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Abstract

Areas permanently cultivated under DMC systemsg®iseeding mulch-based cropping systems,
which are part of the family of practices knownCGamnservation Agriculture) have increa
remarkably in Latin America over recent decadesghiang around 50% of total cropped area in
Brazil, Paraguay and Argentina. These systems lbeee developed to counteract

degradation and to achieve more sustainable gragtuption. Under tropical and sub-tropical
conditions the efficiency of such systems increag#s the introduction of multi-functional cover
crops growing in rotation with the main commerdcigdps or whenever climatic conditions are too
risky for planting a commercial crop. The introdantof cover crops leads to a better utilization
of available natural resources throughout the yeare biomass production, permanent soil
protection and higher organic restitutions to thié ®§MC systems also offer environmental,
economic and agronomic advantages to farmers. Nmless they are quite complex systems and
their adaptation to specific local constraints aondditions is not straightforward, especially in
the case of smallholder, resource-limited agriaelt&pecific approaches have been desii

based on systemic and participatory research piaxsito create, adapt and disseminate these
systems among farmers by working mainly under &éauming conditions. The active
participation of farmers and their organizationflisdamental at all stages, as well as th

other key stakeholders of the agricultural sedtarmers, researchers and their key partners still
need to meet several challenges to further incritessuccess and large-scale adoptabil

DMC systems. These include understanding and eiiatite underlying biological processes,
creating DMC systems less dependant on chemicasternal inputs, as well as fitting these
systems for conditions of close interactions betwagriculture and livestock production. Tk

last two challenges are especially true for snadlesfarmers operating in marginal environme
Also, the knowledge and experience about DMC systeimctioning, creation and managemnr

and about adoption stories, needs to be betteersgsized and made available througt
development of synthetic tools such as data bdyesmic models and global indicators of DMC
system functioning and impact, as well as throughaaced networking among the diffel
stakeholders. Putting together these various piwidkfacilitate the conception and
implementation of new projects aiming to enhance@alaptation and adoptit

Media summary

Direct seeding mulch-based cropping (DMC) systerascarrently adopted on large aree
Latin America to obtain a sustainable productiograiin, increasing agronomic, economic and
environmental efficiency.
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Introduction

In the humid tropics and sub-tropics, the climatadgressive, soils are frequently deficie
nutrients and very susceptible to erosion, androcgaatter mineralization rates are usually t
In this context, the application of conventiondate techniques similar to that in us
temperate countries neither ensures sustainablagearent of agrosystems nor makes
cost-effective. In Brazil for example, the use odploughs for growing major crops such as
soybean or cotton has induced catastrophic saliaranly 10 years after cultivation was
initiated in the Cerrados region (the savannahystes) of central Brazil), with the loss
30-50% of soil organic matter stocks. Under conesratl systems, the yield potential of
corresponding soils has consequently declined tiedp increased use of chemical inputs
the replacement of monocropping by crop rotati®eg(y et al. 1996). Furthermore, farmers
from developing countries usually face severe cairgs such as important climatic risks and
uncertain economic conditions linked to globaliaatand low levels of subsidies for agricult
Under such conditions, farmers urgently requireanesilient and less risky production syst
involving lower-cost technologies which at the saime offer higher, more stable productivity
and profitability
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South American farmers, with the active collabamatf agronomists and other key actors o
agricultural sector, have developed over the pacades new cropping systems respondi

part to these requirements. These new systemshwnécpart of the wider family of practices
known as Conservation Agriculture (CA), are basecdao-tillage, permanent soil protection with
vegetative mulch and direct seeding through themuwReferred hereafter to Direct seet

Mulch based Cropping systems (DMC), these systeaws proved to be essential

implementing in practice the principles of sustaieacrop production (Benites et al. 2003; Séguy
et al. 2003). This paper gives an overview of DM&tams and their status in Latin America by
analysing their efficiency, some of the basic fexteehind their recent success and the remaining
challenges to be faced in the near future in crménprove further over the current situat

Evolution of DMC systems in Latin Americ

DMC systems have been widely adopted in the lasetdecades throughout the world, r
notably in countries such as the United StatesCGamtada, Australia but also in Brazil i
Argentina, reaching an estimated area of 72 miltientares worldwide (Derpsch and Ber
2003; Benites at al. 2003). In the case of Soutleraa, adoption has accelerated conside
over the last fifteen years. In Brazil for examples area under DMC has increased from less
one million of hectares in 1990 to around sixteéltions in 2003 (FEBRAPDP 2003). DV
systems now account for about 45% of all croplare@sin Brazil, 50% in Argentina, and 609
Paraguay, higher than anywhere else in the w

Recent data from Wall and Ekboir (2002) show howévat small-scale farms represent or

small proportion of the overall area under DMC (€ab). This is in part because smallhol
possess restricted access to land and to equimdrdrea per farm is very small in si

countries (Ghana, Bangladesh or Paraguay). Uniilnezently, Southern Brazil and Paraguay as
well as specific areas of Meso America are the ogdjyons where significant number of farmers
have adopted DMC systems, as a result of systema#stments in research and development
specifically for smallholders by the government atiter key stakeholders (Brazil, Paraguay), or
because these types of systems were already orzaliin the area (Meso America). The sys

used are quite different among countries and dmecgssarily represent similar intensit
application of Conservation Agriculture principlés.areas such as the Indo-Gangetic plains, or in
the irrigated plains of Central Mexico, only one&leyout of the 2 yearly cropping cycles is
planted under no-tillage, but residues from theipres crop are usually removed (Hobbs

Gupta 2002; Jourdain et al. 2001a). Conversel@razil and in Argentina, many farmers have
shifted permanently to no-tillage and maintain 4b#& covered on an almost permanent basis
(Denardin 1998; Ribeiro 2001): therefore, thes¢esys qualify as DMC syster

Table 1. Areas under CA and DMC systems on small fins in different countries in
2001/2002

Country Area (ha) N° of farmer: Area/farm (ha)
Brazil 173,000 38,000 4.55

India 130,000 26,000 5.00
Pakistan 80,000 5,500 14.55
Ghana 45,000 100,000 0.45
Bangladesh 10,000 30,000 0.33
Paraguay 6,000 2,300 2.61

Source: Wall and Ekboir (20C

Key underlying principles for efficient DMC systenis the
tropical and sub-tropical environments of LA

While CA systems include very diverse combinatiohsonservation tillage, soil protection and
crop rotations, DMC systems for their part are asethe rather strict, simultaneous application
of these same key principles, ensuring the oveaglcity of these systems to optimize natural
resource management in the short and long termtcapibvide satisfactory crop production year
after year.

No tillage

In DMC systems the soil should ideally never beledt or as little as possible. Permar
no-tillage favours a better cohesion between ggjtegates which thus decreases soil
susceptibility to erosion, particularly at the begng of the cropping cycle, before it is protected

hv tha rran rannnvy Racidac tillana ciinnraccidnmme cirithetantiallvs rran nradiirtinn ~rnet
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tillage is an expensive technique (fuel, labour arathinery cost). Finally, it introduces gre
flexibility in the organization of the farm’s actiies by reducing peaks of labour and offering the
opportunity of sowing earlier.

Soil surface protection through mulch from crop rekie

Because the soil is no longer tilled, crop residteesbe maintained on the surface as a muich,
protecting the soil against weather aggressiomsjged they are not completely exported nor
burnt. The combination of no tillage and mulchitigwas control of the primary cause of soil
degradation in a tropical climate, i.e. soil waewsion due to rain drop impact and rait

runoff. Furthermore, the presence of a mulch Igyevides shelter and protection for the soil
biota. By dampening soil temperature fluctuatiars] by maintaining moisture, mulch enhances
macro and micro-fauna activity. It also providdsuffer against compaction under the weigl
heavy equipment or animals (Séguy et al. 2003) ve&wsely, mulch intercepts part of the
pesticides applied by farmers: while this may redine efficiency of some herbicides, it gene
decreases the levels of soil and water contamimatio

Crop rotations or associatiol

Benefits of crop rotations are widely recognized¢amventional tillage, but they are not
compulsory for maintaining overall system produtgiin DMC systems crop rotations become
essential as tillage suppression eliminates otieeokey pest / weed management techniques used
traditionally by farmers (Calegari, 2001). Addechéfits of rotations include also increa
biodiversity, a better use of natural resourcesugh residue decomposition and more efficient
nutrient cycling, better distribution of labor irstand more diversified farm incomes. Howe

in some cases, crop residues maintained on thewstéice tend to become the refuge of ¢

pests or disease agents thus increasing the fisgkmtamination in the next cycle (Altieri 200

Producing biomass whenever possi

With the objective of mimicking as closely as pbésithe functioning of natural forest ecosystems
found in these regions, cover crops are beingdiutted in the DMC cropping systems before
and/or after the main commercial crops. Their prinfianction is to produce biomass during
periods when available resources are too limiteoirregular to allow a commercial crop.
Generally they are able to recycle—through theorsl and well-developed root systems—a
major share of nutrients which would otherwisedarhed away. They have therefore been called
"nutrient pumps" (Séguy and Bouzinac 2001), a cphsinilar to that applied in the contex
perennial systems with trees or forage grassege(AR002). The additional biomass that t
produce is enough to keep the soil permanentlyredyesven under humid tropical conditi

where residues decompose rapidly (Séguy et al.)2003

Optimisation of the multiple functions of cover cpa

In addition to the above-mentioned functions, careps are selected for their potential to fu
multiple agronomic, ecological or economic funciamhich can supplement those performe

the main commercial crops (Anderson et al. 200gugét al. 2003). Cover crops contribut
increased rain infiltration and reduced evaporatibos increasing the water available for crop
transpiration (Scopel et al. 1998). They also ébate to the mineral nutrition of the main
commercial crop(s) through mulch mineralizationralirectly through animal manure returns.
Furthermore, they increase the nutritional stafls@stock or human population through their
forage or food value. In addition to their abovetgrd functions, cover crops fulfill important
functions below-ground, thanks mainly to the atigg performed by their root systems. They
buffer efficiently many degradation processes. Eplaminclude i) buffering against the nature
man-made processes leading to soil compactiorestyucturing of the soil thanks to the channels
left by decomposing roots and the production ohhjigfficient aggregation substances, iii)
tapping of soil moisture in deeper horizons belbe/ toot zone of commercial crops, wt

allows the production and maintenance of green assneven during the dry season, iv)
extraction of nutrients from poor acid soils (€P?gnobilization by some legumes such as cassia
generus) and recycling of nutrients such as (ei¢rat, Ca, and Mg) which are easily leached to
deep soil horizons. The high level of biomass teistin to the soil and favorable condition:
temperature and moisture allowed by the mulch weécorops residues induces high biological
activity. Because of this activity, DMC systemsrpate high levels of recovery of nutrients by the
various crops as well as a potential role in tis¢ d@toxification of pesticide compoun

aluminium toxicity or excessive salinity.

Of course, not all cover crops fulfill these di#et functions with the same degree of efficiency,
and some of them have been recognized widely ttmutg atin America as being especially
valuable (Table 2). An objective when screeningcforer crops to be included in DMC syste
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should be to satisty simultaneously as many ok#hefunctions as possible, in order to ach

the highest possible overall efficiency of the sys{Séguy et al. 2003). Crop associations
betweergramina¢ and legumes, because of their complementariteesfégn more efficient for
many of the key expected functions. Ultimately hearethe most suitable systems are those that,
through the different crops in the rotations, lmeset the constraints and production objectiv
farmers in a given region (Anderson et al. 200byéitin et al. 2001

Table 2. Main cover crops used in Latin America andheir respective efficiency for different

functions

Main Soil Soil Production 'Weed |N Grain-LivestockHumar

functions porosity Carbon during dry |control fixation integration food
Stocks periods

Brachiaria |+++ +++ +++ +++ - ++ -

Sp

Eleusint +++ +++ - ++ + ++ +

coracana

Cajanus ++ + ++ + +++ ++ ++

cajan

Crotalaria  ++ + ++ + -+ ; _

sp.

Mucunasp + |+ - - e _

Canavalia |++ + +++ + T+ . _

sp.

Aveng + ++ - ++ - ++ _

strigosa

(Black oats)

Pigeon pe  + |+ - + Eo 4+

Sorghum - +++ +++ +++ +++ - ++ +

Brachiaria

Sorghum - +++ +++ +++ ++ ++ +++ ++

Cajanus

Brachiaria + |+++ +++ +++ +++ ++ +++ ++

Cajanus

Avenas.- |+ ++ - ++ ++ +++ -

Vicia villosa

Efficiency in covering the function: - inefficient, poorly efficient, ++ efficient, +++ very
efficient

Crop breeding for DMC syster

Given the modifications brought about by DMC systémterms of the soil profile characteristics
and the environmental conditions for plant grovgilynificant interactions between genotypes and
environment can be expected. To optimize thesesctiens, cultivars must at least be te

under DMC conditions or, even better, crop improgetiprograms should be establis

specifically for DMC systems. Cultivars from advadagenerations (F3 or F4) must be te
simultaneously under constraining systems (monoritind soil tillage) to select for robustness
(water stress, polygenic resistance to diseases)iader favorable DMC systems to select fo
highest possible productivity potent

A key aspect is however to wosknultaneous| on improving the cropping system and
germplasm. Using such an approach, CIRAD and itsi@es in the northern Mato Grosst
Brazil were able to develop several highly prodeectiainfed rice cultivars, such as CIRAD 141
and Sucupira, which are already being grown on e 300,000 ha. Yields superior to 8 t/
have been achieved with these cultivars in 199 pewed to yields lower than 2 t/ha achieved
with the best available cultivars under conventiditied systems in 1986 in the State of V
Grosso (Séguy and Bouzinac 2001) (Figure 1).

3000 O Lo kaput Rice O Lover kaput Second Crop
ALY [ High Iput Rice Fl High Inpaat Second Crop
< 7000
DMC
L]
i~ 600 Two grain aops/ year
d 5000 . B otadon with ovbean
i Arrn
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Figure 1. Evolution of rainfed rice grain yield under DMC systems with successive crop and
management improvements between 1986 and 2000 iret@errados region.

Similar progress has been achieved for soybean.duétivars obtained by EMBRAPA enable
soybean planting under DMC systems near the Equatiora yield potential of about 40

kg/ha. In the case of wheat and maize in southeaziBthe EMBRAPA breeding programme
has been established exclusively under no-till @@, and no effort is made any longe
compare the behavior of the cultivars under coriwaat conditions, including for their resistance
to diseases. With respect to cotton, the cultivaodetec 402 has shown its potential for being
grown under DMC as a second season crop at hatfobteof main season cotton wit

productivity drop of only a third. This new DMC $gm allows farmers to face up to the
unfavourable international market conditions fait@o (Séguy et al. 200:

Overall impacts of DMC systems in the tropical ¢
sub-tropical climates of Latin Americ

Favorable agronomic impacts of DMC systems have beeely documented in recent literat

and are related to the underlying biophysical fiomihg of these systems as described above (e.g.

Clapperton 2003). Economic benefits derived froeséhfavorable agronomic traits include lower
production costs as well lower risks of failuresr{rosi et al. 2001; Buckles et al. 18

Fontaneli et al. 2000; Jourdain et al. 2001b; Sé&dw}. 1996), and more flexible organizatio
farming activities thanks to lower work loads, ie@sed opportunities for choosing a planting date
and lower power requirements (Ribeiro 2001; Ségua.€1996; Wall 1999). A number of more
problematic impacts have however been reported asdifficulties with weed control in ¢

regions, the appearance of some diseases or pettsv(leaf spot and head scab for wheat ol
fungi for cotton), and competition for water usenatrients between cover crops and main crops.
In addition, small-scale farmers face a numberoblems related to socio-economic issues
access to seeding equipment or land tenure rigittgjro et al., 2001; Buckles et al., 1998).

At the heart of present-day limitations observethidlMC systems is the lack of experience by
farmers, technicians and researchers alike abautbest to manage these relatively novel
systems. All those interested in using DMC systamast be willing and able to pay a significant
learning and adaptation cost to make them work wedler their own conditions. Additior
research and development is also needed and in caspyg in progress to overcome limi

factors associated with DMC systems as they argglidentified by users (cf. section on
challenges).

Approaches to the creation and improvement of DM@Gt&m

Distinct approaches have been used in Latin Ameoickevelop and adapt the principles of DMC
systems presented in the preceding sections. A euaftthem have been quite succe:
eventually as judged by their adoption, and theyegally share in one degree or another mc

the following characteristics.

An integrated approach to create, evaluate and adBMC
system

The adoption and use of DMC systems by farmersi@sphdical departures from existing
individual crop management practices and overalcsiiring of the cropping systems, incluc
weed management, soil fertility management, farompgent and labour organization. While
adjustments are often made in a component andsepmanner, CIRAD and its local partners
in Brazil have developed a methodological framewmrér the last 20 years (Séguy et al. 1996)
which includes an integrated approach based orsd¢alle comparisons of entire cropping systems
while also leaving room for step-by-step adaptatishenever technical problems appear on
specific components. This approach has proven &specially useful when working within the
context of large-scale farming, and research unstt such as IAPAR have used similar
approaches for work within the context of smalllsdarming (Ribeiro 2001). It entails three
main steps:

S DOV PRI U FI Y [N | I DY F G DGR B I (PRI ¥ S S SN Y U R -
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homogenous landscape units in terms of climatés,dopography and to characterize
farmers’ diversity and key problems within eachtuni

e Establish long-term, large controlled trials inledandscape unit, preferably under actual
farmer conditions, in which systematic comparisaresmade among conventional systems
(used as checks), best-bet DMC systems based mmndyrestablished technologies and
future DMC systems based on promising experimdditéC technologies.

e Use the long-term trials as support for both mardepth thematic research and for
periodic farmer visits and exchanges.

The many cropping systems (usually 10 or moreighetl in these long-term trials differ typici
from one another on only one or two key componectiiologies (such as crop rotation, or level
of fertilization for example), a design which alle¥or the evaluation of individual components’
influence on overall system’s performance. Whergessible, experimental units are large
(typically several hundred square meters per treatnwhich offers the opportunity to properly
evaluate economic and practicability criteria (sastuse of labour, or operation of commercial
equipment) and also to subdivide the plots if needver time. It also provides an excellent
support for disciplinary researchers who need repesampling in undisturbed areas for stud
underlying bio-physical processes (Johnson and $gamw1994). Furthermore, these long-term
trials offer the opportunity to anticipate the dgiten and solving of potential problems which may
appear over time with specific technologies or DE{Gtems being tested, before farmers start
getting them in their own fields after adoption keasen place (Séguy and Bouzinac 200.
necessary, satellite treatments can be establistyado the core experiment to work on ¢

issues. Also, since these trials, or a fractiometbie are replicated under contrasting
environmental conditions, the appearance, exteshtantrol of the eventual problems can be
dealt with specifically for each environment, thinsreasing the adaptability of the new DMC
systems or technologies. Finally, these trialsabee they are large and are usually established on
farmers’ fields provide an excellent support fogamizing massive field days and farm

exchange visits. Because they allow farmers torubsgitically and in a comparative mode
whole cropping systems or component technologi@ssk, these visits almost always lead to
intense, fruitful discussions among farmers, tecians and researchers about their experiences,
needs, worries and future plans. They also all@wikitors to assess under many different al

the attractiveness and adaptability to their spgecdnditions of the different options being tes

Diversification of DMC technologies to overcome &iraints
and satisfy farmers’ objectives

As a general principle widely-recognized sincedteent of Farming Systems Research
process required to ensure a new technology willidely adopted by farmers must take
account the diversity of farmers operating in aiveig region and must answer as best as po
the diversity of their perceived or objective pebk and needs. As a consequence of the «
carried out in Latin America by the farmers themsgland by numerous research institutes
as IAPAR, EPAGRI, EMBRAPA, GTZ, and CIRAD, a largember of options have be
developed for the major components that make uy fluhctional DMC systems, providing
large array of solutions to diverse environmental aconomic contexts. In terms of ¢
successions and rotations, several options areanailable to optimize economical incomes
fulfill the main required functions of the systethsough an adequate use of cover crops, &
match the diversity of farm activities (grain pration, grazing activities, and other productic
(Calegari 2001; Séguy et al. 2003, see also exangpletations below). In terms of no-
equipment specifically suited to small-scale fasnénere are now many models availe
including manual, animal-drawn or mechanized plantgprayers or cover crop management
such as “knife-rollers™for, thanks to effective aarships between farmers, scientists and |
private manufacturers (Ribeiro 2001). The resuldihgrsity of DMC systems now availa
explains part of their wide scale adoption in Liwill hopefully facilitate their further adaptati
and adoption in other regions and environm

A participatory, multiple stakeholder, farmer-driveproces

The processes that lead to the diversificationptdi@n and evaluation of DMC systems
preferably conducted for, with and by farmers andften as possible, under their own condit
(Séguy et al. 1996), as this has a direct impat¢hersubsequent adoption of these systems.
Farmers’ organizations such as Clubes do Amigobedaa, AAPRESID or large farrr
cooperatives have been fundamental in the prodd381€ adaptation and diffusion in La
America (Landers 1998; Pieri 2001). Systemati@rale on grass-root farmer organizations
contributed to identify and formalise farmers’ ldgmands and necessities. It has also been
ingredient for the formation of alliances and clpsgtnerships between farmers and other key
stakeholders of the agricultural sector such agapicompanies (herbicide and equipr
manufacturers), government agencies, local and@magadministrations (Triomphe et al. 2003).
These innovation networks (Wall et al. 2003) haeaped (albeit informally), coordinated ¢
implemented the bulk of the research and developeféarts invested in DMC systems. Tl
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have also greatly accelerated farmer-to-farmeedigzation of DMC-related information
(Landers 1998; Ekboir et al. 2002). While instituis have had a key role, individuals also r
unique contributions: a few very dynamic farmeggoaomists and decision-makers, play
fundamental catalytic role in the adaptation arsbeinination process, by their charisma and by
their ability to mobilize and organize others (Eki®2002; Coventry et al. 2003). The existenc
catalytic agents may be especially important incbretext of small holders (Ekboir 2002), even
though active participation of farmers remainslircase essential (Landers 1998). Exampl
such participatory approaches include the developmed diffusion of direct-seeding implements
in Southern Brazil: machinery created by privateafacturers was tested and improved thrt
research and specific credits were allocated tdl $anmers for purchase of resulti

commercially available equipment of these (Rib2i001)

Selected examples of DMC syste

Table 3 provides an illustration of the diversifyDMC systems used by Latin American farm
as well as some of their key characteristics. Sgpeeific examples of such systems are desc
below

Small scale farmers in South Brazil (Sub tropic

The State of Parana is located in the southernop@tazil between latitudes 22and 27° S. The
climate is subtropical, with annual rainfall rangifnom 1,300 to 2,000 mm/year following a
fairly uniform distribution throughout the year. 8ifsscale farmers (<50 ha) constitute 84.5¢
Parana State farmers. They practice diversified D3yems according to their spec
conditions and objectives. (Ribeiro 2002). The carapively poorer farmers produce both f
and cash crops, they use animal traction and fdatigr, as well as low level of inputs. Tl
usually plant their summer maize crop with an aminawn no-tillage planter, in a mulch of a
winter cover crop cAvena strigos + Pisum sativui killed with an animal-drawn knife-roller.
Other crops planted under DMC include common beldaghicides are sometime used for
controlling the weeds before planting and post +gevece. The first year of introduction of DI
systems, contour bounds are built to control runsifig an animal-drawn moldboard plot
after which elephant grass is planted, which iseghently cut and used as livestock forage.

Table 3. Some of the main DMC systems used in Tragl and Sub-Tropical Latin America

DMC Rotations Physical Type o Main Advantages Weak points
System and crops conditions farmers products reported reportet
succession Energy used
*)
Rainfed Maize / |- Semi arid - Small scale - Maize - Water - Light
maize in Maize to sub farmers (<20 |grains balance mulch
mid-altitude humid ha) - Residues |- Control 0 - Wee
plains and climate - Manual and used as erosion control
hillside of - Andosols, light forage - Low
Mexico cambisols motorization adoption
(Low and
adoption) vertisols
Irrigated Maize or |- Semi arid -Small-scale -grains for - Lower cost - Difficulties
grains Sorghum /to sub and medium agro-industry- Lower with
productions Wheat or |humid (3-15 and -limited sale |water permaner
in mid Barley climate, 30-100 ha) of residues consumptionno-till
altitude irrigated - Complete - Flexibility |-
plains o - Vertisols mechanization in work Interference
Mexico - High calendar of residu
(Bajio) external input with furrow
(Confined use irrigation
adoption) -Nao
markets for
diversifying
crop
rotations
Maize in Maize — |- Humid - Small scale Maize grains- Control o |- Only one
hillsides o |Mucuna lowland |farmers (2- 10for home erosion cycle o
Central tropics ha) consumption|- Low maize / year
America -Steep - Manual and external - Rats an
(Confined hillsides - No or very 'marketing o inputs shake
adoption) - Andosols, low external surpluses - Easy - Localizec

Fluvisols

inputs

managementlandslides
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Grains Soybea - Humid - Large scal - Grainsan - Controlo - Technica
production inor maize tropics farmers fibers erosion management
Cerrados  orrice or - Deep and - Totally production - Nutrients of certain
Regionin  cotton — acid mechanized - Integration recycling crops (rice
Brazil Maize or Ferralsols with hard with - Increase in cotton)
(Wide sorghum (acidity is motorization livestock SOM - Disease
adoption)  or millet usually production - control

or other  corrected using cover Organization

cover before crops as of farm

crops agriculture) forage activities
Large scale Soybean -Humid |- Large scale - Grains - Control 0 |- Whea
grains or maize |Sub tropicsfarmers production  erosion productiot
production inin summer- High - Totally - Integration |- Nutrients  with fungus
South-Brazil,— black oatslopes mechanized with recycling diseases
Paraguay |or - Ferralsolswith hard livestock - Increase in|-
(Wide Ryegrass sandy motorization production SOM Allelopathic
adoption)  jor wheat lithosols using cover |- effects o

in winter crops as OrganizationRyegrass

forage of farm Maize
activities

Small scale Maize or |-Humid |- Small scale - Grains - Labor and - Wee(
grains Soybean |Sub tropicsfarmers production  external control
production inin summer- High (<50ha) - Milk and  |inputs -Na
south Brazil, — Black slopes - Animal meat savings markets for
Paraguay oat+ - Ferralsols traction or - Control o |diversifying
(Wide Pisum or |sandy limited erosion crof
adoption)  Vicia or |lithosols |mechanization - Increased |rotations

Ryegrass - No or very crop yields - Cover

or pigeon low external crops seeds

pea inputs productiot

For their part, better-off farmers produce milk amybean for the market, they own or
tractors, and use higher levels of inputs. Thegdliplant their soybean crop on the mulch o
last regrowth of #&vena strigosa oryegrass cover crop managed through either a kolifier or

a knife-roller combined with herbicide, dependingtbe amount of Avena residues left and v
infestation. The cover crop is grazed several tiatéhe beginning of the wintevicia villosais
another commonly used cover c, either as a pure crop or in association with avéviaen
maize is planted, a dwarf variety of pigeon pealmasown between maize rows, 40 days after
planting, to contribute to fertility replenishmeiyprovement of the soil physical conditions.
Frost usually kills the pigeon pea during the winte

Large scale farmers in South Brazil (Humid Sub traal)

Four different phases of can be recognized in tveldpment of cropping systems in this re:
possessing conditions similar to those describetédrprevious section. THigst phase involvec
soil fertility improvement, access to subsidizedrfaredits, within the context of a favorable
world grain market. Such circumstances increaseditba planted to soybean within its
traditional growing region. The soybean economiarbdriggered the expansion of Braz
agricultural frontiers. At the same time, a numbietraditional production systems, as well as
forests and native pasturelands, were convertedsintple grain production systems, base
wheat -soybean rotations or continuous soybearindaequate knowledge of the soil erosion
process as a whole and a predominance of expertted agricultural policies, distorted the
perception and awareness of farmers about thefoeedequate soil management and
conservation methods, despite acute erosion taitawg. Thesecond phasevas centered on the
diffusion of soil conservation practices. In adalitito eradicating stubble burning and repla
ploughs with field cultivators, winter cover cropsre introduced in areas which had previously
lain fallow. Thethird phase was influenced both by the implementation of tregidhal
Watershed Programme, which aimed at developinguiteé communities and by the
multiplication of farmers’ groups interested in dmping DMC systems. Both initiatives
stimulated the introduction of more diverse crogations, based on the integration of winter
cover crops and the cultivation of corn. Tfourth phase was centered on the development and
diffusion of DMC systems, following a systemic ragsh and development approach. Compared
to the simple grain crop cropping systems theyaag, the DMC systems included winter and
summer pastures used for grazing, hay, and sitags,providing the basis for a diversified,
integrated grain and livestock production systettebasuited to contribute to farming incc
stabilization. Today, DMC systems represent a fonel approach to conservation agriculture
that has reached more than 80% of the croppingirauttés region (Denardin 199:

Large scale farmers in the Cerrados Region in Bra@umid
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Tropical)

In the Cerrados region of Brazil (central platebdeiwveen 10 and 20°S latitude), the climate is
humid with yearly rainfall of 1200 - 2000 mm peya&luring a 8-10 month period. Diversit
DMC systems were developed for the large-scalengnaiducers of this region to replace
inefficient tillage-based soybean monoculture sydteat produced only small quantitie:
biomass (Figure 2

e DMC systems with two annual crops in successioreturdntinuous direct seeding, the
second crop playing the role of a ‘nutrient purBgguy et al. 2003).

* More recently, DMC systems with three crops peryaihunder continuous direct seeding,
consisting of one commercial crop (soybean, ricaze) followed by cereals (maize, millet,
sorghum, Eleusine) intercropped with forage spediem the gener8rachiaria,

Stylosanthe andCajanus single-cropped or combined) that all functiorpaserful
'nutrient pumps' producing large amounts of biomas¢ke dry season which can be grazed
or used as green manure (Séguy et al. 2003).

Rainy secson | ———— —[Dry season | —
J]JALS O|N

* 2 annudl CIOpS

1 Bl;]g:',a.ﬂml

Figure 2. DMC systems in the Cerrados region in Bral (source Séguy and Bouzinac 200.
Different options are possible for the main commeiial crop (rice, soybean or even maize),
and for the second crop as well (maize, sorghum, Hheit). In option B different combination
crop + pastures are available for the second cycle.

In these last case, the combination ‘commercigat@rop + forage species' following the first
commercial crop at the end of the rainy seasors wseer substantially deeper than 2 m and has
an active photosynthesis later during the dry seaBbis combination also displays very strong
vegetative regrowth after the first rains of thikofwing season or after dry season rain,

ensuring a complete, permanent covering of the(B@ure 2). ABrachiaria sp are very

efficient forages for cattle, the farmers may cleotmsconvert their area into pasture or to stay in
grain production for the next year. Such systeradraguently used under irrigated conditions or
in wetter regions (more than 1500 mm) where itégjfient to have some periods of heavy
during the firs crop cycle recharging deep watserees. Under such conditions, total annue
matter production (above and below soil) incredsa 4 to 8 t/ha in the initial systems with a
single annual crop to an average of around 30 whaen the best DMC systems (Séguy et al.
2001)

Issues and Challenges for further Adoption of DM@ Latin
Americe

Despite the significant adoption of DMC system&outh America, several issues and problems
need to be discussed, if only because they comesfmactual worries of would-be users
other professionals throughout this region andvdisee

~ _ 1 - . - a1l - oA INAAAS

http://mww.regional.org.au/au/ab@32/m1/1406_scopele.h

5/07/2007 20:C



Direct seeding mulch-based cropping systems (DMQ)aitin America

10 of 15

O0II compacuon unaer pivie systel

Soil compaction is a natural process: under thedfuvater in soil, cohesion between aggregates
tends to decrease. In natural ecosystems thisgg@Eeounterbalanced by an intensive biological
activity in the soil profile. In cultivated areahjs compaction is accentuated by the random ¢raffi
of machinery, animals or humans (Mc Garry 2003st&yatic and regular tillage has been used
in conventional cropping systems, to prevent asmascpossible this problem, at least in the

cm top soil layer. Under DMC systems, activatind anhancing biological activity is the key to
avoiding natural or man-induced compaction, akéscase in natural ecosystems. Stimulatic
macro-fauna population and activity has been repdoy Derpsch et al. (1991) and Scopel and
Findeling (2001). Bulk density may well increaseioiime under DMCs but infiltration rates
always good because of a more favorable porositgtstre: the pores are continuous and ve

(Mc Garry 2003; Scopel and Findeling 2001). If @diim conditions allow their introduction,

plant species such Brachiaria s|., Eleusine sj or Tiftons Cynodon sp, are very efficient fc
avoiding compaction and restoring the soil struetuecause of their overall strong root systems
and of the abundant roots they develop in the G460 cm of the topsoil (Séguy et al. 2003).
Under heavily mechanized conditions or drier regiamere introduction of such species is
hardly possible, controlled traffic can be an éffit way to limit machinery-induced soil
compaction (Mc Garry 2003).

Integrating livestock and cropping in the humid tpacs

In humid tropical conditions the more efficient sjgs for recycling nutrients such as Brach

and Stylosanthes sp.are also good forage spedieg.ckn be grown as cover crops toward

end of the rainy season and grazed as soon as bégfinning of the following dry season and
even more during the next cycles. Alternate perlmetg/een cropping and grazing are pos

under different rotation schemes. Moreover, thixxegionnal schemes offers the possibili
rehabilitating degraded pastures at basically stallation costs. Such is the case of the n
developed “Santa Fé” cropping system in the Cesadbich associates a maize crop and a
brachiaria pasture (Kluthcouski et al. 2000). Bragh is made to germinate after the maize either
by delaying its planting or by planting it deed@uring the whole maize cycl8rachiaria s|. is
shaded by maize plants. At maize harvest howevermpasture is already in place, and grows very
quickly over maize residues. Similar types of systdave been devised in southern Brazil, w
rotation of ryegrass used as pasture during wintlewed by a soybean crop planted directl

the chemically killed pasture. The tight integratimetween forage and grain crops usually leads
to a better use of the total farm land and a muensive use of the pastures, with shorter
turn-over and less pasture degradation. Similar D¥iEems are being currently tested in other
parts of the world, particularly within the conteftsmall-holder agriculture in which cattle
movements are not always controlled by farmers ssdn Cameroon (Naudin et al. 2003).

Biomass management in drier zor

In semi-arid to sub humid tropical zones, a magsué is how to produce enough bioma
protect the soil and to maintain the global effic of the DMC systems, as competitior
available biomass is frequently high due to grazifayirdain et al. 2001b, Erenstein 2003).
Under such conditions, the amount of mulch derivech crop residue is often quite limit

resulting in partial soil cover at bésweed control becomes difficult especially wherbiedes
are difficult to purchase or to apply as in theecassmall-scale farmers. However, even'

partial mulching no greater than circa 1.5 t DM].'ht;he additional water available under D}

may contribute to significant increases in totainbass production (grain + stover) (Scopel
Findeling 2001). Further improvements are possfplehenever possible, small isolated rainfall
periods, not sufficient for crop production, aredi$or planting a cover crop at zero cost. Also,
overall forage resources can be optimized by plamttieir individual and collective management
at the level of small regions, in order to decrahsepressure on biomass produced on cropping
lands. Similarly, weed control needs to be conekiuean integrated weed management strategy
in which rotations, stand density, spatial arrangi@nof plants and mulching all contribute to
decrease overall weeds' pressure.

Understanding better the impacts of DMC systemssoii
biological activity

While it is now generally recognized that biolodiaativity is enhanced under DMC systems, the
evolution of microbial populations, changes of spgcand the consequences on the v

process of mineralization are still poorly undeostoSimilarly, little is known about the evolution
of macrofauna species and their consequences @hyisecal properties of the profile (form ¢
efficiency of soil porosity), on organic biomasagmentation, on aggregate stability and ol
protection of stable and unstable carbon. Bioldgizechanisms must also be better understood to
provide sound recommendations to farmers interéatadhieving high vield levels under D}
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with reduced rates of chemical fertilizers, takauyantage of the enhanced natural fer
processes in the short and longer term.

Assessment of the overall impacts of DMC systembiocide:
use and the environme

There is mounting pressure from different segmehsciety to assess properly the impa

DMC systems on the use of biocides in agricultsrevall as on the environment and hu

health. DMC systems have been accused publicligoifieantly increasing the utilization
biocides, especially herbicides. Neverthelesseufit aspects should be weighted carefully before
reaching a final verdict. First, the actual uspesticides (products, rates, frequenc

applications) with DMC systems must be compareithab of the conventional systems they are
displacing. For example, whereas rates of 4 tb& &f atrazine and simazine-based pre-emergent
herbicides were used in conventional maize manageime¢he Cerrados region in Brazil, now,
these same types of herbicides are used post-emeergeDMC systems, at early stages of maize
development, at rates of 1 or 2 I/ha. Moreovetry ggable pre-emergent products have been
substituted with post-emergent quickly degradablesan the case of soybean production.
Secondly, the introduction of cover crops in DMGtsyns may have important implications
pesticide use and management since they may heifetoupt some pest cycles, or may be used
as natural insect traps, as illustrated by therghtien that some bugs - virus vector for soybean -
are clearly attracted by a cover cropApfchis pinto. Finally, comparative studies are also
needed to understand the transformation kineticdifferent molecules in the mulch-soil system
and how this eventually affects water quality. étkes sense conceptually to consider that under
DMC systems, a fraction of the biocides is intetedfby the mulch and directly exposed tc

light and heat which activate their degradatiore ©ther fraction, upon arriving in the soil

matrix, could well be transformed in a short tirhariks to the intense biological acti

generally observed under DMC systems.

Developing DMC systems less dependent on herbi

Despite the above considerations, present-daysicias DMC systems are still very mc
dependent on biocides at planting time, becausedkspectrum or total herbicides are generally
needed to control the cover crop and other weadwahy cases however, and particularly for
small-scale farmers, this dependence is both castlyrisky, and may run counter to desires for
achieving a fully ecological agriculture. In sugtuations, new systems and strategies are needed
for controlling weed pressure and for decreasirgstibcks of weed seeds present in the soil.
Some of the key options to consider include i)dyematic use of cover crops able to con

with weeds whenever there is no commercial croping, and ii) ensuring the presence of a
thick mulch layer during the commercial crop cyefeich can shade the soil surface and in some
cases liberate allelopathic substances. Geneadiiy, a few years of these practices, v

pressure decreases significantly making the sydeesasdependant on herbicides (Kliewer 2003).
Another option is to control cover crops mechamyoaith “Roller-knives”, which is mostl

feasible for annual cover crop species, (Ribeif@12@Calegari 2003).

Enhancing the adoption of DMCs by smallholde

Despite the significant adoption rated of DMC syseén Latin America, their dissemination
among small-scale farmers remains fairly margindside Southern Brazil, Paraguay and small
parts of Central America (Buckles et al. 1998). lifimg and accelerating their adaptation and
adoption in other places requires extracting tBedes, technical and process-wise, to be learnt
from well-defined cases in which adoption took plags well as using more widely

participatory approaches and associated princi#ssribed earlier, since they are particularly
suited to the case of small-scale farmers.

Systematization, capitalization and sharing of knieage

A wealth of experience and information is preseatigilable on DMC systems. Nevertheless,
knowledge is too scattered among different experéking the training of new agronomists,
technicians or farmers difficult. Generally speakithe fragmentation of information hampers its
adaptation and transfer to those who most needike mse of it. It is thus urgent to find adequate
ways to capitalize and synthesize the existing kadge in a systematic way. Dynamic crop
models could be an efficient way of synthesizingatis known about the functioning of DI
systems. This kind of tool could advantageouslysed to predict DMC productivity and
environmental impacts, to extrapolate DMC feadip#iccording to different farmers’ conditio

and to optimize crop management under such systeékesise, rigorous case studies of suc

and failure stories need to be conducted and cadparorder to learn as much as possible about
the underlying factors and conditions. The infoioragenerated by such studies shoul

reported in adeauate form and eventuallv fed intdata bases specificallv desianed for
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pLjrpose.

Different levels of organization and networking alearly necessary in order to share efficiently
these experiences and to disseminate efficien¢hhtige knowledge available about DMC
systems:

e In Latin America, all the stakeholders involvedli@ promotion of DMC systems, ¢
particularly farmers, are already fairly well orgged at the local or regional level (sucl
APDC, "Associacao do Plantio Direto nos Cerradwsthe Cerrados region in Brazil),
the national level (such as FEBRAPDP, "Federac@siiira de Plantio Direto na Palt
in Brazil, and AAPRESID in Argentina) and at thentinental level (such as CAAPA
"Confederacion Americana de Asociaciones de Prodestpara la Agricultu
sostentable”, in Latin America, These federatioesadready very active into dissemina
DMC principles, advantages, and results to oth&rsadn the agricultural sector who
not yet convinced of their intere

* With respect to research, FAO is supporting comtialewide networks such as RELA(
(Latin American Conservation Agriculture networfgrmed by national reseat
institutions from member countries. These netwaiiksto bring together all scienti
information on DMC systems in order to share widbly products of locally-conduct
research and facilitate DMC technology exchangeragntbe participant

e Additionally, many other networks are presentlystg to facilitate DMC developme
and dissemination in other regions of the worldR&D and its many partners for exarr
are active through the AFD-funded “Agroecology AatiPlan”, which aims to adapt DN
principles to different ecological and socio-ecom@hconditions around the world (Séi
et al. 2003). GTZ (German Development Cooperatias) been supporting the A
(African Conservation Tillage) network which ovéralbjective is to promote and faciliti
information exchange and partnerships in ordentace the adaptation and adoptic
DMC principles and practices in Africa, especiaipong smallholder farmers. The F/
with its Conservation Agriculture Working Group,dstively promoting DMC syster
worldwide through networking, information dissentina, training and support meetin

The above-mentioned networks are just but a fewnples of the many on-going initiatives which
all contribute to a better systematization and arge of information and experiences amon

the actors that, in one way or another, are ineblaethe introduction and further developmer
sustainable production systems based on DMC pitexipVhile a lot has to be improved in Latin
America, there is also a host of experiences thiatcontinent can share with the world
community by taking advantage of 30 years of piomgevork on DMC and the dynamism of its
people and innovation networks.
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