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Concept and practices of Conservation Agriculture

Taking into account the wealth of knowledge in terms of research and experiences,
participants of the Latin America Platform of the KASSA project consider CA as the main
contribution of the platform to KASSA project, being the No-Tillage system an operational
tool for CA. In Latin America, this system has been regarded as “Siembra Directa” in the
Spanish phone countries and “Plantio Direto” in Brazil.

ECAF (2005) refers to Conservation Agriculture as several practices related to the
management of the soil for agrarian uses, altering its composition, structure and natural
biodiversity as little as possible and defending it from degradation processes (e.g. soil erosion
and compaction). Generally, Conservation Agriculture includes any practice which reduces,
changes or eliminates soil tillage and avoids residues burning so as to maintain enough
surface residues throughout the year. Key features of Conservation Agriculture include: no
ploughing, disking or soil cultivation; crops and cover crop residues stay on the surface; no
burning of crop residues; permanent crop and weed residue mulch protects the soil; the
closed-nutrient recycling of the forest is replicated; lime and sometimes fertilizers and
surface-applied; use of specialized equipment; continuous cropland use and crop rotations and
cover crops are used to maximize biological control (FAO, 2001). CA is based on three
components — absence of soil tillage, maintenance of soil cover and use of crop rotations —
which must be applied simultaneously and have to be considered as more than a simple
technique of soil conservation. It has to be regarded as an integrated production system
comprised of multiple interrelated processes

For long time conservation agriculture was meant solely as reduction in soil tillage in relation
to the conventional tillage system. Consequently, terms as minimum tillage, reduced tillage,
zero tillage, or no-tillage were used as an umbrella for conservation tillage due to the
reduction in soil tillage.

Presently, conservation agriculture, focused on the crop production systems approach, is
defined as a complex of technological processes under a holistic approach aiming at to
preserve, improve and conserve natural resources using integrated management of soil, water
and biodiversity, compatible with the use of external inputs. This complex of technological
processes is considered one of the most notable factors responsible for the improvement of
agriculture during the last decade, mainly by involving:

- reduction or elimination of soil disturbance;

- maintenance of crop residues on the soil surface;

- permanent maintenance of soil cover;

- broadening of the biodiversity, through cropping diversified plant species under
crop rotation or intercropping and using green manure or Cover crops;

- diversifying of crop production systems;

- integrated management of pests;

- controlled traffic of machinery and implements;

- precise use of farming inputs;

- use of complementary conservation agriculture practices to control erosion;

- reduction of the time interval between harvesting and seeding.

Conservation agriculture under this holistic concept has to be seen as system’s approach.
KASSA — Latin American platform — D1.4 1
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Partial adoption of theses processes consequently represents a return to the past scenery, in
which conservation agriculture meant reduction in soil tillage.

Conservation agriculture, under this new concept, represents the sustainability of crop
production systems, conserving soil, water, air, and biota, as well as, preventing pollution and
degradation of the neighboring systems.

In Brazil, conservation agriculture has been intensively used by adoption of the no-till system.
In this situation, no-till system is an efficient tool to induce sustainable development of
agriculture.

For that reason the no-till system is defined as a complex of technological processes oriented
to explore of crop production systems using plant species diversification through crop rotation
and/or intercropping, with soil disturbance restricted to the seeding row, maintenance of
permanent soil cover, and minimum time interval between harvesting and seeding.

Similarly to the definition of conservation agriculture, the no-till system comprises the
complex of technological processes that induces the crop production systems to lower degree
of disorder when comparing to other soil management systems, by:

- requiring less farming infrastructure;

- less labor force;

- less fossil energy;

- favoring biological pest control;

- reducing soil erosion;

- improving soil flocculation and aggregation processes;

- improvement of soil structure;

- decrease the organic matter mineralization rate; and

- reduce rate of nutrient cycling, establishing steady state of different growing live
organisms.

Thus, no-till system compared with other soil tillage systems, promotes the steady state of the
agro-ecosystem, organizing fluxes of entry and exit of energy and product of the system,
conserving its own biological potential, giving higher rate of self-organization.

Adoption of no-till system is aimed at to express the genetic potential of species explored by
improving the environment and the soil factors, without degrading the natural resources
allowing the system to act as a tool for transformation, reorganization and sustainability of the
agro-ecosystems. The respect to the life through a constant expectancy to reach a clean
agriculture, considers the conservation agriculture and no-till system a real possibility to break
the present paradigm.

The Argentinean Report adds the “soil nutrition principle”, understood as a more evolved
approach to the crop fertilization issue. This principle takes into account a more systemic
approach and considers the interactions among soil chemistry, soil biology, soil organic
matter and structural properties, nutrient cycling, rather than just the addition of nutrients to a
given crop.

1 Description of cropping systems design and management
Various CA cropping systems under CA were developed in Latin America, which are a
function of different agro ecological and socioeconomic conditions found in each country.

This report will describe the cropping systems according to these 2 variables.

KASSA — Latin American platform — D1.4 2
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1.1 Brazil

1.1.1 Subtropical area

In family farming systems of the subtropical area, the following crops are found under CA:
maize, common beans, tobacco (restricted to sandy soils); Soybeans; wheat, oats and other
gramineous adapted to cold climate. The availability of rains all long the year makes possible
two, and, depending on the region, three crops per year.

Because of the socio-economic diversity within family farmers, both animal-drawn, tractors
and mixed mechanization can be found. Some examples of cropping systems used by family
farmers are described below.

Small scale family farmers produce food and cash crops, using animal traction and family
labor, as well as low level of inputs. They usually sow summer maize crop with an animal
powered no-tillage planter, in a mulch of a black oats (Avena sativa) sole cropped of mixed
with common vetch (Vicia sativa) or hairy vetch (Vicia villosa). Other winter cover crop
species include forage radish (Raphanus sativa) and ryegrass (Lolium multiflorum). Prior to
planting of the summer crop, the cover crop is managed with burn down herbicides of
mechanically, with a knife-roller. Generally, post-emergence herbicides are used for weed
control.

Family famers with more availability of capital, produce milk and/or commaodities such as
maize and Soybeans. They own or hire tractors, and use higher levels of inputs. Summer
crops are sown onto the mulch of the last regrowth of black oats or ryegrass cover crop
managed through either a knife-roller or a knife-roller combined with herbicide, depending on
the amount of Avena residues left and also on weed infestation. The cover crop is grazed
several times at the beginning of the winter.

The cultivation of grain crops may include rotation with onion, tomatoes and tobacco. Onion
production is basically concentrated on small farms at the State of Santa Catarina. Some cover
crops used are Canavalia ensiformis, Crotalaria mucronata, gray mucuna (Stizolobium
niveum), and spontaneous vegetation (Brachiaria sp and Digitaria sp). The implementation of
the systems consists of sowing the cover crop (oats, cow pea or even the combination of the
two) between maize rows in the beginning of autumn. Maize residues are chopped in May and
its mulch is bedded allowing a larger growth of the green covering. At onion transplant time
(June to September) the biomass is desiccated with a systemic herbicide and one week after,
bedding is done with a knife-roller. Using micro tractors with a kit for minimum cultivation,
or fertilizer spreaders of the rotocaster type, the rows where the onion will be transplanted are
prepared. With this option, the farmer can have an additional source of income with the maize
crop. However, the use of systemic herbicides is necessary. In the initial phase of the crop
development it is necessary to do a nitrogen top dressing, as decomposition of residues results
in higher demand of N in the soil-plant system. The use of common vetch (Vicia sativa) is not
compatible dues to the planting dates.

As an alternative, summer leguminous species such as mucuna (Stizolobium niveum) or
Canavalia ensiformis can be sown in November or December. With this option, in areas with
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frost occurrence, it is possible not to use burn down herbicides, and reduce the use of nitrogen
top-dressing. A disadvantage of this option is the non harvest of corn, due to the
aggressiveness of the mucuna, that hinders the growth or harvest of the grains of the culture
subsequent to the onion.

Tomato can also be found in rotation with maize, which is sown in the summer onto mulch
comprised of a mixture of winter cover crops In the middle of September the biomass is
managed with knife-roller, which results in a biomass approximately 5cm thick. The mixture
of cover crops should be sown on the maize residues, which makes it possible to have an
annual production of straw between 12 and 15 t/ha until the end of the tomato crop cycle.

When tobacco is the main crop, common beans or maize can be sown in rotation so as these
crops take advantage of the residual effect of the fertilization of tobacco. Generally farmers
use a hand jab planter of an animal-drawn no-tillage planter.

The first experiences of CA for onions took place in Santa Catarina, in the 80’s. with the
minimum cultivation of the onion. Starting from 2002, producers in Sdo José do Rio Pardo-
SP, the main onion center in the state of Sdo Paulo, began to adopt onion planting on mulch,
usually corn, using a rotary cultivator to make the furrows for the seedling transplants or a
planter adapted with disks to both sow and cut the straw in the definitive place.

CA for perennials: Epagri/ Estacdo Experimental de Urussanga, Sul de Santa Catarina has
been planting black oats (80 kg/ha) associated to hairy and common vetch (25 Kg/ha) in the
winter for six years and has been getting good results. The best period to seed is from April
15™ - 30", taking 90 days after emergence to reach the bedding point. The producers can
take advantage of the cover seeding operation to incorporate, superficially (2cm), fertilizers
and lime, according to the soil analysis recommendation.

Another aspect of the efficiency of the process is that the oat culture can be used as pasture
for animals, when it is 20 to 25 cm high. After the cutting of the black oat, a covering
fertilizer with cured organic fertilizer or with nitrogen chemical fertilizer (50Kg of urea/ha)
should be done.

1.1.2 Tropical area

The direct planting of industrial tomato was tested initially in Guaird-SP. Now, it has been
employed in the area of Rio Verde,GO, and Varjdo de Minas, MG, under dryness or under
irrigation, with the transplanter opening furrows directly in the straw.

Other initiatives in this area are the minimum cultivation of tomato and bell pepper in
greenhouses on black oat or corn mulch in Itupeva,SP; the minimum cultivation of
cauliflower under organic handling in Teresépolis-RJ; the cultivation of lettuce on black oat
mulch cultivated in beds in Piedade, SP; the planting of pumpkins on dry pasture in Brasilia,
DF; the minimum cultivation of broccoli and cabbage in Lavras-MG; the project named of
Direct Vegetable Planting System (DVPS) “Sistema de Plantio Direto de Hortalicas (SPDH)”,
with the objective of offering alternatives to the tomato monoculture of the, in Cacador, SC.
All have been presenting positive and promising results and should get adjustments according
to the local reality. With lettuce, cauliflower and one-head broccoli produced in the summer, a
significant reduction of disease incidence of was observed, be it for the better drainage and for
the elimination of the raindrop splash or be it for the thermal regulation that the mulch
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promotes, leading to the obtaining of a better quality commercial product. In cultures such as
tomato and bell pepper, a higher longevity of the crop in function of the deeper root system is
noticed. In cucurbits, such as pumpkins and watermelon, cleaner fruits are obtained by their
development on the mulch.

EMBRAPA Hortalicas, from of 2003, has presented a pilot project for the direct planting of
vegetables. Different covering plants for mulch formation (Crotalaria juncea, amaranth,
millet, forage sorghum), and levels of the soil covering are being appraised, besides six onion
cultures (Baia periforme, Conquista, Serrana, Sdo Paulo, Vale Ouro IPA-11), in a population
of 333 thousand plants per hectare, and two industrial tomato cultures (H9553 and H9992), in
a population of 30 thousand plants per hectare. The sequence of cultivations that has been
made is green corn - covering plants - onion or tomato - green corn - covering plants - tomato
or onion. In the first year, the onion productivity obtained under direct planting oscillated
between 30.7 and 54.0 t/ha, depending on the mulch and the culture, with an average of 42.9
t/ha. The control produced between 28.8 and 41.2 t/ha, with an average of 36.5 t/ha. As far as
classification, under conventional planting 82.4% of bulbs of classes 3 and 4 was obtained,
with a larger commercial value, while under direct planting, between 87.9% and 94.1% of
bulbs of the same classes. With tomato the average productivity under direct planting systems
oscillated being 104.3 and 133.0 t/ha, with an average of 122.3 t/ha, while under conventional
planting the average was 102.2 t/ha. With relationship to the mulch level, the best results were
observed when having about 6 t/ha. of mulch. Preliminary data indicate that the efficiency of
water use, that is, the amount of water necessary to produce one kilogram of tomato, under
direct planting systems was superior by up to 80% when compared with the conventional
planting.

Large scale farmers in the Cerrados Region

In the Cerrados region of Brazil (central plateaux between 10 and 20°S latitude), the climate
is humid with yearly rainfall of 1200 - 2000 mm per year during an 8-10 month period.
Diversified CA systems were developed for the large-scale grain producers of this region to
replace the inefficient tillage-based Sorghum monoculture system that produced only small
quantities of biomass

» CA systems with two annual crops in succession under continuous direct seeding, the
second crop playing the role of a 'nutrient pump' (Seguy et al. 2003).

» More recently, CA systems with three crops per year, all under continuous direct seeding,
consisting of one commercial crop (Sorghum, rice, maize) followed by cereals (maize, millet,
sorghum, Eleusine) intercropped with forage species (from the genera Brachiaria,
Stylosanthes and Cajanus, single-cropped or combined) that all function as powerful 'nutrient
pumps' producing large amounts of biomass in the dry season which can be grazed or used as
green manure (Séguy et al. 2003).

In these last case, the combination ‘commercial cereal crop + forage species' following the
first commercial crop at the end of the rainy season, uses water substantially deeper than 2 m
and has an active photosynthesis later during the dry season. This combination also displays
very strong vegetative regrowth after the first rains of the following season or after dry season
rain, thus ensuring a complete, permanent covering of the soil. As Brachiaria sp. are very
efficient forages for cattle, the farmers may choose to convert their area into pasture or to stay
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in grain production for the next year. Such systems are frequently used under irrigated
conditions or in wetter regions (more than 1500 mm) where it is frequent to have some
periods of heavy rains during the firs crop cycle recharging deep water reserves. Under such
conditions, total annual dry matter production (above and below soil) increased from 4 to 8
t/ha in the initial systems with a single annual crop to an average of around 30 tons/ha in the
best CA systems (Séguy et al. 2001).

Under other conditions, natural ecosystems have already served as a model for designing new
sustainable cropping systems (Altieri, 2002), but these have generally been perennial cropping
systems, involving either trees in agro forestry systems (Eel, 1999) or forage crop systems in
natural grassland regions (Soule & Piper, 1992). The main challenge here was to apply these
concepts in annual grain production systems.

Crops x livestock integration

In humid tropical conditions the more efficient species for recycling nutrients such as
Brachiaria and Stylosanthes sp. are also good forage species. They can be grown as cover
crops towards the end of the rainy season and grazed as soon as at the beginning of the
following dry season and even more during the next cycles. Alternate periods between
cropping and grazing are possible under different rotation schemes. Moreover, this succession
schemes offers the possibility of rehabilitating degraded pastures at basically no installation
costs. Such is the case of the newly developed “Santa Fé” cropping system in the Cerrados,
which associates a maize crop and a Brachiaria pasture (Kluthcouski et al. 2000). Brachiaria
is made to germinate after the maize either by delaying its planting or by planting it deeper.
During the whole maize cycle, Brachiaria sp. is shaded by maize plants. At maize harvest
however, the pasture is already in place, and grows very quickly over maize residues. Similar
types of systems have been devised in southern Brazil, with a rotation of ryegrass used as
pasture during winter followed by a Sorghum crop planted directly on the chemically killed
pasture.

1.2 Bolivia

CA is being effectively practiced in the humid tropics (Santa Cruz Region) mainly for annual
crops. In this region, there are two cropping seasons: the “summer season” from November to
December, and the “winter season”, from May to October. Main crops cultivated are
Soybeans, rice, maize, sugar cane, cotton, sunflower, sesame and wheat, which comprise a
total surface of more than 50% of the total cultivated area of Bolivia. The humid tropics can
be classified into 3 main agro ecological regions, according to different rainfall patterns, as
described in Figure 1.

Agro ecological zone Rainfall Summer/winter Proportion
(mm/year) crops ratio cultivated in the
winter (%)

Low rainfall zone <800 3xlorlx0 0to 33
Medium rainfall zone 800-1200 2x1 50
High rainfall zone >1200 1x1 100

Figure 1 — Main agro ecological zones in the Humid Tropics of Bolivia.
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1.2.1 Low rainfall zone

In the summer season, farmers cultivate Soybeans, sesame, sorghum, cotton and sunflower. In
the winter, most of the fields are under fallow, however, if there is enough moisture, part of
the cropping areas are cultivated with sorghum and/or sunflower (Figure 2).

| Year 1 | Year 2 | Year 3 |
Summer = [ Soybeans Soybeans Soybeans
Winter = Sorghum Sorghum Sorghum
Summer = | Soybeans Soybeans Soybeans
Winter = Sorghum or Sorghum or Sorghum or
Sunflower Sunflower Sunflower

Summer = | Soybeans Soybeans Soybeans
Winter = Fallow Fallow Fallow
Summer = [ Sunflower Sunflower Sunflower
Winter = Fallow Fallow Fallow
Summer = [ Sorghum Sorghum Sorghum
Winter = Sunflower or Sunflower or Sunflower or

Sorghum Sorghum Sorghum

Figure 2 — Crop rotations practiced in the low rainfall zone.

The low rainfall distribution in the winter results in low weeds incidence in the fallow areas.
In this situation, the spontaneous vegetation is managed with knife-roller associated to
herbicides prior to planting, in order to avoid re-seeding of weeds.

In general, there is no use of chemical fertilizers. Weed management in CA areas is based on
spraying of 2 to 2,5 I/ha of glyphosate associated to 0,5 I/ha of 2,4-D. Soil diseases incidence
(Macrophomina, Rhizoctonia, etc.) is more frequent in soybeans.

1.2.2. Medium rainfall zone

Main crops crown in the summer season are Soybeans, maize, cotton and some sorghum and
sesame. In winter, parts of the fields are allocated to sorghum, sunflower and wheat, while
another part of the fields are left for fallow. Figure 3 illustrates the most frequent combination
of crops in this region.

As in the low rainfall zone, the low rainfall distribution in the winter results in low weeds
incidence in the fallow area. In this situation, the use of the use of the knife-roller once is
enough to manage the biomass. If the rains are more frequent, the knife-roller is used two
times. In this agro ecological zone, forage sorghum is being used as cover crop.

In general, no chemical fertilizer is used. For weed control, glyphosate (2 to 2,5 I/ha) and 2,4-
D are applied prior to planting. Diseases incidence (Macrophomina, Rhizoctonia, etc.) occur
mainly in soybeans.

| Year 1 | Year 2 | Year 3
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Summer = Maize Soybean Soybean
Winter = Sunflowe Sorghum Wheat
r Fallow
Summer = Soybea Soybean Soybean
n
Winter = Sunflowe Sunflower Sunflower
r Fallow Fallow
Fallow
Summer = Soybea Soybean Soybean
n
Winter = Sorghum Sorghum Sorghum
Fallow Fallow Fallow
Summer = Soybea Soybean Soybean
n
Winter = Sunflowe Sorghum Cover crop
r Fallow (Forage
Fallow sorghum)

Figure 3 — Crop rotations practiced in the low rainfall zone.

1.2.3 High rainfall zone

Main crops cultivated in the summer are soybeans, rice and maize; in the winter most part of
the fields are allocated to soybeans, maize, sorghum and wheat, while part of the lowland
areas cultivated with rice are left for fallow. Combinations of crops are illustrated in Figure 4.
Farmers from this zone are starting to insert a sorghum crop (early variety) between the
harvest of the summer crop (March) and the planting of the winter crop (July), aiming at
producing a soil cover and introduce a crop rotation. In general, a burn down herbicide is used
for soybean harvest and help for weed management. In some cases, an herbicide application is
done prior to planting, in order to avoid re-seeding of weeds and irrigate the soil, and another
spraying immediately before planting.

In this zone is very frequent the application of micronutrients via fertilization which are
supposed to help the crop development. In this region, there are also some experiences with
organic soybeans under no-tillage for exportation. It is estimated that some 2000 ha are under
this system, while 1000 are in the transition phase.
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| Year 1 | Year 2 | Year 3

Summer Soybeans Soybeans Soybeans

=

Winter = Soybeans Soybeans Soybeans

Summer Soybeans | Sorghum |Soybeans | Sorghum | Soybeans |Sorghum

=

Winter = Soybeans Soybeans Soybeans |

Summer Soybeans Soybeans Soybeans

=

Winter = Maize/ Sorghum/ Soybeans
Soybeans Soybeans

Summer Maize/ Soybeans Soybeans

= Soybeans

Winter = Soybeans Soybeans Soybeans

Summer Rice Soybeans Soybeans

=

Winter = Soybeans Soybeans Soybeans

Summer Soybeans Soybeans Soybeans

=

Winter = Wheat Wheat Wheat
(Soybeans) (Soybeans) (Soybeans)

Figure 4 — Crop rotations practiced in the low rainfall zone.

1.3 Argentina

Under the AAPRESID view, the No Till System is understood as the general framework that
defined by the contribution of both scientific and empirical knowledge, constitutes a proper
scenario to achieve the MOSHPA (Modern Sustainable High Productivity Agriculture) model
goals. (Peiretti, 2004).

The No Till system is based on several pillars. Among them, the most important ones are:

*Absence of soil tillage

*Soil covered by crop residues

*Crop Rotation

*Balanced “Soil Nutrition” as a mean to achieve the proper crop nutrition

The absence of solil tillage is one of the main features (and pillar) of the no till system that
establish a clear “Edge Line”, “border line” or “boundary” that separate this from other

KASSA — Latin American platform — D1.4 9

Comprehensive inventory and assessment of existing knowledge on sustainable agriculture



conservation farming approaches. The absence of soil tillage and the consecution and
maintenance of mulch covering the topsoil and constituted by the crop left over, has a high
relevance for a proper No Till system functioning. Both strategies are responsible for the
achievement of several system benefits; from the improvement of water management to
higher, less variable and sustainable agro-ecosystem productivity. Besides these benefits,
No Till significantly helps to reduce the amount and speed of water run-off diminishing the
erosion forces (both for water and wind born soil erosion) and at the same time diminishing
the sediments and solutes that are regularly carried on water run-off. Also it creates a much
more favorable environment on those first millimeters of the soil profile where a large
amount of chemical and microbiological activity takes place. The presence of Glyoxalin, a
stable protein that is a byproduct of a special type of fungi, is largely enhanced by the no till
environment (Wright, 2001). Also she reported a strong correlation between the soil
glomalin content and the soil resistance to erosion by means of a higher stability of soil
aggregates.

Under the No Till System Principles, crop rotation is understood as more than a sequence of
crops. The issue has a great importance for a proper medium and long tern agro-ecosystem
functioning and improvement. Under this scope, a large number of interactions between
rotational and several soil and agro-ecosystem functional characteristics were detected. The
importance of Crop Rotation to achieve a better level of sanitation for the functioning of the
agro-ecosystem under No Till was discussed by (Carmona, 2003). Also on the same paper
the author discuss some of the barrier for higher rotation intensity. The value of crop
rotations for a proper No Till System functioning was extensively discussed. On (Peiretti,
1998), among others issues as rotation intensity, yields, economic results and others were
discussed. The author concluded reinforcing the principle crop rotation definitely represents
one of the pillars of the system.

The generally positive impact and synergy between the cover crops and the No Till benefits
were analyzed by (Ruffo, 2003 (a)). He went deeper with the analysis considering different
aspects of the possibilities of this technology for the Argentinean agro-ecosystem
characteristics and he concluded that cover crops have a large potential to be incorporated to
the crop rotation scheme of the Argentinean pampas agriculture and both improve
sustainability and profits. However, the necessity to carry out more research on the issue
was pointed by the author. (Ruffo, 2003 (b)).

Regarding the “soil nutrition” principle, it should be understood as a more evolved approach
to the crop fertilization issue. This principle takes into account a more systemic approach
and considers the interactions among soil chemistry, soil biology, soil organic matter and
structural properties, nutrient cycling, rather than just the addition of nutrients to a given
crop. Some No Till long term studies (Gudelj, 2002) had been carried under this approach.
On these sixteen years long term study, crop performance and yields, as well as, several soil
fertility indicators were monitored and reported. Two different soil managements were
studied; combine tillage (a combination of No Till and reduced tillage) and straight No Till.
The experiment was located on a typical Argiudol of the humid part of the Central Pampas
Area of Argentina. Besides several other conclusion they stated that the yield for the crops
was at least equal for the “Straight No Till” treatment when compared with the one that only
No Tilled some of the crops of the rotation. The average yields obtained on both treatments
were by far higher than the general average crop yield for the commercial crops developed
on the same area that only partially utilize the No Till System Principles but not under the
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systemic approach. The results gave an idea of the great potential that the proper utilization
of the No Till System Principles has to increase crop yield.

2. Driving forces and constraints to adoption
2.1 Brazil

Brazil is known as a country where CA is practiced from small-scale to large-scale farmers.
Figures available at the website of the Brazilian Federation of No-Tillage (FEBRAPDP)
estimates an area of 21,863 millions ha cultivated under No-Tillage in Brazil for the year
2003/2004. For the agricultural year of 2000/2001, the same source registers a distribution of
the cropped area under CA as 55,6% in the subtropical region and 44,4% in the tropical
region. However, is only in the subtropical region that CA is practiced by small-scale farmers.

The dissemination of CA in the country started with large-scale farmers from the subtropical
region, being the driving forces a result of a combination of technical, agro ecological,
socioeconomic and institutional factors. During the 70’s the Brazilian agricultural policy
encouraged the expansion of the agricultural frontier, the production of commodities such as
soybeans and wheat, which replaced activities such as coffee and livestock. These new
economic activities were implemented under conventional cultivation, combined to the high
erosivity of rains and erodibility of soils, led to serious soil losses. By this time public
research and institutions recommended that farmers switch to livestock production (Ekboir,
2001), or to adopt mechanical measures for soil conservation (Borges, 1993). However,
depending on the soil type (for instance, shallow and sandy soils of the region of Campos
Gerais at the State of Parand) even mechanical measures were not effective, the production of
annual crops was not recommended and supported by official institutions (research, extension
and credit) in such erosion-prone areas.

Such situation lead farmers to search for other alternatives, and CA were disseminated as a
result of farmers’ necessity and innovativeness. Experiences with the no-tillage system at
farmer level were then established as an initiative of farmers, supported by research. At the
same time, research activities at public research institutions such as IAPAR and EMBRAPA
were also established with the financial support of the private sector. The formation of
farmers groups supported by technical assistance (private and official), research and the
private sector originated innovation networks aiming at the exchange of experiences and up
scaling of CA in the subtropical and tropical areas. (Ekboir, 2001; Borges, 1993).

The availability of planting equipment and suitable herbicides are among the main technical
factors that contributed to the dissemination of CA in the country (Derpsch, 1999). The
machinery industry in Brazil is well developed, and a wide range of equipment — hand
operated, animal drawn and motorized — for cover crop/crop residues management, planting
and spraying is available.

Institutional arrangements among public and private institutions played a major role for the
development of CA in the form of partnerships among public research and extension
institutions, agrochemicals companies, agricultural machinery manufacturers, farmers’
organizations such as the Friends of the Land Clubs and the Brazilian Federation of No-
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Tillage (FEBRAPDP). Rural development projects from the State Government and the
National Government were important to provide funds for research, technical assistance and
credit for the acquisition of agricultural machinery for small scale farmers. Thanks to a policy
of the State of Parana during the 80’s, which was oriented to small-scale farmers, IAPAR
started research and development of a no-tillage planter known as Gralha Azul/IAPAR, which
was the edge line for the dissemination of CA in southern Brazil.

The transition from conventional systems to CA by small-scale farmers happened at the same
time with the adaptation of the system. Agricultural machinery was not yet adapted, and there
were many doubts regarding cover crop and weed management. Equipment adaptation was
possible due to a strong interaction among research institutions, manufacturers, farmers and
technical assistance.

From farmer’s perspectives, the main driving forces for the adoption of CA was the savings
on the use of machinery (for large-scale farmers), the reduction on labour requirements and
drugdery (for small-scale farmers), erosion control and increase in yields and soil fertility.

Main constraints for small-scale farmers are: difficulties in weed control (choice of herbicide
and spraying technology), increase in the incidence of pests and higher use of pesticides
(Toresan et al., 1999).

An adoption study carried out at the State of Parana with family farmers (Ribeiro et al., 2006)
a range of CA practices was found in this study, some of them incorporating tillage operations which
are quite contrary to the CA model. This tends to prove that family farmers adapt and incorporate CA
principles into their farming systems not as a rigid package, but according to a series of factors and
conditions they face, including agro-ecological (e.g. weeds, soil types), socio-economic (e.g. costs,
availability of labour) and knowledge (e.g. existence of certain types of herbicides) ones. The authors
also concluded that:

a) Farmers keep perceiving and using tillage as a useful, economical way of solving problems
they face, and especially of correcting periodically problems such as weeds of difficult control
and soil compaction which, according to farmers, have a tendency to pop up after several
years of continuing no-tillage. From the technical point of view, however, the authors are not
yet sure to what extent soil compaction is really taking place or if it is rather a farmeres
perception. There is a need to assess this issue.

b) Family farmers who have limited resources have bought the idea of investing into cover crops
(by purchasing cover crop seed every year). Since most of them do not get direct short-term
economic returns from planting cover crops (except for those who use them as forages, as is
the case of dairy farmers), this implies that farmers are firmly convinced about the long-term
benefits of using cover crops, such as soil conservation and fertility improvement.

c) Despite the efforts made by research and extension for promoting the diversification of
cover crop species and rotations, most family farmers still use a limited range of species and
practice rotations with a same crop repeated in successive cycles. This reflects the availability
and relative prices of cover crop seeds in the market, as well as the constraints farmers face for
diversifying further the rotations they use.

d) There is a definite need to identify adequate indicators and to assess the sustainability of the
different CA practices used by farmers as exemplified in this study, instead of focusing solely
on the impact of the “ideal” NT, which is not practiced by most small-scale farmers. Questions
such as the maximum frequency of soil disturbance which may be allowed should be answered
taking into account not only soil parameters, but also other relevant agronomic and socio-
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economic criteria that comprises the overall sustainability of farming systems

2.2 Argentina

The Argentinean No Till adoption process started during the seventies with some small-scale
trials within this central area. Later during the eighties the adoption started to grow.
AAPRESID (Argentinean No Till Farmers Association) was founded during this period.
Since then the No Till area never stops growing and been irradiated to other areas, reaching
nowadays more than sixteen millions that account for around sixty percent of the area cropped
on the entire country. No Till/CA and an entire new farming model based on the principles of
the MOSHPA Model (Modern Sustainable High Productivity Agriculture), (Pirate, 2003) was
developed and strongly adopted within that period. In Argentina, The foundation of CAAPAS
eleven years ago, (American Confederation of Farmers Organizations for a Sustainable
Agriculture), also help to reinforce the No Till adoption process in Argentina as well as in the
other country members of the institution.

Nowadays around 65 % of the total country farmed area is been cropped on this fashion and a
great proportion of that can be found on the central areas. In Argentina, definitely the
adoption of this new farming system was mostly a farmers’ leaded process and to the opinion
of several authors it constituted a true technological revolution. (Ekboir, 2003). Those farmers
belonging to the large-scale market oriented category play a key role on the process. During
the last thirty to forty years, the activity, organizational scheme, farming system etc. utilized
by Argentinean farmers of this category, had undergone a deep transformation. The process
was highlighted by the strong adoption of No Till/CA principles and also by biotechnology.
Also, deep transformation reached the operative organizational area. Nowadays around sixty
five percent of the total grain and oilseed production is coming from a “new type farmers”
that produce on rented land and contracting for different services of all type to race and
harvest the crops. (Ordofiez, 2002). The “custom made modality” developed to fulfill the
necessities of the different stages of the farming process, strongly accompanies the
Argentinean farming structural reshape.

To promote the adoption of No Till principles, the detection and support of leader proactive
farmers was a key factor for success. Farmers to farmer’s knowledge transmission were an
extremely valuable strategy. At the beginning of the Argentinean No Till adoption process the
actions of these types of farmers were of high importance (Rosso, 1992). Under the farmer
view, one of the very active AAPRESID members analyzed some of the why’s for the need to
evolve to a different farming system was considered by (Rosso, 2001). AAPRESID as farmers
founded and managed institution, had played a key role on the process and a farmer’s
proactive and innovative attitude was also of high relevance. (Trucco, 2001).

Even the adoption of No Till in Argentinean begun on the Central Area region very quickly
started to be spread to other regions of the country. Following this trend, some leader
AAPRESID farmers (Arzeno, 1993) recognized and described the advantages and potential
No Till benefits for the North West Region of Argentina where a “new agricultural pole” was
been developed.

Among the technical factors, a completely new generation of drillers and planters specially

designed to properly operate under the No Tiled Soil condition definitely is a key issue for
success at adopting the No Till principles
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Also, the industry following the farmers suggestions, invested a considerable amount of time
and efforts of all types at developing prototypes of a conceptually entire different drillers and
planters. They finally developed and supplied the demand with an appropriate entire new
generation, conceptually different drillers and planters. This was also a key issue for the No
Till adoption success.

2.3 Bolivia

The development of CA-based technologies started in the 80’s, as an initiative of farmers fro
the eastern lowlands and without support from research institutions. In 1993, ANAPO (the
Association of Oilseed Production) asked CIMMYT to support their experiences and the
development of no-tillage started as a tool to improve the profitability of the soybean-wheat
rotation (Ekboir, 2001). Then two specialized no-till networks emerged: one organized by
CIMMYT and comprised by public research institutions, farmer’s associations and
progressive farmers, and another one organized by Fundacruz (a farmer-founded research
foundation), agrochemical companies and farmers (Ekboir, 2001).

The Eastern lowlands and the Andean Valleys of Bolivia are the regions where crop
production predominates. While CA is practiced in the Eastern lowlands, no-tillage and
minimum tillage is still incipient in the valleys, where small-scale farming predominates.
Although the many efforts to promote no-tillage, its adoption is constrained by the following
factors:

e Although farmers see the benefits of leaving the biomass on the soil
surface, they use crop residues as fodder for their livestock of for shelter,
and for selling it for other farmers;

e Lack of capital for investing in machinery

e Communal grazing of the fields after harvesting of cereals

e Cereals are harvested by hand and thrashed away from the field

The Humid Tropics is the region where Conservation Agriculture is more practiced by
farmers, mainly for annual crops. From a total of 1,562,00 ha cultivated in this region (Santa
Cruz Department), some 818,000 ha are cultivated under no-tillage. Ekboir (2001) points out
the following driving forces:

e Save on production costs (especially diesel)
e Possibility of extension of the planting period (from about 3 days) after
the first rains to about 12 days
However, this practice predominates for large-scale farmers. Main constraints for the adoption
by small and medium-scale farmers are:

e Availability of machinery;
e Religious beliefs in the case of Mennonite farmers

It must be highlighted that CA is not being practiced in its overall concept. Soil tillage was
suppressed; however the use of cover crops and crop rotations is still incipient. This has been
resulted in soil compaction problems and the formation of soil crusting and high incidence of
diseases. The climate conditions of the humid tropics, with high rainfall patterns and high
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temperatures results in fast degradation of the biomass.
3. Scientific and practical results

3.1 Crop vields and stability

When starting no-till on a given agro-ecosystem, some benefits can be achieved from the very
beginning, even so, the potentially higher and best results shows up after several years of a
proper management under no-till. To obtain the most out of no-till, a systemic approach to the
agro-ecosystem management should be utilized. Along with no-till, several other management
strategies should be applied. A broad conceptual view of no-till, involving an appropriate crop
rotation, a good soil coverage, a soil nutrition strategies, etc., constitute some of the key issues
to be able to obtain the extra grain yield, and stability of it, that potentially no-till is offering.

The gain in yield, and stability of it, derived from no-till, can be interpreted as the “final
product” of a rather complex and interactive process. When an agro-ecosystem is properly
managed utilizing the no-till principles, an improvement of the most important components of
the agro-ecosystem is achieved. This fact creates a “better production environment” than
when properly utilized by removing constraints and maximizing the quality of the
management of “manageable production factors” as genetic potential, crop intensity, crop
selection, weed and pest management, timing of the farming operations, efficiency of rain and
irrigation water use, soil nutrition and crop fertilization strategies, etc., normally leads to the
achievement of a higher and less variable yield level. To be successful at this purpose, a
systemic approach should be considered. Besides the effect of the individual “production
factors”, a revalorization and deep consideration of the “effects of multiple interactions
among production factors and among years” should be taken into account at designing the
individual crop and the crop rotation strategy for maximum crop yield and minimum
variability of yields.

Crop yield increases at the “farm level” were somehow extensively reported however the
decrease of the “among years yield variability” will require of long term, comparative well
designed experiments that are not commonly found. Even so, the report of empirical
observations derived from “paired crops” managed under conventional tilled and no tilled
condition, clearly shows the advantages of no-till regarding the final crop yield and the
decrease of variability.

Crop productivity, in a general way, is the parameter more relevant to farmers when
evaluating soil management systems. Past experiences indicate in years of rain shortage the
higher productivity is obtained under no-till system while during years of normal rain
distribution the productivity did not differ among agricultural management systems. During
the first years of adoption of no-till system especially under degraded soil the productivity of
cultivated species is normally lower than the obtained under systems that use intensive soil
disturbance. This behavior, certainly, is associated to the evolution of the global soil fertility
promoted by no-till system, which as the time passes, tends to promote improvement in soil
quality and to stabilize crop productivity (ANAPO, 2004).

Various authors have shown that the intercalated rotation of crops from different plant
families such as grasses, leguminous, cruciferous, etc. can increase the competitiveness and
economic viability of agricultural production systems (Derpsch and Calegari, 1992; Santos,
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1992; and Santos et al., 1993). Crop diversification produces varying amounts of crop residue,
reduces soil losses, recycles nutrients, interferes with pathogen cycles, eliminates weeds,
extends the rooting system of plants to different depths and improves nutrient absorption as
well as ensures the best use of labor and equipment and the sustainability of agricultural
activity.

In subtropical areas of Brazil, although species diversification was known to be a
technological solution for the control of necrotrophic pathogens of wheat (Reis, 1991),
associated with the production of green manure for the recovery of soil structure (Denardin,
1997), it was the no-till system that popularized crop rotation as one of the essential features
of the conservation agriculture which arose in the middle of the 1980’s.

Crop rotation and no-till system has contributed to the stability of the profits produced by both
summer crops such as soybean and maize (Derpsch et al., 1991; Ruedell, 1995; Santos and
Tonet, 1997; and Santos et al., 1997) and winter crops such as barley and wheat (Santos et al.,
1995; Sacred et al., 1996; Sacred et al., 1998; Sacred et al., 1999; and Santos and Reis, 2001),
especially in the subtropical areas of Brazil where the climate is unstable. Mundstock (2004)
stated that increase of maize productivity is closely related to, among other factors,
improvement of soil tilt such as no-till system, rational use of fertilizers, increased planting
density and use of selective pre-emergence and post-emergence herbicides. In fact, maize is
the main crop that sustains no-till system because in the most frequently used production
models it is the crop that contributes most to straw production and also has the highest root
volume. Before the introduction no-till system maize productivity was less than six tons per
hectare but now the best no-till system produce an average of ten tons per hectare (Uma
Revolucéo, 2002).

Diaz-Zorita (2002), while comparing different rotations, had reported an increase of crop
yields under no-till for the southwest part of Buenos Aires Province where the soils are of
relatively high sand content. Also for that rotation that contains the higher proportion of corn
and wheat the organic matter content was higher than on those that have lower participation of
these crops. The same trend was observed while comparing the no-till treatments against the
chisel plow one. The organic matter content was higher for the no-till one.

The response of different annual grain crops varies with different soil tillage systems. The
productivity of crops has been consistently higher under no-till system compared to
conventional tillage (Ruedell, 1995). Calegari et al. (1992), Muzilli et al. (1994), and Hernani
et al. (1997) observed that yield of maize, soybean, and wheat cultivated under no-tillage
system was 17% higher than cultivated under conventional tillage. Long term trials by Santos
et al. (2000, 2001, 2003a, 2003b, 2004) and Santos and Tomm (2003) have shown the
following: no-till system produce higher yields than conventional system; crop rotation
increases and stabilizes yield more than continuous cropping; no-till system plus crop rotation
results in better energy conversion and energy balance than conventional tillage and
continuous cropping; and no-till system combined with crop rotation is more lucrative and
results in less risk as compared to conventional tillage and continuous cropping. Santos and
Tomm (2003) emphasize that the higher productivity observed in the no-till system may be
related to the improvement of total soil fertility manifested in higher levels of organic matter,
phosphorous and potassium than those occurring in conventionally tilled soils. Santos et al.
(2000) state that the higher wheat yields produced under crop rotation are due to the fact that
when rotation is used the severity of necrotrophic disease is reduced by up to 50%, while in a
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later study, Santos et al. (2003a) showed that no-till system combined with crop rotation are
more energy efficient, produce higher grain yields, and result in the input of higher nitrogen
levels from cover plants and lower energy consumption than non-rotated conventional
systems. Santos et al. (2004) credit the greater profitability and the smaller risk of no-till
system plus crop rotation are due to the increase in gross revenue, in economies in labor, fuel,
and lubricant costs and maintaining and depreciation costs of the agricultural machinery.

For a thirteen years period under continuous agriculture comparing two basic management
no-till and combined till, a mixed management combining reduced till and no-till, in the
central pampas areas, the yield evolution as well as the evolution of several soil fertility
indicators were reported by Ghio (1999). The results show a yield benefit for the straight no-
till treatment as well as an improvement on some soil fertility indicators. The conclusion is
that the system pillars are: no-till, soil fertilization, and crop rotation. Within a no-till
environment, other studies were directed to evaluate the interaction between crop yield and
stability of it with crop rotation. (Phailé, 2003).

In Bolivia, after ten years of trials the association of no-till system and crop rotation has
proportioned yield increases around 500 kg/ha when comparing with continuous
wheat/soybean. The yield increase for maize has being in the order of 1,100 kg/ha and 1,600
kg/ha, respectively, compared to conventional tillage and minimum tillage. Paz (1999) states
that soil fertilization and chisel plowing did not affected crop productivity of soybean, maize,
wheat, and sunflower. However, it is clear that the soybean crop when cultivated under
rotation system, regardless to soil management system, presents yield improvements of the
order 200 to 300 kg/ha in relation to continuous cropping. Based on these studies Paz (1999)
states:

- species as soybean, maize, wheat, and sunflower when cropped under no-till system
present higher productivity combined with crop rotation than under continuous
cropping;

- lower productivity tends to occur under conventional tillage;

- the difference in productivity under no-till using crop rotation and continuous
cropping is 500 kg/ha for soybean, 1,000 kg/ha for maize, 450 kg/ha for wheat, and
350 kg/ha for sunflower.

Campero and Wall (1999) concluded that in regions of Bolivia with rain shortage during
winter season, the crop residues kept on the soil surface affect positively the water balance
and consequently the wheat productivity. Production of 2,000 kg/ha and 4,000 kg/ha of crop
residues has proportioned yield improvements in the order of 67.3% and 88.7%, respectively
(PROTRIGO, 2002).

Field trials in subtropical Brazil comparing conventional till, reduced till and no-till systems
carried out over a period of 18 years showed that annual variation in yield was not necessarily
associated with the type of soil management but that such variations could be accounted for
by climatic oscillations and, especially, variations in rainfall during the annual growth cycle
(Denardin et al., 2001).

For the central area of the Pampas Region as well as for some other regions of the Argentina,
an almost generalized trend for a crop yield increase when raced under no-till was reported by
several authors (Ferrari, 1998; Quiroga et al., 1998). It appears that for any given region and
under rain-feed crop condition, the improved water management that no-till allows, could be
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part of the explanation for the yield increase. Similar results where observed for Bolivia
(ANAPO, 2005).

In tropical areas of Brazil, especially in the Cerrado (Brazilian savannah), agricultural
expansion was first promoted by soybean continuous cropping using intensive tillage. This
intensive tillage system was based on the use of plowing and harrowing and systematic use of
only disks harrowing, accelerating the process of soil degradation in much of the area under
cultivation (Séguy et al., 1996). No-till system started in areas of soybean continuous
cropping because in these areas rainfall is concentrated in the rainy season (October to
March), not allowing growing other crops during the rest of the year. The absence of crop
rotation and permanent cover crops prior to or after soybean continuous cropping, the use of
exclusively harrowing (Farias, 1979), and the use of conventional tillage with deep plowing
(Séguy et al., 1988), as soil management systems, resulted in higher soybean yields than with
no-till system. The no-till system only started to produce yield equivalent, or superior to,
conventional tillage after adjustment of production models to take advantage of the rainy
season. As result, production models managed under no-till system should contemplate crops
as beans, maize, millet, sorghum and sunflowers to be used as green manure (Landers, 1995).

A study carried out in tropical Brazil showed that no-till system plus crop rotation using crops
such as maize, soybean and wheat and animal feed crops such as Brachiaria and oats has
shown that such a system not only produces higher yield and profit but also improves total
soil fertility as compared to systems based on conventional tillage and continuous cropping
(Salton et al., 2001). It has also been shown that beans grown under no-till system have a
higher leaf surface area index, a longer leaf surface area duration period, a larger growth rate
and relative growth rate and produce more dry matter (Urchei et al., 2000). Data also shows
that beans produce higher yields when grown under no-till system plus crop rotation and that
yields are affected by the temporal arrangement in which the component crops are grown.
Yield of beans are usually higher when grown in rotation with rice than it is grown with maize
and when beans is grown successively in the same area for two years (Silveira et al., 2001).

In Bolivia, the broad climatic variation in frequency and rain distribution has lead to studies
oriented to the construction of production models able to promote agriculture sustainability
under no-till system. Nowadays, a great number of the production models are being evaluated
specifically for each type of climate in this region of the country (ANAPO, 2004).

Precision Agriculture, site specific management could potentially be technologies that can
further enhance the benefits of no-till. Some of these issues are discussed by Borletto (2001).
Other authors had considered the potential usefulness of this modern last generation
technologies to improve the general agricultural operation as well as the management under
no-till (Bragachini, 2000; Bragachini, 1999). Belloso (1999) had reinforced the idea of the
actual and potential importance of the technology to generate detailed records and knowledge
of the soil functioning at the farm level.

1.2 Soil characteristics

Global soil fertility: From an elementary standpoint, the soil may be considered a body
composing natural landscape represented by volumetric element. Such body consists of a
solid matrix containing gases, liquids, and organisms, which, together, constitute a complex
physical-chemical-biological system possessing characteristics and properties resulting from
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the effects of relief, climate, time, and the biological activity on the original material
(pedogenetic processes) but also by anthropic effects.

From a functional and agricultural point of view, soil constitutes the environment in which
plants grow, providing a support substrate, nutrients, and water. From the point of view of
agricultural production system, soil is only a determining component of the productivity of
such system because of the limitations imposed on agricultural system by its fertility (Figure
1). In this context, it is important to remember that an agricultural production system is
produced by the interaction between the environment, plants, and soil in which the
environment has the potential to provide energy, plants provide the genetic potential, and soil
potential fertility. Agricultural productivity, measured as the amount of product produced per
unit area, is the integrated result of these factors so in a agricultural production system it is not
possible to consider environmental, plant or soil productivity in isolation because no product
can be generated in the absence of any one of those factors or without interaction between
factors. Since it is the interaction between factors which determines the productivity of the
agricultural production system such productivity cannot exceed that of the limiting factor, this
being exemplified by the ‘limiting factor law’ which states that if alterations are made in
environmental or plant factors with a view to increasing productivity such alterations will be
of no effect if the soil factor is at the limit of its productive potential. It may thus be said that
management of a productive agricultural system is nothing less than the exploitation of the
potential of the production factors that make up the system (Denardin et al., 2003).

Although soil fertility involves physical, chemical, and biological factors it is principally
determined by the structure of the soil because this decisive parameters such as the capacity of
the soil to store water, water availability, heat storage and diffusion, permeability to air, gases,
roots, and water, pH and nutrient availability. Soil structure is based on the relationship
between the volume occupied by the soil particles and the apparent volume of the soil and
varies in function of the dimensions of the interstitial spaces (pores) between the soil particles,
although pedogenetic and anthropomorphic (e.g. soil management practices) factors may also
play a part in soil structure (Taylor and Aschroff, 1972). When considered in the light of an
agricultural production system the application of soil structure to the concept of soil fertility
extends the scope of this concept beyond the purely chemical aspects of pH, nutrient
availability, and organic matter content.
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Figure 1. Conceptual structure of an agricultural production system.

The association between, and stability of, the soil aggregates determine the type and quality of
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the soil structure and are directly dependent of the amount and quality of organic matter in the
soil which in turn can be inferred as being due to the type of plants growing in the agricultural
production system of which the soil is a part, such plants constituting a primordial factor for
the development of global soil fertility (Denardin et al., 2003). Soil organic matter interacts
with soil minerals to form complex organominerals that result in the formation of secondary
particles of various shapes and sizes (Tisdall and Oades, 1982), with plant roots (Silva and
Mielniczuk, 1997) and fungal hyphae (Miller and Jastrow, 1990) increasing such interactions
by forming and stabilizing aggregates of soil particles. The formation of soil aggregates
results a decrease in microbial decomposition of soil organic matter and accumulation of
organic compounds, especial in untilled soils (Feller and Beare, 1997; Six et al., 1999). The
quantity and flux of organic material produced by the agricultural production system governs
factors such as the biological activity of the soil, the production of secondary organic
compounds, aggregation of soil particles and other, less well-defined, emergent soil properties
all of which contribute considerably to total soil fertility. In general, carbon cycle emergent
soil properties such as aeration, aggregation, cation exchange capacity, infiltration and
retention of water, nitrogen balance, organic matter content, porosity, etc. serve only to
improve total soil fertility (van Breemer, 1993; Vezzani, 2001).

The agricultural use of soils influences amount of organic matter in a soil due to the diversity
of the plant species within a particular productive agricultural production system. Agricultural
production systems involving tillage, cultivation of low phytomass species or the burning or
removal of crop residues (or all these factors) normally present annual rates of phytomass
accumulation which are lower than the mineralization rates of the organic material added to
the soil. Some researchers suggest that it is important to consider not only the aerial
phytomass but also the contribution of the root system of plants (Bolinder et al., 1999)
because some crops, with extensive and aggressive root system (principally perennial grasses
forage crops) allocate a larger fraction of photosynthetic fixed carbon to their rootstocks than
do annual species (Shamoot et al., 1968) and are therefore more efficient in increasing the
stock of organic matter in the soil.

The rate of loss of soil organic matter is highly influenced by tillage because tillage
oxygenates the soil and homogenizes crop thereby stimulating microbial decomposition and,
compared with the no-till system, tillage can double the rate of organic matter decomposition
(Bayer et al., 2000c). The decomposition of soil organic matter is agriculturally undesirable
because improved soil fertility is undoubtedly associated with processes that maximize soil
organic material and minimize losses.

The dynamics of soil carbon and nitrogen are intimately linked so that degraded soils and with
low levels of organic matter are also usually nitrogen deficient and this limits carbon input
from plant material, which in agricultural terms principally means grasses crops in productive
(Bayer et al., 2000a,b). This means that the inclusion of leguminous crops in the crop rotation
cycle of some agricultural production system allied to the use of inorganic nitrogen-based
fertilizers is highly efficient in elevating soil carbon stocks and improving total soil fertility
and hence crop productivity (Teixeira et al., 1994; Testa et al., 1992; Vezzani, 2001).

Alterations in global soil fertility: In Brazil the soils of the main annual agricultural
production systems for the production of grain crops are predominantly Oxisols, Ultisols and
Alfisols and a smaller proportion these systems are grown on Mollisols, Inceptisols, and
Entisols, mainly in the subtropical Brazilian states of Rio Grande do Sul, Santa Catarina, and
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Parana. In tropical Brazil, Entisols (quartzite sands type) support some restricted areas with
these systems (Miyasaka and Medina, 1981). Oxisols, Ultisols, Alfisols, and Entisols
(quartzite sands type) are generally deep, well-drained soils which form undulating or semi-
undulating deposits that present no limitations for the implementation of annual agricultural
system for the production of grain crops, although Mollisols, Inceptisols, and some Entisols
the adoption of such system due to lack of depth, stoniness, and problematic topography
because they are often located in areas of uneven relief (Embrapa, 1999). The insoluble clay
fraction of these soils is predominantly composed of type 1:1 minerals (kaolinite) and iron
and aluminum sesquioxids (Embrapa, 1999) which are very important because they confer
high structural stability to soils especially at the micro aggregate level (Kiehl, 1979). The
organic matter content of uncultivated Entisols (quartzite sands type) soils is less than 2% and
in Oxisols, Ultisols, and Alfisols rarely exceeds 4% while in Mollisols, Inceptisols, and some
Entisols it is often 3% and can be in excess of 5%, the organic matter content of these soils
being responsible for macro aggregate stability.

Under natural conditions these soils are dystrophic and limit plant growth because chemically
they are acidic with low exchangeable base saturation and contain high levels of exchangeable
aluminum (Embrapa, 1999). These soils are, however, physically suited to crop development
because they possess considerable structural stability at both the micro- and macro-aggregate
level such that total porosity can reach up to 0.6 m®> m™ which means that they are highly
permeable air, water and the roots and consequently have low natural susceptibility to erosion.
Once the chemical deficiencies of these soils are corrected these soils have high total fertility
and are very suitable for annual agricultural systems for grain production (Denardin et al.,
2003).

However, it has been postulated that the mechanical mobilization of soil (ploughing,
scarification, and grading) for conditioning prior to the implementation of agricultural
production systems unleashes integrated and serial chain reactions in the complex
physicochemical-biological systems of the soil that alters soil structure and redefines its total
fertility. Depending on the intensity of soil mobilization such changes can result in increased
or decreased patterns of soil fertility (Denardin et al., 2003).

In Argentina, grain production system under no-till is conducted in soils that vary from region
to region. In the south of Buenos Aires Province, soils are deep, with a loamy texture, and
most of them are classified as Mollisols. In general, organic matter levels range from 4.0 to
7.0%. There is a large area in this region that has hard layers of rock calcium carbonate that
vary in depth from 0.2 to 0.9 m. This layer can severely affect water storage in the soil profile,
so there is a high dependence on the rainfall frequency. In central and west of Buenos Aires
Province, the most frequent soils (Haplustolls and Hapludolls) have a sandy to sandy-loam
texture, and the organic matter levels range from 1.8 to 2.5%. In the center-west of this
region, soils have restrictions to the root exploration due the presence of hard layers that vary
in depth. In the rest of the region soils are deep, but with some limitations to store water and
susceptibility to wind erosion. In the Semi-Arid Pampas, soils are deep, sandy, with low
organic matter levels (0.8 to 2.0%) and with a high susceptibility to wind erosion (Entic
Hapludolls and Typic Hapludolls). The water holding capacity of these soils is low and the
soil structure is very weak. In the north of Buenos Aires and South of Santa Fé Provinces, the
predominant soils are Argiudolls in the east, and Hapludolls in the west. Soil textures vary
from clay-loam to silt loam, organic matter levels range from 2.5 to 4.0%. Soils in the area
have mainly susceptibility to water erosion. Central Santa Fé and Cordoba Provinces soils are
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classified as Mollisols (Argiudolls, Argiustolls and Hapludolls), with a high content of silt
(silty to silt-loam textures), and low aggregate stability, that gives a high susceptibility to
physical degradation. Organic matter levels range from 1.8 to 3.5%. In Entre Rios and
Corrientes Provinces, soils are classified as Vertisols and Vertic Argiudolls. Texture varies
from clay-loam to silt-clay-loam with clay contents that range from 33 to 45%. Soils have
moderate to high susceptibility to erosion, and organic matter levels vary from 2.0 to 3.5%.
Soils of Northeast Argentina are mainly Mollisols. Textures vary from loamy to silt-loam, and
organic matter levels range from 1.0 to 2.8%. Susceptibility to water erosion is moderate to
low. Actual phosphorus levels are, in general, very high (>40-50 ppm Bray-1 P). In Northwest
Argentina, soils are classified as Mollisols, Alfisols, Inceptisols and Entisols. Soil texture has
a high variation (from sandy to clayed) and organic matter levels range from 0.8 to 2.2%. The
main problems in the area are the high water and wind erosion and the low structure stability
in most of the soils.

In general in most of the regions, the actual organic matter level is between 40 and 60% of the
original, and this was evaluated by taking soil samples in the fences of the fields. In southeast
Buenos Aires original phosphorus levels are low (<10 ppm Bray-1 P), whereas these levels
were originally high and very high (>40-50 ppm) in the rest of the regions previously
described. In no-till, phosphorus levels tend to increase in the 0-0.1 m layer, an often in this
layer, 2 to 4 times more Bray-1 P is found compared to the 0.1-0.2 m layer (Bianchini, et al.,
2004). The lack of residue incorporation in no-till may explain this surface accumulation.
Potassium levels are very high (>400 ppm ammonium acetate K) in all regions and can reach
1,000 ppm in fertile and deep soils, so little stratification is observed in no-till.

In Bolivia, Santa Cruz department, the region where the grain production under no-till is
concentrated, the main soils are Alfisols (loam textured) and Inceptisols with moderated to
high fertility, but unstable structure (PROTRIGO, 2002).

Any transformations in the physicochemical and biological properties of soils resulting from
the implementation of no-till system are dependent on environmental factors, soil type and,
most importantly, the agricultural production system model, i.e. the set of species which make
up the productive agricultural system. Transformations related to the creation or recuperation
of total soil fertility are based on the amount of organic carbon within the system because this
is the factor which is most affected the adoption of no-till system. The most important
changes in soil properties originate on or near the surface of the soil due to the presence of
plant residues and roots. The great majority of practical reports and scientific studies
involving the implementation of no-till system support the affirmation that no-till system
increase soil organic carbon, improve soil structure, and increase nutrient availability
(Muzilli, 1983; Sidiras and Pavan, 1985; Kochhann, 1996; Stone and Silveira, 1999; Caires,
2000; Sousa and Lobato, 2000; Silveira and Cunha, 2002).

In Argentina there are observations that different kind of no-till positive impacts related to
soil conservation, water infiltration and crop yield. After ten years of cultivating a high clay
content soil of Entre Rios Province under the no-till principles, improvements for several soil
characteristics were reported for (Chesta, 2001). Some interesting conclusions were drawn by
Fontanetto (2002a) analyzing the evolution of several soils parameter on a seven years no-till
and different crop rotation experiment. No-till and an appropriate level of nitrogen
fertilization leaded to a soil organic matter increase especially of its younger fraction of the
organic matter. Also, the amount of crop residues, the organic matter content and the water
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capturing and conductivity soil capacity were increased when grasses increased its
participation on the crop rotation. Continuous no-till increased the total soil porosity. The
same author obtained similar conclusion in other ten years long study. On this study was
evaluated different soils physical and chemical parameters as well as crop yields for to
different rotations wheat/soybean and wheat/soybean followed by corn. The conclusion is that
continuous agriculture might decrease the chemical properties of the soil. To be able to carry
out continuous agriculture with an appropriate level of agronomic sustainability, there is
necessity of carefully manage the agro-ecosystem and include crops that give back larger
amounts of crop residues. From the physical soil properties standpoint, no-till was the best
choice. The inclusion of corn on the rotation allowed increasing the water use efficiency. The
best yields were obtained with the combination of wheat/soybean corn rotation and no-till.
The utilization of no-till principles along with some other good agro-ecosystem management
practices it is possible to carry out a continuous agriculture (Fontanetto, 2002b).

Muzilli (1983) and Sidiras and Pavan (1985) have shown that four years after the adoption of
no-till system soil organic matter was significantly increased in the 0-5 cm layer of Oxisols
and Alfisols in the Brazilian state of Parana and S& (1995a) has shown that soil organic matter
in the 0-10 cm layer of the same soils increased by 27% after 15 years of no-till system. Over
10 years no-till system has resulted in an overall increase of 0.5 to 1.5% in the level of
organic matter in the 0-10 cm layer of subtropical Brazilian soils (Lopes et al., 2004).

Valpassos et al. (2001) conclude that the continuous use no-till system within a crop rotation
management system results in organic carbon accumulation, reduced soil density and
improvements in the chemical properties of the soil related to plant nutrition and constitutes a
conservationist alternative for the maintenance of total soil fertility and the productive
potential of agricultural production systems in tropical Brazil.

Salton et al. (1998), Bayer and Mielniczuk (2001), and Muzilli (2003) affirm that alterations
in soil properties such as improved structure, elevated cation exchange capacity, controlled
release of nitrogen and phosphorous and reduced acidity observed in studies of no-till system
are a result of the quality and quantity of organic matter contained in no-till soils.

However, Stone and Silveira (1999), Stone and Moreira (2000), and Kluthcouski et al. (2000)
in tropical Brazil and Tormena et al. (2002) in subtropical Brazil have reported that no-till
system applied to production models that result in the production of phytomass in quantities
inferior to the mineralization potential the soil can induce soil compaction and a fall in
productivity. Corréa (2002) showed that after 2 years there was an increase in the proportion
of water stable aggregates in a tropical Brazilian Oxisol subjected to no-till system in a
production model involving the rotation of soybean and maize as compared to the percentage
of the same type of aggregates in a soybean in continuous cropping. In addition, the
percentage of soil organic matter correlated positively with the percentage of aggregates
larger than 2 mm, the weighted mean diameter of the aggregates and the degree of clay
flocculation. In the Brazilian state of Rio Grande do Sul an Oxisol was studied by Barcelos et
al. (1999) who found that when this soil had been subjected to 10 years of crop rotation using
three soil handling methods (conventional, minimum-till, no-till system) no-till system
resulted in higher levels of organic carbon; increased soil water retention; increased weighted
mean aggregates diameter; increased macro-porosity; and increased water infiltration rates.
Kochhann (1996) has pointed out that in no-till system aggregates in the superficial soil layer
are more stabile and that larger diameter aggregates are more common because the presence
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of vegetable residues in the surface of the soil protects aggregates from the impact of rain
drops, surface organic material is constantly decomposing and producing adhesive substances,
and absence of tillage prevents aggregate breakdown.

Reinert et al. (1984), Eltz et al. (1989), Carpenedo and Mielniczuk (1990), and Derpsch
(1991) conducted comparative studies of different methods of soil preparation as applied to
subtropical Brazilian Oxisols and Ultisols and found that no-till system consistently improved
soil structure as expressed by increased mean aggregate diameter and increased macro
aggregate water stability. However, Carpenedo and Mielniczuk (1990) also pointed out that
no-till system soil macro aggregates had micro pores and were compacted in relation to the
soils of cultivated pasture, natural fields or forests in which the soils contained a greater
proportion of macro pores and were more porous.

Some soil chemical and physical changes derived from no-tilling two different soil types
representative of the Central and Central East area of Argentina, were analyzed by Michelena
(2000). The two types of soils were compared between them and also with other similar soils
cultivated under conventional till management. A significant increase in most fertility
indicators were found when they were no-tilled for a period ranging between nine to eleven
years. Some of the reported results for the no-till benefits were: A significant organic matter
and total nitrogen increase. No changes in soil pH. Regarding the physical properties
evolution under no-till, the bulk density was similar for both types of soils. The resistance to
be penetrated values encountered do not represent any troublesome situation and the yield and
general productivity evolution of both farms followed a clear positive trend. The soil water
infiltration value reported indicates a significant improvement. For a rainfall simulator with a
heavy rain intensity (60 millimeters per hour during one hour), the infiltration change from 83
to 100%. Considering that under conventional tillage the most common values for this
parameter would be around 40 to 50% or even less in many cases. This increased soil ability
to capture rainwater implies a very positive and important benefit derived from no-till. The
effect has big positive impact on the water availability for crops increasing the yield and
decreasing yield variability among years. It represents a phenomenon that has a similar
practical impact that if we could increase the rainfall of a given area. Since the soil water
capturing capacity is enlarged, the irrigation total efficiency is increased and hence a true
possibility of reducing the irrigation need when under irrigated condition appears. The soil
losses by mean of water erosion were drastically cut on both cases. In Argiudol soil, was
equal to zero after applying a sixty millimeters rain in an hour. For Argiudol typical soil, the
soil loss value was only 0.15 metric ton/ha, which is extremely low while compared with the
values for the average losses obtained on the area. Some measurements under conventional
tillage are as high as 50 metric ton/ha/year and even higher.

Nutrient cycling and the addition of chemical soil conditioners and fertilizers promote nutrient
concentration in the superficial layers of no-till system soils. Bartz (2003) states that the least
mobile nutrient is phosphorus which results in this nutrient having the largest concentration
gradient (measured from the soil surface) in no-till system soils. In the 10-5 cm layer the
phosphorous concentration can be seven times greater in no-till soils as compared to that in
conventionally tilled soil, and according to Sa (1995a), this effect is proportional to the time
for the soil has been subjected to no-till system but independent of the soil order or soil
textural class. Muzilli (1983), Sidiras and Pavan (1985), Sa (1993, 1995b), Caires (2000), and
Sousa and Lobato (2000) affirm that the low mobility and high availability of phosphorous in
the superficial layer of a soil is due the annual application in furrow or broadcast application
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of phosphate fertilizers, the liberation of organic phosphorous from decomposing of crop
residues on the surface of the soil and reduced contact with phosphorous sequestering soil
minerals such as iron and aluminum oxides, oxi-hydroxides and hydro-oxides. Bartz (2003)
emphasizes that no-till system optimize the use of organically derived phosphorous and
reduces retention or immobilization of inorganic phosphorous applied as fertilizer, this is
because soil managed under no-till system is not subjected to mobilization, such optimization
having reduced the use of phosphate fertilizer by 30 to 70% in the Brazilian state of Parana.

Reinheimer and Anghinoni (2001) have reported that elevated soil solution phosphate levels
can result in the formation of low solubility aluminum, calcium and iron phosphates and result
in decreased availability of phosphates to plants, but S& (1995b) has pointed out that as
compared with conventional tillage no-till system has various advantages in terms of
phosphate behavior because the absence of soil mobilization decreases phosphate adsorption
by reducing contact between soil colloids and ion phosphate and the slow and gradual
mineralization of crop residues occurring in no-till system results in the liberation and
redistribution of organic phosphates which are more stable and less susceptible to adsorption.

Pottker (1995) has pointed out that there is relatively little information on the behavior of
potassium in soils under no-till system. Bartz (2003) has reported that in no-till system soils
potassium has a similar, but less intense, concentration profile to phosphorous, with
potassium levels decreasing from the soil surface downwards and that the principal potassium
losses are lixiviation and/or surface runoff due to the high aqueous solubility of potassium.
The improvement soil structure in no-till soils increases the rate of aqueous infiltration and
reduces potassium loss by runoff but this may be offset by increased losses due to lixiviation.
A further factor being that the annual pluvial precipitation in the grain producing areas Brazil
is in excess of 1,400 mm and precipitation often exceeds the soil infiltration rate thereby
causing potassium loss due to runoff. Such losses are important in both subtropical and
tropical regions of Brazil but are accentuated in tropical regions because most of the annual
pluvial precipitation takes place during October to March.

Lopes et al. (2004) have affirmed that nitrogen is the nutrient whose dynamics are most
influenced by the adoption of no-till system and Freire et al. (2000) have pointed out that
nitrogen is the principal nutrient limiting crop and that when the soil is the only source there is
usually not enough nitrogen to assure high productivity. The soil organic nitrogen reserve
represents 95% of the total soil nitrogen and is subjected to transformations that determine the
balance between organic and inorganic forms of this element and, consequently, availability
of nitrogen to plants. Sa (1999) states that in the initial years of no-till system plant nitrogen
availability is problematic due to the high carbon/nitrogen ratio of crop residues, the presence
of compaction and relatively low levels of phytomass, such effects occurring principally in
degraded soils. Such problems are well-known to occur in newly implanted no-till system
because the amount of fresh material on the surface of the soil but also occur when climatic
conditions are unfavorable to decomposition. As the amount of surface organic material
undergoing decomposition increases due to the continued use of no-till system nitrogen
availability stabilizes (S&, 1996). A solution which is often adopted has in ploughed systems
is to apply inorganic nitrogen-based fertilizer to the furrow during sowing.

Most Brazilian soils used for grain production are highly acidic as expressed by pH or the
presence of phytotoxic aluminum and/or manganese, liming being the recommended practice
correcting these problems. The factors responsible for the re-acidification of soils under
continued agricultural use are mineralization of crop residues, the type and amount of applied
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fertilizer and loss basic cations by lixiviation and/or surface runoff.

In Brazil, conventionally tilled soils become re-acidified and require re-liming about every
five years (Pottker et al., 1998) but in no-till system there tends to be a decrease in the level of
exchangeable aluminum and or manganese with time and hence a decrease in the need for
liming (Sidiras and Pavan, 1985; S4, 1993).

Various mechanisms have been proposed to explain the reduction of acidity in soils under no-
till system (Miyazawa et al., 1993; Salet, 1998; Franchini et al., 1999; Sumner and Pavan,
2000; Miyazawa et al., 2000).

Miyazawa et al. (2000) have suggested that one mechanism might be related to the level of
basic cations and soluble organic carbon presents in the phytomass of the green fertilizers
Avena sativum, Brassica napus, Lupinus albus, Leucaena spp, Mucuna aterrima and
Crotalaria juncea during flowering than in other commercial species such as maize (Zea
mays), soybean (Glycine max), and wheat (Triticum aestivum) post-harvest. Reduced
aluminum and/or manganese toxicity can depend on the species cultivated but is mainly
related to the developmental stage of the plant, with growing plants being more resistant than
mature plants. This implies that in no-till system in tropical and subtropical Brazil the level
and periodicity of liming may be affected by the type of green fertilizer or crop residue which
are produced by the different crop rotation systems because such residues can interfere with
soil organic matter dynamics, increase pH and reduce aluminum and/or manganese toxicity.

Kaminski (2000) has proposed an alternative mechanism to explain the reduced acidity in no-
till system based on the existence of channels (produced by insects or the decay of roots) in
the soil profile, such channels having lower levels of aluminum, higher levels of exchangeable
calcium and magnesium, raised available phosphorous and potassium, more organic matter,
and higher pH than the adjacent soil.

Miyazawa et al. (2000) have reported that many commercial cultures show maximum
economic productivity when the soil pH is 5 (as measured in water) and the aluminum
saturation is 40%. However, the frequent and intensive use of ammonium or amide nitrogen-
based fertilizers can annul the effect of the plants and reduce soil pH.

In no-till system soil acidity is reduced by applying calcareous material directly to the surface
of the soil without incorporation, with various workers (Pottker, 1998; Sa, 1993 & 1999;
Caires, 2000) having concluded that this procedure has dramatic results on the acidity of the
first 10 cm of soil; promoting pH elevation, increased levels of exchangeable calcium and
magnesium; and reduced exchangeable aluminum and/or manganese. In addition, the
productivity of the species cultivated using this type of liming is equal to that in systems using
conventional tillage-liming. Pottker (1998) emphasizes that in certain soils the surface
application of lime requires only half or a quarter of the quantity of liming agent required by
conventional tillage-liming but that the productivity of surface-limed crops is the same as that
of tillage-limed crops.

In their review of the literature on the surface-liming of no-till crops Lopes et al. (2004)
affirm that when the level of soil phosphorous is satisfactory it is possible to achieve highly
productive cultures in no-till soils by applying quantities of calcareous material to the soil
surface without incorporation and that the quantity of material needed is lower than when the
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material is incorporated into the soil. These authors also state that when calcareous material is
applied the surface of the soil the maximum effect on soil acidity occurs in the 0-10 cm soil
layer.

In subtropical Brazil the southern regional branch of the Brazilian Soil Science Society South
Regional Nucleus (Sociedade Brasileira de Ciéncia do Solo — Nucleo Regional Sul; SBCS-
NRS) coordinates the network of official soil analysis laboratories (Rede Oficial de
Laboratorios de Anélise de Solo; ROLAS), conducts quality control, publishes liming-tables
and stimulates research by mounting scientific and technical events catering to regional
technological demands. No-till system account for more than 75% of the agricultural area
under cultivation in subtropical Brazil because of which the SBCS-NRS has, since the early
1990’s, been organizing specific research related to the application of fertilizers and liming to
no-till soils, the results of this research having been published in the ‘Fertilizer and Liming
Manual for the States of Rio Grande do Sul and de Santa Catarina’ (SOCIEDADE, 2004)
which places an emphasis on no-till soils in subtropical Brazil, recommendations for tropical
Brazil having not yet been published due to lack of data.

In Argentina, no-till has changed several fertilization practices. Higher nitrogen rates are
required the first years after adoption, because nitrogen released by mineralization is lower
compared to conventional tillage, although in good soils of the estern part of Cordoba
Province managed under CA for the last fifteen years, it was possible to obtain around ten
tons of maize per hectare without applying any nitrogen or other fertilizer at all. Under CA,
one may found a lower mineralization rate and different cadency, but it does not mean that the
potential nitrogen supply along the crop cycle is necessary lower. Therefore, different
nitrogen application and management strategies are required when using CA. Furthermore,
under CA a higher efficiency of nitrogen use (maybe due to a better, improved and higher
water supply and water use efficienc) can be achieved. A phosphorus stratification process is
also observed in no-till, however, Bianchini et al. (2004) found that broadcast phosphorus
application in no-till is equally efficient as banding phosphorus. Liming is not a common
practice in none of the tillage systems.

3.3 Weed management

Differently from conventional, agriculture that relies mainly on mechanical and chemical
methods weed management, in CA relies on a broader set of methods. Allelopathic and
physical effects of many cover crop species on the germination of weed seeds have been
exhaustively studied and well documented. These methods, combined to the use of crop
rotations and chemical control, comprise what has been called as Integrated Weed
Management in CA. New strategies are needed for controlling weed pressure and some key
options are being proposed: i) the systematic use of cover crops able to compete with weeds
whenever there is no commercial crop growing; ii) the presence of a thick mulch layer during
the commercial crop cycle; iii) the control of cover crops mechanically with “Roller-knives”,
which is mostly feasible for annual cover crop species.

The first aspect to be considered regarding conservation systems is the impact on the use of
pesticides in agriculture as well as on the environment and human health. A great advantage
of no-tillage was the substitution of incorporated herbicides by post or pre emergence
products less persistent and used at low doses. For small scale farmers, however, it was usual
to use mechanical methods alone or complementary to herbicide. Conservation systems has
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made the weed control more dependent on herbicides, but similar to large scale farmers and in
the situation where the small farmers used herbicides, the substitution of incorporated
herbicides was also a great advantage. Overall, however, despite the great advantage of
herbicide substitution motivated by no-tillage regarding weed control, the system is dependent
on herbicides because of the use of burn down herbicides and the elimination of mechanical
control of the weeds. In some cases, and particularly for small-scale farmers, this dependence
is both costly and risky, and may run counter to desires for achieving a fully ecological
agriculture.

The substitution of herbicides on conservation systems to post emergence ones, the stubble
presence limiting mechanical control and the lack of crop rotation with the intensive use of
same herbicides has accelerated the development of cases of weed resistance.

The weed population, due to relevant changes on the basic agro-ecosystem variables, is
different while comparing the “No Till Environment” with the “Conventional Till” one, both
in size and composition. Using the allelopathic and physical effects of cover crops a reduction
on the number of species and its density can be obtained. In some situations some species
with more aggressive behavior and more tolerant to herbicides (like perennials) have been
selected in no-tillage.

The presence of stubble covering the top soil along with the absence of soil tillage strongly
modify the biological, physical and chemical activity reducing the negative effects by
increasing degradation and retention of the herbicides in soil.

Results of some studies have demonstrated the agronomic, economic and ecological viability
of Integrated Weed Management. Weed resistant, presence of problematic weed species, and
high use of herbicides can be avoided or eliminated adopting Integrated Weed Management
strategies.

Production of organic crops under no-tillage using natural products to weed control has been
done, as well as attempts to eliminate the use of any herbicide. The limitation, in both cases,
has been the labor requirements to weed control.

Concerning the use of genetically modified herbicide-resistant crops, there are not yet
scientific results that allows drawing conclusions on its technical, economic and
environmental impacts. The only evidence on the benefits of its use is the adoption of GM
soybean varieties of herbicide-resistant crops in Argentina. The adoption pattern and the
synergy with no-tillage in Argentina has made the crop resistant technology a valuable tool to
improve the weed management under CA and to further push the CA adoption into areas
where perennial weeds were a serious limitation for the expansion of agriculture. Also the
simplicity and high reliability of the technology is considered to be useful to reduce the risk of
failures on weed control. Considering this aspect together with the reduction in operative
time achievable by adopting CA, the synergy went even further at enhancing the adoption of
both CA and biotechnology.

3.4 Pests/diseases management

The suppression of soil tillage, the maintenance of crop residues and the use of crop rotations
has been the main factors influencing the incidence of pests in No-Tillage systems. In general,

KASSA — Latin American platform — D1.4 28

Comprehensive inventory and assessment of existing knowledge on sustainable agriculture



the soil management systems (conventional/no-tillage) has a more important influence on
insects with underground habits and those that feed soil organic matter; these species will
have a higher incidence in NT. At the other side, crop rotations will have more influence on
insects of aerial parts, although they can also influence the soil fauna (Viana et al. 2001).

Research results indicate rather an increase of pests incidence in No-tillage, except for
Elasmopalpus lignosellus and aphids. They also indicate that crop rotations and the use of
specific cover crops could reduce the incidence of some pests.

It has been demonstrated by many authors, that the maintenance of crop residues on the soil
surface has been on of the most important factors that contribute to a higher incidence of
saprophytic organisms that will cause diseases in crops such as wheat, maize and soybeans. It
has also been demonstrated that no-tillage must be associated with crop rotations in order to
keep the (inoculum potential) within an acceptable level. Therefore, from the point of view of
diseases control, no-tillage is technically feasible if associated to crop rotations. The big
challenge that still remains is to have alternatives of crop rotations that address technical
requirements from the phytosanitary point of view, while assuring economic returns to the
farmers, within a uncertain context of agriculture in Brazil.

The beneficial effects of No-Tillage on predators/natural enemies of pests also have been
reported, although there is still not much available information on this . There is a need of
more research to evaluate the effect of the greater persistence and prevalence of fungi in no-
tillage systems, so as to devise cultural practices aimed at increasing the natural occurrence of
enthomopatogenic fungi on soybean insects (Sosa-Gomes & Moscardi, 1994.

3.5 Rainwater efficiency

Global revision made on these items for both countries stressed the next points:

e Because of the presence of vegetal mulch, CA systems can reduce runoff and increase
water infiltration by 50% compared with conventional systems.

e Direct evaporation from soil is reduced by 10 to 50% compared to conventional
systems even if, in quantity, this saving is less important than effect on runoff.

e Water directly intercepted by crop residue distributed on the soil surface is minor
compared to water conserved through the reduction of soil evaporation. This negative
effect of the mulch can reduce a bit its positive effect on soil direct evaporation.

e Available water during eventual dry spells is then higher under CA systems reducing
climatic risks

4. Socioeconomic impacts

4.1 Small scale Agriculture

4.1.1 Labor and machinery requirements

The main aspects related to labor and machinery in conservation agriculture are drudgery,
total labor requirement, the calendar year of labor demands, equipment and machinery
wearing and their maintenance expenditure.

Since conservation agriculture does not require plowing and harrowing drudgery is reduced,
especially for those farmers who depend on animal traction that is very tiresome. Also, as

KASSA — Latin American platform — D1.4 29
Comprehensive inventory and assessment of existing knowledge on sustainable agriculture




many authors have observed, the suppression of these and other mechanical operations
promotes reductions ranging from 11% to 46% in total labor required, depending on the crop
being grown.

No less important is the reduction in labor peaks throughout the agricultural year, especially
from August to December. Although there is a slight increase on labor demand on April and
May these are months of labor availability.

These important social impacts have allowed farmers to increase the cultivated area or, if they
have no land available, to undertake other income activities or even to provide help for their
neighbors, which is also socially relevant.

Economic studies have shown that conservation agriculture promotes a reduction of 46% in
the total hours of equipment and machinery use due to no plowing and harrowing. Thus a
42% reduction in the consumption of fuel and other lubricants is also observed. Insofar as
labor is directly related to the use of these equipments its employment is reduced by 46%.

Equipment and machinery wear out less in conservation agriculture because it works in a less
dusty environment and uses less tractor power. A tractor used in conservation agriculture lasts
from three to four years longer than one in the conventional system. Moreover the
replacement of parts and lubricants is less intense.

4.1.2 Costs and Profitability

As far as costs and profitability are concerned it is already been proved that the impacts of
conservation agriculture are positive in spite of the higher prices of the special machinery
needed for undertaking it. Economic evaluation of experiments comparing conservation
agriculture with conventional systems has shown lower operation costs for the first one.
Again, this is explained by reduced use of equipment and machinery. As already stated fuel,
lubricants and labor costs are also inferior.

Furthermore, the reduction in operational time offers an opportunity to improve the economic
efficiency of the investment on machinery. This benefit can be achieved basically by two
ways. Enlarging the machinery operative scale-up to a proper size by offering the service to
third parties. This mechanism will optimize the use of a given piece of equipment and hence
economically justify the investment on it. On the other hand, it will also avoid the necessity of
buying the machinery for those farmers that operate on a smaller scale as required and so
economically justify the investment .

Spending with herbicides though is higher. The economic studies mentioned above have
shown that when total production costs are considered those for conservation agriculture are
higher than the ones for conventional agriculture. This was attributed to the excessive use of
high glyphosate dosages, sometimes twice in the same crop year, in the first five crops.

Nevertheless, the economic performance of conservation agriculture, when compared to
conventional, must be assessed in a long run to be fully appreciated. At the transitional phase
there are some learning costs, investment in new equipment and soil improvement. The last
one takes some time to occur.
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During the first phase of the process (improvement of tillage techniques) expenditures in
chemical inputs for weed and disease control may offset gains from diminished labor and
machinery demands. In the second phase (improvement of soil conditions and fertility)
reduced production costs from less labor and machinery requirements may lead to an increase
in farm net income obtained through higher yields. The third phase (diversification of crop
pattern) should bring increased and more stable yields, higher soil fertility and a decrease in
plant protection costs resulting in more gains in net farm income. Finally, in the fourth phase
(integrated farming system) crop output and productivity would be stabilized.

Two main approaches are used to compare conservation agriculture and conventional tillage
profitability. The so called “all or nothing” (most common) compares the conventional
farmer’s practice with conservation agriculture enhanced with a package of other inputs
(improved varieties and optimal levels of soil fertilization and pest and disease control). The
“step by step” approach combines the farmer conventional system plus conservation
agriculture practices.

As expected, the first approach results in higher profitability. Logically, the more intensive
the package the better is the profitability outcome. Depending on the approach used the
profitability results are attributed to different factors from soil decompaction and lime
application to better fertilization and the use of improved varieties.

4.1.3 Multipurpose role of agriculture

The reduction in labor requirements resulted from the adoption of CA can create opportunities
for other non-agricultural sources of income, provided that economic environment enables for
employment and/or income-generation. This is especially important in economies of scale,
such as the case of Southern Brazil, where the low profitability of the small scale of
production of beans has been resulted in the need to search for other economic alternatives for
family farmers. Studies indicate the that only farmers who will have part of their income
originated from non-agricultural activities will be economically viable (Laurenti, A.C. & Del
Grossi, M.E.), because of the crescent lower profitability of traditional products such as maize
and beans for small-scale farmers.

For instance, in the State of Parana (Brazil), 27% of the farms have already incorporated non-
agricultural activities such as home employees, hotel workers, clubs, shops, hospitals, schools,
and industries for processing of agricultural products (dairy, meat, fruits).

4.2 Large scale agriculture

Socioeconomic impacts of conservation agriculture in larger farms also regard equipment and
machinery and costs and profitability. The differences are due to returns to scale, as shown
below by the case of a large farm in the humid tropic of South America.

This agricultural enterprise doubled its crop area through the more efficient use of machinery
expressed by a 23% increase in the hour/tractor employment and decrease in the rate HP/ha
from 0.40 to 0.27, which also meant less intense labor use. The harvested area increased from
59% to 88% made possible by the labor force no more needed for land preparation for the
winter season. A better employment of the labor force was also expressed through an increase
in the rate of hectares labored per man from 148 to 217 in the summer crop and from 178 to
379 for the whole year. All accomplished with no new investments whatsoever.
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In addition to enhanced efficiency in equipment and machinery use there are also returns to
scale in costs per hectare when conservation agriculture is compared with conventional
practices. This specific farm lowered its machinery maintenance costs from US$12.47/ha to
US$9.65/ha. Moreover, the lowering of costs has allowed the farm to increase the profitability
in wheat, for example, in the amount of 50% of net income.

In addition, some South American studies analyzing linkages between sustainability and
competitiveness and profitableness concluded that no-tillage systems create a favorable
environment to simultaneously achieve these goals.

The noticeable rate of adoption of no-tillage may prove the economic effectiveness of the
system in some South American countries that adopt high taxation and unprotected economic
environments.

5. Environmental impacts

5.1 Carbon stratification and sequestration

In Brazil, estimates of the rate of carbon accumulation have generally been restricted to the
two main regions under CA (the south and central west). In the southern region, Sa (2001)
and S4 et al. (2001) estimated a greater accumulation rate (0.8 t C ha™ yr' in the 0-20 cm
layer and 0.9 t C ha™ yr! in the 0-40 cm layer) after 22 years under CA compared to the same
period under conventional tillage. The authors mentioned that accumulated carbon was
generally greater in the coarse fraction (> 20 um) than in the fine (< 20 um) one, indicating
that most of this additional carbon is weakly stable. Bayer et al. (2000a, 2000b), found a
carbon accumulation rate of 1.6 t ha™ yr™ for a 9-year no-tillage system compared with 0.10 t
ha yr for the conventional system in the first 30 cm layer of an Acrisol, in the southern part
of Brazil. Corazza et al. (1999) reported an additional accumulation of approximately 0.75t C
ha yr in the 0-40 cm soil layer due to no-tillage, in the Cerrado region located in the centre-
west. Estimates by Amado et al. (1998, 1999) indicated an accumulation rate of 2.2 t ha™* yr*
of soil organic carbon in the first 10 cm layer. Other studies considering no-till systems
carried out in the central-western part of Brazil (Castro Filho et al., 1998, 2002; Lima et al.,
1994; Peixoto et al., 1999; Resck et al., 2000; Riezebos and Loerts, 1998), reported soil
carbon accumulation rates due to no-tillage, varying from 0 to 1.2 t C ha™* yr™* for the 0-10 cm
layer.

More detailed accumulation rates are reported in Table 1. Rates are organized by region. In
the Cerrado region carbon accumulation rates vary from 0.4 to 1.7 t C ha™ for the 0-40 cm
layer, which is similar to the range found in the Southern region (-0.5 to 0.9 t C ha™). Mean
rates of carbon storage were similar among “Cerrado” (0.65 t C ha), “South” (0.68 t C ha™),
and “Other” (0.60 t C ha™) regions, when the soil surface layer was considered (0-20 cm).
More variability was found in the Southern region (-0.07 to 1.6 t C ha™) for the 0-20 cm layer,
than in the other regions. However, it is important to mention that these mean values
aggregate different soil and crop types and the variability is high. For instance, the Mean
value of 0.68 t C ha™ for the South region was obtained averaging 15 observations (Table 1)
and the associated standard deviation is 0.54 t C ha™.

Some other studies performed in Brazil reported that organic carbon (OC) contents under
conservation and conventional management systems can be very similar (Corazza et al., 1999;
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Freixo et al., 2002; Roscoe and Burman, 2003; Sisti et al., 2004). These contradictory results
are to be related to the high clays contents of the studied soil and probably a high stability of
their organic matter.

In brazilian Oxisols, soil organic matter stability is determinated by clay content and its
mineral components. Bayer (1996) observed for three soil in the southern part of Brazil that
colloidal physical stability of soil organic matter was associated with ferric oxides and
kaolinite content on clay fraction. The high organic matter stability observed for Brazilian
Oxisols is the major determinating factor for reduced organic matter decomposition rate
observed for the conventional tillage. For example, mean rate loss for organic carbon on Red
Latossol with 660 g kg™ clay were similar among conventional tillage (1.4% a.a.) and no
tillage (1.2% a.a.) (Bayer, 1996.

Sisti et al. (2004) reported that the soil under native vegetation (measured in areas near to the
experimental site) had a high carbon and nitrogen content (37 g C and 3.1 g N per kg soil) in
the first 5 cm depth. Carbon and nitrogen content declined to approximately half these values
at 10-15 cm layer. The carbon concentration in the top 5 cm of soil was considerably higher in
all three rotations managed with no-tillage compared with the conventional system, although
not as high as under the native forest. Machado and Silva (2001) showed decreases in SOC of
23.4% and 47.8%, respectively, at 0-5 cm depth for no-tillage and conventional tillage
systems, when compared to an adjacent non-cultivated area. The study was carried out on an
Oxisol in the south of Brazil, following 11 years of Sorghum-wheat cultivation. However, the
authors also found SOC at the 0-40 cm to be the same as the forest soil for both CA and
conventional tillage.

Results about soil organic carbon stratification and sequestration from Bolivian soils are not
available.

The dynamic of soil organic carbon for Argentinean soils are similar to Brazilian soils. For
example, Casas (2002) documented differences in several farmer fields and soil types from
Argentina, and found a positive correlation between years of no-till and soil organic C
stratification and C content. In southern Santa Fe Province, Casas (2001) measured a 3.8%
organic matter at 0-2 cm depth and 2.8% OM at 2-4 cm depth in a field with 3 years of no-till,
whereas, the organic matter levels where 6.1% and 4.2% for the 0-2 and 2-4 cm depth
respectively, in a field that has been in no-till for 9 years. Another study (Casas, 2002)
conducted in several fields with different soil types (Hapludolls and Argiudolls), showed
organic matter contents that ranged 4.2-6.3%, 3.2-4.4%, 2.8-3.7%, 2.6-3.1%, for the 0-2 cm,
2-4 cm, 4-6 cm, 6-8 cm depths, respectively.

The advantage that no-till represents regarding the soil carbon management was reported and
analyzed by Andriulo (2002). Puricelli et al. (2002) monitored the evolution of certain soil
chemical properties of a Mollisol located on the southern part of the Buenos Aires Province.
Even the study was run on soils that just begun to be cultivated under no-till, after fifty
months some positive trends were detected for organic carbon and phosphorous content. The
validity of this information would have only to be restricted to a short no-till period because
no-till treatment started at the same time the study begun. However, on the same paper the
authors revised the information derived from different no-till long term trials, between nine
and twenty eight years, carried out in different parts of the world and found a generalized
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positive correlation trend between no-till and some important soils properties as organic
carbon content and total nitrogen.

At the beginning of the XX century, the Central Pampas region used to have 4% organic
matter (20-cm depth) in northern Buenos Aires and southern Santa Fe, and 3% organic matter
in southeastern Cordoba (Casas, 2002). Measurements made during the 80’s (during the main
agriculturization process with conventional tillage) showed those organic matter levels
decreased 1-1.5 units in the first mentioned area and 0.5-1.0 units in the second one. The
decrease in the soil organic matter content affected the soil quality and health, increasing
erosion processes, structure degradation, and a decrease in soil fertility. Other measurements
(Michelena et al., 1989) made in the Central Pampas Region (5 million ha) showed that the
organic matter levels progressively decreased with the agricultural use, going from an average
of 3.2% in soils with agriculture and pastures rotation to 2.7% in soils under a continuous
conventional tillage agriculture system for more than 20 years. The organic matter decrease is
variable for the different soils and management systems, and ranges from 24% to 64% of the
original organic matter levels. Part of this C was lost by soil erosion and part by CO, emission
to the atmosphere. In this case, soil function as a source of the greenhouse gas.

Regarding to soil C losses in Brazilian soils, it is well established that conventional tillage
systems decrease soil C and N polls. For example, after 14 years on conventional tillage,
losses of soil organic C for an Argisol at 0-30cm depth were 14,4 Mg ha™. Soil erosion
contributing to soil C decrease in this site so, C emission was not possible to estimate.

Similar to on Brazilian soil, no-till on Argentinean soils increases the soil organic C and
produces changes in the quality of the organic matter, with a trend to increase the coarse
fractions, especially in soils with a lower relative content of fine materials. In Argiudolls, the
increase in C stock is greater during the first 6-7 years after no-till adoption, with an annual
increase of 1.2 t/ha expressed in organic matter (10-cm depth), that declines to 0.7 ton/ha
between the sixth and tenth year (Casas, 2002). In Hapludolls, the initial annual increase is 1.6
t/ha, with a decrease to 0.8 t/ha after the sixth year, approximately. Compared to Brazilian
soils (Table 1), rates of soil organic carbon increase are similar.

The crop rotation and the soil fertility management of the field have a fundamental
importance, related to the quality and quantity of the residue added to the soil. There are no
studies in Argentina that evaluated the impact of C in the air and soil quality, so research is
needed in this area.

It is well established that conservation management systems on Brazilian soils increase
passive and labile soil organic carbon pools, contributing to CO, sequestration. For the global
impact on global warming, C sequestration is important through CO, depletion from the
atmosphere. For example, Pillon (2000) evaluated the long-term (16-year) effect of six no-till
cropping systems with varying additions of C and N on soil organic matter contents in a Red
Argisol profile. The additions of 28 to 142 Mg C ha™ and 656 to 5984 kg N ha™* increases soil
C and N pools down to 30 cm depth. Compared with fallow/maize system, the accumulate of
C in the soil at 0-30cm depth varied from 4,1 Mg ha™ in the oat/maize to 12,5 Mg ha™ in the
lablab/maize system, corresponding to a net sequestration of C-CO, from 15 to 46 Mg ha™,
respectively.
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Table 1. Carbon storage rates (accumulation following conversion of a conventional tillage system to no-tillage) in Brazil regions.

Place State  Succession or Reported soil Clay Layer Duration Rate
a dominant plant® classification (%) (cm)  (yn) (t C/ha)
Cerrados region
Planaltina DF S/W Latossol (Oxisol)  40-50 0-20 15 0.5 Corazzaetal., 1999
0-40 15 0.8
Sinop MT R - S/So - R/So - Latossol (Oxisol) 50-65 0-40 5 1.7 Perrin, 2003
SIM- S/E
Goiania GO  Rice/Soybeans Dark red Latossol 0-100 5 0.7 ud
Rio Verde GO M or S/Fallow Red Latossol 45-65 0-20 12 0.8 Scopel et al., 2003
S/M or So or Mi
Planaltina DF MorS Dark Red Latossol >30  0-40 16 0.4 Resck et al., 2000
(Oxisol)
South region
Londrina PR WIS Oxisol 0-10 22 0.31 Machado and Silva, 2001
0-20 22 0.25
0-40 22 -0.17
Londrina PR S/W -S/L-M/O  Red Latossol 0-20 7 0.5-0.9  Zotarelli et al., 2003
Londrina PR S/IWIS or M/W/M  Oxisol 0-10 14 0.4 Castro Filho et al., 1998
or SIW/M Typic Haplorthox
0-20 0.2¢
Londrina PR S/W/S or M/W/M  Oxisol 0-40 21 0° Corazza Filho et al., 2002
or SIW/M Typic Haplorthox
Ponta Grossa PR (S or M)/(O or W)  Oxisol 40-45 0-40 22 0.9 Séetal., 2001
Typic Hapludox
Tibagi PR (S or M)/(O or W) Oxisol 40-45 0-40 10 -0.5 Saetal., 2001
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Tibagi
Tibagi
Toledo

Passo Fundo

Passo Fundo

Passo Fundo

Santa Maria

Eldorado do
Sul

PR

PR

PR

RS

RS

RS

RS

RS

M/W - S/O - S/O
M/W-S/O-S/O
S/O

S/O

WIS

WIS

WI/S-VIM

W/S-0/S-VIM
WIS

WIS - W/M

M and Mu/M

M/G

M/La

O/M

KASSA — Latin American platform — D1.4

Red Latossol
Oxisol

Red Latossol
Oxisol

Haplic Ferrasol
Haplic Ferrasol
Oxisol

Red Latossol
Typic Hapludox

Red Latossol
Typic Hapludox

Red Latossol
Typic Hapludox

Ultisol

Podzolico
Vermelho Escuro

40-45 0-10

42 0-20

63 0-30

63 0-10

15 0-20

22

10

10
11
11
11
13

13
13
11

11
11
11

11
11

Venzke Filho et al., 2002
Siqueira Neto, 2003
Riezebos and Loerts, 1998

Machado and Silva, 2001

Sisti et al., 2004

Freixo et al., 2002

Freixo et al., 2002

Amado et al., 2001

Testa et al., 1992
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Eldorado do RS  O+V/M+C Clay loam Acrisol 22 0- 9 0.84 Bayer et al., 2002

Sul Typic Paleudult 17.5
Eldorado do RS O/M Clay loam Acrisol 22 0-30 9 0.51 Bayer et al., 2000b
Sul Typic Paleudult
O+VIM+C 0-30 9 0.71
Eldorado do RS  O+V/M+C Clay loam Acrisol 22 0- 12 1.26 Bayer et al., 2000a
Sul TypicPaleudult 17,5
Lages SC MorS/WorO Cambisol 0-20 8 1.0 Bayer and Bertol, 1999
Other
regions
Campinas SP SorC/M Rhodic Ferralsol 60 0-20 3 0.8% De Maria et al., 1999
Typic Haplorthox
0-20 8 0.4%
Sete Lagopas MG M/B Dark red Latossol 0-15 10 0° Roscoe and Burman, 2003
Typic Haplustox
0-45 0°

%PR =Paran4, RS =Rio Grande do Sul, DF = Distrito Federal, SC = Santa Catarina, SP = S30 Paulo, MT = Mato Grosso, GO = Goias, MG = Minas Gerais; ” Dominant
succession: W = Wheat (Triticum aestivum), S = Sorghum (Glycine max), So = Sorghum (Sorghum vulgaris), R = Rice (Oriza sativa), E = Eleusine coracana, O = Oat (Avena
sativa), V = Vetch (Vicia sativa), M = Maize (Zea mays), B = Beans (Phaseolus vulgaris), Mu = Mucuna (Stizolobium cinereum), C = cowpea (Vigna unguiculata), L=Lupine
bean (Lupinus angustifolius), La = Lablabe (Dolichos lablab), G = Guandu (Cajanus cajan);® 0 means that the difference was not significant; ¢ calculated using an arbitrary
soil bulk density of 1.2 g cm™:® value reported for OM, C= OM / 1.724, ud =unpublished data from Metay.

Source : Bernoux et al. (2005)
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Nevertheless, other greenhouse gases may be taken into account. Few results have been
published regarding N,O emissions in Brazilian tropical regions. One of them was realized in
the Cerrados region (Métay et al. 2004). The results demonstrated that N,O emissions were
very low (< 1 g ha™ day™) for both conventional and conservation management systems.
Peaks of N,O were observed after fertilization. N,O is produced mainly by denitrification,
which may be explained by low NO3 levels in soils and a < 60% water filled pore space
(WFPS) within the soil for the majority of the time. Low WFPS under these crops can be
caused by evaporation at high temperature (more than or equal to 25°C). However,
measurements of gas concentrations in soil showed that the production of N,O is reasonably
prolific (concentrations of 1 to 30 times the atmospheric concentration). This suggests that
N2O is produced but cannot diffuse to the soil surface, both because denitrification is
complete and N is produced or because the N,O is nitrified before diffusing.

In conclusion, for any agro climatic region, conservation management systems as no tillage
seem to be an interesting cropping management option to mitigate global warming becoming
from greenhouse gas effects. Soil C stocks tend to increase when additional cover crops,
especially grasses plus legumes are used in order to increase the total photosynthetic
production during the year and provide high levels of biomass returned to the soil. In this case
CO, emissions due to microbial activities are important but widely compensate by organic
returns.

5.2 Nitrogen and nutrient cycling

Global revision made on these items for both countries stressed the next points:

e In humid region CA systems increase drainage probability and N lixiviation during the
crop cycle.

e Previous risk is compensated if an additional cover crop is added before or after the
main commercial crop. This crop is able to recycle part of the drained water and
lixiviate nutrients and to reduce these losses when no commercial crop is growing.
Global efficiency at the year scale is then hugely increased. They act as "Nutrient
pumps".

e Nutrients extracted by the additional cover-crop are then released to the system
through the mineralization of its residue. Amount and dynamic of N and other
nutrients mineralization will depend on the quantity and nature of the residues, as well
on the kind of cover-crop.

e The kind of cover-crop and the way it is managed will determine the amount of
residual N available at the beginning of the next cycle. Too important amounts of
mineral N at the beginning of the rainy season when the commercial crop is just
germinating can increase strongly lixiviation risk.

e Because of important biomass production in CA systems, soil C and N stocks tend to
increase over time.

e Because of better general conditions (temperature, moisture, total Soil and residue
organic matter), mineralization processes are often more important and more
continuous over time, resulting in higher nutrients availability for the commercial
crop.

e N fertilization of commercial crop needs then to be adequate in function of the
previous cover-crop and the organic status of the field (linked with time of CA
application).
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e N immobilization is more frequent after grass cover-crops and during the first years of
CA implementation.

e N fertilization efficiency can be increased by splitting applications, by applying below
the residue layer, by banding to reduce contact with residue, by using urease inhibitors
and/or alternative sources to urea as an N source.

e Global N and other nutrients efficiency increases because of the important total
biomass produced in such CA systems with additional cover-crops.

5.3 Erosion mitigation

The soil water born erosion comes out as a result of the interaction among some factors like
erosibility rainfall, soil erodibility, land topography features, soil, crops, stubble management
and mechanical techniques of drain control (Wischhmeier & Smith, 1978).

Two main factors rainfall erosibility on and zone topographic features (slope length and land
inclination) are the strong components to bring about erosion; and the factors of soil erosion,
soil management, crop management stubble management and mechanical techniques of drain
control build up the energy dissipater component. Therefore, some different soils, at different
lands, with random pluvial precipitation, diverse topographic features put under different
practice cultivation are shown to have soil erosion losses with different measurements. The
water born erosion shown in this way comes as a result of the mechanical work of the incident
energy over the soil, slightly dissipated.

Standard data shows that some management techniques as for example to low the removal
intensity and preserve the stubbles over the surface of the soil can diminish a big deal the
water born erosion in cultivated zones with annual species and perennial as well, which is a
common fact in Brazil, Argentina and Bolivia.

Despite stubble plays an important role on the energy dissipation which is able to provoke
erosive process, new researches in Brazil have shown that No-tillage has critical boundaries
on the slope length where such efficacy is overreached, causing the water born erosion to
happen. The stubble shows a great potential to dissipate up to 100% the Kinetic energy of the
rain drops, but this efficacy is not shown as well to dissipate the erosive energy of the drain.
At some specific point of the slope length, the stubble of the soil gets reached the erosive
energy dissipation potential, allowing flotation and transportation of the stubble as well as
releasing new erosive processes which are under the coverage of the soil stubble. These
processes become relevant mainly at sequence where the slope length passes to the drain
some breaking energy and superior dragging to the cut critical resistance or dragging set by
the stubble and the soil. Over the rocky and steep mountains of Bolivia, the water born
erosion is a big, serious problem and no works nor support are doing to prevent it; however,
over the plain lands, where conservative techniques are put in practice mostly, the water born
erosion is a minor problem and the process of wind born erosion plays an important role as
well.

Pluvial precipitation becomes the main agent of soil erosion in those regions with some slopes
and those with soil used for annual cultivation that is Brazil, Argentina and Bolivia.
Particularly in Brazil, the erosive potential of the rain which is set by erosion index from the
Soil Losses Universal Equation, it ranges between 5.200 and 12.600 MJ.mm/ha. In Brazil two

KASSA — Latin American platform — D1.4 39
Comprehensive inventory and assessment of existing knowledge on sustainable agriculture




regions are identified as to have rainfall erosibility: a subtropical and a tropical. In the tropical
region, erosivity ranges from 70% to 95% on the spring-summer season; consequently, the
risks of water born erosion are the highest ones during the spring-summer season, yielding the
same effects on most regions of Bolivia (high plateaus, valleys and most of rainforests) and
the north-west of Argentina. In the subtropical region of Brazil, which is located to the
southern of 24° parallel of south latitude, in spite of the highest level are common during the
spring-summer season, rainfall of great erosive potential may fall at any season of the year
which becomes and steady risk to erosion. Similar situations are presented in several regions
of Argentina and some area humic tropic of Bolivia as well.

Susceptibility of Brazilian soils to the water born erosion, mostly of Oxisols, Ultisols_and
Alfisols, expressed by the Universal Soil Loss Equation, ranged between 0,008 to 0,044
t/ha.h/MJ.ha.mm which are usually considered low values, but when used in real practice they
become high due to wrong soil management practices and the land topography features. Some
evaluations due to water born erosion losses in some Brazilian experimental plots range
between 0,2 and 51,5 t/hal/year. In high rainfall areas in Bolivia, soil losses under different
managements range between 0,04 to 353,8 t/hal/year; in general the results show that as long
as the crops residue are kept over the soil surface and the intensity of removal is reduced, the
erosion values fall down to 97% in the case of annual crops.

In some regions of Argentina and the rainforest of Bolivia, the wind born erosion becomes of
real importance in the plain areas mainly, affecting aggressively to the fall-winter season
crops. The positive impact of the No-tillage in order to control the wind born erosion is
favored due to the greater stability of the input and the real barrier built up by the stubble of
the soil layer; without removal of the soil reduces the number of tiny particles which are
responsible toward the first stage of the wind born erosion process. In Bolivian humic tropic
this process is controlled by windbreak curtains which slow down the wind speed and protect
the soil and the crops against the wind actions.

According to empiric observations and the results of erosion-control, in Brazil, it was thought
that No-tillage by itself was good enough to control erosion, that’s why former techniques
were eliminated. At the present time, the No-tillage problem in Brazil, which has gotten worse
due to the great amount of erosion of compounds as a result of depositions of agro-chemical
input over the soil’s surface, is introduced on situations when the cutting tension of the drain
goes higher than the cut resistance or drag residues kept over the surface, generating rich
sediment. In addition to be money-losses, they turn into contaminating elements of the
superficial water making higher the risks of the natural balance of the hydrologic
hermeneutics in the agro- echo-systems.

Taking into account all its advantages, No-tillage needs to be supported by complementary
conservationist techniques and not to be considered as a conservative technique sufficient
enough to control erosion. For that reason, every conservationist technique capable of keeping
the length of the slope within boundaries where the covering of the soil doesn’t lose efficacy
on the dissipation of the incident energy, will contribute greatly to diminish the water born
erosion process. Some other techniques like contour planting, aerial planting, strip cropping,
buffer strip among others, are good conservationist techniques to segment the slope, what is
more, they proved to be a good stimulus for the stubble, assisting in that way to an effective
erosion control. In conclusion, in order to diminish the erosive effect of the rainfall and drain,
it is fundamental to dissipate the erosive energy of such agents, that is, dissipate the kinetic
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energy from the action of the rainfall drops and dissipate the kinetic energy from the cutting
action of the drain by keeping the soil steadily covered and reducing the amount and speed of
the superficial drain.

5.4 Pollutants

The main pollutants of water sources from agricultural areas are organic matter, sediments,
nutrients and pesticides, withdrawn by runoff waters from farming lands. The development
and application of new technologies that could reduce such undesirable side effects are
required.

5.4.1 Herbicides

Information based on scientific data from direct in-field measures regarding herbicides in CA
systems are considered as insufficient in the LA literature. In a recent symposium held in
Brazil’, Regitano et al. (2005) makes some considerations on this issue, however: a) the
information is based on international literature; b) most of the experiments are carried out at
laboratory level, with disturbed soil samples that does not represent the real situation of soil
structure in the field; c) experiments do not consider the effect of the mulch in intercepting the
herbicide. A literature review carried out by the same authors indicates different results, with
some situations where CA increased herbicide lixiviation and reduced herbicide runoff and
other situations where the results were the contrary.

CA increases the level of organic matter, the soil moisture, and the macro and
microorganisms population. It is expected a greater degradation and retention of the pesticides
in soil, diminishing wash off and contamination of subterranean waters. These conditions are
confirmed by results found by Silver (2004) that in the no-till system there was enhancement
of glyphosate mineralization in the soil and Papini (2004) verified that higher the organic
content of the soils less is the probability of edaphic organisms contamination with simazine.
Ferri & Vidal (2002) verified less persistence of the herbicide acetochlor in no-tillage;
however, after irrigation, the persistence of the herbicide in the soil was the same in the 2 soil
management systems, thus indicating irrigation or rainfall can overcome the effect of the
mulch.

Rodrigues et al. (2000) studying the retention of herbicides by the straw in no-tillage verified
differences between the tested products; after irrigation with 20 mm the products with higher
retention were metolachlor, alachlor, acetochlor and trifluralin with indices of 5 to 30% of
wash off of the straw into the soil, imazaquin, simazine, clomazone, metribuzin and
isoxaflutole as intermediate level of wash off with indices of 30 to 50%; and atrazine and
sulfentrazone as the ones that more easily passed through the layer of straw with recuperation
of until 90% in the soil. Ferri (2002) also verified higher soil sorption of acetochlor in no-
tillage. Oliveira et al. (2004) found out that the retention of the imazaquin was higher in
areas with high level of organic matter meaning the areas where the no-till was utilized by
long time.

Ferri et al. (2004) that studied the effect of the soil management and soil cover in the transport
of the herbicides alachlor and atrazine. They found out that these herbicides had higher

! Simpésio sobre Plantio Direto e Meio Ambiente: Seqiestro de Carbono e Qualidade de Agua. Held at Foz do
Iguacu (Brazil) From May 18-20, organized by Federacdo Brasileira de Plantio Direto na Palha and Itaipu
Binacional.
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transport by water of runoff in no-tillage when compared to the conventional system. They
verified also that atrazine had higher transport than alachlor in the presence of straw.

Nevertheless, different aspects should be weighted carefully before reaching a final verdict.
First, the actual use of pesticides (products, rates, frequency of applications) in CA must be
compared to that of the conventional systems they are displacing. For example, whereas rates
of 4 to 5 I/ha of atrazine and simazine-based pre-emergent herbicides were used in
conventional maize management in the Cerrados region in Brazil, now, these same types of
herbicides are used post emergence in CA, at early stages of maize development, at rates of 1
or 2 l/ha. Moreover, very stable pre-emergent products have been substituted with post-
emergent quickly degradable ones in the case of soybean production.

One of the herbicides widely used in maize production in Argentine is atrazine. The peaks of
this herbicide lost are related to the amount and intensity of the precipitation after the
herbicide application; however, only between 0.85 and 0.01% of the applied rate was lost
from the soil measured at a 1.5 m depth. Most of the Sorghum varieties planted in Argentina
are tolerant to glyphosate, so this herbicide is one of the most widely used. Studies indicated
that in the same northern Buenos Aires soils mentioned in the nitrate experiment, the amount
of glyphosate leached only represented between 0.3 and 0.6% of the rate applied

5.4.2 Pig slurry

Some differences have been observed regarding the behavior of pig slurry in the soil as a
function of soil management systems. Port et al. (2003) verified less loss of nitrogen by
volatilization of ammonium with the use of pig slurry in no-tillage. Ceretta et al. (2003),
however, warn for the risk of environmental contamination by the pig slurry use. Studies of
the application of pig liquid manure, associated with cover crops, about nitrification and
nitrates distribution in the soil profile were carried out by Almeida (2000). The lack of
control of the runoff water and a possible higher wash out due to the greatest soil macro
porosity can contribute for adverse effects in the environment by using manure in no-tillage.

5.4.3 Nitrate contamination in soils

Nitrate leaching in agricultural lands is closely related to water management, which drives the
downward movement of nitrates out reach the of plants roots. Nitrate diffusion goes on very
slowly without a appreciable water movement; on the other hand, nitrate transferring is only
greater with increasing water movement. Simulations models, like DSSAT (performed in
Brazil) and NLEAP (performed in Argentina) showed that downward movement of nitrates in
soil profiles is consistently linked to irrigation scheduling and management.

The use of animal slurry is common in small farms of southern Brazil, mainly from pigs in
agricultural areas. The risk of environmental contamination is greater without the control of
runoff water, even on a no-tillage system.

In Buenos Aires (Argentine) region nitrate—N concentrations, were found to be higher than
accepted level for safe drinking water of 10 mg L™ in 36% of sampled wells and 67% of
samples had nitrate concentrations exceeding the background level of 5 mg L™. Temporal
fluctuation of nitrate concentrations in the groundwater was attributed to seasonal fluctuations
in recharges and plant growth.
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5.4.4 Soil and water losses

No-tillage practices reduce significantly soil losses; however, the protection of soil surface by
crop residues in no-till systems is not always followed by reduction in water losses. Soil
losses were exponentially correlated with the soil cover percentage by crop residues and with
the soil cover percentage by cover crops.

The effect of crop residues on the prevention of soil erosion, and the easiness of minimizing
field operations, led some farmers to neglect complementary conservation practices and
eliminate terracing systems, plant and seed along the largest field slope length. In addition to
leaching of nutrients and pesticides, these factors yielded sheet and rill erosion even on sites
where no-tillage system has been used.

A new technique, called vertical mulching, used in southern Brazil under a no-tillage system
reduces water losses by runoff by 49.6 and 67.1%, as a function of rill spacings and rainfall
intensities.

5.4.5 Human health

The present-day “classical” CA systems are still very dependent on biocides, which are both
costly and risky, mainly in small-scale farms (family farms). Use of higher amounts of
pesticides may also expose manipulators and sprayers more frequently, increasing the risk of
human intoxication.

On the other side, CA has benefits for human health as a result of less drudgery (already
discussed in this report) and because it results in a less powdery environment.

5.5 Soil microbiology

Soil microorganisms are the living and most active (labile) part of the soil organic matter
(SOM). Modification of the soil environment by various crop management systems affects
crop growth through influences on microbial activity and nutrient mineralization-
immobilization processes. These modifications cause a disruption in the original soil
microbiological equilibrium. The clearing and cultivation of undisturbed native areas is
accompanied by a decline in soil organic matter.

Conventional tillage practices would cause disruption in soil aggregates and place crop
residues in intimate contact with soil, leading to a more rapid decomposition than surface
placement with no tillage. Conservation tillage practices, especially no-till, result in the
accumulation of organic matter in the first few centimeters of the soil profile. On the other
hand, carbon levels at lower depths are similar in both systems, or slightly higher under plow
tillage. The stratification of SOM observed under no tillage systems associated with increased
levels of soil moisture and smaller variations in temperature, due to soil cover, reflects
directly upon the soil microbial community, which has its total microbial biomass and activity
more concentrated in the first centimeters of the soil profile as well. For this reason the
biological functioning of soils under no tillage systems is completely different of that found in
soils under conventional tillage.

Understanding the biological functioning of soils along with the identification of early
warning indicators of ecosystem stress is needed to provide strategies and approaches for land
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resource managers and policymakers to promote long-term agricultural sustainability.
Considering the ability of soil biological parameters being early and sensitive indicators of
soil ecological stress or restoration, their determination is very important when we evaluate
the impacts of different crop management practices on the soil properties.

State of the art in Brazil, Argentina and Bolivia: In Brazil and Argentina there are few studies
regarding the effects of not-till and conventional till on the biological functioning of soils. In
Bolivia these studies have not been carried out yet.

The microbiological data available for the Brazilian conditions can be divided in two groups
of data set: one for the South Region (beginning in middle eighties) and other for the Cerrados
region (more recent).

Among the studies carried out in Southern Brazil, increases in the soil microbial biomass at 0
to 10 cm depth were observed in soils under no till as compared to conventional till (Cattelan
& Vidor, 1990; Carvalho, 1997; Cattelan et al., 1997; Hungria et al., 1997; Balota et al., 1998,
Hungria et al., 2002). Moreover in the Parana state a reduction in the metabolic coefficient
(gCO,) associated with an increase in the soil microbial biomass was observed, indicating that
in the long term no till might increase C sequestration in subtropical soils (Balota et al., 1998,
2004; Hungria et al., 2002). Balota et al. 2003 , reported in Parand, increases of 100%, 54%
and 39% in microbial biomass C, N and S, respectively, for a clayey Oxisol under no tillage
for 22 years, at the 0 to 5 cm depth. These authors also reported that the crop rotations had no
effect on microbial biomass C and N. In relation to biological nitrogen fixation it was
observed, in Parand state, that the number of Rhizobium and Bradyrhizobium cells and the
accumulation of flavonoids (nodulation genes inducers) were superior under no tillage
(Hungria et al., 1997; Ferreira et al., 2000; Hungria, 2000). Bean and Sorghum nodulation
were stimulated under no tillage resulting in higher yields (Voss & Sidiras, 1985; Hungria,
2000).

At the Cerrados region, the results showed that the impacts were more accentuated at the 0 to
5 cm depth. At this depth, the no-tillage (NT) system presented higher levels of phosphatase,
arilsulfatase and B-glucosidase activities as compared to the conventional tillage (Mendes et
al., 2003; Carneiro et al., 2004). These effects were related to the lack of soil mechanical
preparation, fertilizers’ placement, and to the accumulation of crop residues at the soil
surface. In relation to the areas under native vegetation, located near the experiments,
significant reductions in microbial biomass and phosphatase activity associated with increased
levels of mineralizable carbon and activity levels of the soil enzyme B-glucosidase were
observed in the agricultural areas (Mendes, 2002; Matsuoka et al., 2003 and Mendes et al.,
2003).

Although the Argentinean studies are fewer than the Brazilian some of them showed a
relationship between No Till and the increase of microbial biomass carbon in two types of
soils: one of the central area of Argentina and other of the central west (a sandy soil)
(Sagardoy, et al, 2002). Studies on the evolution in time of some microbiological parameters
on soils cultivated under No Till, reported a general tendency for higher enzymatic activity
under no-till and also a positive relation between the soil organic matter content, microbial
biomass and the action of the soil enzymes urease and catalase (Montero, 2000).

The search for agricultural practices that are able to promote high yield, while maintaining the
sustainability of the agro ecosystems has been one of the greatest challenges for the Research
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& Development institutions. Many evidences show that the microbiological indicators are
able to detect early changes in soil quality, as opposed to the chemical and physical
parameters, which change in advanced stages of soil degradation. The understanding about
the biological functioning of soils in different regions of Latin America is at its very
beginning with the majority of these studies conducted in Brazil.

Considering the variety of methods to assess the microbiological status of a soil, studies are
necessary in Brazil, Argentina and Bolivia to define what methods should be included in a
data set of microbial indicators of soil quality. Another challenge consists in defining the
critical values for each of the parameters of these data set, and to consider them in concert
with soil chemical and physical measurements. In order to build up a vigorous and consistent
data bank, regarding the biological functioning of soils, efforts will be necessary in order to
standardize the procedures for soil sampling and also for the analytical procedures. The idea is
that in the future, assessments of the biological status of a given soil could be made in a
routine basis by using proper indicators that are at the same effective, simple, cheap and
relatively rapid, allowing the farmer to evaluate the impacts of local management systems on
soil quality.

Studies on the impacts of agricultural systems on soil microbial biodiversity also are
extremely necessary, as well as the agronomic implications of increased microbial biomass
and soil enzyme activities in areas under no-till.

6. Conclusions and Proposals
The revised evidence lead to the participants of the Latin America platform to come up with
the following conclusions and proposals about what is known and what is not yet known

about CA:

6.1 Technical changes

o Reduction in the intensity of soil disturbance;

Maintenance of the crop residues on the soil surface;
Changes in the seeding and planting processes;

Changes in the liming and fertilization processes;

Adoption of crop rotation systems;

Changes on cover crop management;

Integrated insects, diseases and weed management;
Changes in the spraying technology and types of herbicides

6.2 Innovation processes

e Adaptation and development of equipment for planting/seeding and crop
residues/cover crop management;

Changes in the methodology for soil sampling and interpretation of soil analysis;
Feasibility of and additional cropping season (*“safrinha”);

Feasibility of integrated crop and pastures systems;

Incorporation of marginal areas for crop production;

Suppression of contour planting and terracing;

Re-design of mechanical measures for erosion control
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6.3 Economic, social and cultural aspects

e Formation of farmers’ and technicians’ groups for the exchange of experiences
Formation of research, technical assistance, dissemination and technology transfer,
supported by farmers and private sector

Increase in the farmers’ technical knowledge

Reduction of drudgery

Increase in the life of agricultural equipment

Decrease in power requirements

Decrease in the operational costs

Increase in the stability of production

Economic feasibility of marginal areas for annual crops

6.4 Environmental aspects

Reduction in soil erosion

Increase in the use of pesticides

Increase in the microbial biomass and in the biological activity at the surface layer
Increase in the overall soil fertility

Increase in the carbon sequestration

Increase in water retention

Reduction of environmental costs

6.5 Further research needs

Impacts of the use of pesticides in CA on soil and water quality and on biodiversity;
Definition of soil quality indicators for different agro ecosystems

Definition of indicators of farming systems’ sustainability

Dynamics of soil organic matter in agro ecosystems

Dynamics of soil nutrients in agro ecosystems

Quantification of the potential of CA for carbon sequestration

Studies of genesis and mitigation of soil compaction in CA areas

Technology development for the increase of efficiency of liming and fertilization
Development of CA systems less dependant on pesticides

Development of cover crop more tolerant to abiotical stress and compatible to
different farming systems

Development of agricultural machinery for mixed cropping

Comparative economic studies between CA and conventional agriculture
Technology development for runoff management in CA

Technology development for precision agriculture

6.6 Policies

Technical assistance
Research and development
Credit

Environmental legislation
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