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French Scientific Committee on Desertification

The creation in 1997 of the French Scientific Committee on
Desertification (CSFD) has met two concerns of the Ministries in
charge of the United Nations Convention to Combat Desertification.
First, CSFD materialises the will to involve the French scientific
community versed in desertification, land degradation, and
development of arid, semi-arid and sub-humid areas, in generating
knowledge as well as guiding and advising the policy makers and
actors associated in this combat. Its other aim is to strengthen the
position of this French community within the international context. In
order to meet such expectations, CSFD is meant to be a driving force
regarding analysis and assessment, prediction and monitoring,
information and promotion. Within French delegations, CSED also
takes part in the various statutory meetings of the organs of the United
Nations Convention to Combat Desertification: Conference of the
Parties (CoP), Committee on Science and Technology (CST),
Committee for the Review of the Implementation of the Convention. It
also participates in meetings of European and international scope.

CSFED includes a score of members and a President, who are appointed
intuitu personae by the Minister for Research, and come from various
specialities of the main relevant institutions and universities. CSFD is
managed and hosted by the Agropolis International that gathers, in
the French town of Montpellier and Languedoc-Roussillon region, a
large scientific community specialised in agriculture, food and
environment of tropical and Mediterranean countries. The Committee
acts as an independent advisory organ; it has neither decision-making
powers nor legal status.

Its operating budget is financed by subsidies from the French
Ministries of Foreign Affairs and for Ecology and Sustainable
Development. CSFD members participate voluntarily to its activities,
as a contribution from the Ministry for Research.

More about CSFD:
www.csf-desertification.org




MC benefits

for farmers

MCs can benefit farmers in many
D ways (plot and farm levels) that can be

measured in the short to medium term:
agricultural, environmental and economic impacts.

Multiple agricultural benefits...

Permanent plant-based soil cover has different agricul-

tural functions:

» Protection of the soil against water erosion through
the creation of a barrier to offset the force of rain
drops hitting the soil.

 Increased infiltration by not tilling the soil. Note that
ploughing causes the formation of a “tillage pan”
that hampers root growth and water percolation.
Moreover, the action of roots and bioactivity in the
soil improve the physical properties of cropped soil
(especially porosity) and thus water infiltration.

e Reduction of evaporation by plant cover and mulch,
thus reducing capillary upwelling.

* Reduction of soil temperature variations: plant cover
buffers thermal extremes.

» Utilization of deep humidity: roots of the “crop plant-
vegetation cover” unit gain access to deeper water
reserves because of the enhanced physical properties
of the soil.

e Creation of an environment that improves bioacti-
vity: input of supplementary biomass to serve as a
nutritional substrate, physical and water improvement
of the soil and thermal buffering are favourable to the
activity of bacteria, fungi and fauna (earthworms,
ants, arthropods, collembola, insect larva, etc.).

* Weed control: the vegetation cover stalls weed ger-
mination via canopy shade and often its allelopathic
properties (antagonistic biochemical secretions).

e Increased organic matter content in the soil (basis
of soil fertility): biomass input (above- and below-
ground) enables sustainable carbon fixation in the
soil by humification, thus indirectly contributing to
controlling the greenhouse effect.

e Enhancement of crop plant nutrition: slow
mineralization of fresh biomass throughout the
year by upwelling of minerals from deep horizons
(recycling) continuously nourishes crops and redu-
ces the need for supplementary fertilizer applications.

e« Enhancement of livestock nutrition: the vegeta-
tion cover can often be grazed by livestock in the
between-crop interval.

Cover plants are partially chosen for their strong root
systems that “shatter” the soil and trigger bioactivity.
This improves the efficacy of water and nutrient use,
and thus harvest volumes and regularity.

Some efficient cover plants include grasses (genera
Brachiaria, Chloris, Panicum, Sorghum, etc.) and
leguminous plants (genera Macroptilium, Stylosanthes,
Mucuna, Crotolaria, Cajanus, etc.). However, cover
plants can potentially be degraded by fires, grazing
herds, and sometimes termites (in Africa).

These drawbacks can be overcome by changing
scale, from the farm to the agrarian region, with
collective farms involving rational resource use,
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contractualization between the different stakeholders
(especially farmers and herders) to benefit everyone.
Cover plants associated with quickset hedges could, for
instance, improve herd management and reduce the
risk of herds grazing and trampling the crops.

...and major environmental advantages

This agroecological agriculture offers solutions to the

main short-term environmental challenges facing the

world, especially in sub-arid to sub-humid areas threa-

tened by desertification, through:

e erosion control, soil protection and cost-effective
fertility regeneration;

e the reduction of shifting agriculture and thus
deforestation;

 the reduction in water consumption for crop produc-
tion and for rainfed crops that can consequently be
grown in marginal areas;

DMC benefits for farmers

1. Roots of cotton plants in soil compacted to 20 cm depth
Cerrados, Brazil. CIRAD/Maeda Group partnership

2. Roots of a cotton plant in non-compacted soil
Cerrados, Brazil. CIRAD/Maeda Group partnership.

© L. Séguy

e the high fertilizer application and pesticide treat-
ment efficacy, thus reducing their pollution impact
and improving food quality and security;

e the buffering of the effects of water flows and the
reduction in flooding risks;

 the recovery of marginal soils abandoned because of
their very low natural fertility.

Some of these environmental benefits of DMCs have
been observed and assessed, while others are expec-
ted. In small-scale intertropical farming conditions,
these technologies are recent and still mostly in the
experimental phase. Moreover, we still do not have
sufficient experience on a large scale (e.g. in an entire
local region).
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And also substantial economic benefits for farmers!

DMCs are especially attractive to farmers from an
economic standpoint because of the very short-term
potential advantages (e.g. the reduction of work time
and laboriousness) along with more long-term benefits
(e.g. stabilization of crop yields). DMCs are accessible to
different categories of farmers, especially the poorest,
because they can be adapted to a broad range of diffe-
rent agroecological conditions, production methods,
and different levels of intensification.

Moreover, DMCs provide a valid and widely adoptable
way to boost agricultural sustainability that is com-
patible with organic farming (no chemical inputs). An
analysis of the economic advantages of DMCs should
take many factors into account on farmer, village com-
munity, country and global environment levels.

FORIK

DMC, soil fertility and biodiversity

The biodiversity of soils managed under DMC is associated with
its fertility. In fact, these two factors are mutually stimulated in a
positive feedback loop. As soon as the soil is no longer tilled and
is permanently protected from erosion and harsh climatic conditions
(hard rains, evaporation, excessive temperatures, etc.), and it is
no longer stressed by pesticide treatments, it becomes a living
agroecosystem, a veritable bioreactor, with a high level of bacteria,
fungi, arthropods, earthworms, larvae and pollinising insects, etc.
The interaction of these “soil engineers” enhances the soil structure
and aeration, humifies and recycles the organic matter, boosts
nitrogen fixation, phosphorus mineralization, thus boosting the
resilience of the system and consequently agricultural sustainability.

A fertile soil is a living biologically rich soil. The notions of
fertility, sustainability resilience and biodiversity in such soils are
tightly linked. Conversely, a degraded soil is in the process of
becoming biologically dead. Many conditions reduce the activity
and biodiversity of a soil, including: mechanical disturbances
(e.0. tillage), poor aeration, compaction (agricultural machinery,
overgrazing, etc.), waterlogging, erosion and a shortage of fresh
organic matter (to nourish bio-organisms), fires, sharp thermal
contrasts, an excess of pesticides, a lack of humidity and excessive
pH levels (less than 4 and above 9.5). When well managed, DMCs
are geared towards (in addition to economic objectives of course)
avoiding these unfavourable conditions as much as possible.

For farmers, it is essential to determine:

* What can be directly measured: the costs for purcha-
sing special equipment, seed and herbicides, etc., and
the benefits such as the reduction in work time, input
savings (fertilizer, pesticides, fuel) as compared to
conventional agriculture, as well as increases in crop
yields after 2-3 years.

e What can be indirectly measured: elimination of
erosion, buffering of harsh fluctuating climatic
conditions, enhancement of soil fertility, and better
interaction with livestock farming.

Very few survey results are currently available to assess
the direct and indirect economic benefits and costs.
However, quantitative data are available from DMC
experiments and practical implementations in different
developing countries such as Cameroon (cf. page 30)
and Tunisia.

Earthworm castings. Northern Cameroon.
© L. Séguy

Root systems (crop, cover, and weed plants) contribute to this
intrinsic biodiversity. These plants differ from season to season
and nurture the soil through their mechanical and chemical actions
(root secretions, decomposition/mineralization), thus benefiting
the microflora and mesomacrofauna. In addition to preserving
soil humidity and bioactivity, this bioactivity creates a favourable
physicochemical environment, enhances mineral assimilation and
creates a high volume of looser more aerated soil to be utilized
by roots. This microflora and fauna facilitate constant recycling of
minerals from leaf litter and dead roots, with minimum loss on the
surface and in the deep horizons. In the soil, DMC and biodiversity
thus closely interact and are jointly essential.
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Biample

Comparison of production
costs in conventional cropping systems
and under DMC in northern Tunisia

Fields managed conventionally were compared with fields under
DMC on two reference farms located in the northern zone (500-
700 mm rainfall/year) and in the southern zone (300-500 mm
rainfall/year), with cereal and legume crops grown on both
farms. The input cost was evaluated on the basis of market prices,
while tillage costs were assessed according to labour fees.
Mechanization costs (excluding tillage) were evaluated like the
tillage costs, or directly (cost of equipment per hectare according
to the life expectancy and the usage rate) or on the basis of the
direct equipment costs. The results were as follows:
= On the northern farm, durum wheat crop production costs
were 311 DT*/ha under DMC as compared to 353 under
conventional agriculture, so DMC performed 12% better;
= On the southern farm, durum wheat crop production costs
were 299 DT*/ha under DMC as compared to 309 under
conventional agriculture, so DMC performed 3% better;
= On the southern farm, DMC again performed 3% better with
respect to pea crop production costs.

These direct data are still not very convincing, but it is especially
important to add the range of other benefits of DMC: lower seed
drill depreciation expenses, sales of fodder or silage derived
from cover plants, cover plants grazed by farm livestock herds
(savings on livestock feed and/or fodder crops, improved herd
performance), conservation of biomass, which is returned to the
soil, thus increasing its fertility.

0ssary

Bioactivity: Effects, products and transformations resulting from
the activities of living organisms (micro-organisms, plants, animals,
etc.) in a given nutrient- and energy-deficient environment.

DMC benefits for farmers

1.Wheat sown on cereal crop residue. Tunisia.
2.Wheat sown on cereal mulch

(left, after sowing with a direct seeding drill;
far left, conventional agriculture with tillage).
Tunisia.

© J.F. Richard

DMCs enable Tunisian farmers to reduce production costs (reduced
diesel fuel consumption by an estimated 50-80 I/ha, or 20-30 DT*/ha,
and lower expenses for equipment and spare parts), to reduce
climatic hazards through the “buffering” effect of DMCs, restoration
of soils and their organic matter content, general enhancement
of the cropping system (especially through better integration of
livestock production), and increased potential for growing crops on
slopes and in so-called idle soils.

From Chouen et al., 2004

*1euro=1,7171 Tunisian dinars (DT), March 2007

Mineral recycling: Biological upwelling (through roots and
surface biomass) and reuse of soil minerals that would otherwise
be lost via runoff or leaching.
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Wlimulative effects
and services of DMCs
for landscapes

and communities

onsidering their recent development,

DMCs have yet to be adopted by all small-

holders within a catchment basin in

developing countries—this would however

be necessary to be able to assess the
impacts and externalities of these systems on a real
scale. This chapter just covers processes that could be
expected during such changes of scale. Cumulative
and interactive effects (positive externalities) could be
expected on local regional, catchment and landscape
scales once DMC practices are widely adopted. Some
functions and services handed over to local commu-
nities have monetary and social values that should be
evaluated by environmental economists.

Important indirect agro-environmental effects

The beneficial effects of improved soil water and crop ma-
nagement resulting from widespread use of DMCs would,
among other factors, concern:

B Settling agriculture: Shifting agriculture in semi-arid
and sub-humid areas, with slashing-and-burning of
the tree cover, can induce desertification when fallow
periods are too short to enable reforestation and soil
fertility restoration. Implementation of DMCs, which
combine crop production and soil fertility restoration at
the same site over the same period, would keep farmers
from wandering and consequently reduce deforestation.

B Woody plant regeneration: Cover plants used in DMCs
also provide good fodder. Widespread adoption of DMCs
would thus reduce stress on natural rangelands. In
addition to settling agriculture, DMCs could promote
settling of herders. Bush fires, which are traditionally
ignited to regenerate rangelands, would also be less
necessary, thus leaving woodlands and forests, along
with associated fauna, time to regenerate.

m Stalling erosion: Because of the permanent vegetation
cover and absence of tillage, DMCs reduce, or even eliminate,
erosion and runoff—key factors in desertification and soil
degradation. Rainwater also percolates better through DMC-
managed soils. One key expected impact thus concerns
downstream reservoirs and dams which are consequently
less affected by siltation of mud and sand. In the Mediterra-
nean Basin (North Africa), large-scale expensive anti-erosion
development projects, soil protection and restoration (DRS)
projects, and water and soil conservation (WSC) projects,
would thus likely no longer be necessary if catchments were
generally managed under DMCs.

ania.
© M. Raunet

B Flood prevention: For the above-mentioned reasons
(low, slow, delayed and dispersed runoff in watersheds),
the downstream parts of the landscape, depressions,
basins, low ground areas and lower parts of glacis, would
no longer be flooded. Local regions and inhabited areas,
which generally have a high production potential for
crops and grazings (vertisols, lowland hydromorphic
soils, etc.) would be better protected and less often
doomed by sudden water influxes.

B Rise in the water table: The increased overall water
infiltration in catchment basins has a very positive
impact on water tables embedded in the thick regolith
mantle underlying soils in intertropical regions, i.e.
leading to a substantial rise (of one to several metres).
The benefits are noted on several levels:

« Village wells are not as deep and are less conducive
to drying up.

e The more regular flows of lowland hydrological
regimes are beneficial for rice cropping, out-of-
season vegetable cropping and livestock watering.

e The shallow water table could partially be tapped to
feed “groundwater crops” such as rice and root and
tuber crops (yam, cassava, sweet potato, etc.).

22 Combating desertification through direct seeding mulch-based cropping systems (DMC)



Low ground areas supplied with water from runoff
and the rising water table. Fringe of palmyra palms
with a shallow water table (western Madagascar).

© M. Raunet

e The fringes that vary in width (20-200 m) along the
edge of low ground areas and depressions could also
offset the irregular rainfall conditions to the benefit
of tree crops in orchards.

e Stream flows would be more regular throughout the
year.

B Carbon sequestration: Biomass derived from DMC
crops (cover plants and crop residue) and from the
natural vegetation (expected woody plant regrowth)
generally increase on a territorial scale. In semiarid to
semi-humid savanna regions, DMC use and the elimi-
nation of bush fires would theoretically enable storage
of at least 0.5-1.5 t/ha of carbon per year over 10 yearsin
soils within agrarian territories. A high level of carbon
sequestration could be expected throughout the area by
combining DMCs, rangelands and regenerated forests.
A theoretical schematic calculation indicates that a
shiftfrom a degraded regional environment (traditional
crops, degraded soils and vegetation) to a “regenerated”
regional environment (an equal share of DMC, regene-
rated forests and rangelands) would increase carbon
contents by around 4.7 t/ha/year over 15 years.

Cumulative effects and services of DMCs for landscapes and communities

gicus

DMC and agrobiodiversity

Herd grazing on Brachiaria cover.
Cerados. Brazil.

© L. Séguy

The gene pool of crop plants and their biodiversity are declining
to a drastic extent as a result of the use of genetically modified
organisms (GMOs) and the specialization and uniformization
of intensive conventional agriculture in developed countries
(and in some Asian countries where the Green Revolution
is under way, e.g. in India and Pakistan). Many potentially
useful and invaluable genes adapted to various environments
are disappearing. This is a dramatic situation, especially at a
time when global warming will cause substantial degradation
of many environments to which humans will have to adapt.
Maximum biodiversity is needed to be able to deal with this
dilemma.

From a varietal standpoint, DMCs make it possible to effectively
utilize “genotype x environment synergies”. Many varieties
that are considered to be susceptible to certain pests under
intensive agriculture conditions are eliminated through
breeding, despite other advantages they offer (hardiness,
low fertilizer needs, etc.). These varieties are actually better
adapted and therefore much better protected or tolerant under
some microenvironmental conditions created by DMCs. Many
varieties could thus be rehabilitated and genetically tapped
in DMC, thus enhancing biodiversity. This also applies to the
diversity of cover plants (legumes, grasses, crucifers, etc.), which
are usually multifunctional (production of biomass, fodder, etc.).
Farms managed under DMC—with low input levels, and which
focus more on agronomic aspects and diversification than on
chemical inputs and monocultures—are systems that utilize
and create biodiversity, which is essential for enhancing
agroecosystem resilience.

In and around roots, the diversity of crop species and cover
species, between systems, promote the development of a high
variety of microorganisms that help to nourish plants (symbiotic
nitrogen-fixing bacteria, mycorrhiza, etc.). Schematically, DMCs
function and improve in a virtuous circle: they create fertility,
which creates biodiversity, which in turn creates more fertility.
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gicus

Protected areas: contribution of DMCs
to biodiversity conservation

DMCs can potentially have an indirect impact on wildlife
biodiversity by being integrated in agricultural schemes along the
periphery of protected areas that host large animals. These areas
are “porous” for wildlife and agriculture (usually slash-and-burn
farming). This cohabitation is usually conflictual—large animals
destroy crops, thus prompting farmers to kill them and, conversely,
agriculture destroys the environment and wildlife habitats (not to
mention poaching).

This situation could worsen with climate warming and the
concomitant negative impact on biodiversity. Such situations are
very common in Africa, where protected and peripheral areas are
often threatened by human activities. This is the case, for instance,
in areas classified of biological interest by the World Wide Fund
for Nature (WWF). These are not officially protected areas but
they still host a quarter of the large wildlife species that symbolize
Africa (elephants, white rhinoceros, giraffes, etc.). In southern
Africa, considering the high human pressure on the land, W\WF
has understood that settling and the sustainability of agriculture in
these regions are essential for preserving wildlife.

The Miombo woodland regions (typical of woodlands in southern
Africa) are considered marginal because of the poor soill
quality, low rainfall and the lack of interest of local authorities,
development and funding agencies. In these areas, the challenge
is to integrate agriculture on vegetation cover (often fodder),
herding with controlled bush burning and wildlife management.

Technicians o-f SODECOTON monitoring an
experimental field cropped with maize/mucuna.
Northern Cameroon.

© K. Naudin

Giraffes in Niger.
M.L. Sabrié ©IRD

This major challenge especially concerns all southern African
regions hosting large animals (from Angola to Mozambique, from
Tanzania to South Africa, through Zimbabwe, Malawi, Zambia
and Botswana).

DMCs help to settle agricultural land since bush fallows are no
longer necessary for restoring soil fertility. They can therefore
help in overcoming conflicts between proponents of biodiversity
conservation and agricultural production.

Indirect economic benefits of DMCs

B On local area (“terroir”), regional and country levels,
the benefits are positive externalities (not directly levied
by farmers) such as enhanced protection of catchments
and downstream works (dams, roads, bridges, houses,
etc.). These externalities are hard to evaluate from an
economic standpoint, since the benefits generally have
no market value. The costs for communities (or to share
with farmers) are expenditures for training, awareness
campaigns, coordination and extension, even external
technical assistance if required, follow-up research and
for improving services in rural areas (credit, markets,
supply systems, etc.).

B On aglobal level, DMCs help to curb the greenhouse
effect by increasing the carbon sequestering capacity of
the soil, enhancing biodiversity (fauna and flora, gene
reserves, landscapes) and economic activities.

24 Combating desertification through direct seeding mulch-based cropping systems (DMC)



Methods for assessing current externalities

Externalities should be assessed to determine the total
economic benefits of DMCs. The French Development
Agency (AFD) proposed a method in 2003 based on
previous studies, especially those of Paggiola et al.
(2005) and Pimentel et al. (1995). The different expected
positive externalities associated with widespread imple-
mentation of DMCs and which could be estimated on a
macroeconomic scale are as follows:

» Reduction of the impact of runoff and erosion: damage
associated with rising waters and flooding, disturbance
of aquatic ecosystems, disturbance of navigability, the
need for supplementary water treatment due to sedi-
mentation, loss of tourism and recreational interest.

» Reduction of the impact on water reservoirs (small
catchment ponds, small and large dams).

Methods for estimating these impacts involve
contingent assessments, transportation cost eva-
luations, measurement of supplementary protection
costs associated with sedimentation, measurement of
direct costs of flooding (destruction, habitat impacts,
land sterilization, etc.), measurement of the loss of dam
capacities and the resulting impact on irrigation and
hydroelectricity generation. The simplest method is to
use the following multiplication formula: “the cost of
theoretical dredging of a square metre of sediment x the
quantity of sediment avoided in DMC”.

Cumulative effects and services of DMCs for landscapes and communities

Runoff after heavy rainfall.
Béja, Tunisia.
©].-F Richard

Bample

Economic benefits from carbon storage:
a case study in Tunisia

A quick calculation gives the following results: DMCs enable
storage of 0.5 tonnes of carbon per hectare over a 20 year
period. If 60% of the fertile land in Tunisia is cropped under
DMC (3 million ha), and if the cost of international damages
per tonne of emitted carbon is estimated at USD20, then the
adoption of DMC in Tunisia would represent an international
non-updated profit of USD600 million over 20 years (10 x 3 x
108 x 20 years).

Considering that DMC adoption leads to a 40% reduction in
agricultural carbon emissions, and assuming that this represents
40% of the carbon emissions in Tunisia, and knowing that
this country emitted 2.6 t of CO,, per capita per year in 1994
(around 10 million inhabitants), the total international profit
would be USD21 million in 2003. Without updating, this
represents USD462 million over 20 years!

From Richard, 2004.
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Other externalities could also be assessed, such as:

B Reduction of surface and groundwater borne input
pollution: note that DMCs ultimately enable farmers
to reduce pesticide use through better pest control by
cover vegetation and integrated control. Methods used
to assess this impact involve evaluating fertilizer and
pesticide transfers from the field into the water column,
the impact of DMCs on input quantities used, and the
economic cost of the pollution caused. It is essential to
rigorously measure all fertilizer and pesticide quantities
used, along with all resulting pollution, both locally and
elsewhere, while pricing the economic damage caused
by this pollution. To further complicate this operation,
there are many other hard to measure impacts due to

gycus

Two methods for economic assessment
of environmental assets

B The transport cost assessment method (or transportation cost) is
an indirect way of economically assessing an environmental asset.
An economic stakeholder may need to consume marketable goods
when using an environmental asset. The value of this asset could
thus be determined on the basis of this measurable consumption.
For instance, a stakeholder will consume petrol to reach a distant
forest to be monitored, so this fuel cost is thus recorded.

=

Flood in a field
after a storm. Mali. f

© M. Raunet

input use (ecological, socio-cultural, recreational, and
direct economic damage). The cost of treatment avoided
by the implementation of DMCs could nevertheless be
calculated by the following multiplication formula: “unit
cost x avoided quantity of each pollutant”, while adding
an estimate of the associated health impacts.

B Water table recharge and the regulation of stream
water flow induced by DMC use are hard to evaluate.
Indeed, how can the value of this water that becomes
available through DMC use be determined? Perhaps by
taking the water opportunity cost into account, i.e.
evaluating quantities stored in the rainy season due to
DMC use, and subsequently available for human and
agricultural use in the dry season.

B The contingent assessment method is a direct way of
economically assessing an environmental asset. It involves
conducting surveys of economic stakeholders to determine the
price (or expenditure) they are ready to pay to improve and
benefit from the quality of a service provided by an environmental
asset or to rectify a quality degradation of this asset.

26 Combating desertification through direct seeding mulch-based cropping systems (DMC)



B Reduction of damage to downstream infrastructures
(drainage networks, bridges, roads) through widespread
adoption of DMCs is also hard to quantify. Some mone-
tary assessment methods are still possible, e.g. the risk
of a road outage occurring can by assessed by the fol-
lowing multiplication formula: “total cost of an outage x
lower probability of this occurring because of DMC use”.
Moreover, DMC use leads to savings on construction
and maintenance costs concerning drainage networks
and structures. The reduction in runoff due to DMC
use leads to a reduction in the number of structures
necessary and in their size. Infrastructure maintenance
savings expected with widespread adoption of DMCs
can be calculated on the basis of unit maintenance costs
incurred by a certain quantity of water and eroded land
in the area.

B Biodiversity and the natural environment: It is es-
sential to distinguish between the biodiversity in the
soil, that in the “replacement soil”, and that in aquatic
systems:

e Soil biodiversity is promoted by not tilling the
soil, a key agronomic feature of DMC (increasing
the number of species and of individuals per spe-
cies). The reduction in pesticide and herbicide use
ultimately expected with DMC adoption also has a
positive impact on biodiversity enhancement.

Bdample

Economic benefits and DMCs:
a case study in Tunisia

For the community, DMC adoption is expected to lead to an increase
in agricultural added value, as well as a reduction in petroleum fuel
consumption (due to the elimination of tillage) and in expenditures
for equipment and spare parts. In the longer term, widespread
adoption of DMCs could lead to a reduction in costly conventional
anti-erosion water and soil conservation practices (estimated at 400
DT/ha*). The water table recharge and reduction in mud silting of
dams and risks to infrastructures are also potentially beneficial for
the community.

DMC implementation has four effects on field carbon levels:
elimination of carbon release generally triggered by tillage,
reduction of emissions associated with fuel consumption, increased
carbon storage due to the higher organic matter content in the soil,
and better carbon sequestration in the soil due to a reduction in
surface erosion. With a tonne of carbon estimated at USD10**,
storage of 14 t/ha of carbon over 10 years by DMC adoption,
a 200 ha farm would potentially achieve a profit of 28,000 DT*,
i.e. the amount needed to purchase a specialized seed drill.

Cumulative effects and services of DMCs for landscapes and communities

* Biodiversity of “replacement soil”: farmers may
clear new land in forested areas when their fields
are too degraded (slash-and-burn agriculture).
Indirectly, DMC use tends to induce farmers to
settle since this cropping system substantially
improves soil fertility. This in turn helps to stall
deforestation, thus contributing to biodiversity
preservation.

e Aquatic systems are degraded by inputs and
sedimentation. DMC use should help to preserve
aquatic biodiversity by reducing the volume of wa-
terborne inputs and sedimentation.

Biodiversity can be considered in terms of three values:
a usage (or functional) value, an esthetic value, and a
sociocultural value. The usage value can be estimated by
measuring the biological quality of the soil and aquatic
systems (including fish resources and market prices).
The esthetic value can be assessed through impact
studies on the loss of tourism and recreational interest
of sites on the basis of a contingent assessment or the
transportation cost assessment method. By this latter
method, however, the “consent to pay” is hard to measu-
re in developing countries. The sociocultural value can
be estimated through a contingent assessment. Quanti-
tative data, especially from fauna and flora inventories,
are required to carry out all of these assessments, but
unfortunately such data are seldom available for areas
affected by desertification.

k.

Expensive construction of soil protection and
restoration bench terraces that are relatively
inefficient and reduce the cropping area.
Goubellat region. Tunisia.

© S. Chouen

From Chouen et al., 2004.

*1euro=1,7171 Tunisian dinars (DT), March 2007
** As part of the market for carbon emission rights set out
in the Kyoto Protocol.
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What is the purpose
of the Clean Development Mechanism?

The Clean Development Mechanism (CDM) is one of the
financial instruments of the Kyoto Protocol of the United Nations
Framework Convention on Climate Change. It offers developed
countries, or economic stakeholders of such countries, the
possibility of boosting their greenhouse gas emission quota
by implementing emission reduction projects or carbon
sequestration projects in developing countries.

B Carbon sequestration: DMC projects are often inte-
grated within climate change projects with a broader
scope. DMC implementation can actually boost carbon
storage. Moreover, the adoption of the United Nations
Framework Convention on Climate Change (UNFCCC)
by the Conference of the Parties (COP7) expanded the
notion of “carbon sinks” to cropping systems. Within
the framework of the Clean Development Mechanism
(CDM), “sink” projects can be launched and funded by
developed countries to meet their own obligations, but
the practical procedures have yet to be delineated. The
mean relative carbon storage via DMCs ranges from
0.5 to 1.5 t/ha/year. Globally, DMCs could reduce agri-
cultural carbon emissions by 40%. The economic impact
then depends on the market price of carbon, but could
be estimated at around USD10 per tonne. The World
Bank has estimated the cost of international damage per
tonne of carbon emitted at USD20*.

Several problems arise concerning monetary assessment
of externalities: understanding the phenomenainvolved
and taking them all into account, especially the off-
site effects, the scarcity of available quantitative
data, the difficulty in evaluating reference situations
and the “initial state”, the difficulty in generalizing
experimental results ad hoc (it is essential to be able to
verify the results statistically, which is not yet possible).
Quantified estimates for each of these points are hard
to sum up. For instance, in the Tunisian setting, the key
benefits of DMCs include the reduction of erosion and
runoff, thus reducing mud silting of dams (0.1% of the
GDP according to a World Bank study), the reduction
in stream sedimentation, and the hydrological impact
(water table recharge, stream regulation). The potential
carbon sequestration benefits were roughly estimated,
but benefits concerning water quality and biodiversity
are much harder to quantify.

* World Bank, 2003. Evaluation du co(t de la dégradation de I'environnement - = A sheep herd grazing on durum wheat crop residue.
en Tunisie. Washington. s - Mateur, Tunisia.

© J.F. Richard
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Externality: This is the positive or negative consequence
of the activity of one or several economic stakeholders on
other economic stakeholders and which the market does
not take into account. One typical example is an industrial
company that freely emits toxic smoke into the atmosphere
that has detrimental effects on the health of other economic
stakeholders, who in turn pay the cost.

Off-site effects: These are effects noted remote from the
sites where DMCs are actually being implemented, e.g. the
reduced quantities of sediment transported by rivers outside
of the catchment in which DMCs prevail—this is a positive
4 off-site effect (or “positive externality”).

Opportunity cost: This expresses what an economic
stakeholder loses when making a choice, i.e. the value cor-
responding to the unchosen option.

Slash-and-burn agriculture: Shifting agriculture in
intertropical forest ecosystems. Recurrent clearing and bur-
ning of the forest for the purposes of cropping for 2-4 years,
followed by bush fallows for a varying period (around 10
= years or more) to enable soil fertility recovery, followed by a
cropping cycle, and so on.
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guur years of participative
experiments with farmers

on DMC cotton crops in northern Cameroon

DVICs at SODECOTON
(Société de Développement du Coton au Cameroun)

HIGERIA

CHAD

Map of the northern -
and extreme northern provinces of Cameroon .

Since 1994, SODECOTON, through DPGT (Développe-
ment Paysannal et Gestion de Terroir) and ESA (Eau-
Sol-Arbre) projects, has been increasing its use of soil
fertility maintenance techniques in cotton-growing
areas of northern Cameroon (Sudanian savanna region
with annual rainfall ranging from 600 mm in the north
to 1,200 mm in the south). This region is highly affected
by severe erosion and land degradation. These tech-
nigques mainly involve anti-erosion structures (grassy
strips, stone windrows, canal reaches, etc.), preserva-
tion of Acacia albida and promotion of organic manure.
DMCs have been tested since 2001 as an alternative
to these initiatives, with the 2001-2005 period serving
as the technical development phase. More than 200
farmers have currently tested DMCs in their fields.

Development of cotton-cereal based DMCs

Farmers in northern Cameroon commonly use cotton-
cereal rotations, so the first DMCs were based on this
crop combination. In the first year, the cereal crop
(sorghum/maize/millet) is intercropped with a cover
plant (Brachiaria ruziziensis, Mucuna pruriens, Dolichos
lablab, Crotalaria retusa, Vigna unguiculata). Such
associations enable farmers to increase biomass
production by twofold in their fields. The biomass
produced is left in the field or partially grazed by
livestock. It then serves as mulch for the subsequent
cotton crop the next year.

gicus

DMCs in northern Cameroon:
how does it function?

Two types of DMC are generally being tested in northern
Cameroon:

B Biomass production every other year

Year 1 Year 2
. Rainy season Dry season » Rainy season

.3

Cotton on dead cover
Better water savings
Weed control

Erosion control

Soil covered
by mulch
Protection against
high temperatures

Cereals + associated
plants
Seed production
Straw production
Soil restructuring

< Advantages: adapted to areas with low rainfall, corresponds to
conventional cereal-cotton crop rotations.

= Drawbacks: the vegetation cover must be protected if grazed by
livestock.

B Biomass production during the same year as the
main crop

A vl ol odalstol N0
-

.3

Straw produced is mowed
and herbicide-treated

Main crop on dead cover
Cotton, maize, groundnut, cowpea, etc.

Straw production
Sorghum, millet, Rottboellia, etc.

< Advantages: the plot does not have to be protected between
seasons
= Drawbacks: requires a 6-month rainy season and herbicide
treatments.

From Séguy et al. modified.
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orthern Cameroon.

With tillage. Yield 700 kg/ha
Bare soil: runoff and erosion
50% rainfall loss.

© M. Thézé

Cotton in northern Cameroon.
Direct seeding on vegetation cover. Yield 2,100 kg/ha. .
Well covered soil, no erosion, good water regime.

© M. Thézé




How are the trials conducted?

Farmers’ fields are generally a quarter hectare in size.
They divide their fields into two, three or four subplots
and test DMC on one of them (200-1,250 m?), with the
others cropped conventionally. All work is done by the
farmers. The project provides advice when needed,
along with herbicide spraying equipment with caches
(for spot spraying).

Equivalent or slightly higher yields

From 2001 to 2005, in the extreme northern region of
Cameroon, where the drought is most common and
intense, DMC cotton plots produced around 1.4 t/ha,
as compared to 1.16 t/ha in conventional plots (as
measured in more than 130 plots during the 2001, 2002,
2003, 2004 and 2005 crop seasons). This yield gain was
mainly due to better infiltration and reduced rainwater
evaporation. Cotton fibre quality enhancement could be
expected in addition to these quantitative gains.

Farmer's field under DMC. Cotton cropped
on mulch from the sorghum crop

grown the previous year.

Northern Cameroon

© K. Naudin

Number of plots
&0 = A8

33

% ' 1405 .
| DG 10 % + 10 % -

Yield difference classes (%)

Distribution of plots according to differences in
sorghum yields between the DMC and control parts (%)

2001/2002/2003/2004 crop seasons, 123 plot pairs
10% + 50%: yields over 10-50% on the 33 DMC plots.

Comparison of cotton yields obtained under DMC and in the control (conventionally managed) plots
Means for the 2001 to 2005 crop seasons in the northern and extreme northern provinces

From Naudin & Balarabe, 2006.

Mean yield Number Mean yield Number

(kg/ha) of plots (kg/ha) of plots
Extreme North 1,421 139 1,164 134
North 1,689 66 1,510 66
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Comparison of cotton yield components in fields under DMC
and in the control (conventionally managed) plots.

2004 crop season, northern and extreme northern provinces, Cameroon
From Naudin & Balarabe, 2005b.

Province System Seed Plants/ Bolls/ Boll Yield N°
holes/ha seed hole plant weight (g) (kg/ha) sub-plots
Extreme Control 26,402 1.89 6.32 4.66 1,468 32
North
DMC 2155 1.83 6.58 5,337 1,776 34
North Control 19,655 1.43 12.37 5.28 1,837 16
DMC 21,176 1.48 12.22 5.20 1,988 ilis)

Scarce rainfall percolates better through the soil

In conventional cropping systems in the extreme nor-
thern region, rainfall is very often a yield-limiting factor
for cotton and other crops. Moreover, the scarce rainfall
often does not percolate through the soil due to the soil’s
natural tendency to form a crust on the surface. This
tendency may be worsened by conventional cropping
techniques that leave the soil bare at the onset of the
rainy season. Raindrops hitting the soil promotes
crusting.

DMCs overcome this phenomenon due to the presence
of mulch on the soil surface and the intense bioactivity
in the soil, which in turn substantially enhances water
infiltration. For instance, measurements were carried
out in the experimental site at Zouana (extreme north)
and in three neighbouring plots between 29 June and
2 September 2004 (397 mm total precipitation). In the
conventionally managed plots (direct seeding without
cover and with tillage), more than a quarter of the
rainfall was carried away via runoff. This quantity was
10-fold lower in the DMC plots. Out of almost 400 mm
of rainfall, 100 mm were thus lost with conventional
cropping techniques, whereas almost all the rainwater
that fell in the DMC plots infiltrated the soil.

Quantity of runoff water
in three types of plot cropped since 2002

From Naudin et al., 2005a.

Type of plot Quantity of
water lost (mm)

Tillage

. 95*
(no vegetation cover)
Direct seeding only 106*
(without tillage or soil cover)
DMC (without tillage and with 10
vegetation cover)

* Quantity underestimated.

High agricultural and economic impacts

DMCs also have long-term effects such as improving the
organic matter level, reducing erosion, enhancing soil
fertility and reducing weed stress.
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Weed infestation patterns from cotton emergence to harvest
Measured in 50 plots in the northern

and extreme northern provinces, Cameroon

DAE: days after emergence

The median was calculated (not the mean)

From Naudin et al., 2005a.
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Farmers also seek short- and medium-term economic
benefits. There are significant differences between
conventionally managed plots and DMC plots, e.g. less

working time, lower production costs, etc.

Gains in DMC plots Added costs

Reduction in working time due
to the elimination of some tasks:
= Ploughing

= Ridging

= Weeding (if there issufficient
mulch)

= Herbicides for spot treatments
(only if there is not sufficient
mulch)

= Urea (50 kg/ha) during

the first 3 years if the mulch

is composed of grasses

(unnecessary if based on
leguminous plants)

The overall results are generally in favour of DMCs, in
terms of net income per hectare, number of working days
per hectare, and productivity per working day.

Comparison of key economic indicators in fields under DMC
and in the control (conventionally managed) plots

2004 crop season, northern

and extreme northern provinces, Cameroon.

From Naudin & Balarabe, 2005b.

DMC Control N° plot
pairs

Net income/ha 301 205 a1
(euros)
Working days/ha 101 109 o8
(man-days)
Productivity per day
worked by farmer
or farmer’s family 3,53 2,28 22
(euros/working
day)

Cotton cropped on mulch (Brachiaria and sorghum,
right) and without mulch (control, left). Soil moisture
was better preserved in the part managed under
DMC. Northern Cameroon.

© K. Naudin

An ongoing project

Conducting on-farm tests is very interesting because it

enables researchers to quickly get farmers’ opinion on

the techniques being developed for extension. At the

end of these 4 years of on-farm tests, the focus is now on

dissemination and on the farm supervisory staff. From a

research standpoint, the following topics have yet to be

investigated in detail:

« fertilization tailored to the cover plants used in the
rotation;

 herbicide treatments to reduce the workload in the
most weed-infested plots (northern province) when the
mulch layer is insufficient;

« biomass production the same year as the cotton crop by
benefiting from the first rains of the season.

- Herders visiting an experimental plot.
2+ This fodder species (Stylosanthes hamata) can also be
i used as live cover under DMC.

Northern Cameroon.

© K. Naudin
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Agriculture, herding and DMC:
it is sometimes hard to balance conflicting
interests in Sudano-Sahelian regions of Africa

Agriculture and herding have long been described as the
two mainstays of rural development, but they are often hard
to integrate in many small-scale family farming situations in
the South. Ethnic considerations (some ethnic groups practice
farming and others herding) are tied in with competition for land
or antagonistic management of available biomass (e.g. herders
often ignite grass fires to promote regrowth while farmers try to
preserve the vegetation). This situation can become conflictual
when there is excessive pressure on available resources. \When
presenting DMCs at meetings in areas where both farming and
herding are practiced, local people often point out that such
systems could not be developed due to competition for biomass
(cover plants) during the dry season. Why can’t these two
activities be complementary rather than conflictual?

In many situations, a farmer who manages to obtain a herder
status achieves social advancement and is guaranteed a new
source of more regular income. There is little chance that
smallholders close to self-subsistency will decide to preserve
cover vegetation within a DMC framework since everything
that is grown on the farm must immediately generate income
or food.

In this setting, it is possible to grow food crops or associations

that will enable farmers to produce seed that will be exported

from the field and biomass that will serve as cover. A range

of interesting cover plants can be used under DMC which are

able to produce biomass, grow under harsh conditions, smother

weeds, etc., but they will not generate income or produce food

for the farmer’s family. It is essential to find ways to promote this

biomass production, and livestock feed is often the best way:

= feeding one or several animals during the biomass growth
phase;

= grazing or even overgrazing of a cover plant to weaken it
before sowing the main crop;

= mowing and storage of part of the biomass as hay or silage
and then selling or using it for livestock feed during the dry
season.

% Sheep feeding on (Brachiaria ruziziensis)
from a DMC field.
Northern Cameroon.

© K. Naudin

Farmers could profit from this biomass by, for example, selling it
to periurban livestock farmers during the dry season, or using it
to feed sheep before Muslim festivals. In some cases, this could
turn out to be much more financially rewarding than marketing
the seed produced, especially in areas like North Africa where
straw often has more value than seed crops. In the region of
Bobo Dioulasso, Burkina Faso, women’s groups sell fresh silage
for 70-100 CFA francs (0.1-0.15 euro) per kilogramme.

Interactions between agriculture and herding can be
reconsidered through the use of cover plants in DMC, while also
focusing on developing new systems. The rules and conditions
for managing produced biomass must be determined, along
with the share that can be used for livestock feed and the
portion which should be left in the field to serve as cover (what
plant, type of management, use and best combination with the
main crop?). This is a major issue to be addressed by agronomy
and livestock production researchers. DMCs could turn out to be
suitable for integrating herding and crop farming and orienting
the system towards useful biomass production, thus reducing
competition between farmers and herders for biomass.

Four years of participative experiments with farmers on DMC cotton crops in northern Cameroon B85



MC: a promising

approach for combating
desertification?

atural and human-induced processes

underlie desertification. In the 21 century,

climate change and population patterns

will likely accelerate these mechanisms
and broaden the range of areas affected by desertifi-
cation, especially in Africa. Farmers in inter-tropical
regions are going to have to adapt to these harsh con-
ditions prompted by climatic variations, water stress
and erosion phenomena. This will require new farming
systems designed especially to enhance agroecosystem
protection, production and resilience, i.e. resistance to
both natural and human-induced stress.

Desertification affects vast areas and is one of the
processes associated with global warming. Biodiver-
sity preservation and/or enhancement is thus crucial
to increase the resilience and thus the sustainability
of agroecosystems, and consequently to facilitate their
adaptation to continual change. These biodiversity
initiatives should be focused on different scales, from
soil microflora and fauna to forest ecosystem preserva-
tion. They should also promote inter- and intra-specific
agrobiodiversity of agrarian systems: crop rotations and
diversification, mixed covers of plants with different
but complementary properties and functions, and
utilization of a range of genetic resources, including
traditional resources.

Direct seeding mulch-based cropping systems (DMC)
meet all of these requirements, while also providing
several other direct benefits for farmers (labour savings,
improvement of soil fertility, etc.). In addition, these
systems have many positive external effects (concerning
water, biodiversity, economic factors, etc.), on different
scales (farm, “terroir”, catchment basin, regional and
national community, global), such as increased carbon
sequestration, which means they also contribute to
combating the greenhouse effect.

Meeting of technicians and farmers involved in DMC
(exchanging views on management strategies).
Northern Cameroon.

© K. Naudin

DMC systems are relatively easy to plan and implement,
but are somewhat complex from a technical standpoint,
so disseminating them to farmers can be problema-
tic: investment in training is therefore crucial. This
training should be continuous, specifically qualified
and targeted to all stakeholders, from farmers to
policy makers, including farmers’ organizations,
technicians, teachers, students and agronomists.
This means changing traditional, psychologically and
culturally deep-seated attitudes, and modifying
seemingly perpetual ways of thinking.

This new paradigm implicates many structures and
institutions within and beyond the agricultural sector
that must provide assistance to farmers on this new
and clearly revolutionary farming strategy. Such a
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profound change in family farming will be slow in
developing countries, but still possible, as indicated
by the promising results obtained over the last 15 years
or so.

Following the projects carried out by CIRAD and
Southern partners since 1990, under many different
ecological conditions (Brazil, Madagascar, Gabon,
Céte d’lvoire, Vietnam, etc.), the French Development
Agency (AFD) and partners (French Global Environ-
ment Facility, FGEF, and the French Ministry of Foreign
Affairs, MAE) have been clearly and jointly committed to
promoting this new strategy (Laos, Tunisia, Cameroon,
Mali, etc.).

DMC: a promising approach for combating desertification?

gicus

The living soil: the focus of climate change,
desertification and biodiversity concerns

The soil is a loose fragile material that “coats” emerged land
worldwide—it is a vital resource for humanity as it is the
foundation of agriculture and thus nutrition. It is a precious
capital and heritage for everyone, including societies, citizens,
farmers, etc. The soil, along with water and the climate, is a key
component of terrestrial ecosystems that we live in and belong to.
It usually takes millions of years for a soil to become a naturally
fertile living substrate for agriculture. As an ecosystem, the soil
is the core and first link (metaphorically, of the “food chain”?) of
large-scale terrestrial ecosystems and agroecosystems that form
on, around and thanks to it. The soil, when it functions efficiently,
is at once a “bioreactor”, filter, substrate, nourishing recycling
medium, water supply and buffer against external stress.

Organic matter is obviously a basic component of the soil
because it is a structuring and porosity agent, as well as a
nutrient and energy source for its biodiversity (microflora, meso-
macrofauna, plants, etc.), while ensuring the resilience and
functions of the soil ecosystem. However, this fresh moist organic
matter is supplied (in quantity and quality) by the natural and
agricultural biomass that returns to the soil. The best that can be
done to protect, maintain and improve the quality of a cultivated
soil is to keep it permanently covered, to never till it, and to
supply it with the most diversified biomass possible. These are
the main agroecological principles. This management strategy
will enable the soil to produce cost-effectively, while maintaining
a sustainable agroecosystem.

Conversely, if farming practices are not changed, soil
degradation usually leads to desertification of ecosystems,
wasted rainwater, loss of biodiversity and resilience against
stress related to pending climate change. This is why the soil is
the key common element of current global concerns, which are
the focus of three important international conventions (climate
change, biodiversity, combating desertification). DMC adoption
and dissemination would be one of the best ways to sidestep this
impending catastrophe.
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Abstract

Water and soil are the first links of the food chain of ecosystems, and these
components in turn nurture the soil with their biomass. Desertification
affects both of these key components with a series of consequences that
ramify throughout the entire ecosystem, which thus becomes vulnerable,
loses part of its biodiversity and hence its resilience and functions.

These degraded ecosystems are no longer able to provide stakeholders—
especially farmers—with resources and services. Farmers are then forced
to overutilize the environment, thus further worsening the desertification
process. What could be done to offset this desertification spiral at local
and then at higher global scales?

Research and development on cropping systems such as direct-seeding
mulch-based cropping systems (DMC) means at least partially meeting
this challenge, and then disseminating this technique in Southern
countries during the 21 century. DMC is a highly innovative system,
central to conservation agriculture and agro-ecological practices. It
involves no-till cropping and provides permanent soil protection with
both crop residue and companion crops, through crop combinations,
yearly sequences or rotations.

Keywords: Desertification, water, soils, resilience, DMC, direct-seeding mulch-based
cropping systems, direct seeding, vegetation cover, biodiversity

Résumé

Leau et le sol sont les premiers supports de la chaine alimentaire des
écosystemes qui, en retour, par leur biomasse, alimentent le sol. La
désertification touche ces deux composantes primordiales, sols et eaux, avec
des effets induits sur 'ensemble de I'écosysteme qui devient alors vulnérable,
perd de sa biodiversité, donc de sa résilience et de ses fonctions. Ces
écosystemes dégradés ne sont plus capables de fournir des ressources et de
rendre des services aux hommes, et particulierement aux agriculteurs. Ces
derniers doivent alors surexploiter le milieu, renfor¢ant ainsi les processus
de désertification. Comment contrecarrer une telle spirale, d’abord
localement, puis globalement, a des échelles supérieures ?

C’est le challenge que prétend relever, du moins en partie, la
recherche-développement sur les systemes de culture en semis direct sur
couverture végétale permanente (SCV), puis leur diffusion dans les pays du
Sud, au cours du 21°™ siecle. Les systemes SCV sont des systemes de culture
tres innovants situés au coeur de l'agriculture de conservation et des
pratiques agro-écologiques. Ils permettent de cultiver sans travailler le sol et
assurent une protection permanente de ce sol grdce a des résidus de récolte
et a l'introduction de couverts végétaux additionnels, en association, en
succession annuelle ou en rotation avec les cultures principales.

Mots clés : Désertification, eau, sols, résilience, SCV, semis direct,
couverture vége’tale, biodiversité
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