Sombatpanit, ISBN 978-974-8391-60-l, 544 pp. 
(With one CD) 

2009: No. 4. Sail and Water Assessment Tool (SWAT): Global Applications. Edited by J. Arnold, 
R. Srinivasan, S. Neitsch, C. George, K.C. Abbaspour, P. Gassman, Fang H.H., A. van Griens
ven, A. Gosain, P. Debels, N.W. Kim, H. Somura, V. Ella, L. Lean, A. Jintrawet, M.R. Reyes, and 
S. Sombatpanit. Special Publication No . 4, ISBN 978-974-613-722-5, 415 pp. (With one DVD 
for SWAT stuffs that include free software, plus the WASWC e-LIBRARY) 



List of Participants by Country and Representative Institutions 

Jhailand 
1. Dr. Narongchai PIPATTANAWONG 
2. Mr. Kobkiet PAISANCHAROEN 

3. Mr. Winai CHOMBUT 
4. Dr. Samran SOMBATPANIT 

Vietnam 
5. Mr. Ha Dinh TUAN 
6. Dr. Binh NGUYEN THI NGOC 

Cambodia 
7. Mr. LORD REASMEY 

8. Mr. HEAN VAN HORN 

9. Mr. KOU Phally 
10. Mr. Saing BUNNY 
11. Mr. Leng VIRA 
12. Mr. Som LON 

Madagascar 
13. M. ANDRIAMALALA Herizo 

Cameroon 
14. M. Oumarou BALARABE 

China - Yunnan Province 
15. Mr. Tao DAYUN 
16. Mr. Lingming KONG 

The Netherlands 
17. Dr. Rico LIE 

Kasetsart University - Thailand 
Department of Agriculture, Min. of Agriculture & 
Cooperatives, Thailand 
Land Development Department - Thailand 
World Association of Soil and Water Conserva
tion 

Deputy Director of NOMAFSI, Vietnam 
Head of department, Sail science and Upland 
Agroecology Department, 
NOMAFSI, Vietnam 

Deputy Director of MAFF and permanent secre
tary of the steering 
committee of PADAC, Cambodia 
Deputy Director of DAALI department, Cambo 
dia-
Agronomist - PADAC, Cambodia 
Director of experimental station of MAFF 
Technician - PADAC, Cambodia 
Deputy Director of PADAC, Cambodia 

BVLAC Project, Madagascar 

IRAD/SODECOTON, Cameroon 

YAAS, Kunming, PR China 
YAAS, Kunming, PR China 

Assistant Professor, Dpt of Communication 
Science - Communication and 
Innovation Studies, Wagenigen Univer 
sity, ORCATAD project 
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French Institutions 
18. SE Fran9ois SENEMAUD 
19. Ms. Naomi NOEL 

20. Mr. Emmanuel BAUDRAN 
rai Development Division 
21. Mr. Francois JULLIEN 

22. Ms. Aurelle de ROMEMONT 
23. Mr. Fabrice RICHY 
24. Miss. Audrey ROUSSON 
25. Pr. Patrice DEBRE 
26. Dr. Etienne HAINZELIN 
27. Dr. Robert HABIB 
28. Dr. Gilles SAINT MARTIN 

29. Dr. Francis FOREST 
30. Dr. Jean-Charles MAILLARD 
31. Mme TRAN THI Chau 
32. Dr. Johnny BOYER 
33. Mr. Stéphane BOULAKIA 
34. Mr. Stéphane CHABIERSKY 
35. Mr. Damien HAUSWIRTH 
36. Dr. Pierre GRARD 
37. Mr. Pascal LIEN HARD 
38. Mr. Hoa TRAN QUOC 
39. Mr. Andre CHABANNE 
40. Dr. Florent TIVET 
41. Mr. Timothée OLLIVIER 

International Institutions and Projects 
42. Dr. Yuji NIINO 

43. Ms Alison WILSON 
44. Mr. Phonepaseuth Phengsavanh 
45. Mrs Manilay 
46. Mr. Michael VICTOR 
47. Mr. Phonexay Sengsoulychanh 
48. Mr. Kevin KAMP 
49. Mrs. Viengxong CHITAVONG 
50. Mr. Thongdam PHONGPHICHITH 

R,agresentatjve tram Lao PPR 
MAF, NAFRI, NAFES 
51. Mr. Phouvieng LATDAVONG 
52. Mr. Anonh KHAMHUNG 
53. Mr. Soulivanthong KINGKEO 
54. Mr. Khamsone SYSANHOUTH 
55. Mr. Khamphai MANIVONG 
56. Mr. Khamphay Phanthavong 
57. Mrs Monthatip CHANPHENGXAY 
58. Mr. Khamphou Phouthavong 

French Ambassador in Lao PDR 
AFD Paris, Project Manager, Agriculture and Ru
ral Development Division 
AFD Paris, Project Manager, Agriculture and Ru-

AFD Paris, Project Manager, Agriculture and Ru
ral Development Division 
Charg, de mission AFD Laos, AFD Vien 
Directeur AFD Laos, AFD Vientiane 
AFD Cambodge, Project Manager 
President, CIRAD 
Scientific Director, CIRAD 
Director of PERSYST, CIRAD 
Director of European and International Rela 
tionships 
Head of SCV Research Unit, CIRAD 
Regional Director for South-East Asia CIRAD 
CIRAD Vietnam 
Sail Biologist, CIRAD/KU, Thailand 
Agronomist, CIRAD/PADAC, Cambodia 
Agronomist, CIRAD/PADAC, Cambodia 
Agronomist, CIRAD/NOMAFSI, Vietnam 
Scientist, CIRAD/Faculty of Sciences, NUoL 
Agronomist, CIRAD, PRONAE - PCADR, Laos 
Agronomist, CIRAD, PRONAE - PCADR, Laos 
Agronomist, CIRAD, PROSA, Laos 
Agronomist, CIRAD, PRONAE - PCADR, Laos 
Phd student, CERNA, MinesParisTech 

FAO, Land Management Officer, Regional 
Office for Asia and the Pacifie, Bangkok 
CIAT, Laos 
NAFRI, CIAT Laos 
Director of Lao Consulting Group, Laos 
Ramboll Natura, NAFRI/CAFRI - URDP, Laos 
IRD - IWMI - NAFRI, Laos 
SDC, Laos 
SDC, Laos 
SDC, Laos 

Deputy Director of NAFRI 
MAF, Director of PCADR and PROSA 
Deputy Director of NAFRI 
Coordinator for PCADR - MAF 
Deputy Director of NAFRI 
Deputy Director, Livestock Dpt, MAF 
Director of NAFRI 
NAFRI 



59. Mr. Viensavanh Phimmachanvongsa 
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63. Mr. Khamphanh Tabong 
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68. Mr. Thammakham SOSOMPHOU 
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Xîeng Khouang Province 
70. M. Khamsouk XAYASONE 
71. Mr. Khamsy Chanthavong 
72. Ms. Khamphao Xaygnasith 
73. Mrs. Bounsy Vongdala 
74. Mr. Hongthong Phimmasone 
75. Mr. Somboun 
76. Mr. Somsamone Phalyvanh 
77. Mr. Phimpha Phonmsavang 
78. Mr. Khamsay OINKHAMCHANH 
79. Mr. Xaykeu LOGNIAHOA 
80. Mr. Chanthanom 
81. Mr. Khoa Xayalath 
82. Mr. Viengkham Chanthala 
83. Mr. Bouda Phommachanh 
84. Mrs. Phimpha Sompatchay 
85. Mrs. Vylaychit Sithkhamphone 
86. Mr. Lamphay Vylaysone 
87. Mr. Oudonteun 
88. Mr. Senggphet Phonthavong 
89. Mr. Khamphay Phommavong 
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92. Mr. Gnangnong Sypaseuth 
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103. Mr. Khamphiane 
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Agricultural Research Center for the North, NAFRI 
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CAFRI, NAFRI 
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NAFRI, Director - PRONAE 
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SE Gouvernor of Xieng Khouang Province 
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PAFO, Phoukhylao Agriculture Center, Xkg 
PAFO Xiengkhouang 
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DAFO Pek, Xiengkhouang 
DAFO Nonghet, Xiengkhouang 
DAFO Phoukoud, Xieng Khouang 
DAFO Khoun, Xiengkhouang 
DAFO Mok, Xiengkhouang 
Vice director Nam Ngum project, Xiengkhouang 
Poverty Reduction Fund 
Poverty Reduction Fund 
Poverty Reduction Fund 
Agriculture Promotion Bank, XiengKhouang 
Livestock Development Project, EU, Xkg province 
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PCADR-PASS 
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PAFO Champasack 
PAFO Champasack 
PAFO Champasack 
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107. Mr. Symy Nuvongphoumy 
108. Mr. Emnoy Heunevongsa 
109. Mr. Kongthong Inthalad 
110. Mr. Alounsay Vanhnyvong 
111. Mr. Thavone 
112. Mr. Douangchit Mingboupha 
113. Mr. Singthong Phondala 
114. Mr.Phon Souphathone 
115. Mr. Kheup Phommanisack 
116. Mrs. Neuanghak Keopasith 
117. Mr. Bountan 
118. Mr. Cheu Santisouk 
119. Mr. Syphanh Syhalad 
120. Mr. Thouma Philavong 
121. Mr. Bounxou Douangphasith 
122. Mr. Khamphou Olavong 
123. Mr. Bounsong Vongthalisat 
124. Mr. Khamphouvanh Phinith 
125. Mr. Somphanh Chittavong 
126. Mr. Samith Vasana 
127. Mr. Pheumphouang Tanasack 
128. Mr. Phaysone Alounsavat 
129. Mr. Khamphout Soulivanpheng 

Educatjonal Sector 
130. Mr. Bounkhong Sadthavanxay 
131. Mr. Bounhom Bouathong 
132. Mr. Kolakanh Souvanaphasy 
133. Mr. Champathong Thammavong 
134. Mr. Somsy Khammaniving 
135. Mr.Thongsamoud Phoumasone 
136. Mr. Phoukhong Inthapangna 
137. Mr. Vilaykone Chaleunsouk 
138. Pr. Somphanh Pasouvang 
139. Mr. Bounpheng Sengngam 
140. Pr. Lui Vannamahaxay 
141. Mr. Khamchanh Kouangsouligna 
142. Mr. Khounsavanh Sybouathong 
143. Mr. Vilaysane Somsacksy 
144. Mr. Phengma Louangphet 
145. Mr. Chittakhone Sixanonth 
146. Mr. Visith Thammavongsa 
147. Mrs. Xone Vongbouttay 
148. Mr. Khamphet Onpaseuth 
149. Mr. Sengthong Oudomphone 
150. Mr. Bouasone Syhalad 

PAFO Champasack 
PAFO Champasack 
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DAFO Viengphoukha , Louangnamtha 
DAFO Viengphoukha , Louangnamtha 
DAFO Namo District, Oudomxay Province 
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ADB 
ADG 
AIM 
AFD 
ASEAN 
BRL 

BVLAC 

CA 
CAFRI 
CBD 
CERNA 

CIAT 
CIRAD 

DAFO 
DMC/SCV 
DoP 
ES 
ESA 

EU 
FAO 
FLSP 
GMS 
GoL 
GSDM 
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!MC 
!PM 
!RAD 

!RD 

IWMI 
KU 
LAD 
LCG 
LEAP 
MAF 
NAFES 
NAFRI 

Agro Biodiversity 
Asian Development Bank 
Average Daily Growth 
NAFRI-NAFES Working Group on Agriculture Information Management 
Agence Française de Développement/ French Development Agency 
Association of South East Asian Nations 
Bas Rhône Languedoc, bureau d'étude, France/ French Research 
Consultancy 
Projet de Mise en Valeur des Bassins Versants du Lac Alaotra, 
Madagascar/ Alaotra Lake Watershed Protection Project, Malagasy 
Conservation Agriculture 
Centre for Agriculture and Forestry Research Information 
Convention on Biological Diversity 
Centre d'Economie Industrielle de MINES Pariîech, France/ Industrial 
Economy Centre of MINES Pariîech school, France 
International Centre for Tropical Agriculture 
Centre de coopération Internationale en Recherche Agronomique pour 
le Développement/ 
French Agricultural Research Centre for International Development 
District Agriculture and Forestry Office 
Direct seeding Mulch based Cropping Systems 
Department of Planning and Cooperation 
Environmental Services 
Projet Eau-Sol-Arbre, Sodecoton, Cameroun / Water-Soil-Tree Project, 
Sodecoton, Cameroon 
European Union 
Food and Agriculture Organization 
Forages and Livestock Systems Project 
Great Mekong Sub region 
Government of the Lao People's Democratic Republic 
Groupement Semis Direct de Madagascar/ Direct Seeding Association 
in Malagasy 
Information and Communication Technologies 
Information Management Center, NAFRI 
Integrated Pest Management 
Institut de Recherche Agronomique pour le Développement, Camroun 
/ Agricultural Research Institute for Development, Cameroon 
Institut de Recherche pour le Développement, France/ Research 
Institute for Development, France 
International Water Management Institute 
Kasetsart University, Thailand 
Lao Agriculture Database 
Lao Consulting Group 
Lao Extension Approach Program 
Ministry of Agriculture and Forestry 
National Agriculture and Forestry Extension Service, Lao PDR 
National Agriculture and Forestry Research Institute, Lao PDR 
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NICE 
NGOs 
NOMAFSI 
NUoL 
ORCATAD 
PADAC 

PAFO 
PASS 

PCADR 

PERSYST 

PES 
PRONAE 

PROSA 

SADU 
SDC 
soc 
Sodecoton 

STEA 
URDP 
VAAS 
WASWC 
WB 
WTP 
wu 
WSA 
YAAS 

National Information Centre for Extension 
Non-Governmental Organizations 
Northern Mountainous Agriculture and Forestry Science Institute, Vietnam 
National Universities of Laos 
Open Resource on Conservation Agriculture for Trade and Development 
Project on Agricultural Diversification and Conservation Agriculture, 
Cambodia 
Provincial Agriculture and Forestry Office 
Point Application du Sud de Sayabouri, composante du PCADR /PCDR 
Application Point in the South of Sayabouri Province 
Programme de Capitalisation en Appui au Développement Rural, Laos 
/ Capitalization Program to Promote Rural Development, Lao PDR 
Performance des Systèmes de Production et de Transformation 
Tro-picaux, département du CIRAD / Performance of Production and 
Processing Systems in the Tropics, CIRAD department 
Payments for Environmental Services 
Programme National en Agroécologie, composante du PCADR / 
National Program in Agroecology, PCADR component 
Programmed Sectoriel Agroécologie, Laos/ 
Sector-based Program in Agroecology, Lao PDR 
Small-scale Agro-enterprise Development for the Uplands, Lao PDR 
Swiss Agency for Development and Cooperation 
Sail Organic Carbon 
Société de Développement du Coton, Cameroun / Cotton development 
Company, Cameroon 
Science Technology and Environment Agency 
Upland Research and Capacity Development Programme 
Vietnam Academy of Agricultural Science 
World Association of Soil and Water Conservation 
World Bank 
Willingness To Pay 
Wageningen University, the Netherlands 
Water Stable Aggregates 
Yunnan Academy of Agricultural Science, RPD of China 
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