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Executive Summary 

Abstract 

H Brazil's 58,414 small-scale wheat producers could attain a yield increase of at least 15% from improved wheat 
cultivars (which, on the basis of current agronomic evidence, appears likely), the additional annual benefit 
would be US$ 14.3 million. H these gains were made on all wheat farms, the annual benefit would be US$ 53.0 
million. These figures actually underestimate the potential benefit, because the technology would encourage the 
expansion of wheat into new areas and increase the sustainability of zero tillage systems, leading to other 

benefits such as reduced soil erosion. The impact on systems that combine livestock with agriculture, which has 
not been assessed, is also likely to be substantial. · 

Wheat is an extremely important component of the zero tillage system which has been a revolution in Brazilian 
agriculture. Zero tillage has generated benefits for both large and small holder farmer resulting in increased 
profitability, reduced poverty and increased sustainability. Rising demand for wheat in Brazil poses important 

food security questions for that nation. Just over a decade ago, Brazil covered 80% of wheat demand with 
domestic production, but by 1997 domestic production met less than 30% of demand. Presently Brazil depends 
heavily on wheat imports (the nation accounted for 6.6% of world wheat imports in 1996). In 1997 and 1998, the 
value of wheat imports was about US$ 1.0 billion; during the past decade, the value of Brazil's wheat imports 
amounted to 20.1 % of agricultural imports and 1.4% of total imports. Increased demand will put more pressure 

on the balance of payments. Rising international wheat prices and declining international wheat stocks have 

engendered national debate on the costs of depending on international markets rather than supporting 
domestic production. 

In the wake of market liberalization, Brazilian farmers have had to become more competitive, and the challenge 
to increase productivity and efficiency has been especially acute for the nation's small-scale producers, 
including its many wheat farmers. Brazil has invested in wheat breeding research, especially for the acid lands 

where about 70% of the nation's wheat is grown. Considerable agronomic research has also been dedicated to 
cropping systems that include wheat. 

Two agricultural production systems seem central to the survival of smallholder wheat farmers in an 
increasingly competitive environment for agriculture. Both systems have the potential to increase the 
productivity and profitability of smallholder agriculture and alleviate concerns over national food security. 

The first system involves rotations with zero tillage in which wheat is one of the important components; this has 
already been shown to provide productivity gains and cost reductions (partly through reductions in inputs, 
including labor). Crop-livestock systems, in which dual-purpose wheats are used for grazing and grain 
production, also appear to offer good possibilities for improving smallholder agriculture. The benefits of both 

systems would further increase if higher yielding wheat cultivars with improved tolerance to acid soils were 

available. 

General Issues 

Acid soils are found across extensive areas in Brazil, other parts of South America, China, India, Central Africa, 
the eastern United States, and northern Europe. More than one billion hectares in the tropics are estimated to be 

affected by acidity. 
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About 70% of the soils sown to wheat in Brazil show at least some acidity problem. 

Wheat in Brazil is grown in three main regions: 1) the temperate southern region (the states of Rio Grande do 

Sul, Santa Catarina, and the southern part of Parana); 2) the subtropical central west region (northern and 

eastern portions of Parana, southern part of Mato Grosso do Sul, and southwestern Sao Paulo); and 3) the 
tropical central region (known as the Cerrados, and encompassing the states of Goias, Bahia, Minas Gerais, 

Mato Grosso, and the Federal District). (See the map in the section in this report on agronomic assessment.) 

Agriculture started in the Cerrados in the 1980s. Presently an additional 90 million hectares (m ha) in this region 

have significant potential for agriculture, but 95% of this area comprises acid soils with low cation exchange 

capacity. Owing to the lack of germplasm adapted to local conditions and to inadequate infrastructure, 
agriculture has not expanded into this area. 

In 1961, Brazil produced 0.5 million metric tons (mt) of wheat. By 1987, production had peaked at more than 

6.0 m t. Growth in production resulted from a larger planted area and higher yields, induced by a combination 

of support policies, agricultural research, and adoption of a soybean-wheat double cropping system and 
conservation tillage (i.e., zero tillage) (see below). 

Between 1961and1991, the Brazilian government controlled all aspects of wheat marketing (buying domestic 
production, allocating wheat to mills, and regulating imports). In 1991 Brazil joined MERCOSUR, opened its 

economy, and reduced supports to agriculture. Domestic prices fell, and wheat production dwindled to 1.5 mt 

in 1995. In recent years, production has rebounded to about 2.5 mt. 

As noted, farmers' interest in wheat increased in the 1960s because of strong support policies and the soybean
wheat cropping system. The ensuing intensification of agriculture caused severe soil erosion, which was 

significantly mitigated by adoption of zero tillage practices in the 1980s. 

Zero tillage was a major revolution in Brazilian agriculture and the prototype of a "win-win" technology. In 

combination with adequate rotations, zero tillage reversed soil erosion, eased weed and disease control, and 
reduced the use of agrochemicals. The technology increased yields (in some cases) and reduced production 
costs, agronomic risk, and the investment required for agriculture. Profitability increased for large- and small

scale farmers. By reducing the labor requirement for agriculture on small farms, zero tillage allowed small-scale 

farmers to pursue other income-generating activities. 

By 1999, zero tillage practices were estimated to be adopted on 12 m ha (about 60% of national grain area). In 
some areas of the southern states, 100% of the cropped area is under such practices. 

Following zero tillage practices for several years, the soil undergoes a series of chemical, physical, and 

biological modifications that influence soil flora and fauna. Not all of the changes that occur with these 

processes are understood, but it is accepted that traditional agricultural recommendations are not appropriate 

for zero tillage agriculture. 

Zero tillage is now considered a component of a complex cropping system that includes a pattern of crop 

rotations. On part of the zero tillage area, wheat is cultivated only after intervals of one to two years, thereby 

reducing the risk of disease. 
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Under these systems, fertilizer is applied only for the crop sequence, not for each individual crop, and it is the 
resulting soil changes that enable reductions in fertilizer and lime use. In addition, fertilizer application 
methods have been modified. 

One principle of zero tillage is that the soil must be covered at all times, either by stubble, a commercial crop, or 
a green manure. Wheat plays a major role in the system, because it is almost the only winter cash crop available 
(a few farmers on small areas dose to the breweries also plant barley). 

National average wheat yields rose from 756 kg/ha in 1948-50to1,960kg/hain1998. Research over the last 

decade in southern Brazil has shown that experimental yields can reach 6,000 kg/ha. Farms with well-managed 

acid soils in Rio Grande do Sul registered yields exceeding 4,500 kg/ha. A major portion of the increase in yield 
can be accredited to expansion into newer areas with increased yield potential. 

In 1999, 26 institutions (federal and state organizations, universities, cooperatives, and private companies) 
engaged in wheat research, at an annual cost of about US$ 5.5 million. 

Agronomic Issues 

In the last two decades, yields in the states of Parana, Sao Paulo, and Mato Grosso do Sul remained more or less 
stable. In Rio Grande do Sul, the second most important wheat-producing state, average wheat yields have 

risen at a constant rate, while in the Cerrados region productivity increases have been significant. 

In 1954, Beckman observed that tolerance to aluminum toxicity (a problem associated with acid soils) was a 
genetic trait. The exchange of wheat germplasm between Brazilian institutions and CIMMYT in Mexico started 
informally in 1969 and became a formal "shuttle breeding" program in 1973. Through the shuttle breeding 
program, wheats were selected in Brazil for aluminum tolerance and disease resistance, and then they 
underwent another cycle of selection in Mexico before being returned to Brazil for further improvement. This 
collaborative program, which involved a significant flow of CIMMYT germplasm into Brazil, enabled the 

aluminum tolerance of Brazilian cultivars to be combined with the reduced plant height and other desirable 
characteristics (including high yield potential, good agronomic type, and good rust resistance) of CIMMYT 
wheats. 

With reduced plant height came diminished resistance to some of the diseases prevalent in Brazil, however. 
Only recently has the shuttle breeding program yielded semidwarf cultivars with acceptable disease resistance, 
good agronomic type, industrial quality, aluminum tolerance (when needed), and high yield potential. Future 
research with these cultivars will focus on developing plants with strong straw, bigger and more fertile spikes, 
superior disease resistance (especially to foliar blights and head scab), and better industrial quality. A 

combination of these factors and adequate agronomic management could raise yields by 50% or more over the 

next 20 years. 

Area increases are possible within the boundaries of the present wheat regions. If conservation tillage and 
irrigation are introduced in some regions, wheat area could expand in southern and northern Sao Paulo (as far 
as Barreiras), in Bahia (12° latitude) with irrigation, and in Formosa under rainfed conditions. (See the map in 

the section in this report on agronomic assessment.) In the medium term, wheat could be sown on almost 4 m 
ha (2 m ha under irrigation and 2 m ha under rainfed conditions) in the higher regions of the Cerrados, where 
temperatures are milder. The two main limitations to the expansion of irrigated wheat are water availability 

and competition from more profitable crops. 
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In rainfed areas, researchers and farmers have shown that yields of 2.5-4.5 t/ha can be obtained with a 
technology package that includes zero tillage, adequate fertilization and soil management, pest and disease 
control, crop rotation, suitable cultivars, and other elements. 

In irrigated areas, yields of 7-9 t/ha may be possible with adequate water and nutrient management 
(depending on elevation, variety, and disease control strategy). 

Research in hydromorphic soils has demonstrated potential yields of 3.0-6.7 t/ha. Yield increases of 23% and 
14%, respectively, were reported in two separate trials conducted in traditional areas. In dry years, yield 

increases of 30% have been reported. Potentially, better farmers can harvest 5-7 t/ha on these soil types. 

In the three southern states, approximately 7 m ha of hydromorphic soils that may be planted to rice in the 
summer remain unoccupied in the winter. Eighty percent of this area is in Rio Grande do Sul. Research has 
demonstrated the potential for profitable wheat production in these areas. 

Especially during the lean winter months, wheat can be used for grazing sheep and cattle. Estimates of the 

impact of grazing on milk, meat, and wool production are beyond the scope of this study, but the practice 
clearly results in improved economic returns. Wheat cultivar BRS 176 yielded 3,843 kg/ha of dry matter on 
average after cutting (simulated grazing), compared to 3,451 kg/ha without cutting. The highest grain yield 
after cutting was 4,245 kg/ha. 

In parts of the southern states where cattle production is important, dual-purpose wheat (for grazing and grain) 
could play an important role in guaranteeing a more sustainable production system. In wheat growing area IX 
(Rio Grande do Sul) alone, 500,000 ha could be planted to dual-purpose cultivars. Several research institutions 
are developing late maturing cultivars with a short reproductive phase and good grain yield after grazing. 

Another important role of dual-purpose wheat is to provide soil cover in autumn. The late cultivation period of 

this material avoids frost losses. This practice has shown satisfactory yields in Parana. 

Leaving political and economic policy implications aside, from the research standpoint any expansion of wheat 
into newer areas will require an integrated production package to be developed. The most important aspects of 
this package are adapted varieties, soil management and conservation tillage practices, use of multiple crops in 
rotation, and disease/pest control strategies. 

Economic Issues 

Deregulation in the 1990s reduced wheat prices and production but also induced farmers to seek increased 
competitiveness through higher productivity and integration with the processing sector. The result was that 

some farmers increased output while others left agriculture altogether. 

Nearly 90% of the wheat consumed in Brazil is used for human consumption. Per capita consumption, at 
around 50 kg per year, is low compared with that in other countries. 

Despite this level of per capita consumption, population and income growth are spurring greater demand for 
wheat in Brazil. Population has been growing at almost 2% annually. The income elasticity of wheat demand is 

about l, which implies that demand for food will rise faster than population growth as incomes grow, diets 

diversify, and urbanization accelerates. 
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The Brazilian population can be divided into three groups: the rich (30%), the poor (50%), and the marginal 
(20%). Potential growth in food consumption is associated, in the short term, with income expansion among the 
rich and poor. Income growth among the rich implies more diversified food demand, whereas income growth 

among the poor implies a quantitative expansion of consumption. In the longer term, growth in consumption 
may be driven by sustained expansion of the economy, maintenance of low inflation, and inclusion of the 
marginal group into the market for wheat products. 

Wheat is important for food security, because Brazil depends heavily on imports, and wheat is an important 
item in the balance of payments. Brazil covered 80% of its wheat consumption with domestic production in 

1987 but less than 30% by 1997. Rising international wheat prices and declining international wheat stocks have 

engendered national debate on the costs of depending on international markets rather than supporting 
domestic production. 

In the short run, any increase in the domestic demand for wheat will have to be met with imports. Brazil 
imports large amounts of wheat, mainly from Argentina. Imports have increased strongly since the creation of 

MERCOSUR, peaking in 1996 at almost 8 mt, or 6.6% of world wheat imports. 

In 1997 and 1998, the value of Brazil's wheat imports was about US$1.0 billion. In the 1990s, the value of those 
imports amounted to 20.1 % of agricultural imports and 1.4% of total imports. Any increased demand will put 
more pressure on the balance of payments. 

According to the 1995-96 agricultural census, Brazil had 4,859,865 farms on 353,611,246 ha (approximately 72 ha 
per farm). Of these, 90.8% were farms of up to 100 ha that accounted for 23.5% of the agricultural area. At the 
other extreme, farms exceeding 1,000 ha accounted for 1.0% of all farms and 45.1 % of agricultural area. 

Small farms thus predominate and account for most of the labor employed in agriculture. It is estimated that 
11.6 million farm owners and their families, plus 6 million farm workers, depend directly on small-scale 
agriculture for their livelihoods. 

It is the small-scale farms that were affected most by the opening of the economy, the reduction in public 
support to the agricultural sector, and the decrease in prices of agricultural products. The result has been 
continuous migration from rural to urban areas, which has contributed significantly to urban poverty. In the 
last decade, agricultural employment is estimated to have diminished by more than 5.7 million jobs. 

In 1995-96, Brazil had 64,000 wheat producers; of these, 82% were located in the Rio Grande do Sul and Parana. 
(The total number of farmers in these two states was about 800,000.) 

Wheat yields on small farms are 25% lower than on large farmers, largely because of differences in the amount 
of lime and fertilizer applied. Germplasm that tolerates acid soils, in combination with zero tillage practices, 

could reduce lime requirements and improve small-farm productivity. 

Wheat production costs can fall by 30-50% with zero tillage. 

Profitability in zero tillage rotations is higher when wheat is introduced into the package. Estimates of 
profitability with and without wheat range from 40% to 150%, depending on where the farm is located and the 

technology used. 

vii 



A yield increase of 15% above current levels (well below the potential increase discussed in the review of 
agronomic issues) would raise incomes of small farmers by US$ 32.50 per hectare. Considering that 
smallholders on average grow 7.52 ha of wheat, a 15% yield increase would provide substantial additional 
income of US$ 244 (about three times the minimum wage in Brazil). 

H Brazil's 58,414 small-scale wheat producers could attain these productivity gains, the additional annual 
benefit would be US$ 14.3 million. H these gains were made on all wheat farms, the annual benefit would be 
US$ 53.0 million. 

These figures actually underestimate the potential benefit, because improved wheat germplasm would 
encourage the expansion of wheat into new areas and increase the sustainability of zero tillage systems, leading 
to other benefits such as reduced soil erosion. 

In addition, these estimates do not consider the impact of improved wheat germplasm on systems that combine 
livestock with agriculture. To our knowledge, such estimates of potential benefits have not been published. 
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1. Introduction 

Soil acidity is a problem that limits agricultural production in several places in the world. Acid soils are found in 

large portions of Brazil and other nations in South America, China, India, Central Africa, and also in the eastern 

United States and northern Europe. It has been estimated that more than one billion hectares are affected by 
acidity in the tropics. 

A great percentage of these acid soils are not cultivated, and when they are, yields are usually low. Factors 
related to acid soils that limit plant growth include aluminum toxicity and deficiency of several nutrients. 
Traditionally, soil management practices have been used to deal with the problem. In general, pH correction has 

been used to address acidity and aluminum toxicity. However, this is not always economically efficient. Genetic 
improvement, through selection or breeding of plant genotypes, has proved to be an effective alternative or 

complement to solving the problem of aluminum toxicity. 

Brazil has been a pioneer in the research to improve wheat tolerance to acid soils. The results achieved put the 
Brazilian research program in a position to participate effectively in international agricultural research. Progress, 

in terms of better tolerance to acid soils has brought benefits to wheat production in several other countries that 
face the problem. 

This report provides an economic assessment of the impacts of research on wheat for acid soils. Section 2 gives a 
historical background of wheat production and research in Brazil. Section 3 discusses wheat supply in Brazil; 

analyzing trends in production and imports, distribution among regions, and the potential to expand into new 
areas. Section 4 shifts the discussion to wheat demand, presenting a characterization of the processing sector, 
consumption trends, and food security. Section 5 presents public policies that have been implemented in the 
country that affect supply and demand. Section 6 presents a discussion on rural poverty and characterizes wheat 
producers in Brazil. Section 7 analyzes the integration of wheat cultivation in production systems, the 
management of natural resources, presents information about costs of production, and estimates the impacts of 
genetic improvement on the alleviation of rural poverty. Section 8 analyzes some other issues related to trade, 

including problems of infrastructure and the expansion of regional integration schemes. Finally, section 9 
concludes the report with a brief summary. 

2. Historical Background 

The history of wheat in Brazil begins in 1534, just a few years after the country was discovered by the 
Portuguese. Wheat was one of the first crops that the colonizers tried to grow in Brazil. Consequently, Brazilian 
wheat production developed before production in North America, Argentina, and Uruguay, and Brazil was the 

first New World country to export wheat. 

In the 18th century, with the arrival of colonizers from the .Azores Islands, the wheat cultivation expanded into the 

southern region of the country. There are reports of wheat shipments from Brazil to Argentina and Uruguay that 

continued until the beginning of the 19th century, although there were government incentives to export to 

Portugal. 

However, wheat production in Brazil has alternated between favorable and unfavorable periods, mainly due to 
the occurrence of leaf diseases. The German colonizers had to reintroduce wheat production in the southern 
region during the second half of the 19th century. During that period, wheat was already cultivated in other 

regions of the country, including areas in the central western and northeastern regions. The European 
immigrants had contributed to the expansion of wheaticultivation, but they showed no concern with introducing 
varieties that were resistant to diseases or adapted to different climatic and soil conditions found in the country. 
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The consolidation of wheat cultivation in Brazil started in the beginning of the 20th century. In 1912, the 

Agriculture Ministry created the first experimental field in the state of Rio Grande do Sul, and varietal 

improvement began in 1914 with the selection of materials under acid soil conditions in the states of Rio Grande 

do Sul and Parana. In 1918, the federal government established prizes (agricultural machinery) to farmers, 

syndicates, and cooperatives that cultivated wheat. 

Two experimental stations were established in 1919: one in Alfredo Chaves (now known as Veranopolis), Rio 

Grande do Sul, and the other in Ponta Grossa, Parana. Systematic research on wheat in Brazil started with the 

reunion of old varieties cultivated in the colonial era with a selection of superior types. Several of those types 

serve as the basis for the varieties now cultivated in Brazil. The first significant differences between wheat 

varieties cultivated in acid soils were detected in 1925. Hybridizations achieved at that time provided the first 
Brazilian wheats with tolerance to aluminum. 

In 1930, one of the first actions of the newly installed government was to grant financial incentives for wheat 

production in order to boost yields. A commission was constituted the following year to analyze measures to 

restrict wheat imports. But the results were not noted until after World War II, with the imports substitution 

policy that was adopted by the country. In the 1950s and 1960s, several varieties were released that had better 
resistance to leaf rust and aluminum toxicity. Those varieties also had better agronomic characteristics and 
higher yield potential. 

Brazilian wheat production reached a watershed moment 1962, when a policy to support wheat cultivation and 

milling was implemented. In 1967, the creation of CTRIN (Commission for Acquisition of National Wheat) 

helped consolidate wheat cultivation in the country. The federal government aimed at controlling all aspects of 
production, imports, industrialization, and commercialization of wheat. 

In the late 1960s and early 1970s, the increase in soybean production in a double cropping system (wheat

soybeans) was based on lime and fertilizer applications, needed to correct the soil pH, reduce toxic acidity, and 

increase soil fertility. As a result, wheat productivity also increased. 

The Brazilian Enterprise for Agricultural Research (EMBRAPA) was founded in 1973 and is now Brazil's most 

important institution for agricultural research. Its National Center for Research on Wheat (CNPT}, in Passo 
Fundo, Rio Grande do Sul, was established in 1974, with the mission to generate, adapt, and diffuse 

technologies for wheat cultivation. Research at the center was not limited to wheat, but considered the cereal as 

part of a production system for the region. Wheat research was also undertaken in other institutions, such as 

CEP-FECOTRIGO (now called FUNDACEP) and IPAGRO (now called FEPAGRO}, in Rio Grande do Sul; 
OCEPAR and IAPAR in Parana; and IAC in Sao Paulo. Work at these centers helped increase the average yield 

of wheat in acid soils to more than twice the levels regularly attained by producers, showing that genetic 

improvement complements soil management practices. Besides improving productivity and resistance to 

diseases, research helped improve the industrial quality of the Brazilian wheat, thus attending to the needs of 

the milling industry. The combination of the support policy, research efforts, and the double cropping system 

resulted in a substantial increase in national wheat production. 

Changes arrived in the 1990s, when the country started to open its economy. Brazil eliminated some barriers to 

imports and to its participation in the regional trading bloc MERCOSUR. At the same time, the federal 
government eliminated the regulation mechanisms for the wheat sector and reduced agricultural credit. These 

measures produced important structural changes in the sector, along with a substantial decrease in domestic 

production and an increase in imports, mainly frortt Argentina. 
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After 1996, the rise in international prices and decrease in stocks prompted questions about national policies to 
guarantee domestic supply and to avoid dependence on the international market, which is still distorted by the 

presence of subsidies to production and exports by the most important producers. 

The scenario now is one of challenge. There is potential to expand the cultivated area and increase productivity. 
There are large areas of arable land (generally acid soils) still not cultivated in the country, while we have been 
witnessing technological advances in the production systems. On the other hand, industrial quality still needs 
to be improved and better relationships must be established with the processing and distribution sector. 

3. Wheat Supply in Brazil 

3.1 Production. Wheat production corresponds to around one-third of total production of cereals3 in the world. 
The largest wheat producer is China, responsible for around 18.8% of the world's production in 1998, followed 
by the European Union, which produced 17.6% of the total. Other important producers (ranked by their 
production levels) are the United States, India, Russia, Canada, Australia, Pakistan, Turkey, Ukraine, and 

Argentina. Brazil is a small producer, participating with less than 1.0% of the world's production. 
World production has increased 164.8% since 1961, from 222.4 million t to 588.8 million tin 1998. On the other 
hand, cultivated area remained practically unchanged, increasing only 9.9% during that period, from 204.2 
million ha in 1961to224.4 million ha in 1998. Growth in production was not due to expansion in area, but was 
the result of a significant increase in productivity. Average yield raised from 1.089 t/ha to 2.624 t/ha. 

Wheat production in Brazil has also increased during that period. However, here we must be careful in our 

analysis, since there were substantial increases until the end of the 1980s, followed by a decline in the 1990s. 
Figure 1 illustrates these variations in production. The data are presented in table 1 in the annexes. 

In 1961, wheat production in Brazil was only 0.5 million t; it increased substantially to achieve its maximum 
level in 1987 of more than 6.0 million t. Although increases were substantial during this period, there were years 

in which production declined because of unfavorable weather conditions. As a consequence this increased 
productivity, Brazil increased its share of world wheat production from 0.2% in 1961 to 1.2% in 1987. 

7 .. u..------------------------------ 2.5 

~Production -Yield 
6. 

2.0 

5. 

1.5 

1.0 
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Figure 1. Wheat production and yield in Brazil - 1961 t~ 1998. 
( 

3 Wheat, rice, and coarse grains (maize, sorghum, barley, oats, rye). 
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Production increases up until 1987 resulted from a combination of expansion in cultivated area and yield gains. 
The area expanded from 1.0 million ha (generally acid soils in Rio Grande do Sul) in 1961to3.5 million ha in 
1987 (occupying new areas in Parana, Goias, Mato Grosso do Sul, and other states). Productivity varied 

between 0.5 and 1.2 t/ha until 1984 and then it started to increase. In 1985, wheat yield rose to 1.614 t/ha and in 
1987 it increased to 1.746 t/ha, the highest average obtained until that time. 

Matzenbacher (2000), in his agronomic assessment, indicates that a major portion of the increase in yield was 
the result of the incorporation of new areas with higher yield potential. But yield in the traditional acid areas 
has also increased, reflecting the results of the research efforts on genetic improvement under acid soil 

conditions. 

Nevertheless, the 1990s were characterized by deregulation in the wheat sector, reduction in agricultural credit, 
reduction-or even elimination-of trade barriers, and regional integration. Producer prices started to fall and 
the area sown to wheat decreased substantially, from 3.5 million ha in 1987 to 2.7 million ha in 1990--and only 
1.0 million ha in 1995 (almost the same cultivated area as in 1961). As a consequence, wheat production fell 

from 6.0 million tin 1987, to 3.1milliontin1990, and only 1.5 million tin 1995 (the lowest level of production 
since 1972). This year, the country had one of its highest levels of wheat imports. 

The recent decrease in stocks and increase in international prices resulted in a new increase in cultivated area in 
1996. During the last three years, area sown to wheat has stabilized around 1.5 million ha. However, it has been 
estimated that there are more than 10 million ha in the country that are appropriate for wheat cultivation, 
leaving open the possibility of expanding production to new areas. 

Matzenbacher (2000) suggests that potential increases in cultivated area are within the boundaries of the 
present wheat regions, given the use of soil conservation practices. He also suggests that it is possible to expand 
the area through the introduction of irrigation in some regions, the cultivation of wheat in hydromorphic soils 
that are planted with rice in the summer season, and the utilization of double-purpose wheat that is integrated 

with cattle raising. Most of the available land, however, is characterized by acidity, aluminum toxicity, and 
deficiency of nutrients. 

In these last three years, domestic production ranged between 2.4 and 3.4 million t, corresponding to a 
participation between 0.4% and 0.6% in world wheat production. Once again, it is important to note the yield 
gains obtained during the period. In 1990, there was a reduction in productivity due to lower use of fertilizers 

and pesticides (because of a reduction in agricultural credit). But since 1990, productivity has increased steadily, 

as a result of better natural resources management (zero tillage and crops rotation) and improved genetic 
materials. In 1996, produciton reached 1.846 t/ha and in 1998 it reached 1.960 t/ha, the highest average level 
achieved in the country. 

Although wheat yield in Brazil is still below the global average, it is getting closer to it. While productivity in 
the world increased 141.0% from 1961to1998, in Brazil it increased 267.7% in the same period. There is still a 

high potential to keep increasing these productivity levels. Many of the new cultivars respond better to higher 

levels of fertilizers, thus increasing the productivity levels. 

The use of recommended technologies and soil management practices, including adequate liming and 
fertilization, zero tillage, and crop rotation has resulted in yields above 2.5 t/ha in acid soils. Matzenbacher 

(2000) points out that adequate agronomic management together with genetic improvement may allow yield 

increases of 50% or more over the next 20 years. 
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The distribution of production among regions in Brazil is presented in table 2 in the annexes. Figure 2 helps 
illustrate the importance of the states of Rio Grande do Sul (RS) and Parana (PR), showing the variations in 

production shares from 1961to1998. These two states belong to the southern region, which is the largest wheat 

producing region in the country. According to the National Service for Soils Research, acid soils predominate in 
all states in the southern and central western regions. In the agronomic assessment, Matzenbacher (2000) also 
indicates that around 70% of the cultivated area is affected by acid soils. These soils are also characterized by 
low nutrient levels and aluminum toxicity. 

In the 1960s, Rio Grande do Sul (RS) was the largest producer. The expansion of the agricultural frontier, 
combined with the double-crop (wheat-soybean) system, substantially increased production in Parana (PR) 

during the 1970s. In the 1980s, wheat production still rose in all regions, but the most important increase 
occured in the central western region, keeping pace with the continuing expansion of the agricultural frontier in 
states such as Goias (GO), Mato Grosso do Sul (MS), and Mato Grosso (MT). In the 1980s, the share of the 
central western region increased from 1.0% to around 7.0% of the total wheat production in the country. 

Parana (PR) became the largest producer, surpassing Rio Grande do Sul (RS). While the cultivated area was still 
increasing in Parana (PR), it stabilized in around 1.0 million ha in Rio Grande do Sul (RS). In addition, 
productivity in Parana (PR) was higher than in Rio Grande do Sul (RS), as a result of more favorable climatic 
conditions and the cultivation of new areas, implying a lesser need of fertilizers. 

The 1990s, however, brought about reductions of production in all regions. Production in the southern region 

diminished, but not as much as in the other regions. As a result, the southern region's share increased to more 
than 95.0%. Currently, Parana (PR) is responsible for almost two-thirds of the country's wheat production, 
while Rio Grande do Sul (RS) is responsoble for about one-third. 

The wheat area in Brazil has now stabilized around 1.5 million ha. The trends presented above indicate that 
there is the possibility of expanding wheat cultivation in the country, mainly in the southern and central 
western regions. The most area sown to wheat was approximately 3.9 million ha in 1986, but there are 
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indications that around 10 million ha are appropriate for wheat cultivation in Brazil. However, as indicated 

above, acid soils are predominant in all states in these regions. To expand the area cultivated with wheat, it will 

be necessary to take into account its importance in production systems, its complementary relations with other 

crops (mainly soybeans and maize), and its implications for soil management practices, as emphasized by 

Matzenbacher (2000) in the agronomic assessment. Production systems approaches have been considered for 
addressing sustainability and environmental concerns in agriculture, and the economic aspects of production 
systems, including wheat cultivation, will be discussed in section 7 of this report. 

3.2 Imports. Aside from production, trade flows are important in the analysis of supply in specific markets. In 

the case of wheat, the international trade flows have corresponded to more than 20% of total production levels. 

The larger exporters are also large producers. These are the European Union, United States, Canada, Australia, 
and Argentina. However, countries such as China, India, and Russia, which are large producers, are not 

exporters, because of their high levels of domestic consumption. On the other hand, the larger importers are 

Egypt, Italy, Japan, Brazil, Algeria, Iran, and Indonesia. 

Brazilian imports increased substantially during the 1970s and early 1980s, jumping from around 2.0 million t to 

more than 4.0 million t per year. This increase is associated with the decline in domestic production, as can be 
seen in Figure 3 (table 3 in the annexes). The Brazilian share of wheat imports in the world was between 3.0 and 
5.0% until the mid-1980s. 

After 1985, Brazilian imports of wheat started to decrease again as a result of the expansion in production. In 

the following years, the country reached its highest levels of domestic production (achieving a maximum level 

of 6.0 million tin 1987) and its lowest levels of wheat imports in four decades (achieving a minimum level of 0.9 
million tin 1988, just one year after the peak in production). The Brazilian global share decreased to only 0.8% 
of total wheat imports in the world. 
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Figure 3. Wheat production and imports in Brazil -1961to1998. 
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With the opening of the economy and the elimination of regulation mechanisms for the wheat sector in the 

1990s, the situation changed dramatically. The country's imports began to increase once again, reaching 2.0 

million tin 1990, 4.4milliontin1992, 6.3milliontin1994, and peaking (7.9 million t) in 1996. The Brazilian 

share in total global imports has also risen to more than 5.0% after 1994, and reached 6.6% in 1996. 

The current situation prompts several concerns in terms of balance of payments, food security, employment in 

rural areas, generation of income, and development of agroindustries. The value of wheat imports was only 

US$331millionin1990, but increased to more than US$1.2 billion in 1996. In 1997 and 1998, the value of wheat 

imports was still around US$1.0 billion. In the 1990s, the value of wheat imports corresponded to 20.1 % of the 

value of agricultural imports in Brazil. Food security is discussed later on section 4.3. As for employment and 

income generation in rural areas, it should be noted that soybeans and maize may be the basis of the agricultural 

systems in the country but that they are cultivated mostly in the summer. Wheat cultivation is an important 

employment alternative in the winter, that can complement income and help natural resources management. 

Table 4 in the annexes presents wheat imports into Brazil according to origin. Argentina is the main supplier to 

Brazil because of its close proximity and lower transportation costs. The importance of Argentina as the main 

supplier has grown substantially since the formalization of the MERCOSUR in 1991, which gradually eliminated 

trade barriers among the participant countries. Argentina has supplied more than half of Brazil's total wheat 

imports since 1988, reaching 59% in 1994, 64% in 1996, and 92% in 1998. 

During this period, Canada and the United States also had significant shares of wheat imports into Brazil, but 

they have dropped recently because of the preferential market access for Argentina. In the last couple of years, 

the United States has not shipped wheat to Brazil because of phytosanitary restrictions, specifically the 

occurrence of the fungus Tilletia Controversa Kuhn (TCK). In 1998, the United States and Brazil signed a waiver 

that removed Brazilian restrictions on US wheat imports, but this did not reopen the market because of concerns 

about other wheat diseases. 

4. Wheat Demand in Brazil 

Worldwide, 70% of wheat is used for consumed by humans and 20% for animal feed (the remaining 10% is for 

seed and waste). Utilization in Brazil is quite different: nearly 90% is used for food, and almost nothing for feed. 

This section shifts the discussion to wheat demand, presenting a characterization of the processing sector, 

consumption trends, food security, and quality aspects. 

4.1 The Processing Sector. The wheat sector in Brazil has been through a long period of government 

intervention. During this period, the federal government has controlled all activities related to the 

commercialization of domestic wheat, as well as wheat imports. The government has been in control of the 

quotas that each industry received for milling, the entry of new mills, the installed capacity for milling and 

storage, and all prices in the complex. 

With the end of this period of intervention and opening of the economy in the 1990s, both agriculture and 

industry passed through a difficult period of adjustment. The country became the second largest wheat importer 

in the world, just behind China. And more recently, the country has also increased importation of flour and 

processed products. 

Although flour production has increased (based on imported wheat}, flour imports have also increased during 

the 1990s (table 5 in the annexes). In 1997, flour imports achieved their highest level, coming to 537 thousand t. 
( 

Once again, Argentina was the main supplier of wheat flour to Brazil. Here, the most important factor is the 
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price differential because of the Argentine comparative advantages in wheat production, but also because of 
lower interest rates and longer term loans for imports. Rezende, Nonnenberg, and Marques (1997) demonstrate 
that 94% of wheat and flour imports in 1995 were financed, and most of them (58.9%) for a period between 180 

and 360 days. 

The milling industry is unevenly distributed in the country (table 6 in the annexes). Most of the mills (79.7%) 
are in the southern region, but they produce only 29.9% of the processed product. Many of these are small 
mills,4 close to the wheat production zones. In the other regions, however, there are generally few mills that 

process large volumes. In the southeast, for example, there are only 25 mills (9.1%), but they correspond to 
35.2% of the amount processed. These are generally large mills that are close to the consumption zones. 

During the process of adjustment in the 1990s, some mills underwent modernization, sometimes seeking 
associations or mergers. Other mills simply ceased operations. Today, processing capacity is above 12.8 million 
t of wheat per year, but the milling industry has been operating about one-third below capacity. 

Brazilian wheat consumption is now around 8.5 million t per year. This corresponds to around 6.6 million t of 
flour, which are distributed among the processors of bread, pasta, and crackers. The bread industry consumes 
almost 60% of the total flour, whereas the pasta industry consumes 15-20%, as does the cracker industry. 
Domestic flour consumption has been decreasing and is now around 5-7% of the total. 

There have also been technological changes in the processing sector. Most of these changes stem from efforts to 

produce products with longer shelf-life, or that attend to the, attending demands of higher income consumers 
searching for more sophisticated products. 

4.2 Consumption. The Brazilian food market is among the most important in the world because of its size and 
potential for expansion. However, per capita wheat consumption in Brazil is relatively low at around 50 kg/y. 
By contrast, per capita wheat consumption in Argentina is 130 kg/y, in France and Canada, 140 kg/y. China 

and India also have higher wheat consumption per capita than in Brazil. 

On the other hand, population has been growing at a rate of almost 2% annually. Demand for food will rise by 
a higher percentage; as income grows, diets diversify and urbanization accelerates. 

Nevertheless, the Brazilian food market is not a homogenous market. According to Vieira (1997), the Brazilian 

food market can be segmented into three main groups: (1) a rich group that makes up around 30% of the 
population, which corresponds to 65-70% of the national income, that translates into around 50 million people 
and nearly US$350 billion annually; (2) a poor group, made up of about 50% of the population, which 
corresponds to around 30% of the income; and (3) a marginal group, estimated to be about 20% of the 
population, with income levels below the limit for subsistence. These socioeconomic strata can help explain the 

differences in consumption patterns in the country. 

The potential for growth in the Brazilian food market may be associated, in the short term, to income 
expansion in the rich and poor groups. Rising income in the rich group implies growth in consumption of 
products with higher aggregate value, which has already produced implications in terms of strategies for the 
processing sector, specifically, differentiation and the release of new products. On the other hand, the 

4 In the early 1%0s, there were nearly 2,000 colonial mills 1n Rio Grande do Sul, participating in the milling of wheat produced in 
small areas. During the regulation period, these mills were prohibited to operate. In 1983, they were allowed to operate again, but 
within the limit of 2 t per day. 
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expansion of income in the poor group implies a quantitative expansion of consumption, rather than qualitative 
changes. In the longer term, growth in consumption may be driven by the sustained expansion of the economy, 
maintenance of low inflation levels, and incorporation of the marginal group in the market. 

Besides income differences among groups, there are also differences related to culture and regions, differences 
in education and access to information, and differences in the needs and preferences of consumers, such that 
dietary habits and preferences are diverse rather than homogeneous. As a result of the influence of culture and 
regional preferences, some groups of consumers demand different processed products and are attended to by 
local or regional processing industries. However, these differences generally do not present requirements for 
different types of wheat and have no influence on genetic improvement. In addition, the demand for more 

practical and safe products is increasing. Consumption patterns are strongly influenced by advertisements on 
television, radio, and in-store promotion of products found on the supermarket shelves. 

There are estimates suggesting that for low income levels, the income elasticity of wheat demand in Brazil may 

be higher than 1, that is, for an increase in income there will be a more than proportional increase in demand for 
wheat and other products. For example, Colle (1998) points out that for consumers that earn less than two 

minimum wages, the income elasticity of wheat demand is higher than 1 in all regions of the country. In another 
study, Garcia and Waquil (1998) also estimated elasticities of demand for several groups of food, based on data 
for consumers that receive from 1 to 21 minimum wages in the metropolitan region of Porto Alegre, RS. 
·Expenses on food correspond to 41.5% of total expenses for those consumers, and expenses on products derived 
from wheat (flour, bread, pasta, crackers) correspond to 8.0% of expenses on food. The income elasticity for 

cereals and derived products was equal to 0.94, meaning that this food group is still a necessity for these people, 
but there is an almost proportional change in demand as a result of a change in income. These results are very 
important when considering the impacts of income growth on consumption, and its consequences on 
production, imports, and price determination. Thus, poverty alleviation may bring a strong increase in food 
consumption, and more specifically in wheat consumption. However, this depends on the availability of the 

product, therefore, it is important to emphasize the necessity of increasing supply to attend to these needs. 

Recently, consumption of bread and pasta has increased substantially (table 8 in the annexes}, and achieved 30 
and 5.36 kg per capita, respectively, in 1996. Added to the consumption of other products, such as crackers, 
pizzas, and snacks, and transforming into wheat equivalent, it corresponds to nearly 50 kg of wheat per capita. 
However, this level is still lower than the level recommended by the World Health Organization. 

Figure 4 illustrates total wheat consumption in Brazil from 1961to1997. It increased steadily from the 

beginning of the period until the mid-1980s. In the early 1960s, consumption of wheat in Brazil was below 3 
million t. By 1985, it had jumped to almost 8 million t. This substantial increase was a consequence of 
population increase but also because of the long period of government intervention, during which it subsidized 
production and consumption, making the product access_ible even to lower income classes. 

By the late 1980s and early 1990s, with the end of the period of government intervention and the onset of a 
recession, consumption stayed around 7 million t. In this period, consumer prices of products derived from 
wheat rose. After the Real Plan, in 1994, and as a result of the stabilization of inflation and gains in real income 
mainly for the lower income classes, consumption again increased substantially. It is now between 8.5 and 9 

million t per year, considerably above production levels. 

4.3 Food Security and Quality Issues. According to Reis and Andrade (1993), food security can be understood 

as the coordination and integration of public and private mechanisms to guarantee food consumption, 
considering both quantity and quality aspects, to attend the nutritional needs of each individual in a region or a 
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country. Food security has to ensure food supply, stabilize the flow from producers to consumers, and 
guarantee access to food by each individual. Supply of food may come from either domestic production or 
imports, and the balance between them depends on comparative advantages and the risks of dependence on 
imports. These risks are associated with the variability of international prices and the implications to the 
balance of payments. 

Most of the concerns about food security are generally related to food supply. The proper balance between 

domestic production and imports has to be sufficient and stable in order to satisfy effective and potential 
demand. However, government intervention on the demand side is also important for ensuring food 
availability for the entire population. Food security policies may include mechanisms to stimulate agricultural 
production when international prices rise or when the balance of payments is strongly affected by imports of 
the good. Other government measures include control stocks, redistribution of income, and the implementation 

of social programs such as food stamps. 

In Brazil, government intervention has generally been in response to a supply crisis, sometimes motivated by 
external circumstances. Many programs and institutions were created in response to such crises, but often 
abandoned not long after their creation. The incorporation of the marginal group of the population (as 
segmented in the previous section) into the food market, and the consequent increase in food demand, depends 

on long-term food security policies, involving programs to reduce poverty and to attend the nutritional needs

both in terms of quality and quantity of food-of the population. 

Economic changes in the 1990s led the country to consolidate its position as a large importer of cereals. Wheat is 
a leading import, which carries significant consequences in terms of balance of payments. Figure 5 shows the 
percentage of consumption that is supplied by domestic production of wheat. Brazil achieved more than 80% 
self-sufficiency by the end of the 1980s, mainly as a result of government intervention. In 1987, production 

reached 6.0 t, when consumption was nearly 7.4 million t; the following year the country had its lowest level of 

imports. 
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Figure 5. Coefficient of Self-sufficiency. 

However, in 1990 production started to decrease substantially, causing a significant reduction in the coefficient 
of self-sufficiency. In 1990, domestic production represented only 44% of consumption, which dropped to only 
17% in 1995, when production reached its lowest level because of weather-related problems. In this decade, 
production has oscillated between 20 and 40%, implying that the country has to import 60-80% of its needs. The 
changes in macroeconomic and sectorial policies (discussed in the next section), the rise in international prices 
in 1996, and the negative impacts in terms of balance of payments (presented in section 3.2) gave rise to 
concerns about the risks associated with being highly dependent on imports. 

With respect to quality, the principal problem that the sector faced was the absence of adequate classification of 
wheat in the country since the period of government intervention. Wheat was classified as superior or inferior, 
but that was not related to industrial utilization. Beginning in 1999', the Agriculture Ministry published a new 
classification system, which is discussed in the agronomic assessment (Matzenbacher, 2000), resulting in 

qualitative differences for different industrial uses. 

The national research system has also achieved improvements in terms of industrial quality, attending to the 
needs of the processing sector. By the end of the 1980s, only 5% of the domestic wheat was of superior quality 
for bread making. Today, as a result of the efforts taken by the research institutions, around 80% of the wheat 
cultivated in the country is of superior quality. 

5. Public Policies 

From the beginning of the 1960s to the end of the 1980s, the wheat market in Brazil has been subject to strong 

government intervention. In order to accomodate the distribution of imported wheat with the expansion of 
domestic production, the government became the only buyer of imported and domestic wheat and the only 
supplier to the mills. In 1962, the government implemented a support policy to wheat cultivation and milling. 

With the creation of CTRIN (Commission for Acquisition of National Wheat), the federal government aimed at 
controlling all operations of production, imports, indu~trialization, and commercialization of wheat, becoming 
responsible for the acquisition and resale to the mills aild bearing responsibility for all expenses entailed with 

transportation and storage. 
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The main objectives of the support program were to: (1) give priority to domestically produced wheat; (2) 
regulate commercialization; (3) guarantee an adequate supply in the domestic market; (4) avoid expansion of 
the milling capacity in the country; and (5) control agreements, acquisitions, and mergers in the processing 

industry. 

In addition, the government introduced consumption subsidies in 1973, which were eliminated in 1987, exactly 
when the production level reached its peak. As a result of the support program and the increases in 
productivity due to research efforts, there were substantial gains to producers and consumers. On the other 
hand, the government intervention represented a loss to taxpayers. There are estimates that the cost of 

regulation on the wheat market was more than US$25 billion between 1967 and 1989, including production and 

consumption subsidies. Clearly, one of the consequences was the increase in domestic production and 
consumption. 

Araujo (1997) indicates that until the 1970s most of the developing countries applied some type of protection for 
their domestic markets, but that exported products were taxed. In the 1980s, nearly all agricultural products 

suffered stronger taxation. In Brazil, wheat was an exception. The author calculated that the average Nominal 
Protection Tax (NPT) for wheat in the 1980s was 38.3%. 

However, the government ended the support program in 1990, eliminated regulation mechanisms, and started 
to open the economy and reduce barriers to imports. In addition, the volume of available agricultural credit was 
reduced and interest rates were increased. As a consequence, Araujo (1997) shows that the Nominal Protection 

Tax (NPT) for wheat dropped substantially, and in 1991 it was negative (-24.0%). 

Agricultural credit is considered one of the most important policy instruments to stimulate agricultural 
production. The SNCR (Agricultural Credit National System) was established in 1965 to intensify the use of 
machinery, equipment, fertilizers, and pesticides-basically to help modernize agricultural production. Short
term loans were given (for cultivation and commercialization), as were and long-term loans (for investment). 

However, the allocation of resources was concentrated in certain regions (southeastern and south-in the 1970s, 
four states accounted for more than 70% of the loans); certain products (generally export products); and was in 
the hands of certain producers (those more capable of assimilating technological changes). 

During the 1970s and 1980s, the wheat sector received ~10% of the total credit allocated to agriculture in Brazil. 
By the mid-1980s, the government began to reduce the resources destined to agriculture and to increase interest 

rates. The reduction in agricultural credit is illustrated in Figure 6. 

Agricultural insurance in Brazil has also been related to credit. The PROAGRO (Guarantee Program for the 
Agricultural Activity) is associated with loans for cultivation, and formerly had an important role in the 
development of wheat production. The main criticism about this insurance program is that it guarantees the 
payment of the loan, but does not guarantee income for the farmer. Only those farmers who received official 

agricultural credit to finance their crops are eligible for the insurance program, regardless of whether they are 

small-scale farmers. 

More recently, eligibility for the program has been set according to agricultural zones and the technological 
level employed. Thus, the availability of agricultural credit and insurance can serve as inductors for increasing 
production and productivity through cultivation in appropriate areas and employing technologies 

recommended by the research system. 
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Figure 6. Agricultural credit in Brazil -1970 to 1997. 

The research system has also played a very important role in the development of the wheat sector. The 
consolidation of wheat cultivation started at the beginning of the 20th century with the creation of 
experimental fields and varietal improvement under acid soil conditions. Research results advanced 
substantially in the 1970s after the foundation of EMPRAPA, its National Center for Research on Wheat, and 
several other public and private research institutions. From their inception, these institutions helped increase 
productivity levels and improve resistance to leaf diseases. Matzenbacher (2000) presents the characteristics 
and main contributions of the wheat research system in Brazil. 

After the deregulation in 1990, the research system directed activities toward the improvement of industrial 
quality. In 1997, according to the South-Brazilian Commission for Research on Wheat, 14 new varieties were 
recommended for the states of Rio Grande do Sul and Santa Catarina. Nine of those were classified as superior, 
which are appropriate for bread and pasta; four were classified as intermediate; and only two were classified as 
common, which are more appropriate for crackers and for feed. 

As a consequence of the intervention policy that was implemented until 1990, international prices were not a 
determinant factor for domestic prices. However, after 1990, wheat prices in the domestic market began to be 
determined by international prices, more specifically by prices set in Kansas City and Chicago. In addition, the 
PGPM (Policy for the Guarantee of Minimum Prices)-a policy instrument for the formation of public stocks 
and for the reduction of seasonal fluctuations in prices-did not apply to wheat until 1990; after which it 

became an important influence. 

Figure 7 shows the behavior of monthly prices paid to producers in southern Brazil, from 1980to1999, in 
constant US dollars. Wheat prices in constant US dollars (deflated by the CPI-USA) showed a substantial fall 
during the period. This change in price levels was a consequence of deregulation in the wheat market, a 
reduction of trade barriers, and an increase in imports. In 1987, when the federal government eliminated 

subsidies, producer prices decreased strongly. This fall in prices may also be related to productivity gains. In 

1996, domestic prices rose following changes in international prices, because of a reduction in international 

stocks. 
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Figure 7. Monthly producer prices - 1980 to 1999. 

In 1996, the federal government implemented a new policy instrument, the Premium for Product Flow (PEP). 
This instrument is a bonus that corresponds to the difference between the market price and the minimum price 
established by the government. The government pays the bonus, but does not acquire the product, that is, it 
does not create stocks. According to the National Company for Food Supply (CONAB), in 1997, the premium 
was given to the commercialization of 565,967 t of wheat, adding to R$12.9 million and corresponding to a 
subsidy of 16.76% of the value of operations. In 1998, the premium was given to the commercialization of 
1,278,877 t, adding R$20.4 million and corresponding to a subsidy of 11.67% of the value of the operations. 

Aside from problems with sectorial policies (such as agricultural credit, insurance, research, regulation 
mechanisms and price controls), the wheat market has also suffered from macroeconomic policies. The 
overvalued exchange rate makes imports more competitive and reduces competitiveness of exports. Some 
studies (Homem de Melo, 1997; Carvalho e Silva, 1995) have shown the negative effects of the exchange rate 
policy in Brazil on domestic production, reducing prices paid to producers and consequently reducing 
profitability of agricultural production. 

Although producers are hurt by the overvaluation, consumers may benefit. However, though the net welfare 
effect could be positive, it would be a Pareto optimal situation (no agents would be worse off) only under 
appropriate compensations. The problem is that these compensations generally are not made. 

Taxation is another important policy instrument that has had negative effects on domestic production. There are 

several direct and indirect taxes that are charged upon agricultural production, but the most important are the 
indirect taxes, such as ICMS, IPI, PIS, and COFINS. In comparison to other countries, Lido (1994) shows that 
Brazil has very high tax levels. While taxes on agricultural production in the European Union are between 1 % 
and 6% and in Argentina around 11 %, in Brazil they are above 20%. 

Thus, sectorial and macroeconomic policies have affected the balance between domestic production and 

imports, as well as the determination of prices in the domestic market. The deregulation in the 1990s brought 

about strong impacts, reducing prices and production levels, but also inducing the sector to seek 
competitiveness through yield gains, cost reductions, and integration with the processing sector. 
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6. Rural Poverty and Characterization of Wheat Producers 

This section presents a brief discussion on rural poverty and a characterization of wheat producers, based on 

census data. The source of data is the Agricultural Census for 1995-96, published by FIBGE. It presents 

information about the number of farmers, production, value of production and cultivated area according to 
farmer conditions, groups of total area and harvested area, destination of production, and employed 

technology. These data are presented in tables 11 through 14 in the annexes. 

Several studies have shown that the Brazilian agricultural sector is not homogenous, but rather is characterized 

by different types of production systems. In general, a "modem" system (capital intensive) has been confronted 

with a more "traditional" system (labor intensive), in what has been called the dualism of agriculture. In 
addition, the agrarian structure in Brazil is highly concentrated. According to the 1995-96 Agricultural Census, 

there were 4,859,865 farms in Brazil, occupying an area of 353,611,246 ha. Based on those figures, 49.7% of the 

farms have less than 10 ha but occupy only 2.3% of the area; on the other extreme, farms that have more than 

1,000 ha represent just 1.0% of the farms but occupy 45.1 % of the area. Farms up to 100 ha correspond to 90.8% 

of the total number of farms and 23.5% of the area. 

Around 3.8 million farms in the country (almost 80%) are worked exclusively by the owner and his/her family 

members, accounting for 11.6 million people. On the other hand, records show that only 975,000 farms use hired 

labor, a total of 6.3 million people. Most of the employed labor (family and hired labor) is on small farms. 
According to the census data, the size intervals from 0 to 10 ha and from 10 to 100 ha correspond to 40.7% and 

39.9%, respectively, of the total employed labor in agriculture. 

Thus, small farms are predominant and are responsible for most of the employed labor. However, with the 

opening of the economy, the reduction in public support to the agricultural sector, and the decrease in prices of 

agricultural products, these small farms have been faced with new problems related to impoverishment. 

Besides the decrease in average income in rural areas, several studies also indicate that the inequalities have 

been increasing. 

The result has been a continuous flow of migration to urban areas. There are estimates that in the last decade 

the population employed in agricultural activities decreased by more than 5.7 million people. This reduction 

was distributed in all regions of the country. 

So it is necessary to search for options to increase income and reduce poverty in rural areas. There may be 

several ways to increase rural income, either with agricultural or nonagricultural activities. However, when one 

looks at agricultural activities in the winter season, not many are economically viable. Wheat is one of the few 

feasible choices for winter season cuyltivation in the southern and central western regions. 

Although the characterization of wheat producers has not changed substantially between the 1985 census and 

the 1995-96 census, the number of wheat producers has decreased significantly. In the earlier census, there were 

142,717 producers compared to only 63,916 in 1995-96. It may seem a small number of farmers when compared 

to the total number in the country, but it is important to consider that wheat production is concentrated in only 

two states (Parana and Rio Grande do Sul). The total number of farms in these two states is 799,833, whereas the 

number of wheat producers (again in these states) is 52,491, corresponding to 6.56% of the farmers. 

Wheat producers generally own their farms. Of a total of 63,916 wheat producers in the country, 55,193, or 

86.35% are owners. Owner farmers produced 1,214,249.J: of wheat, of a total production of 1,433,116 t (note that 

in that year, production ebbed to its lowest level of the decade). This accounts for 84.73% of total production. In 
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Figure 8. Distribution of the number of farmers and production according to farm size. 

addition, owner farmers cultivate 753,862 ha, corresponding to 84.37% of the total wheat area (893,555 ha). 
Tenant farmers are also an important group. They account for only 6.70% of the respondents, but produce 
10.77% of total production and cultivate 11.09% of the area. Partners and occupants are less important groups of 
wheat producers. 

The distribution of number of farmers, production, and cultivated area according to size is not as concentrated 
in a single group as it is for farmer conditions. Figure 8 illustrates that small-scale farmers are dominant in 
terms of the number of wheat producers, but they are not responsible for most of wheat production. Farmers 
that own up to 50 ha number 51,894 from a total of 63,916 farmers, corresponding to 81.19% of the total. 
Farmers that own up to 100 ha correspond to 91.39% of the total. 

Nevertheless, small-scale farmers (those that own up to 100 ha) are responsible for 45.36% of wheat production 
and for 49.14% of the cultivated area. Although most of the farmers grow 10 and 50 ha, wheat production and 
overall cultivated area are more concentrated in the groups growing from 20 to 500 ha. 

The table below shows the number of farmers, production, cultivated area with wheat, average production per 
farmer, and average yield, according to groups of total area. 

Number of farmers, production, value of production, and cultivated area according to groups of total area and 
groups of harvested area-1995/96. 

Average Average 
Group of total Number % Production % Area % production yield 
area (ha) (t) (ha) (kg) (kg/ha) 

Less than 10 10,595 16.58 35,615 2.49 25,980 2.91 3,361 1,371 
10 to 20 19,645 30.74 106,697 7.45 n,365 8.66 5,431 1,379 
20 to 50 21,654 33.88 283,182 19.76 189,810 21.24 13,078 1,492 
50 to 100 6,520 10.20 224,627 15.67 145,966 16.34 34,452 1,539 
100to 200 2,828 4.42 218,884 15.27 132,610 14.84 n,399 1,651 
200to 500 1,765 2.76 264,678 18.47 155,408 17.39 149,959 1,703 
500to 1000 567 0.89 142,822 9.97 81,284 9.10 251,891 1,757 
More than 1000 340 0.53 156,591 10.93 85, 112 9.53 460,562 1,840 
Total 63,916 1,433, 116 ~ 893,555 22,422 1,603 

Source: FIBGE. 
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Among the main reasons for these differences in yields are the lower levels of lime and fertilizers utilized on 

small farms (generally showing lower capital availability and lower investment capacity). Acid soils make up 

nearly 70% of the agricultural area in Brazil. Because of the problem, Matzenbacher (2000), in his agronomic 

assessment, recommends the application of up to 4 t/ha of lime. This amount may be reduced under zero tillage. 

On the other hand, genetic improvement to achieve tolerant varieties is an alternative for increasing productivity 
and its attendant benefits to those small-scale farmers. 

Many farmers (24.79% of the total) that produce only for self consumption; they represent a very small share of 

production (only 2.15% of the total). Although these farmers may only have a marginal participation in the 

wheat market, the production for self-sufficiency has important social impacts, helping to reduce rural poverty. 

Genetic improvement is an important source of productivity growth, but beyond that it can contribute to the 
conservation of natural resources and to ensuring food security for the rural poor. 

The most important _group based on destination is that of sales to cooperatives. This group sums to 45.45% of the 

number of farmers, but 62.87% of production and 61.08% of cultivated area. Thus, wheat has also played a very 

important role in terms of forms of organization of farmers. The first agricultural cooperatives were founded in 

southern Brazil more than 100 years ago, and developed rapidly, expanding into processing and 
commercialization of products, as well as other activities. During the 1970s, the agricultural cooperatives served 

as important instruments to stimulate the process of industrialization and modernization of agriculture, and 
have even helped provide financing for their members. Today, there are more than 1,400 agricultural 

cooperatives in Brazil. The agricultural cooperatives account for more than one-third of bulk storage capacity 

and more than one fifth of storage capacity in sacks (Bianco et al., 1997). However, by the end of the 1980s and in 

the 1990s, several cooperatives showed financial and managerial problems. In response, the federal government 
initiated a program (RECOOP) to restructure these agricultural cooperatives, seeking their self-supported 

development and integration into agricultural chains, resulting in maintenance, generation and improvement of 
agricultural employment and income. 

In analyzing the technology employed in wheat cultivation, the predominant role of pesticides and fertilizers 

becomes dear. Of the total number of farmers, 41.31% use both pesticides and fertilizers, and 37.19% use only 
fertilizers. Both pesticides and fertilizers are used on 78.56% of the cultivated area and for 81.49% of the total 

production. Information about the use of inputs has implications in terms of yield and costs of production, 
which are discussed in the next section. 

The cultivation of wheat also has very important implications for employment. Estimates from EMBRAPA 

suggest that every 15 ha cultivated with wheat generates one job. Thus, the reduction of almost 2.4 million ha in 
cultivated area in the last 10 years has eliminated (or at least converted to other activities) around 160,000 jobs in 

rural areas. 

7. Production Systems: Costs and Impacts of Genetic Improvement on Rural Poverty 

Agricultural research organizations have only recently started to use systems approaches in agricultural research 

and natural resources management. Nevertheless, there is an increasing demand for systems approaches to help 
solve some of the problems of developing countries (Goldsworthy, de Vries and van Dongen, 1994). Agricultural 

research has progressively moved away from seeking only food production increases, and now aims for a 
balance between production oriented research and the sustainable use of natural resources. 

Matzenbacher (2000) also stresses the production systelllS approach, complementing the discussion 

presented here. 
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High yields based on high levels of inputs are generally not economically efficient. Ruedell (1999) points out 

that it is possible to increase wheat yields to 2,000-3,000 kg/ha (similar to those achieved in Argentina and the 

USA and superior to those achieved in Russia and Australia), through adequate soil management, crops 

rotation, correct varietal selection, and rational use of fertilizers and pesticides. These suggestions also imply 

reducing costs of production for farming systems, taking into consideration the relationships between different 
crops and zero tillage practices and the benefits that these relationships can bring, instead of computing costs for 

individual crops. 

The monocultivation of wheat in southern Brazil, and later, the double wheat/ soybeans system, employed 

intensively in past decades has incurred the physical, chemical, and biological degradation of agricultural soil. 

Now, zero tillage techniques and the practice of crop rotation have received special attention in the 
recommendations for the cultivation of wheat. Several studies summarized in Reuniao (1999) have shown that 

the benefits erosion control, increased soil fertility and organic matter, control of weeds, insects and diseases, 

and better distribution and use of labor and machinery throughout the year. 

There are indications that variable costs of wheat production may decrease by 30-50%, aside from increasing 

yields. Ruedell (1999) illustrates that in the traditional model, operational costs of wheat production are 

R$394.64/ha, but that they can be reduced to R$231.25 /ha with zero tillage and crop rotation, corresponding to 
a reduction of 41.4% in those costs. With the cultivation of cover crops, it is possible to substitute part of the 

nitrogen that is necessary for the production of cereals. Results from experiments and under field conditions 

show that it is possible to profitably reduce nitrogen applications for maize and wheat by up to 50%. It is also 

possible to reduce substantially the applications of phosphorus and potassium for soybean cultivation. In 
addition, a well-organized and managed sequence of cultures may result in a reduction of 20-30% in the use of 
herbicides. 

In a recent study, Blum (1999) analyzes three farming systems in the region of Passo Fundo (RS). The author 

compared the benefits and costs of including wheat cultivation against excluding it in those systems. He 

concluded that all the systems performed better with the inclusion of wheat, increasing profitability of the 
farming systems. He indicated that the benefit-cost relation rose up to 8% in the systems with wheat cultivation. 

The importance of wheat in a system can also be illustrated with data from a farmer in the region of Cruz Alta, 

RS. This farmer adopted zero tillage and crop rotation, and computed costs of production and revenues, 

comparing two possibilities in the system: with wheat (soybeans, maize and wheat) and without wheat (only 

soybeans and maize). He classified his costs as general (construction, machinery and equipment, fuel, labor, 

financing costs, taxes, other costs) and specific (inputs for each crop, transportation). These data are shown in 
the annexes. The inclusion of wheat in the system increased costs as well as revenues. Costs of production of the 

system without wheat were R$395.69 /ha, but they rose to R$448.83 /ha with the inclusion of wheat. On the 

other hand, revenues from the system without wheat were R$467.43/ha, but rose to R$638.49/ha with the 

inclusion of wheat. Profitability is clearly higher in the system that includes wheat: the difference between 

revenues and costs is R$189.66/ha for the system including wheat, and R$71.74/ha for the system excluding 

wheat. 

Although the importance of analyzing farming systems instead of individual crops in an operation has been 

emphasized, general estimates of average costs of production are also available for individual crops. Average 

costs of production of wheat are presented in the annexes, according to the technologies recommended by the 

research institutes. FECOAGRO (1999) presents the costs of production under zero tillage and crops rotation. 

These costs are discussed below and include all components up to commercialization. The technical coefficients 
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are updated continuously since 1962, and most of the prices are collected by cooperatives. The use of machinery 

is calculated according to the need for zero tillage cultivation. The following crops are considered in rotation: 

maize, soybeans, sorghum, sunflower, wheat, and oats. Nevertheless, each farmer may have his own table of 

costs, which vary according to the technological level that is adopted. In interviews with farmers, some 

reported that their costs are much lower than the averages presented by the research institutes. 

In 1999, the estimated cost of fertilizers, seed, and pesticides was US$110.35 per ha, corresponding to 40.88% of 

the total cost of production. The most important items were base fertilizers, seed, and fungicides. Thus, 

increased soil fertility and the control of weeds, insects, and diseases through adequate soil management, 

together with crop rotation (a farming systems aproach) may reduce the use of fertilizers and pesticides, and 

consequently reduce a large part of the operational costs presented by FECOAGRO. 

Operational and fixed costs of machinery and equipment are also substantial, respectively accounting for 

US$29.08 and US$41.61 per ha, corresponding to 10.77% and 15.42% of the total cost of production. Once again, 

crop rotation may bring a better distribution of the use of machinery throughout the year, contributing to lower 

fixed costs associated with it. 

Costs associated with the use of land and financing are high because of the high interest rates currently found 

in the country. Estimated land rent averages US$38.10/ha, corresponding to 14.12% of total costs. Financing 

costs mainly relate to interest and insurance (PROAGRO). These financing costs come to US$13.66/ha, 

corresponding to 5.06% of total cost of production. 

To determine the cost of production per sack (60 kg), FECOAGRO uses a yield of 2,400 kg/ha (40 sacks/ha). In 
1999, the resulting cost per sack was US$6.75. 

Now, in order to achieve profitability, it is important to seek yield increases along with cost reductions. As 

indicated, this may be possible when wheat is integrated into a farming system; even on small farms this can 

help reduce the levels of rural poverty. 

The importance of looking at wheat cultivation as a part of a system, in rotation with other crops, has already 

been emphasized, as it provides substantial benefits in terms of soil conservation, pest control, and reduced 

costs. It is also important to stress that rotation systems and zero tillage techniques are appropriate not only for 

large and/ or "modem" farms. In an interview with Jose Ruedell, an agronomist with FUNDACEP, he was very 

enthusiastic and insisted that a production system that includes wheat in rotation has been giving positive 

results on small farms in the region of Cruz Alta, RS. Below, we estimate the impacts of genetic improvement 

on income for small farms. 

Matzenbacher (2000) indicates that soil acidity reduces yields around 15%. So, if one considers the average 

yield for farmers working 0 to 100 ha, that equals 1,480 kg/ha. Furthermore, it is reasonable estimates indicate 

that a tolerant variety could improve yields to around 1,740 kg/ha. The difference corresponds to 260 kg/ha, or 

4.33 sacks/ha. At an average price ofUS$7.50/sack, a tolerant variety could improve income for small-scale 

farmers by US$32.50/ha. 

Now, if we calculate the average area cultivated with wheat by farmers that own up to 100 ha, we arrive at a 

figure of 7.52 ha. This implies that an acid tolerant variety could increase income by US$244.32. By way of 

comparison, this is equivalent to 3.2 times Brazil's minimum wage. 
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Thus, for the 58,414 small-scale wheat producers -(up to 100 ha) reported in the Agricultural Census, the value of 
a tolerant variety adds up to US$14.3 million per year. Another exercise to illustrate the value of a tolerant 
variety, based on all farmers, is to consider that the average wheat yield (1,603 kg/ha) could increase to 1,886 

kg/ha. The difference (283 kg/ha) corresponds to 4.72 sacks/ha or US$35.38/ha, using the price cited earlier. 
However, taking into account that the cultivated area has stabilized around 1.5 million ha (higher than the 1995-
96 census data), the value comes to US$53.0l million annually. 

In addition, higher profitability could induce an expansion in the cultivated area and more employment 
opportunities in rural areas. What is more, alleviation of poverty based on sustainable production systems can 

also help reduce the degradation of the environment. 

8. Other Issues Related to Trade 

Commercial activities, taken as a whole, comprise the aggregation of value to the agricultural products. These 

activities generally include storage, transportation, classification, processing and packing. Good performance in 

this area requires adequate investment in infrastructure. During the 1960s and 1970s, when resources for 
investments in facilities for storage and processing were abundant and subsidized, decisions about location of 
plants and installation of equipment were not always guided by technical and economic criteria (Vieira, 1997). 

In addition, the expansion of the agricultural frontier has also brought about severe infrastructural problems. 
Today, the most critical inefficiencies in the Brazilian agroindustrial complex are related to storage and 
transportation. There are no plans for integrating supplies of agricultural products and the needs of the 
consumption regions, and problems stemming from this situation result in high levels of waste. 

Around 81.5% of agricultural production is transported on highways; 16.1 % on railroads; and only 2.4% on 
waterways. However, according to the data from SIFRECA (Sistema de lnformacoes de Fretes para Cargas 
Agricolas), the transportation costs on highways are much higher (around US$0.025/t/km) than on railroads 
(around US$0.013/t/km) or waterways (around US$0.007 /t/km). High transportation costs reduce the 
competitiveness of the domestic product. Furthermore, expansion of domestic production still depends on 
investments in infrastructure, mainly in the new production regions. 

On the other hand, most of the Brazilian imports come through the ports of Santos (SP), Rio de Janeiro (RJ), 
Fortaleza (CE), and Recife (PE), which are close to important consumption regions in the southeast and 

northeast. In these cases, it is less expensive to import through these ports than to transport domestic production 

along the highway system within the country. 

Since the creation of the MERCOSUR in 1991, the volume of grains traded among the member countries has 
increased dramatically. In 1990, wheat imports were 1.7 million t, compared to 6.4 million tin 1997. Brazil is by 
far the largest importer in the group, and Argentina is the major exporter. More than two-thirds of the wheat 

imports by the MERCOSUR countries come from other member countries, because of their preferential market 

access. 

Non-MERCOSUR imports come mostly from Canada and the USA. Their ability to increase trade participation 
depends on the negotiations for the Free Trade Area of the Americas (FTAA). Only a few studies have explored 
the impacts of implementation of this integration scheme on specific sectors of the economies. In general, these 

studies identify potential losses to Brazilian grain producers, resulting mainly from differences in the employed 
technologies and scale of production. Projectio~ depend not only on the reduction of trade barriers, but also on 
the reduction of subsidies to production and exports, mainly in the developed countries. 
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Because of distortions in international prices (basically caused by subsidies) associated with reduced domestic 
support for wheat production, Brazilian wheat producers have demanded the implementation of import 
quotas, initially for a four-year period, with a possible extension to 10 years (as accepted by the WTO, since 
Brazil is a developing country). This could create favorable conditions for the development of a more 

competitive domestic industry. Nevertheless, protection only against distortions may not be enough to achieve 
competitiveness. It is also necessary to seek productivity gains, cost reductions, quality improvement, 
integration of agroindustries, and investment in infrastructure. 

9. Conclusions 

Acid soils are found in large areas of the world where they limit agricultural production. To reduce the 
problem, soil management practices have been complemented by genetic improvement. Brazil has been a 
pioneer in agricultural research aimed at improving wheat tolerance to acid soils, an advance that it has shared 
with several other countries that face the same problem. 

Until the beginning of the 20th century, wheat production in Brazil alternated between favorable and 
unfavorable periods, mainly because there was no concern with introducing varieties that were resistant to 
diseases and adapted to different types of climate and soil. However, early in this century, systematic research 
began and helped consolidate wheat cultivation. The combination of research efforts and support policies 
resulted in a substantial increase in wheat produc_tion in acid soils in Brazil until the end of the 1980s, when it 
exceeded 6.0 million t. 

However, in the 1990s, the country started to open its economy and eliminated the regulatory mechanisms for 
the wheat sector. This resulted in structural changes in the sector, a decrease in wheat production, and an 
increase in imports. Domestic production stayed between 2.4 and 3.4 million t during the last three years. On 

the other hand, national wheat consumption kept increasing, as a result of population and income growth, diet 
diversification, and urbanization. Consumption is now around 8.5 million t per year. These changes raised 

concerns about food security, associated with the variability of international prices and impacts on the balance 
of payments. 

On the other hand, productivity kept increasing, as a result of technological advances in production systems. In 
1998 productivity reached 1,960 t/ha, the highest average level achieved in the country. The use of 
recommended technologies and soil management practices, including adequate liming and fertilization, zero 

tillage, and crops rotation, has resulted in yields above 2.5 t/ha in acid soils. Matzenbacher (2000) points out 

that adequate agronomic management together with genetic improvement may allow an increase in yield of 
50% or more over the next 20 years. 

In systems approaches, more emphasis has been given to the balance between production oriented research and 
the sustainable use of natural resources, with consideration given to the complementary relationships among 
different crops. Besides genetic improvement, zero tillage and crop rotations have received special attention in 

the recommendations of the research institutes. In addition, land is still available for the expansion of wheat 

cultivation in the country, but it is mostly on acid soils, with attendant problems of aluminum toxicity and 
nutrient deficiencies. However, genetic improvement and natural resources management can increase yields 
under these soil conditions and increase competitiveness of wheat production. 

A large portion of wheat producers in Brazil are small-scale farmers (91.39% of wheat producers own less than 

100 ha). Small-scale farmers are responsible for most of the rural employment in the country. In addition, most 
I 

of the wheat producers sell their production to cooperatives, which play an important role in terms of the 

21 



organization they provide for the nation's farmers. Genetic improvement and natural resources management 

may also help increase rural employment and income, and thus help alleviate rural poverty. Production and 

productivity increases in agriculture cannot come at the expense of the environment, and research efforts must 

help achieve sustainable production systems and food security for the poor. Alleviation of poverty can also 

help reduce the degradation of the environment. 

In Matzenbacher's (2000) agronomic assessment, it is indicated that acidity reduces yields around 15%. An 

estimation of the impacts of genetic improvement on alleviation of rural poverty here indicates that a tolerant 

variety could increase the income of small-scale farmers by US$244.32 per year (on average), totaling US$14.3 

million annually (based on the 1995-96 agricultural census data). Another illustration of the value of a tolerant 

variety (for all wheat producers, based on the average area cultivated with wheat during the last three years) is 

an increase in productivity that could raise income by US$53.01 million per year. 

Finally, there is potential for an expansion in wheat consumption. Wheat consumption per capita in Brazil is 

near 50 kg/y, still below the level recommended by the World Health Organization. Since income elasticity of 

wheat demand is close to "l", poverty alleviation in urban areas could also be related to a strong increase in 

wheat consumption. 
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Annexes 

Table 1. Wheat production, area and yield in the world and in Brazil, 1961-98 

World Brazil 

Year Production Area Yield Production Area Yield 
(million MT) (million ha} (MT/ha} (million MT} (million ha} (MT/ha} 

1961 222.4 204.2 1.089 0.5 1.0 0.533 
1962 250.3 207.6 1.206 0.7 0.7 0.949 
1963 233.3 206.1 1.132 0.4 0.8 0.494 
1964 268.8 216.5 1.241 0.6 0.7 o.8n 
1965 263.6 217.0 1.215 0.6 0.8 0.764 
1966 303.8 215.8 1.408 0.6 0.7 0.857 
1967 294.3 219.7 1.339 0.6 0.8 0.757 
1968 326.9 224.9 1.453 0.9 1.0 0.883 
1969 308.6 217.8 1.417 1.4 1.4 0.976 
1970 310.8 208.0 1.494 1.8 1.9 0.973 
1971 347.5 213.9 1.625 2.0 2.3 0.886 
1972 343.0 213.8 1.605 1.0 2.3 0.424 
1973 369.4 219.4 1.684 2.0 1.8 1.104 
1974 358.9 222.2 1.615 2.9 2.5 1.157 
1975 355.8 226.6 1.570 1.8 2.9 0.610 
1976 419.3 234.1 1.791 3.2 3.5 0.908 
19n 381.8 228.3 1.672 2.1 3.2 0.655 
1978 443.5 229.5 1.933 2.7 2.8 0.957 
1979 422.8 228.3 1.852 2.9 3.8 0.764 
1980 440.0 237.2 1.855 2.7 3.1 0.865 
1981 449.6 239.1 1.880 2.2 1.9 1.151 
1982 476.7 238.4 1.999 1.8 2.8 0.646 
1983 489.5 230.3 2.126 2.2 1.9 1.190 
1984 512.3 230.7 2.220 2.0 1.7 1.139 
1985 499.4 230.0 2.172 4.3 2.7 1.614 
1986 528.5 227.7 2.321 5.7 3.9 1.472 
1987 505.0 220.6 2.290 6.0 3.5 1.746 
1988 500.3 218.2 2.293 5.7 3.5 1.655 
1989 538.3 226.7 2.374 5.6 3.3 1.692 
1990 592.4 231.3 2.561 3.1 2.7 1.154 
1991 546.6 223.2 2.450 2.9 2.0 1.423 
1992 565.2 222.6 2.539 2.8 2.0 1.430 
1993 564.4 222.7 2.535 2.2 1.5 1.482 
1994 527.5 215.4 2.449 2.1 1.3 1.554 
1995 542.7 219.7 2.470 1.5 1.0 1.542 
1996 582.7 231.0 2.523 3.4 1.8 1.846 
1997 612.4 228.8 2.676 2.4 1.5 1.614 
1998 588.8 224.4 2.624 2.6 1.3 1.960 

Source: FAO, FIBGE. 
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Table 2. Distribution of wheat production among regions in Brazil (in MT), 1961-98 

Year Southern South Eastern Central Western Others Brazil 

1961 537,670 6,171 926 91 544,858 
1962 696,727 6,957 1,800 135 705,619 
1963 389,376 1,032 1,869 86 392,363 
1964 636,704 4,829 1,410 61 643,004 
1965 578,532 5,342 1,459 51 585,384 
1966 607,597 4,761 2,292 7 614,657 
1967 624,793 3,491 1,017 629,301 
1968 851,564 3,459 1,147 856,170 
1969 1,368,141 5,153 397 1,373,691 
1970 1,824,051 19,303 909 1,844,263 
1971 1,965,167 38,683 7,484 2,011,334 
1972 941,595 30,635 10,671 982,901 
1973 1,983,520 34,864 12,954 2,031,338 
1974 2,685,580 153, 100 19,850 2,858,530 
1975 1,708,384 70,500 8,966 1,787,850 
1976 2,989,968 195,526 30,251 3,215,745 
1977 1,950,979 87,808 27,252 2,066,039 
1978 2,558,791 101,510 30,587 2,690,888 
1979 2,622,244 235,360 69,160 2,926,764 
1980 2,375,282 216,176 110,155 2,701,613 
1981 1,996,534 147,468 65,629 2,209,631 
1982 1,555,446 156,999 114,500 1,826,945 
1983 1,873,303 202,237 161,160 2,236,700 
1984 1,736,495 136,784 109,878 1,983,157 
1985 3,692,803 308,924 318,540 4,320,267 
1986 4,893,521 336,379 454,260 5,520 5,689,680 
1987 5,196,222 336,757 501,007 600 6,034,586 
1988 4,936,438 385,481 416,052 5,737,971 
1989 4,795,170 384,639 373,032 5,552,841 
1990 2,670,968 217,562 205,250 3,093,485 
1991 2,612,134 148,293 156,396 2,916,823 
1992 2,565,465 110,661 119,472 2,795,598 
1993 2,011,140 103,438 82,n6 2,197,354 
1994 1,957,518 51,273 87,468 2,096,259 
1995 1,457,089 49,489 27,293 1,533,871 
1996 3,244,429 46,587 n,631 3,359,447 
1997 2,288,326 37,300 59,400 2,385,026 
1998 2,533,500 32,100 64,400 2,630,000 

Source: FIBGE. 
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Table 3. Wheat imports in the world and in Brazil, 1961-98 

Year World Imports Brazilian Imports 
(million MT) (million MT) Share 

1961 45.9 1.9 4.1% 
1962 41.5 2.2 5.3% 
1963 49.6 2.2 4.4% 
1964 55.6 2.6 4.7% 
1965 56.2 1.9 3.4% 
1966 61.8 2.4 3.9% 
1967 53.2 2.5 4.7% 
1968 51.5 2.6 5.1% 
1969 48.8 2.4 4.9% 
1970 55.2 2.0 3.6% 
1971 57.0 1.7 3.1% 
1972 60.9 1.8 3.0% 
1973 77.1 3.0 3.8% 
1974 68.1 2.4 3.5% 
1975 74.1 2.1 2.9% 
1976 72.5 3.4 4.7% 
1977 71.1 2.6 3.7% 
1978 80.3 4.3 5.4% 
1979 84.9 3.7 4.3% 
1980 98.7 4.8 4.8% 
1981 102.9 4.4 4.2% 
1982 108.5 4.2 3.9% 
1983 106.3 4.2 3.9% 
1984 115.8 4.9 4.2% 
1985 105.4 4.0 3.8% 
1986 97.6 2.3 2.3% 
1987 109.7 2.8 2.5% 
1988 118.5 0.9 0.8% 
1989 111.7 1.3 1.2% 
1990 107.2 2.0 1.8% 
1991 119.9 4.7 3.9% 
1992 135.9 4.4 3.3% 
1993 121.4 5.7 4.7% 
1994 115.8 6.3 5.5% 
1995 118.0 6.3 5.4% 
1996 120.4 7.9 6.6% 
1997 124.6 5.5 4.4% 

Source: FAO. 
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Table 4. Wheat imports into Brazil according to origin (in thousand MT), 1965-98 

Year Argentina Canada USA France Others Total Total Value US$/MT 

(Thousand US$) (FOB) 

1965 1,292 520 90 1,902 113,411 59.64 
1966 1,060 1,207 200. 2,467 139,134 56.39 
1967 650 1,142 641 2,433 152,135 62.53 
1968 1,064 918 150 285 2,417 140,089 57.96 
1969 1,000 885 422 2,307 131,407 56.97 
1970 762 300 618 1,680 102,086 60.76 
1971 350 400 817 160 1,727 108,248 62.68 
1972 1,200 300 1,189 60 2,749 216,346 78.70 
1973 526 400 1,136 2,062 283,378 137.42 
1974 80 1,300 785 2,165 417,239 192.72 
1975 240 800 1,980 50 3,070 476,924 155.35 
1976 1,055 810 1,238 60 3,163 419,730 132.70 
1977 355 655 1,673 161 2,844 304,336 107.01 
1978 441 1,221 2,254 284 4,200 526,344 125.32 
1979 1,972 553 1,255 3,780 614,893 162.67 
1980 1,800 2,799 4,599 849,248 184.64 
1981 285 935 2,650 130 4,000 709,960 177.49 
1982 1,250 2,720 135 4,105 673,712 164.12 
1983 115 1,500 2,376 3,991 636,844 159.57 
1984 802 1,500 2,508 4,810 719,816 149.65 
1985 685 1,000 1,683 100 3,468 492,192 141.92 
1986 550 750 594 125 2,019 196,024 97.09 
1987 1,087 759 99 555 2,500 234,977 93.98 
1988 953 953 103,905 109.08 
1989 1,159 200 132 1,491 187,612 125.79 
1990 1,813 118 30 1,962 295,029 150.37 
1991 2,658 1,071 707 30 208 4,673 454,642 97.29 
1992 3,172 1, 141 130 4,442 542,128 122.04 
1993 3,677 1,868 151 5,696 726,545 127.55 
1994 3,592 1,572 16 957 6,137 752,784 122.67 
1995 4,881 779 313 248 6,220 914, 187 146.97 
1996 3,764 977 941 201 5,884 1,290,997 219.43 
1997 3,687 817 343 4,847 847,939 174.94 
1998 6,031 380 26 150 6,588 829,320 125.89 

Source: DECEX. 

Table 5. Wheat flour production and Table 6. Number of mills and quantity processed according to 
imports, in thousand MT, 1987-98 regions 

Year Production Imports Number Quantity processed 

1987 5,054 0 
Region of mills % (thousand .MT) % 

1988 4,849 0 North I North East 20 7.2 1,856 22.1 
1989 5,167 0 Central West 11 4.0 1,075 12.8 
1990 5,339 0 South East 25 9.1 2,957 35.2 
1991 5,168 5 South 220 79.7 2,512 29.9 
1992 5,493 57 Total 276 100.0 8,400 100.0 
1993 5,877 87 
1994 6,261 220 Source: IPEA. 

1995 5,264 124 
1996 6,320 418 
1997 6,194 537 
1998 6,308 315 

Source: ABITRIGO, Trigonet. 
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Table 7. Market shares in the milling Industry 

Name 

Santista 
J. Macedo 
Predileto (Pena Branca) 
Anaconda 
Pacifico 
Motrisa 
Vera Cruz 
Dias Branco 
Ocrim 
Buaiz 
Nordeste 
Paulista 
Others (more than 100 mills) 

Source: ABITRIGO. 

Table 9. Classes of wheat 

Minimum 
alveography 

Class (10-C J) 

Share ("lo) 

23 
12 
9 
7 
5 
4 
4 
3 
2 
2 
1 
1 

27 

Minimum 
number of 

fall (seconds) 

Table 8. Consumption per capita of bread 
and pasta, in kg/person/year, 199D-96 

Year Bread Pasta 

1990 20 5.32 
1991 21 4.56 
1992 23 4.39 
1993 24 4.52 
1994 27 4.81 
1995 27 5.15 
1996 30 5.36 

Source: Colle (1998). 

Table 1 O. Types of wheat 

Strange Grains 
Minimum matters damaged 

Grains 
damaged 
by heat 

Weight Moisture and dirt by insects and mildew 
Broken 
grains 

Soft 50 200 
Bread 180 200 

Type (kg/hi) ("lo max.) ("lo max.) ("lo max.) ("lo max.) ("lo max.) 

Improver 300 250 1 78 13 1.0 0.5 0.5 
For other uses Any <200 2 75 13 1.5 1.0 1.0 
Hard 250 3 70 13 2.0 1.5 2.0 

Source: Agriculture Ministry. Source: Agriculture Ministry. 

Table 11. Number of farmers, production, value of production, and cultivated area according to farmer 
condition, 1995/96 

Farmer Production Value of production 
condition Number "lo (MT) "lo (R$1,000) "lo Area (ha) "lo 

Owner 55,193 86.35 1,214,249 84.73 183,372 82.87 753,862 84.37 
Tenant 4,282 6.70 154,405 10.77 28,202 12.74 99,130 11.09 
Partner 2,775 4.34 49,016 3.42 7,248 3.28 30,587 3.42 
Occupant 1,666 2.61 15,446 1.08 2,468 1.12 9,976 1.12 
Total 63,916 1,433,116 221,290 893,555 

Source: FIBGE. 
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Table 12. Number of farmers, production, value of production, and cultivated area according to groups of total 
area and groups of harvested area, 1995/96 

Production Value of production Area 
Total area (ha) Number % (MT) % (R$1,000) % (ha) % 

Less than 10 10,595 16.58 35,615 2.49 5,245 2.37 25,980 2.91 
10 to 20 19,645 30.74 106,697 7.45 15,359 6.94 77,365 8.66 
20 to 50 21,654 33.88 283,182 19.76 41,369 18.69 189,810 21.24 
50 to 100 6,520 10.20 224,627 15.67 33,482 15.13 145,966 16.34 
100to200 2,828 4.42 218,884 15.27 32,634 14.75 132,610 14.84 
200to 500 1,765 2.76 264,678 18.47 41,561 18.78 155,408 17.39 
500to 1000 567 0.89 142,822 9.97 22,375 10.11 81,284 9.10 
More than 1000 340 0.53 156,591 10.93 29,263 13.22 85,112 9.53 
Total 63,916 1,433, 116 221,290 893,555 

Harvested area (ha) 
Less than 10 44,781 70.06 168,754 11.78 24,897 11.25 122, 186 13.67 
10 to 20 8,631 13.50 176,089 12.29 25,565 11.55 116,221 13.01 
20to 50 6,793 10.63 326,101 22.75 48,420 21.88 203,603 22.79 
50 to 100 2,234 3.50 255,284 17.81 43,577 19.69 152,660 17.08 
100to200 1,012 1.58 229,106 15.99 35,948 16.24 135,017 15.11 
200to 500 406 0.64 196,898 13.74 30,702 13.87 115,504 12.93 
More than 500 59 0.09 80,884 5.64 12,181 5.50 48,364 5.41 
Total 63,916 1,433,116 221,290 893,555 

Source: FIBGE. 

Table 13. Number of farmers, production, value of production and cultivated area, according to destination of 
production, 1995196. 

Destination of Production Value of production Area 
production Number % (MT) % (R$1,000) % (ha) % 

Consumption in the farm 15,844 24.79 30,750 2.15 4,575 2.07 32,470 3.63 
Storage in the farm 4,964 7.77 53,477 3.73 8,229 3.72 36,034 4.03 
Sales to cooperatives 29,052 45.45 900,931 62.87 134,139 60.62 545,803 61.08 
Sales to industries 4,853 7.59 191,318 13.35 30,746 13.89 115,514 12.93 
Sales to brokers 8,432 13.19 240,686 16.79 40,595 18.34 154,243 17.26 
Sales to consumers 497 0.78 13,991 0.98 2,717 1.23 8,178 0.92 
No information 274 0.43 1,962 0.14 289 0.13 1,313 0.15 
Total 63,916 1,433, 116 221,290 893,555 

Source: FIBGE. 

Table 14. Number of farmers, production, value of production, and cultivated area, according to employed 
technology, 1995196 

Employed Production Value of production Area 
technology Number % (MT) % (R$1,000) % (ha) % 

I rrig., pest. and fertilizers 246 0.38 38,653 2.70 11,239 5.08 15, 121 1.69 
Irrigation and pesticides 11 0.02 155 . 0.01 20 0.01 85 0.01 
Irrigation and fertilizers 65 0.10 3,119 0.22 464 0.21 1,614 0.18 
Pesticides and fertilizers 26,404 41.31 1,167,853 81.49 177,268 80.11 701,961 78.56 
Irrigation 14 0.02 327 0.02 52 0.02 164 0.02 
Pesticides 1,339 2.09 24,860 1.73 3,661 1.65 17,075 1.91 
Fertilizers 23,772 37.19 169,539 11.83 24,234 10.95 131,058 14.67 
No use 12,065 18.88 28,610 2.00 4,351 1.97 26,477 2.96 
Total 63,916 1,433,116 221,289 893,555 

Source: FIBGE. 
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Table 15. Costs of production for wheat, 1998 and 1999. 

1998 1999 
US$1ha % US$1ha % 

OPERATIONAL COST 
Machinery and equipment 40.60 11.27 29.08 10.77 

Fuel 16.73 4.64 15.24 5.64 
Lubricants 2.65 0.74 2.16 0.80 
Filters 1.31 0.36 0.85 0.32 
Maintenance and Repairs 29.91 8.30 10.83 4.01 
Labor 19.48 5.41 13.67 5.07 
Own 
Hired 19.48 5.41 13.67 5.07 

Modem inputs 134.05 37.21 110.35 40.88 
Fertilizers - base 49.26 13.68 45.41 16.82 

- cover 18.40 5.11 9.32 3.45 
Seed 30.55 8.48 25.95 9.61 
Pesticides - herbicide 14.80 4.11 9.32 3.45 

- insecticide contact 1.92 0.53 1.67 0.62 
- insecticide systemic 0.36 0.10 
- fungicide 18.10 5.02 18.10 6.75 
-formicide 0.67 0.18 0.48 0.18 

External transportation 14.15 3.93 11.20 4.15 
Inputs 2.26 0.63 1.43 0.53 
Production 12.04 3.34 9.76 3.62 

Commercialization 6.77 1.88 4.32 1.60 
SUM(A) 215.05 59.70 168.62 62.47 
FIXED COST 
Constructions and installations 8.36 2.32 5.91 2.19 

Depreciation 4.47 1.24 3.17 1.18 
Maintenance and Repairs 3.25 0.90 2.31 0.86 
Consumption 0.64 0.18 0.42 0.16 

Machinery and equipment 77.98 21.65 41.61 15.42 
Depreciation 57.08 15.85 30.40 11.26 
Rent 20.91 5.80 11.22 4.15 

Modem inputs 3.07 0.85 2.03 0.75 
Lime 3.07 0.85 2.03 0.75 

SUM(B) 89.41 24.82 49.55 18.36 
Land 37.92 10.53 38.10 14.12 

Rent 37.10 10.30 37.55 13.91 
Taxes 0.82 0.23 0.55 0.20 

SUM(C) 37.92 10.53 38.10 14.12 
Financing costs 17.84 4.95 13.66 5.06 

Interest 6.82 1.89 5.22 1.94 
Proagro 8.69 2.41 6.65 2.46 
Technical assistance 2.33 0.65 1.78 0.66 

SUM(D) 17.84 4.95 13.66 5.06 
TOTAL COST (ha) 360.22 100.00 269.93 100.00 
UNIT COST (sack 60Kg) 9.01 6.75 

Source: FECOAGRO. 

Table 16. Costs of production and reven&Jes for two farming systems, in R$, 1998 

Soybeans, maize and wheat Only soybeans and maize 

Costs: 
General 562,505 544,354 
Specific 275,019 194,009 
Total 837,525 738,363 

Revenues: 1,191,430 872,230 
Total Costs I ha 448,83 395,69 
Revenues I ha 638,49 467,43 

(Revenues - Total Costs) I ha _189,66 71,74 
Difference between systems '117,92 

Source: Farmer in Cruz Alta, RS. 
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Evaluating the Potential Impact of Research on Wheat for Acid Soils in Brazil 

Introduction 

Wheat was introduced into Brazil soon after the country was discovered by Europeans in the sixteenth century. 
According to historian Gomes do Carmo (1911), there are some records of the crop in Sao Paulo, in 1534. 
Expansion of the crop occurred while the country was undergoing colonization and was characterized by 
periods of enthusiasm alternating with dejection when the crop failed. During the latter times, the crop almost 
disappeared in the countryside. Many reasons have been provided for wheat's near demise in Brazil, including 

climatic instability (ranking among the most important factors), which gave rise to strong epiphytotic diseases, 

poor soU conditions, and low pH with aluminum toxicity. The cultivars brought by the European settlers were 
not sufficiently adapted to guarantee crop sustenance. Lagos (1983) surveys the important moments and events 
related to the history of wheat in Brazil. Crop improvement began during the beginning of the twentieth 
century, at which time the importance of wheat to the nation's agriculture was recognized, a recognition that 
continues to this day. 

Brazil, according to the Brazilian Institute of Geography and Statistics, has 353 million hectares that have been 

classified for various agricultural uses. Of these, nearly 66 million are under cultivation with various crops, 
under distinct climatic and soil conditions. Pasture and forests account for the remaining area. It is thought that 
acid soils make up around 70% of this area. These soils (latosoils), are characterized by low availability of bases 
(Ca2+, Mg2+, K+ and Na+), phosphorus deficiency, toxic levels of aluminum, in some cases, toxic levels of iron 
and manganese toxicity, all of which hinder crop development. The natural pH of many of these soils ranges 
between 4.5 and 5.5, with aluminum toxicity. 

Wheat research in Brazil began in 1919 when the Ministry of Agriculture founded the experimental stations 
Alfredo Chaves (today known as Veranopolis) in the state of Rio Grande do Sul and Ponta Grossa, in Parana 
state. Since then, many different research institutions have been created in several other states, to provide 
information that can enhance the growth of the wheat crop in Brazil. From the mid-1960s on, the nation's 

investment in wheat research increased significantly, which fueled interest in the crop and led to its high 
economic importance. Figure 1 shows the average wheat yields in Brazil and the area under cultivation during 
the last 36 years. It illustrates a small but continuous productivity increase, as well as greater productivity 
stabilization, with an average of 1,625 kg/ha over the last five years. 

3000 4.5 

-Yield 
4 

2500 
-<r- Area 3. 5 

<a 2000 3 
.c 

"' 2.5 ~ ~ 

~ 1500 
c: 
g 

> 2 'E .. 
1000 1.5 ~ 

500 
Q5 

-+-~...,.....,..,,...,,...,......,....,_,_.....,..~...,....,...,-..,...,...,..,....,.-.,.-,.....,...,.-,...,....,...,....,....,-.,.-..,....,.-.~o 

o~ ~ ~ ~ ~ ~ ~ ~ ~ 
Years 

Figure 1. Average wheat productivity (kg/ha) in Brazil from 1962 to 1998 and area under cultivation (million ha). 
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The wheat crop helped pioneer development in the state of Rio Grande do Sul. Big wheat producers 
contributed to the development of large tracts of agricultural land, to mechanization, to modern storage 
systems, and to the establishment of many farmers' cooperatives. The consolidation of the soybean crop in the 
1960s led, according to the model of past days, to the cultivation of the binomial wheat x soybean in the same 

area, in the same year, resulting in tremendous growth in the agricultural sector. 

Today, wheat is cultivated in three major regions in Brazil (Figure 2), located between 12° and32° latitude south 
and 47° and 57° longitude west, with altitudes varying from 50m in Rio Grande do Sul to more than l,OOOm in 

the cerrados region. The southern region, with a temperate climate, includes the states of Rio Grande do Sul, 
Santa Catarina, and the south of Parana; the central west region, with a subtropical climate, includes the north 

and eastern areas of Parana, the south of Mato Grosso do Sul and southwest Sao Paulo; and the central 
Brazilian region, the "cerrados," with a tropical climate, including the states of Goias, Bahia, Minas Gerais, 
Mato Grosso and the Federal District. 
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Figure 2. Wheat cultivation regions and locations of Brazilian research institutions. 
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Despite the great technological advances of the last decades in relation to varieties, soil management and 
fertility, diseases and pest control, weed control, sowing dates, and general crop management, during the past 

ten years, wheat cultivation has declined drastically in Brazil, for the most part due to non-agronomic reasons. 

Figures 3 and 4, which indicate the area under cultivation in the main producing states, clearly show the 

situation. The grain yield per state and country, however, has increased continuously since the 1960s, as shown 

in Figure 5. 
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Figure 3. Wheat area in hectares in the states of Parana (PR) and Rio Grande do Sul (RS) from 1979to1998. 
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Figure 4. Wheat area in hectares in the states of Sio Paulo (SP), Santa Catarina (SC), Mato Grosso do Sul (MS), 
Minas Gerais, Goias, and Federal District (MG/GO/FD) from 1979to1998. 
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During the last 20 years, yield productivity in the states of Parana, Sao Paulo, and remained essentially stable in 
Mato Grosso do Sul. In Rio Grande do Sul, the second most important wheat producing state, the average yield 

has shown a constant and uniform increase, while the cerrados region, even though small in production area, 
demonstrates its great potential with significant productivity increases. 

Although the country was nearly self-sufficient in wheat production ten years ago, today Brazil produces less 
than 25% of its needs, which is around 8.5 million tons. This change stems government policies related to wheat 
cultivation in the country. Significant technological advances were not enough to maintain the area under 
production. 

This report evaluates the research conducted on wheat cultivation on Brazilian acid soils; it includes 
information on the scientists and their research results, as viewed from an agronomic perspective. The paper 
also discusses the today's research situation and options that may be pursued to obtain higher and more stable 
production not only for the wheat crop, but for agriculture as a whole. 

1. Past Achievements 

1.1 Wheat Area. Until the late 1960s, most of the Brazil's wheat was produced in the state of Rio Grande do Sul, 
however, its total area under cultivation remained below one million ha. With the opening of newer areas in 
Parana, Sao Paulo, and Mato Grosso do Sul in the 1970s and 1980s, the wheat area oscillated between 1.7 and 
3.9 million ha. Between 1986 and 1988, more than 3.5 million ha were seeded to wheat in the country, producing 

almost 6 million tons, a level that began to approach self-sufficiency, given the country's population and 
economics straights at that time. However, a drastic change in national wheat purchase policy in 1992, which 
eliminated state intervention in the commercial sector, resulted in an immediate decrease in wheat area. In spite 
of the significant advances in wheat production technology and higher yield levels, wheat area has dropped 
from earlier levels, and during the 1990s has stood between 1and1.8 million ha. 

1.2 Grain Yield. Wheat is produced on acid and non-acid soils in Brazil. Historically, wheat was produced on 
acid soils in the state of Rio Grande do Sul until the 1970s when other states, such as Parana, Sao Paulo and 
Mato Grosso do Sul started their production. National average wheat yield has gone up from 756 kg/ha in 
1948-50to1,650 kg/ha during the 1990s (1991-99). From the 1940s to 1970s, the average yield had remained 
below the level of 1 ton/ha. (833 kg/ha in 1971-80). Later, during the 1980s, the average yieid increased to 1,346 
kg/ha and further to 1,650 kg/ha in the 1990's, according to Table 1. The top farm yields on well-managed acid 

soils are over 4,500 kg/ha in Rio Grande do Sul. A major portion of the increase in yield can be accredited to the 
cultivation of newer areas with increased yield potential. 

The research results over the last decade show that experimental yields in best plots can get as high as 6,000 kg/ 
ha in the southern part of the country. According to Nedel (1994), the varieties released between 1940 and 1992 
represent a genetic gain of 17.3 kg/ha/yr. in the yield of wheat. 

Table 1. Brazilian average wheat yield, per decade, and percent gain 

Average yield Percent over the 
Period kg/ha Percent previous decade 

1948 - 1950 756 100 
1951 - 1960 720 95 95 
1961 - 1970 806 107 112 
1971 -1980 883 117 109 
1981 - 1990 1346 178 152 
1991 - 1999 1650 218 122 

Source: IBGE (Brazilian Institute of Geography and Statistics). 
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1.3 Grain Quality. Largely because 
Brazil has been a wheat importer for 
the last 50 years, there was no policy 
in place for wheat quality until 1992. 
As a result, most of the wheats from 
the southern part of the country were 

of semi-hard quality for mixing with 



imported grains to produce industrial bread. The introduction of Mexican wheats-such as lnia 66, Jupateco 73 

and Anahuac 75-during the 1980s in the non-acid soils of Parana, allowed millers to receive domestic high 

quality wheats. 

Since 1992, quality standards divide wheat production into four classes. This was further modified in 1999 and 

now includes the following classes: Soft wheats, Bread wheats, quality improved wheats, wheat for other uses, 

and durum wheats. 

1.4 Brazilian Wheat Research Institutions. After 80 years of research on wheat, many institutions have 

participated in the process of developing new improved varieties. Some of these institutions were specifically 

created for this purpose, while others simply added the work to their established activities. Today, many of the 

institutions and experimental stations that greatly contributed to wheat research no longer exist. 

The following pages list the key institutions involved in wheat research in Brazil today, as well as some relevant 

background on them (Figure 2). The figures presented are approximate and represent the average of the last 

three years. The great majority of the institutions are public, federal, although one can also find state 

organizations, a few universities, the cooperative system, and a few private institutions. 

Rio Grande do Sul 
1. EM:BRAPA Wheat-Passo Fundo 

The Brazilian Enterprise for Agricultural Research (EMBRAPA) is the official governmental institution 

responsible for the coordination of agricultural research for the entire country. EMBRAPA Wheat was created in 

1974 with headquarter in Passo Fundo, in the central plateau of Rio Grande do Sul State. It has concentrated on 

the execution and coordination of wheat research activities in all Brazilian regions through other EMBRAPA 

state branches and/ or partners. EMBRAPA is responsible for the hybridizations for the genetic improvement 

programs, distributing hybrid populations to all the Brazilian units. In its modem headquarters, 49 researchers 

develop work on programs in a wide variety of technological areas. The annual budget runs about US$3,347,000. 

Before EMBRAPA, government research, received a great boost in 1943, when the Agronomic Institute of the 

South (IAS) was founded in Pelotas, Rio Grande do Sul State, and in 1948, when the institute began working 

with wheat. 

Table 2. Brazilian wheat classification according to the rules of the Ministry of Agriculture and Provisioning, 
January 27, 1999 

Class 

Soft wheat 
Bread wheat 
Improved wheat 
Wheat for other uses 
Durum wheat 

Kernel 
weight 
(kg/hi) 

Types minimum 

1 78 
2 75 
3 70 

Humidity 
(%maximum) 

13 
13 
13 

Alveography 
(10"4J) 

minimum 

50 
180 
300 
Any 

Strange 
matter and 
impurities 

(%maximum) 

1.00 -
1.50 r 

2.00 
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Insect 
damaged 

grains 
(%maximum) 

0.50 
1.00 
1.0 

Falling Number 
(Seconds) 
minimum 

200 
200 
250 

<200 
250 

Damaged grains 
(%maximum) 

Heat damage, 
moldy and Dry, chaff 

bold and broken 

0.50 1.50 
1.00 2.50 
2.00 5.00 



2. EMBKAPA- Temperate Climate Agricultural Research Center (CPACT) - Pelotas 
Located in the south of Rio Grande do Sul, this institution initiated its research activities with wheat in 1986, 
aiming mainly to develop improved wheat cultivars and associated management regimes for hydromorphic 
soils, basically used for the rice crop. This institution also gives support for the national wheat research 

network. Two researchers are currently engaged in the work, which, over the past few years, has carried an 
annual average budget of US$66,700. 

3. FUNDACEP FECOTRIGO - Research and Experimentation Foundation Center Fecotrigo, Cruz Alta. 
In 1969, the Accelerated Wheat Improvement Program (PAT) was launched through an agreement with the 

Secretary of Agriculture. In 1973, it took an independent course and became affiliated with the Agricultural 

Production Cooperatives of Rio Grande do Sul State, through its Federation, Fecotrigo. A wheat improvement 
program was subsequnetly started in Cruz Alta, in the central plateau. Later, the research program became 
involved in nearly all aspects of the production system, including soil fertility, disease and pest control and 
management, weed control, and crop management. In 1989, the institution became a foundation called 
FUNDACEP, supported by 44 cooperatives. Today, six researchers are directly involved with wheat research 

with an annual budget of around US$185,000. Aside from its considerable contribution to the release of wheat 
cultivars for the state of Rio Grande do Sul and for Brazil generally (21 recommended cultivars), since 1985 it 
has conducted critical research on no-tillage systems with crop rotation. The results obtained by FUNDACEP 
were the basis for the adoption of the system. 

4. FEPAGRO - State Foundation of Agricultural Research - Porto Alegre. 

This institution, headquartered in Porto Alegre, belongs to the state government. There are, however, several 
research station branches in the state. The institute has a long history dating back to 1929, when the federal 
government established numerous research and experimental centers, including Alfredo Chaves, Sao Luiz 
Gonzaga, Bage, Sao Borja, Julio de Castilhos, and Encruzilhada do Sul. Famous names and important 
contributions are linked to this institution, notably, the cultivar FRONTANA, which was grown for more than 
40 years in the country and even today is found in a great majority of Brazilian wheats. Currently, wheat 
research by the foundation is limited to work at headquarters and the experimental research stations of Julio 
de Castilhos, in the central plateau, and Sao Borja, on the western border. Eight researchers, with an annual 
budget of around US$77,000 are involved in the work, which concentrates on genetic improvement, soil 
ferility, and disease, insect and weed control. 

5. UFRGS - Federal University of Rio Grande do Sul State - Porto Alegre. 
The Federal University of Rio Grande do Sul in Porto Alegre, and its agricultural research center in Eldorado 
do Sul, in the central part of the state, have conducted research on wheat since 1974. They have focused on the 
following areas: genetics, breeding, biotechnology, plant pathology, physiology and management, weeds, and 
soils and fertility. Much of this work is based on advising students on their theses. At the university, 10 
professors are involved with research on the wheat crop, with an annual budget of around US$30,000. 

6. UFSM - Federal University of Santa Maria- Santa Maria. 
Located in central Rio Grande do Sul, this university has conducted research on wheat since 1965. Currently, 
work focuses on crop breeding, field trials to evaluate adaptation of wheat cultivars, crop management, soil 
and disease management, and chemical control of insects and diseases. Four part-time professors with an 

annual budget of US$21,000 are involved with this effort. 
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7. UPF - University of Passo Fundo - Passo Fundo. 
This private university began working with wheat in 1975, mainly in the areas of plant pathology, 
epidemiology, disease damage measurement, and disease control. Three researchers work with the crop, with a 

total annual budget of US$15,000. 

8. OR SEEDS - Passo Fundo. 
This private institution for genetic improvement started in 1989, greatly contributing with the release of some 
important cultivars. Three agronomists sustain their program, which has annual budget of around US$210,000. 

Santa Catarina 
1. EPAGRI - Santa Catarina's Rural Extension and Agricultural Institution - Chapeco 
This state research institution, with the headquarters in Florianopolis, has conducted wheat research since 1965 
in the western grain-producing area of the state. It is located in Chapeco and has several research branches in 
other locations. It releases cultivars that have been developed by institutions in other states, but that have been 

tested under local soil conditions. To date, 49 cultivars have been released. Three researchers are involved with 
the work; research l?xpenditures total approximately US$60,000 annually. 

Parana 
1. COODETEC - Central Agricultural Cooperative of Technological and Economical Development -
Cascavel. 

This institution belongs to the cooperative agricultural system of Parana state and has worked on wheat since 
1974. It currently has 34 associated cooperatives. It is headquartered in Cascavel and has an experimental 
station in Palotina, in the west part of the state. This institution has made important contributions in the area of 
genetic improvement area, releasing 29 varieities with wide'adaptation. Other research lines include disease 
control, plant nutrition, and weeds. The program is supported with four researchers and an annual budget of 
around US$400,000. 

2. IAPAR - Agronomic Institute of Parana - Londrina. 
Research work with wheat began in 1972, when the institute was founded. With an annual budget of 
US$379,000, 10 researchers work in this institution. It is responsible for the experimental stations of Ponta 
Grossa, Cambara, and Pato Branco. Since its founding, it has promoted 24 wheat varieties. Research is also 
conducted on integrated disease and pest management, evaluation of physiological and nutritional effects of 

the plant-environment (binomial), and some other areas of interest. 

3. EMBRAPA Soybean - Londrina 
Since 1981, the EMBRAPA unit in Londrina has conducted wheat research, mainly in the areas of genetic 
improvement and crop breeding, with the strong support of the Passo Fundo unit. It also works with crop 
management and fertility. Six researchers are now working at the unit, with an annual budget of around 

US$120,500. 

4. OR SEEDS - Arapongas. 
This private institution, with headquarters in Rio Grande do Sul, also develops wheat varieities for Parana and 
for the south-central region through its Araponga's unit, in the north of the state. Its research team and budget 

were described earlier. 

5. PAPA - Agrarian Foundation for Agricultural Research - Entre Rios. 
This private foundation belonging to the Agrarian Cooperative, located in Entre Rios in the south of Parana, has 
conducted wheat research since 1968. Research areas are genetic improvement, plant pathology and soil fertility, 
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involving three researchers and an annual budget of US$51,000. Research by this institution has led to 
significant increases in wheat productivity in the region under its influence. 

6. INDUSEM - Seeds Industry and Commerce - Sertaneja. 
This private institution, located in Sertaneja, in the north of Parana state, has undertaken genetic improvement 
activities since 1977. Today, only one researcher works there with an annual budget of US$17,500. Three wheat 
cultivars have been released. 

Sao Paulo 
1. IAC -Agronomic Institute of Campinas - Campinas 

This government institution, with headquarters in Campinas and experiment stations in several regions of the 
state, has a long tradition in wheat research, dating back to 1935. Today, the main research activities are genetic 
improvement, plant pathology, and crop management. A team of four researchers is responsible for the work, 
with an annual budget of around US$200,000. 

Mato Grosso do Sul 
1.EMBRAPA- Agricultural Research Center of the West - CPAO - Dourados. 
This unit of EMBRAPA aims to develop new technologies for the west of the south-central region of Brazil. 
Headquartered in Dourados in the center of the state, it started research work with wheat in 1974. With five 
researchers and a budget of US$117,000, it conducts research on genetic improvement, fertility, pest and disease 

control, and crop management. The genetic improvement program released 33 cultivars. 

Rio de Janeiro 
1. EMBRAPA - National Research Center of Food Agroindustrial Technology - CTAA- Guaratiba. 
This unit of EMBRAPA conducts research on wheat technological quality and low-calorie breads. Four 
researchers are involved with an annual average budget around US$72,100. 

Minas Gerais 
Research work with wheat started during the 1920s through the Secretary of Agriculture. In the 1930s, the 
Ministry of Agriculture created a system of experiment stations to conduct research on wheat. Research in this 
state has been unstable, being increased and suddenly reduced from time to time. 

1. EPAMIG -Agricultural research station of Minas Gerais. 

Belongs to the state government and is located in Uberaba. 

2. UFV - Federal University of Vi~osa - Vi~osa. 

3. UFLA - Federal University of Lavras - Lavras. 

4. COOPADAP - Producers Cooperative of PADAP- Sao Gotardo. 

Four full-time and 3 part-time researchers work at the four institutions listed above, primarily in the areas of 
genetic improvement, genetic studies, varietal improvement of cultivars with heat tolerance, fertility studies 
with emphasis on nitrogen surface fertilization, and wheat quality evaluation. 

The total annual budget is US$149,200, distributed a~ follows: EPAMIG - US$56,400; UFV - US$39,000; UFLA

US$11,800, and COOPADAP - US$42,000. 
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Goias 
1. EMBRAPA Rice and Beans - Santo Antonio de Goias. 
This is the newest EMBRAPA unit to join the research work on wheat and aims to reach an extensive area of 
central Brazil called "the Brazilian cerrados." Research only began in 1993, and focused on evaluating 
germplasm One researcher is involved with an annual budget of US$52,600. Research is being carried out in 
two locations: Santo Antonio de Goias and Vianopolis. 

2. ESUCARV - Agrarian Sciences Rio Verde College - Rio Verde. 

This is a private educational institution, which recently entered the group, that evaluates the performance of 
wheat cultivars in the state. Only one researcher is involved. 

Federal District 
1. EMBRAPA- Research Center of the Cerrados - CPAC - Planaltina. 
This EMBRAPA unit has conducted research on wheat since 1971. Basically, it is involved with genetic 

improvement, but it also works with crop management and irrigation systems. The wheat germplasm comes 
from the National Wheat Center in Passo Fundo and from CIMMYT. Three researchers are involved with an 
annual budget of US$75,000. 

Mato Grosso 
MT FOUNDATION - Foundation to Support Agricultural Research in Mato Grosso, Rondonopolis 

A private institution comprising private seed producers of Mato Grosso, it has conducted research on wheat 
since 1998, mainly on genetic improvement, with a single researcher and an annual budget of US$10,000. 

Table 3 shows a summary of the Brazilian institutions conducting research on wheat, indicating the type of 
institution (public federal/state, cooperative system or private), the number of researchers involved, and the 
average annual budget. Table 4 shows the main research goals of each of these institutions. 

Table 3. Brazilian institutions involved with wheat research, number of researchers involved with the crop and 
average annual costs, data from 1999 

Research Institutions 
Annual Average 

Public Public Cooperative Number of Cost* US$ 
State Federal State System Private Total Researchers 1997-99 

Rio Grande 
do Sul 4 2 8 85 3,951,700 
Santa Catarina 1 1 3 60,000 
Parana 1 2 2 6 24 968,000 
Sao Paulo 1 1 4 200,000 
Mato Grosso 
do Sul 5 117,000 

Rio de Janeiro 1 1 4 72,000 
Minas Gerais 2 4 7 149,200 

Federal Disctrit 1 3 75,000 
Mato Grosso 1 1 10,000 

Total 11 5 4 6 26 138 5,565,600 

•According to available information, it is estimated that 70% of the costs are spent on personnel. 
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Table 4. Institutions that conduct research in Brazil and their respective research areas 

Research activities 

Cultural Practices 
Soil/ Physiology 

Genetics/ Microbiology 
Genetical Improvement Biotechnology Plant Health Agrometereology 

Industrial 
Institutions Hybridization Selection Field Trials Diseases Insects Weeds Quality 

EMBRAPA 
Wheat x x x x x x x x x 
CPACT x x x x 
FUNDACEP x x x x x x x x 
FEPAGRO x x x x x x x x 
UFRGS x x x x x x 
UFSM x x x x x 
UPF x 
OR Seeds x x x 
EPAGRI x 
COODETEC x x x x x x 
IAPAR x x x x x x 
EMBRAPA 
Soybean x x x x 
FAPA x x x 
INDUSEM x x x 
IAC x x x x x 
CTAA x 
CPAO x x x x x x 
EPAMIG x x x 
UFV x x x 
UFLA x x 
COO PAD AP x x 
EMBRAPA 
Rice/Beans x 
ESUCARV x 
CPAC x x x 
MT FOUNDATION x 

1.5 Major Achievements. 

1.5.1 Cultivars. The first reference to research activity on wheat in Brazil dates back to 1914 (Sousa, 1995)-long 

before the creation o_f the first experiment stations-when engineer Jorge Polyssu conducted a selection in the 
state of Parana, from a lot of seeds corning from Guapore county, Rio Grande do Sul State, an acid soils area. He 
selected a wheat cultivar that was multiplied and cultivated under the name of Polyssu. 

Research papers by Silva (1966), Lagos (1983), and Sousa (1995), among others, demonstrate the evolution of 
Brazilian research, mainly from the genetic improvement point of view, (which was the first area to be studied). 

Research conducted by Carlos Gayer, starting in 1919 at the Alfredo Chaves Experimental Station (Lagos, 1983), 
began with the introduction of wheat germplasm brought in by European immigrants. The first selections 
performed on this material are considered the starting point of wheat improvement in Brazil. The selected 
material was handled as pure lines and received the denomination of Alfredo Chaves. These lines, and those 
resulting from hybridizations that began in 1925, formed the basis for the development of wheat cultivars 
adapted to the Brazilian climatic conditions and acid soils. The most important Brazilian cultivars have theis 

origin in their pedigree. 
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The 1930s and 1940s were very important in terms of the expansion of genetic improvement because of the 
creation of experiment stations in many states; these included Belo Horizonte and Patos in Minas Gerais, 
Campinas in Sao Paulo, Curitiba in Parana, Rio Cac;ador in Santa Catarina and Sao Luiz Gonzaga, Bage, Passo 

Fundo, Julio de Castilhos and Encruzilhada do Sul in Rio Grande do Sul. 

The first varieties resulting from hybridization were released in 1931, and the cultivars Fronteira, Jesuita, 
Minuano, and Surpresa, all of them aluminum tolerant, were considered outstanding .. 

Since the beginning of the genetic improvement work, differences were identified among the plants in relation 

to different soil conditions. The symptoms of yellowing and reduced plant growth were named "crestamento." 
Paiva, in 1942, associated these symptoms with the high acidity of the soils. Araujo (1948) finally determined 
the cause of "crestamento"-the presence of aluminum toxicity in the soil. Beckman (1954) observed that 
tolerance to aluminum toxicity was a genetic trait. Through hybridization between a susceptible and a tolerant 

cultivar with an F2 population of 462 tolerant plants and 159 susceptible plants, Beckman indicated that a single 
dominant gene was probably involved. Since then, much research has demonstrated that aluminum toxicity 

tolerance is governed by one or two dominant genes (Camargo 1981,1984; Choudhry, 1978; Campbell et al., 
1991, cited by Kohli et al., 1993). 

Research by Camargo and Felicio (1988), using hydroponic solution techniques, measured the response of 
several cultivars under different aluminum concentrations through the measurement of root growth in 
seedlings. The different reactions are presented in Table 5. The cultivar Anahuac 75 was susceptible to all 
concentrations, while the cultivars Alondra 46, IAC 23-Tocantins, and IAC 17-Maracai showed a decrease in 

tolerance to an aluminum concentration level of 6 ppm. IAC 24-Tucurui, IAC 5-Maringa, and especially BH 1146 
showed tolerance. On the other hand, tolerance to aluminum toxicity does not imply tolerance to manganese or 
iron, which are also found in acid soils (Table 6). 

Table 5. Average root length (mm) of seven wheat varieties grown in the nutrient solution for 72 hours, followed 
by 48 hours in Al solutions of various concentrations 

Variety Al concentration in solution (ppm) 
0 2 4 6 8 10 

Anahuac 75 62 0 0 0 0 0 
Alondra 46 51 21 0 0 0 0 
IAC23-Tocantins 57 27 13 0 0 0 
IAC17-Maracai 67 46 29 12 0 0 
IAC24- Tucurui 51 34 35 29 14 4 
IAC5-Maringa 52 31 23 23 7 3 
BH 1146 95 63 48 40 33 27 

Source: Adapted from Camargo and Felicio, 1998, cited by Kohli et al., 1993. 

Table 6. Classification of five wheat varieties based on their root growth 
in three solutions containing high concentrations of aluminum (10 ppm), 
manganese (1200 mg/I), and iron (40 mg/I), respectively 

Variety Ala. Mn2• Fe2• 

BH 1146 T s s 
IAC5 - Maringa T s MT 
IAC24 - Tucurui T T MS 
Alondra 46 s MT MT 
Siete Cerros s MT T 

' T = Tolerant; MT= Moderately tolerant; MS= Moderately susceptible; S= Susceptible 

Source: Camargo et al., 1989, 1992, cited by Kohli et al., 1993. 
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Reactions Ala. 

Very susceptible 
Susceptible 
Susceptible 
Moderately tolerant 
Tolerant 
Tolerant 
Very tolerant 



While studying the reaction of the Brazilian varieities to toxic aluminum, Sousa (1998) organized a histogram 
(based on Figure 6) demonstrating the probable origin of the genes governing Al tolerance in some of the main 
Brazilian varieties. He pointed out that the tolerance comes from the first selected cultivars in Brazil. Several 
authors (Sousa, 1998) have demonstrated that the gene giving aluminum tolerance is located on the 40 
chromosome. 

Overall productivity in the 1940s, according to results obtained in Rio Grande do Sul, was 650 kg/ha; the 
cultivar Fronteira, with an average yield of 799 kg/ha (1939 to 1942) rated the highest. These were late growing 
cultivars, tall, with weak straw, susceptible to the rusts, and highly resistant to "crestamento." 

A landmark for the Brazilian wheat sector was the 1942 release of Frontana. This variety was characterized by 
earliness, tolerance to rusts, and a higher productivity level, between 800 and 1,000 kg/ha. In the 1950s, 
Preludio and Carazinho, released in 1956 and 1957, respectively, provided earliness and tolerance to leaf rust to 

Brazilian wheat producers. Both were grown over large areas and demonstrated yield potential of 1,000 kg/ha. 
In the 1960s, IAS 20-IASSUL (1963) and IAC 5-MARINGA (1966), with yield potentials of around 1,400 kg/ha, 

became the most important Brazilian wheat cultivars. IAC 5 is still recommended in some areas. 

At the end of the 60s, due to the great expansion of the soybean crop, the wheat-soybean binomial was created; 
the two crops were cultivated in the same area in the same year, forcing the abandonment of the late wheat 
varieties. From that time on, only early cultivars were released. A major advance in this direction came in 1970, 
when the first short wheat variety was released, lAS 54. It quickly became a favorite among many wheat 
producers. 

In 1969, CIMMYT and some Brazilian institutions exchanged genetic material, with a more formal arrangement 
being made in 1973. This period also saw an expansion in Brazilian wheat production, formerly cultivated 
primarily in the state of Rio Grande do Sul, into the states of Parana, Sao Paulo, and Mato Grosso do Sul. Since 
then, a large variety of Mexican materials have been introduced into Brazil, opening opportunities to combine 

A. Chaves 3·21 A. Chaves 4-21 

'T rintecinco' 
(1936) 

'Veran6polis' 
(1950) 

'IAC 27' 
1987 

'Frontana' 

(1940) 

'IAC 18' 
1979 

'BH 1146' 
(1955) 

'Trigo BR 25' 
1988 

? 

'IAC5' 
(1966) 

'Trigo BR 35' 
1989 

'Toropi' 
(1965) 

Figure 6. Probable origin of main aluminum resistance genes in some selected Brazilian wheat cultivars with 
the information on the year of release. Source: Souza, 1998. 
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the aluminum tolerance of the Brazilian cultivars with the high yield potential, good agronomic type, low 
height, good rust resistance, and/ or good consumer and industrial characteristics of the Mexican wheats 
(Matzenbacher, 1987; Sousa, 1998). 

As wheat production spread to regions without aluminum problems, it was possible to directly use Mexican 
varieties, and more than 40 were released. Some of these varieties became very popular, such as Alondra, INIA 
66, Jupateco 73, Cocoraque 75, and Anahuac 75; the latter ultimately being cultivated on more than 50% of the 
wheat area in the state of Parana. 

To deal with acid soils, a major hybridization program was initiated, with alternated selections in Brazil, for 
aluminum tolerance and diseases, and Mexico, for agronomic type, rust resistance, and yield potential. This 
effort, called "shuttle breeding," lasted for over two decades, and greatly contributed to Brazilian wheat 
production by significantly improving the key characteristics of the "national" wheats. The process of 
developing improved varieties was slow. Decreased plant height was accompanied by decreases in disease 

toler~ce. It was only in more recent years that varieties from this breeding effort have been released. These 
varieties combine low height, good agronomic type, good industrial quality, acceptable levels of tolerance to 
diseases, aluminum tolerance when needed, and high yield potential. 

Table 7 demonstrates the importance of the Mexican germplasm in the development of the Brazilian cultivars. It 
is important to emphasize that in the 1990s, 63% of the recommended cultivars in the country were either 
materials introduced directly from Mexico or that came from crosses between Brazilian and Mexican materials. 
In the non-acid soils, a great majority of the recommended varieties contain Mexican germplasm. 

Sousa (1997), surveyed the number of recommended wheat cultivars in Brazil (Table 8), calling attention to the 
advances of the germplasm developed in the country. 

Hybridization (73%) and other improvement methods were used to develop recommended Brazilian cultivars, 
according to Table 9. 

From the 1980s until now, the following varieties were considered to be outstanding due to their good 
agronomic characteristics and area of cultivation: CEP 14-TAPES, Trigo BR 23, EMBRAPA 16, and OR 1. 

An evaluation of the 70 wheat cultivars now recommended in Brazil in relation to aluminum tolerance, 

classified them as follows: Resistant, 13 (19%); moderately resistant, 23 (33%); moderately resistant to 
moderately susceptible, 8 (11%); moderately susceptible, 14 (20%); and susceptible, 12 (17%). Thus, 63% of the 
recommended cultivars show tolerance to aluminum toxicity. In relation to height, 29 cultivars ( 41 % ) are dwarf, 
30 (43%) are semidwarf, 5 (7%) are considered of intermediate height, and only 6 (9%) are tall. 

Table 7. Number of recommended wheat cultivars in Brazil, according to origin, in 1958, 1970, 1980, and from 
1990to1999 

Years 
Origins 1958 1970 1980 1990 1999 

Mexican cultivars or Mexican origin 0 0 9 29 24 
Braziliam cultivars resulting from crosses with Mexican material 0 7 10 36 21 
Brazilian cultivars resulting from crosses not involving Mexican cultivars 19 21 36 35 23 
Other situations1 2 9 4 2 

Number of recommended cultivars in Brazil 20 30 64 104 70 

' Wheats from Argentina (without Mexican germplasm), from the USA, and cultivars of unknown origin. 
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Table 8. Released wheat cultivars by decade in Brazil Table 9. Classification of cultivars according to the 
improvement method used Decade 

Decade of 1920 
Decade of 1930 
Decade of 1940 
Decade of 1950 
Decade of 1960 
Decade of 1970 
Decade of 1980 
Decade of 1990 (until 1999) 
Without indication of date 

Total 

* Cultivars released before 1950. 
Source: Adapted from Sousa, 1997. 

Number of cultivars 

7 
17 
15 
17 
41 
73 

103 
72 

38* 

383 

Improvement Method Number of cultivars 

Local cultivars 7 
Selection method 19 
Introduction method 70 
Hybridization method 280 
Without information 7 
Total 383 

Source: Adapted from Sousa, 1997. 

Percent 

2 
5 

18 
73 
2 

100 

Current yield potentials in several Brazilian states, under acid and non-acid soils and in both rainfed and 
irrigated areas are shown in Tables 10, 11, 12, 13, 14, and 15. 

1.5.2 Genetic Variability. The identification, in the early years of Brazilian crop research, of aluminum toxicity 
as a critical crop growth factor in acid soils restricted genetic variability to locally selected wheats. Later, 
European germplasm, especially Italian varieties, were the first exotic sources used to increase yield and disease 
resistance. The second wave of new sources was the introduction of semi-dwarf genes in mid-sixties from 
Mexico. At present, germplasm variability has been further increased through large-scale introductions from 
CIMMYT and other countries in the Southern Cone, North America, Europe, and Australia. Considerable 
interest in increasing genetic variability is related to the search for high yields and higher levels of disease 
resistance. 

1.5.3 Disease and Pest Control. Diseases and pests have been a major threat to wheat production since early 
times. In order to complement genetic resistance and safeguard farm production, three types of controls were 
put in place at different times. 

Table 1 O. Average results {kg/ha) of the official wheat experimentation in Rio Grande do Sul, per wheat region, 
in 1996, 1997, and 1998, emphasizing the yield of the more productive cultivars in each region and year 
compared with the average obtained in commercial fields. 

OFFICIAL EXPERIMENTATION IN RIO GRANDE DO SUL 

1996 1997 1998 AVERAGE 3 YEARS 

Average More Comercial Average More Comercial Average More Comercial Average More Comercial 
WHEAT Of49 Productive F'ield Of39 Productive Field Of39 Productive F'ield Of127 Productive Field 

REGION Trials Cultivar Average Trials Cultivar Average Trials Cultivar Average Trials Cultivar Average 

3282 4152 1529 2021 3887 4607 2899 3593 
II 3451 4820 1646 2454 3259 3743 2785 3672 
Ill 2832 4038 1801 3673 2009 3456 2214 3722 
IV 2768 4444 1785 2712 1678 2n5 2on 3310 
v 2437 3817 2301 2792 1472 1976 2070 2862 

VI 2675 3923 2627 4473 2651 4198 
VII 2984 3742 1693 2379 2585 3462 2421 3194 

VIII 3366 5062 2444 3221 3643 5129 3151 4471 
IX 2843 4272 1734 2472 2728 3492 2435 3412 

AVERAGE 2924 4252 1763 1867 2715 1235 2654 3679 1342 2522 3604 1447 
% 166 241 100 151 220 ' 100 198 274 100 174 249 100 

Source: EMBRAPA Trigo, FUNDACEP FECOTRIGO, and FEPAGRO. 
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Table 11. Average yield In kg/ha of the recommended wheat varieties in the state of Parana, In 1999, data from the last three years, per region and soil type, 
average of 29 recommended cultivars and comparison with the commercial fields average 

REGION& REGION7 REGIONS COMMERCIAL 

WITHOUT WITH WITHOUT WITH WITH 
ALUMINUM ALUMINUM ALUMINUM ALUMINUM ALUMINUM FIELDS AVERAGE AVERAGE 

CULTIVARS 1996 1997 1998 1996 1997 1998 1996 1997 1998 1996 1997 1998 1996 1997 1998 Average 1996 1997 1998 3 Years 

BAS 49 3410 5145 5445 3407 2948 3282 4738 3194 3356 3881 
BAS 120 3935 5015 5059 3926 2625 2898 4766 2484 3090 3775 
CD 104 3063 3499 3543 4904 4448 3286 3796 
CD 105 3535 3339 4262 3790 5100 4951 4535 4232 3457 3997 2595 3147 4058 2075 2725 3720 
IPR85 3285 3594 4771 3994 3210 3189 3674 

Average of 
Recommended 3112 3353 4119 3609 4422 4648 4211 3355 3034 3564 2553 2744 4074 2711 2426 3450 
Cultivars 
Commercial 
Fields Average 1938 1821 1647 1802 
% 191 100 

Yields obtained with wheat lines in 1998 in the wheat Region Maximum yields obtained in region 8 (South Central) in 
8 (South Central) in the state (Ponta Grossa) four years of official experimentation. 

CUL TIVAR kg/ha YEAR YIELD 

WT9603 5605 1990 5130 
WT96074 5770 1991 6020 
WT96075 5725 1992 6360 
WT96076 5740 1993 5340 
PF 940384 5700 

AVERAGE 5712 



Table 12. Yields (kg/ha) of the best varieties and comparison with each trial type, under irrigated and natural 
rainfall areas, average of 5 locations and location of maximum productivity, in Sio Paulo, in 1998, without 
fungicide 

Rainfed Irrigated 

Average of 5 Locale of higher Average of 5 
locations kg/ha 

Locale of higher 
productivity kg/ha Cultivars locations kg/ha productivity kg/ha 

IAC 373 
Trial Average 

IAS 5813/KAUBB//CJ"S"/4/SERI 
IAC 371 
Trial Average 

BR18-TERENA 
IAC 342 
IAC 370 
Trial Average 

SERl*3/BUC CRG 68 
BOW/NAC/NEE/3/BJY/COC 
IAC 351 
Trial Average 

3599 
3079 

3893 
3781 
3497 

42n 
3947 
4186 
3740 

5483 
4928 

5941 
6271 
5087 

5969 
5753 
6653 
5263 

4576 
4651 
4470 
3872 

5229 
5816 
5241 
4250 

Field trial locals: Rainfed: Pedrinhas Paulista, Candido Mota, Capao Bonito, Manduni, and Parapanema. Irrigated: Parapanema, Votuporanga, Ribeirao 
Preto and Mococa. Source: IAC 

Table 13. Highest yields obtained in field trials in Dourados, Mato Grosso do Sul in 1997, without fungicide 

Cultivars 

OR 1 
IAPAR 78 - IGAP6 
PC963 
Trial Average 

OR-JUANITO 
BR18-TERENA 
BR 31 - MIRITI 
Trial Average 

Dourados kg/ha 

3423 
3026 
2919 
2662 

2733 
2722 
2693 
2317 

Source: EMBRAPA CPAO 

Table 14. Yields (kg/ha) obtained in field trials in 
Golas, in 1997 and 1998, rainfed areas and irrigated 
areas, without fungicide 

Cultivars 
Year 

EMBRAPA21 
EP 93543 
EP 93531 
Trial Average 

CPAC 91161 
CPAC 89223 
Trial Average 

CPAC 9561 
BR 33-GUARA 
CPAC 95176 
Trial Average 

CPAC 96118 
CPAC 9662 
Trial Average 

Rainfed area 
1997 1998 

2551 1249 
2239 1409 
2392 1340 
1813 1206 

Irrigated area 
1997 1998 

6561 4422 
6383 4778 
5785 4652 

7031 5664 
7422 5108 
7264 
6050 4888 

6569 
6514 
5050' 

Source: EMBRAPAArroz/Feijao, CPAC and ESUCARV 

Table 15. Highest yields (kg/ha) obtained by the official 
experimentation in Minas Gerais, years 1997and1998, 
In rainfed and irrigated areas, without fungicide. 

Cultivars 
Year 

IAPAR 78 
PF 9198 
PF9293 

Rainfed area 
1997 1998 

3666 3254 
4114 2659 
3785 2630 

Irrigated area 
1997 1998 

·Trial Average 3459 2362 
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EP 93568 
Trial Average 

CPAC 9622 
CPAC 9654 
Trial Average 

EP 9355 
CPAC 9386 
Trial Average 

IAC 289 
Trial Average 

4280 2978 
3601 2299 

Source: EPAMIG, UFV, UFLA. and COOPADAP. 

6467 
6433 
4895 

6247 5942 
6553 5269 
6129 5209 

6486 5213 
5481 5045 



1.5.3.1 Chemical control. Chemical control of diseases, pests, and weeds effectively started in the 1970s and 
continues up to today, with improvements being implemented regularly. 

Diseases: Diseases can incur severe yield losses in Brazil, the most damaging diseases being leaf rust, foliar 
diseases, and scab. Since 1975, fungicides have been used to control these diseases, contributing to stabilized 
production and making the crop more profitable, despite the high cost of this technology. 

Picinini et al. (1996) demonstrated the impact of the fungicide propiconazole for the control of above ground 
diseases in wheat in field trials carried out at Passo Fundo from 1981to1992. Spraying 125 g a.i./ha, in both 

booting and flowering stages, on IAC 5-Maringa, the average yield increased 44.6% over the 12-year period. 
Treated plots showed an average yield of 3,734 kg/ha, while the non-treated ones yielded 2,582 kg/ha. The 
least gain in grain productivity occurred in 1991, with an 18% increase, while the greatest increase, 203%, 
occurred in 1982. The average liquid profit of the fungicide treatment was of US$161.94 per ha, not considering 
that the technique greatly contributed to stabilization of the production, thus reducing risks. 

Table 16 shows the grain yield gain of recommended cultivars in Rio Grande do Sul (Cruz Alta and Passo 
Fundo) with fungicide use, from 1994to1998. The average grain increase in Cruz Alta was 16% (39% in 1997) 
and in Paso Fundo, 9% (13% in 1997), thus providing supporting evidence for the importance of this 
technology. 

In spite of genetic improvement targeted to disease resistance, each year two or three new leaf rust (Puccinia 
triticina) races arise in Brazil (Barcellos, 1999) and resistant varieties suddenly become susceptible. This fact 
elucidates the importance of fungicide use in stabilizing production. 

Pests. Numerous pests are associated with wheat in Brazil. According to Gassem (1984), the most important 
ones are rhizofagous insects (Phytalus sanctipauli, Diloboderus abderus, Pantomorus sp. and Comoderus scalaris), 
borer insects (Listronotus bonariensis, Diabrotica speciosa, Elasmopalpus lignosellus, Diatrea sp), phyllophagous 
insects or caterpillars and ants (Spodoptera frugiperda, Pseudaletia adultera, Pseudaletia sequax, Mocis latipes, Atta 
spp., and Acromyrmex spp), and sucking insects such as aphids and trips ( Rhopalosiphum rufiabdominale, R. padi, 
R. maydis, Schizaphis graminum, Metopolophium dirrodum, Sitobium avenae, Nezara viridula, Thyanta perditor and 
Caliotrips phaseoli). It is estimated that the aphids alone, acting as a vector of barley yellow dwarf virus, inflicted 
yield losses to wheat (on average) of 20% from 1967to1972, when chemical control started. Today, the chemical 
control techniques that have been developed and deployed provide satisfactory control of these pests. 

Weeds. In general, weeds are not a great problem for the wheat crop. New herbicides and the technologies 
developed in recent decades, such as better site selection, time of application, and application technologies 

Table16. Grain yield (kg/ha) of recommended wheat cultivars in Rio Grande do Sul, with and without fungicide 
application, percent gain yield from 1994to1998, in Cruz Alta and Passo Fundo. 

Cruz Alta Pesso Fundo 

YEARS Without With Without With 
fungicide fungicide % fungicide fungicide % 

1994 2315 3033 131 2558 2647 103 
1995 2176 2481 114 2417 2586 107 
1996 3210 2953 92 2762 3088 112 
1997 1862 2588 139 2261 2547 113 
1998 2143 2550 119 2279 2524 111 
Average 2341 2721 116 2455 2678 109 

Source: Data collected from EMBRAPA Trigo and FUNDACEP FECOTRIGO's trials. 
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(which reduce the volume applied per hectare from 300 to 50-100 liters, the use of adjuvants, monitoring of 
water quality and environmental conditions during applications) form a set of efficient techniques for the 
solving weed related problems. 

1.5.3.2 Biological control. In 1978, a project for the biological control of aphids in wheat was initiated. Fourteen 
wasp species were imported (microhimenopteros of the Aphidiidae and Aphilinidae families), and after 
selection and multiplication, were distributed in the southern wheat producing areas. The project was 
incredibly successful and the area under chemical control was drastically reduced from 99% of the target area to 
only 5% in 1981. This control approach continues to work well, with only infrequent chemical interventions 
required to control aphids (Salvadore, 1999). 

Other parasitoids were also evaluated (Cycloneda sanguinea, Eriopsis connexa, and Allograpta sp), as were some 
pathogens targeted to aphids (Gassem, 1988). 

The threat posed by wheat caterpillars, which were considered a problem until the early 1990s, was greatly 
reduced through the use of varieties with lower statures that reduced lodging and allowed better aeration in the 
wheat stands (Silva, 1999). 

1.5.1.3 Cultural control. The use of wheat monocultures in the wheat-soybean cropping system seriously 
increased root health problems. To solve this problem, rotations and foregoing wheat planting for one or two 
seasons was started in mid-1980s. At present, oats, lupines, vetch, and horseradish form an integral part of the 
rotation system that includes wheat-soybean and maize. 

The rational and integrated use of these three control techniques, termed "integrated pest and weed control 
management," undoubtedly benefited national wheat production, by stabilizing production and assuring 
higher profitability. 

1.6 Soil Fertility and Cultivation Practices. Soon after the discovery of soil acidity and the relationship of 
"crestamento" to aluminum toxicity and other root inhibiting factors, liming became a critical aspect of the 
wheat production system. 

Around 70% of the soils cultivated with wheat in the country show some acidity problems, which vary 
according to the soil type and region. Brauner (1982) lists three main factors that may be responsible for the acid 
soils' damaging characteristics: toxic substances, nutrient availability, and microbial activity. Among these, 

aluminum toxicity is considered the main cause of the low fertility of acid soils. Exchangeable aluminum, 
naturally associated with low pH, is harmful to the development of root systems and interferes with the 
absorption and movement of P, Ca, Mg, and Mo, also contributing to P fixation (Olmos and Camargo, 1976). 

The distribution of acid and non-acid soils is quite variable. According to the map of the Brazilian soils 
(EMBRAPA-National Soil Survey and Conservation Institute), the non-acid or low acidity soils, which are a 

minority, are found in limited areas of the west and southwest Rio Grande do Sul, the north and west of Parana, 
southeast Sao Paulo, and south of Mato Grosso d,o Sul. 

In the cerrados region, which occupies approximately 204 million hectares, the most important arable soils are 
Latosols, which account for more than 90 million hectares (46% of total area); 95% of which are acid and with 

low cation exchangeable capacity (CEC) (Andrade et al., 1998). 
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The natural level of toxic aluminum varies from 0 to 6 mE/lOOg of soil. The value of 0.3 mE/lOOg of soil is 
considered as low, from 0.3to1.0 mE/lOOg of soil as an average, and above 1.0 mE/lOOg of soil as high. 

According to Siqueira (1989), the productivity of the main crops in Rio Grande do Sul is reduced by 15% due to 

soil acidity, the wheat crop being reduced by 10% because of the higher tolerance of the crop to the crestamento 
problem. Under these conditions, economical exploitation of these soils requires lime applications, raising the 
pH to 5.5 to 6.0 

The Soil Fertility Commission of the states of Rio Grande do Sul and Santa Catarina (1995) have stated that the 

lime required to raise the pH in water to 6.0, based on the SMP index, varies from 21 ton/ha of lime for one 

SMP index of 4.4 to 0 ton/ha when the SMP index is 7.0. The lime application is calculated based on a 
conventional tillage system, and taking into consideration a soil layer of 0-20 cm. 

According to Siqueira (1989), in Rio Grande do Sin in 1981, only 6% of the soils showed pH in water above 6.0, 
indicating that no acidity problems should be present. However, 44% showed pH in water below 5.1, thus 

indicating some aluminum-related problems. Under those conditions, the average lime application in the state 
was 4.2 ton/ha. 

Bianchi et al., cited by Ruedell (1995), performed a survey in Rio Grande do Sul through the analysis of 6,430 
soil samples from 1990 to 1994, showing that in the traditional methods used to raise the pH in water in the 0-
20 cm soil layer to 5.5, when the goal is neutralization of the toxic aluminum, lime requirements fluctuated 

between 0 to 4 ton/ha in 85% of the samples. 

Soil erosion and degradation have been real problems in Brazil. The adoption of the no-tillage cropping system, 
however, has significantly improved the situation. The no-tillage cropping system is rapidly expanding in 
Brazil and is greatly influencing the existing traditional recommendations. The change from the conventional to 
the no-tillage cropping system has greatly reduced soil erosion (Ramos, 1976). Table 17 demonstrates the effect 

of crop residue maintenance on the soil surface, and its effects, in turn, on water infiltration, superficial flowing, 
and erosion. 

After a few years of using the system, one can observe a series of chemical, physical, and biological 
modifications in the soil, which ultimately affect the soil fauna and flora. To understand the changes, it is 
necessary to understand the interrelationships among the soil, water, plants, and fauna. Ideally, the farmer can 

profit from this practice while at the same time incurring less damage to the natural resources within a 

conservationist agricultural exploration system (Petrere, 1999). 

Table 17. Effect of crop residue coverage on 
superficial flowing, water infiltration and soil loss in a 
5% declivity. 

Effect on water and on soil 

Residues Flowing Infiltration Soil loss 
( t/ha) "lo "lo tlha 

0 43,5 54,7 13,69 
0,550 24,3 74,7 1,56 
1,102 0,5 99,5 0,33 
2,205 0,1 99,9 0 
4,410 0 100,0 0 

Source: Adapted from Ramos (1976). 
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The adoption of the no-tillage system resulted in 
modifications to lime application. Although lime 
shows low solubility in water and that to be efficient, 
it has to react with soil particles, its incorporation 

into the soil is not recommended. The search for 
alternative methods for applying lime aims at 
maintaining the positive chemical characteristics, 
while at the same time improving the organic matter 
content and physical characteristics, such as soil 
structure. Improved soil structure through the 
maintenance of crop residues on the soil surface 



results in a better water infiltration index, because of the capillary action of channels formed by the decomposing 
roots and of galleries formed by soil meso and macrofauna (Petrere, 1998). 

Due to the accumulation and decomposition of crop residues on the surface of the soil under no-tillage, a low 

and gradual increase in organic acids occurs in the soil solution. Although for the overwhelming majority of acid 
soils there is a high concentration of aluminum, under no-tillage, due to the higher concentration of organic acids 
in the soil solution, the activity of the aluminum is reduced. Consequently, the effects of aluminum toxicity are 
less intense in no-tillage as compared to conventional tillage (Pavan et al. 1984, Miyazawa et al., 1992 and Salet, 
1998). 

The high levels of soluble organic carbon and greater ionic strength of the solution under no-tillage are 
responsible for the decreased aluminum activity. The high soluble organic carbon content reduces aluminum 
toxicity caused by the formation of organic Al-ligants (Salet et al. 1999). 

Research carried out in Rio Grande do Sul, comparing the productivity of crops in relation to lime application 
methods, did not reveal differences between lime incorporation or lack of lime incorporation (Cassol, 1995; 
Amaral, 1998; and Petrere, 1998). Other trials (Santos et al., 1996 and Potker et al., 1997) evaluated the effect of 
dosages of lime applied on the surface in the no-tillage system on the productivity of crops. In these experiments, 
the scientists demonstrated that the application of fractionated dosages of lime, at 1/6 and 1/3 of the 
recommendation, through the SMP method (pH 6.0) did not influence productivity when compared to a dosage 
of 1 SMP, which is equivalent to 16 and 8 tons/ha of lime, respectively. 

Several studies have stated that under the no-tillage cropping system, the quantity of lime applied to the soil 
may be significantly reduced in relation to the dosages recommended for conventional cropping systems (Cassol, 
1995; Ruedell, 1995; Sa, 1995; Santos et al. 1996; Potker et al., 1997; Silva, 1997; Amaral, 1998; and Petrere, 1998). 

Under this technology, liming functions as a source of calcium and magnesium and not as a soil corrective, 

because the interaction of aluminum with the organic acids in the soil solution creates a favorable environment 
for the root systems of grain crops, and this occurs in greater depths under the no-tillage system (Petrere, 1999). 
Under these conditions, it is suggested that the amount of surface lime should not exceed 2 t/ha in sandy soils 
and 3 t/ha in day soils. 

Nitrogen. All Brazilian soils are low in nitrogen for wheat cultivation, except soils in those regions with hydric 
shortage, as in Mato Grosso do Sul (Wieth0elter, 1999). Answers to questions about nitrogen fertilization depend 

on soil type, year, and previous crop. Nitrogen is a key element in organic compounds and its transformation 
into chemical forms that can be absorbed by the plants (N0

3
-and NH

4
+) depends on the decomposition of 

organic matter and on the residues of previous crops (Wieth0elter et al., 1998). 

For many years, nitrogen fertilization within a natural cultivation system has been recommended for various 

regions of Brazil. The typical recommendation was to apply 1/3 as basal fertilization at planting and 2/3 as a 

coverage application. In normal climatic years the response to N coverage fertilization is high-

The no-tillage cropping system has been introduced into areas where soil coverage with crop residues is essential 
for the sustainability of the system. In fact, the system is now used on 60% of the country's cultivated area. This 
trend has led researchers to modify their recommendations in relation to the quantities and methods of N 
application. The official research network in Rio Grande do Sul and Santa Catarina (1999) has developed a set of 

N application recommendations based on the orgarue matter content of the soil and the expectation of grain 
yield, with the aim of maximizing profit (Table 18). 
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The dosage applied at planting varies from 15 to 20 kg/ha, depending on the amount of grain one expects to 

harvest, while the remaining dosage is applied 30 to 45 days after seedling emergence. Higher dosages applied in 

split applications can produce grain yield increases. Table 19 indicates the nitrogen dosages to be applied as 

coverage under no-tillage, according to the organic matter content in the soil and the previous crop. Farmers in 

the states of Parana and Sao Paulo have also long used coverage fertilization with N, that takes previous crops 

into consideration. 

The use of crops for green manure, nutrient recycling, and soil coverage may lead to significant reductions in 

nitrogen fertilization and in fertilization in general. Crops such as vetch (Vicia spp ), horseradish (Raphanus 

sativus L. var. oleiferus Metzg), lupine (Lupinus spp.}, oats (Avena spp.), and mixtures of these crops can be used 

during fall/winter. Crotalaria juncea, pig beans (Canavalia ensiformis (L.), cajan pea (Cajanus cajan), Stizolobium 

spp., and horseradish are applicable during summer/fall (Fiorin et al., 1999). Depending on the green manure 

crop involved, nitrogen application can be greatly reduced, even to the extent of eliminating coverage 

applications (a reduction of 50%). 

Phosphorus and potassium. Under natural conditions, the great majority of Brazilian soils are deficient in these 

nutrients, because they are not readily available due to soil acidity. Great advances were made during the last 
decades relating to the recommendations of these nutrients. And, although wheat demands more phosphorus 

than other crops, today, such limitations are not significant. Research studies have established the needs for each 

wheat growing area. The recommended dosages of phosphorus are relatively high for good grain yields, as are 
the raw material costs. 

With the adoption of no-tillage with crop rotation, this situation has changed. Sa (1993), cited by Ruedell (1995), 
states that the phosphorus is linked to the organic matter of the soil, and it is slowly liberated by the microbial 

population. This provides an explanation for the high yields now obtained in poor soils when cultivated under 
the no-tillage system. Because the soil is not turned over, there is less chance of the nutrients being absorbed. 

Turning the soil over, as found in the traditional system, leaves three-fourths of the applied phosphorus in the 

form of aluminum phosphate and iron. Soil erosion further adds to the phosphorus loss (Malavolta, 1981, cited 
by Ruedell, 1995) 

The advance of no-tillage is allowing not only a reduction in fertilizer use, but also a modification of application 

methods and sources of utilized nutrients. In areas where P and K are below threshold levels, nutrients must be 

applied to the sowing row, while in areas where the levels are above the thresholds, studies have demonstrated 

that there are no differences between row and drafting applications (Fiorin et al., 1999). The use of drafting 

applications is promising because it can be planned, thereby making planting easier. Today, inexpensive natural 
phosphates are recommended for this system and in soil with high levels of this nutrient. Potassium chloride is 

also recommended. 

Table 18. Nitrogen fertilization recommendations for 
wheat in Rio Grande do Sul and Santa Catarina. 

Organic matter 
content in the soil 

% 

$2,5 
2,6. 3,5 
3,6 - 4,5 
4,6 - 5,5 

> 5,5 

Grain Yield Expectation 

> 2 t/ha < 2 t/ha 

60- 100 
40-60 
30-40 
20- 30 
<15 

kgN/ha ---

90- 130 
60-90 
40- 60 
25-40 
<20 

Source: Soil Fertility Comissioll-RS/SC, 1995. 

· Table 19. Nitrogen coverage dosages under no-tillage 
in relation to the organic matter content of the soil and 
the previous crop. 
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Organic matter 
content in the soil 

% 

$3,0 
3,1 - 4,0 

• 4,1 - 5,0 
~ > 5,0 

Source: EMBRAPA Trigo, 1998. 

Previous crop 

Soybean Corn 
---- kg N/ha ---

80 
60 
40 
40 

100 
80 
60 
40 



Micronutrients. Generally, micronutrients are not applied in Brazil for wheat because of their limited effects. An 
exception is some of the soils of the cerrados in Central Brazil, where boron is applied to counteract the effects 

of low humidity and hot weather, which can cause some sapless grains (male sterility) (WiethOelter, 1999). 

Fertilization strategy. Li.me and fertilization recommendations can be found for both conventional (since 1980) 

and no-tillage systems (recently) for all Brazilian wheat cultivation areas. These recommendations, in general, 
meet today's requirements for successful wheat farming. An important point to be considered is the concept of 

basing fertilization to some extent on crop sequence and not just considering the individual crop. 

In Rio Grande do Sul, part of the area under no-tillage follows a crop rotation system, in which wheat is 

cultivated after intervals of one to two years without the crop, thereby reducing the risk of diseases. 

2. Potential Increase Scenario 

2.1 Grain Yield. Semi-dwarf varieties were introduced into Brazil in the 1970s. However, their serious 

susceptibility to diseases was a principal reason for the continuation of taller varieties in the country. Currently, 

new semi-dwarf varieties with high yield potential are being developed. This effort needs to be strengthened in 
order to develop a semi-dwarf with strong straw, bigger and more fertile spikes, superior disease resistance 

(especially to foliar blights and head scab), and good industrial quality. An example of the potential of these 
new cultivars was obtained with OR 1, a semi-dwarf variety, in Sao Sebastiao da Amoreira, Parana, where on a 

162 ha area in 1998, average yield reached 6,096 kg/ha. In 1999 in Arapongas, Parana, the same cultivar yielded 

approximately 3,000 kg/ha on 1,600 ha. These advances, taken in combination with adequate agronomic 

management, open the door for further yield increases of 50% or more over the next 20 years. 

2.2 Grain Quality. Recent demand side trends have forced breeding programs to produce superior quality 

wheats for industrial bread making. However, legislation passed in 1999 that established new quality 

classifications will enable industrial consumers to obtain suitable wheat for bread, biscuit, and pasta making. 

This will be forced by market demand, which needs wheat flour for bread (46% of use), biscuits (11%), pasta 
(16%), domestic use (23%) and other uses (4%). 

In a short time, genetic improvement programs produced a big change in the profile of the Brazilian cultivars 

insofar as industrial quality (Table 20). Seventy-one percent of the cultivars recommended in Brazil in 1999 are 
good quality varieties, 57% of which are bread wheat types and 14% are improved varieties, against only 28% in 

1990. 

Due to the unstable climatic characteristics in the south, the country's main wheat producing region, Brazil has 

had difficulty maintaining stability in the industrial quality of its grains. On many occasions, bread wheat 
varieties produce grain with soft wheat characteristics because of factors such as fertilization (mainly N), time 

of application and quantity of fertilizer used, extreme high or low temperatures during grain filling, or excess 

rain during maturation or harvest. Because of environmental variables (weather, soil, diseases, etc.), Rio Grande 

do Sul has the most soft wheat varieties of all of Brazil's states (Table 20). Factors related to post-harvest events, 

such as grain drying and storage, often significantly reduce quality. 

To try and solve these problems, research institutions are developing a series of studies to (1) evaluate 
germplasm and release improved bread wheat varieties; (2) evaluate nitrogen fertilization effects; (3) evaluate 

the influence on soils of crop rotation; (4) determine the effects of anticipated harvesting; (5) investigate storage 

time and integrated management of stored grains w.ith the aim of controlling diseases and insects. 
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It is worth noting that it may make sense for part of the Brazilian production system to be directed toward the 
production of soft wheat; this given the difficulty in producing high quality wheats in some regions, and also 
taking into account that there is both domestic and international demand for this type of product. 

2.3 Agronomic Limitations. At present, wheat is grown in the states of Rio Grande do Sul, Santa Catarina, 
Parana, Sao Paulo, Mato Grosso do Sul, Minas Gerais, Mato Grosso, Goias, Bahia, Tocantins and in the Federal 
District. The major agronomic limitations of these areas are as follows: 

2.3.1 Varying levels of aluminum and other mineral toxicities or deficiencies in the acid soils (70% of production 
area). 

2.3.2 Low level of phosphorus in almost all wheat growing areas. 

2.3.3 Low level or rapidly decreasing levels of organic matter in the areas where no-tillage is not adopted and/ 
or crop rotation practiced. 

2.3.4 Severe soil degradation and compaction. 

2.3.5 Drought and heat north of 24"5 latitude. 

Table 20. Industrial quality of the recommended wheat cultivars in the states of Rio Grande 
do Sul, Parana, Mato Grosso do Sul and Brazil before (1990) and after (1999) privatization 

Rio Grande do Sul 

1990 1999 

Classification N9 of cult. 'Yo N11 of cult. 'Yo 

Soft 25 96 13 54 
Bread 1 4 11 46 
Improver 0 0 0 0 
Durum 0 0 0 0 
Total 26 100 24 100 

SANTA CATARINA 
Soft 20 95 5 42 
Bread 1 5 7 58 
Improver 0 0 0 0 
Durum 0 0 0 0 
Total 21 100 12 100 

PARA NA 
Soft 36 62 6 17 
Bread 19 33 24 69 
Improver 3 5 5 14 
Durum 0 0 0 0 
Total 58 100 35 100 

MATO GROSSO DO SUL 
Soft 7 33 1 11 
Bread 9 43 3 33 
Improver 5 24 5 56 
Durum 0 0 0 0 
Total 21 100 9 100 

BRAZIL 
Soft 56 67 19 28 
Bread 23 27 40 57 
Improver 5 6 ~ 10 14 
Durum 0 0 ' 1 1 
Total 84 100 70 100 
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2.3.6 Frost damage at flowering in the southern and central south regions. 

2.3.7 Pre-harvest sprouting. Current methodologies are allowing preliminary identification of sources of 

tolerance to the problem (See Silva, M. et al., 1999; Felicio, J.C. et al., 1999). 

2.3.8 Severe disease pressure from various diseases in several regions. In central Brazil, and on irrigated wheat, 
the main diseases are helmintosporium (Bipolaris sorokiniana), leaf rust (Pucdnia tritidna), and powdery mildew 
(Blumeria graminis f sp. tritici), but other fungi like Gibberella z.eae and Xanthomonas campestris pv. ondulosa may 
also be found. For dryland wheat, B. sorokiniana and Drechslera tritici repentis are important, but leaf rust, 

powdery mildew, glume blotch (Stagonospora nodorum), leaf blotch (Septoria tritici), and blast (Pyricularia oryzae) 
may also cause damage. 

In the south central region the main diseases are leaf rust, foliar diseases (helminthosporium and septoria), 
powdery mildew, and with less frequency scab, BYDV, bacterial diseases, blast, wheat mosaic virus and take-all 
(Gaeumannomyces graminis var. tritici). 

In the southern region, the most important diseases are leaf rust, powdery mildew, scab, foliar diseases, BYDV, 
and wheat mosaic virus. Take-all eventually occurs. Stem rust (Puccinia graminis tritic1) has not been reported in 
Brazil, but it is a potentially damaging disease. 

2.3.9 Different pests limit wheat productivity, depending on the region and the management system used. In the 

southern region, below parallel 24, aphid vectors of BYDV are important; this problem emerged after oat area 
increased. Oats are an important rotation crop included in the no-tillage system. In the cerrados region, in 
irrigated areas, aphids also cause some concern. The majority of the cultivated cultivars are susceptible to BYDV. 

In Rio Grande do Sul there are some problems with Dilobderus abderus and Phylophaga (Phytalus) triticopha), 
which can inflict yield losses up to 71 % in wheat (Silva et al., 1995). In central Brazil, under dryland conditions, 

the caterpillar Elasmopalpus lignosellus can incur significant damage, mainly in the summer, while in Mato Grosso 
do Sul, the caterpillar Spodoptera frugiperda can be harmful at the beginning of wheat development. 

2.3.10 In some areas, weeds, especially in seed production areas, may be a problem, Black oats (Avena strigosa) 
and ryegrass (Lolium multiflorum) are the most important ones. 

2.4 Potential Agronomic Strategies. 
2.4.1 Traditional. 
2.4.1.1 We should continue exploring wide genetic variability, both within wheat species and related genera, to 
combine specific sources of resistance to the agronomic limitations, aiming to obtain cultivars to fulfill the 
specific needs according to the wheat growing regions. The improvement of cultivar characteristics to obtain 

higher yields will indirectly stimulate the cultivation of the crop. These characteristics are 

- Resistance to lodging; 
- Increased spike size and fertility; 
- Increased number of spikes per unit of area; 
- Improved the industrial quality; 
- Improved tolerance to heat and dryland conditions for the varieties cultivated in central Brazil and also for 

those cultivated in the south central region; 

- Improved resistance to sprouting in all wheat producing areas; 
- Maintenance of resistance to crestamento; 
- Improved adult plant resistance to leaf rust, powdery mildew, and foliar diseases. 
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2.4.1.2 Exploring agronomic practices associated with conservation tillage and rotations to mitigate the effects of 

drought, heat, diseases, and insect pests, in order to reach higher productivity levels (3 to 4 t/ha). 

2.4.1.3 Development of specific systems-based soil management and fertilization recommendations. Determine 

answer curves to fertilization with phosphorus and potassium in the no-tillage system. Define answers to 
nitrogen fertilization in the wheat crop in relation to different preceding crops in the no-tillage system. Evaluate 

the effect of cultivation systems and crop rotation in fixation and/ or nutrient recycling. 

2.4.1.4 Study of epidemiological aspects and disease population dynamics, especially of rusts, which are not 

clearly understood in the Southern Cone. Continue the annual rust pathogenic races survey to support the 
breeding of resistance to these diseases (Barcellos, 1999). 

Taking into account the genetic variability studies of the fungi causing rusts occurring in different regions and 

in variety tests, both as seedling and adult plant in critical locations, the following results may be reached: 
- Stabilization of rusts racial dynamics at regional level; 

- Epidemiological information about rusts from the beginning of an epidemic until the inoculum increase of 

new virulent races. Better knowledge of virulence modifications at the regional level and the possibility of 
developing new alarm systems. 

- Greater availability of efficient sources of adult plant resistance (APR) to be used in germplasm development 
and the release of new cultivars with high yield potential at the regional level. Combination of Toropi' s 

resistance (chromosome lA and 40) with Lr 34 (chromosome 70) is possible and may give increased 

durability to leaf rust resistance. 

- Better knowledge of the genetic base of APR in the regional germplasm. 
- Chemical controls reduced for those cultivars with more durable resistance and, consequently, reduced 

production costs and environmental contamination. 

2.4.1.5 Development of specific methodologies to evaluate damages caused by heat, drought, frost, and pre
harvesting sprouting. 

2.4.2 New Technologies. 

2.4.2.1 Acceleration of breeding processes through utilization of tissue culture methodologies such as double

haploids to develop specific character populations. The production of double-haploids (DH) is underway 

through gymnogenesis (OHM), also associated with electrophoresis of high molecular weight glutenine, which 

allows the creation of uniform genetic lines in less than two years departure from a wheat x com cross 

(Scheeren, P.L. et al., 1999). 

2.4.2.2 Identification, development, and utilization of molecular markers to assist in specific breeding areas, 

increasing the precision and speed needed to obtain a new cultivar and better utilization of the existing genetic 

diversity. 

2.4.2.3 Utilization of gene-transfer techniques whenever possible. 

2.4.2.4 Exploration of various agronomic practices, especially those related to the use of water and nutrient 

efficiency. 

2.4.2.5 Identification and utilization of newer crop species to form a part of the rotation systems and their 

contribution to the improvement of the soil structure and ~rofile, as well as fertility. 
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2.4.2.6 Use of biotechnology for APR to leaf rust, such as cytogenetics techniques (chromosome analysis with 

APR to determine the localization in the chromosome of the genes governing this type of partial resistance}, 

molecular biology techniques (gene markers for genomic regions that control partial resistance}, and 

haploidization. 

3. Potential Expansion of Wheat Production 

3.1 Wheat Area. Potential increases in the area being grown are possible within the boundaries of the present 

wheat regions. With the use of conservation tillage practices and the introduction of irrigation in some regions, 

the expansion of wheat area is also seen as possible with irrigation both in the south as well as north of Sao 

Paulo, up to Barreiras, in Bahia {12° latitude}, and Formosa, in dryland. The Brazilian cerrado region (204 
million ha.) presents a very large potential area for wheat, almost 4 million hectares can be put under the crop in 

mid-term, 2 million ha under irrigated management, and another 2 million ha under dryland conditions. This 

area includes, for the irrigated wheats, the high areas of Minas Gerais and Bahia (above 400m}, Goias and 

Federal District (above SOOm), and Mato Grosso (above 600m) and, for the dryland wheats, the high areas 

(above 800m) of the cited states and the Federal District. The better dryland wheat areas are concentrated in the 

Alto Paranaiba region, in Minas Gerais, where the rainfall occurs up until June and where there are few short 

summers (1 to 2 week periods without rain). In the southwest of the Goias dryland, wheat can also be cultivated 
under no-tillage after soybean, taking advantage of the residual fertilization of the leguminous crop (Andrade et 

al., 1999). The main wheat irrigated areas are concentrated in Minas Gerais in the Alto Paranaiba region and in 

the counties of Olegario and Unai, in the Federal District and in Goias in the counties of Cristalina, Luziania, 

Formosa, Sao Joao da Alian~a, Campo Alegre, Vianopolis, Rio Verde, Montevideu, and Jatai. 

The total annual rainfall of 66% of the agricultural areas in the cerrados region is around 1,200 to l,800mm, and 

summer temperatures vary from 19° to 25°C. The main characteristic of the thermal regimen of central Brazil is 

the temperature variation in relation to relief: as altitude increases temperature decreases. That is why altitude is 
used in wheat recommendations, since it easily identifies areas with mild temperatures more favorable to the 

crop (Andrade et al., 1999). 

There are two major problems in relation to irrigated areas: water availability, which is a limiting factor, and 

competition with other more profitable crops, like tomatoes, potatoes, green com, and beans. The recommended 

irrigation method is sprinkling irrigation, which is thought to offer higher profits and to consume less water. 

In the three southern states, approximately 7 million ha of hydromorphic soils, which may be planted to rice in 

the summer, remain unoccupied in the winter. Eighty percent of this area is located in Rio Grande do Sul, where 

1 million ha of highly managed fields are planted annually (Caetano et al., 1996). 

Studies on these conditions began in 1975, and more effective work began in 1986, in Pelotas. This work 

demonstrated the potential for economic exploitation of these areas with wheat. Since 1995, the cultivars CEP 24 

- Industrial and EMBRAPA 16 have been recommended. 

Another option for wheat cultivation in the southern states, where cattle raising is also an important activity, is 

the utilization of double purpose wheat (grazing}, thus integrating agriculture and cattle raising. Wheat 
growing area IX in Rio Grande do Sul is the primary area cited for this approach; potentially, 500,000 ha there 

could be planted with the dual purpose varieties (Del Duca et al., 1999). Specific late cultivars with a short 

reproductive phase, which allow planning for the sowing date and produce good yields after grazing, are now 

being developed by several research institutions. 
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For these areas, which are deficient in cattle forage during the winter, the production of this dual purpose 
wheat obtains economic importance and guarantees a more sustainable production system. Another important 
use of this type of material is to cover the soil in the fall, a basic principle of the no-tillage system. The late 
planting time of this material avoids frost losses. Encouraging results from this technology have been shown in 

Parana, with satisfactory yields leading to the 1999 recommendation for the variety BRS 176 (Del Duca et al., 
1998). 

3.2 Area and Production Limiting Factors. 

3.2.1 The primary area for the potential expansion of wheat is the cerrados central Brazil, with soils with high 

acidity (toxic aluminum), low organic matter, phosphorus, and potassium contents, and low use of N, which is 

important under the Brazilian conditions. 

3.2.2 Availability of water, infrastructure, and high cost of production in irrigated cerrado. 

3.2.3 Low and unpredictable precipitation in the dryland portions of the cerrado region. 

3.2.4 Lack of adapted varieties tolerant to a combination of drought, heat, aluminum toxicity, and diseases with 
desirable end-product quality. Dryland varieties show limited yield potential. 

3.2.5 Lower economic competitive capacity compared with other crops under irrigation. 

3.2.6 Lack of an agronomic package of production for hydromorphic soils and grazing lands, as well as high 
costs and difficulties associated with draining hydromorphic soils 

3.3 Strategies to Overcome Limiting Factors. Leaving political and economic policy implications aside, from 
the research standpoint any expansion of wheat into new areas, both in the north and south, will require 
development of an integral wheat production package. The most important aspects of this package are: adapted 

varieties, soil management and conservation tillage practices, use of multiple crops in a rotation system, and 
disease/pest control strategies. 

The strategies to develop these technologies were discussed earlier. 

The package of technologies developed for wheat by the various Brazilian research institutions, if actually 

adopted by the farmers, certainly could produce satisfactory results. There are no significant agronomic 

constraints to limit the generation and adoption of new technologies capable of greatly contributing to 
increased cultivation and supporting more stable wheat productivity. In the past, Brazil has demonstrated its 
ability to produce the varieties and the crop management techniques required to expand the crop. The 
continuity and increase of research and, of utmost importance, the transference of new technologies to the 
farmers, taken with supportive economics measures, will allow the adoption of new technologies and 

knowedge, which will make the cultivation of wheat viable. 

3.4 Yield Potential of Newer Areas. 
3.4.1 Dryland Areas. Utilization of an adequate production technology package, according to the potential 

already demonstrated by research and by the farmers, may permit yields of 2.5 to 4.5 t/ha. (Tables 14 and 15). 
The package would include adequate fertilization and soil management techniques, including the no-tillage 

cropping system, pest and diseases control, well-defined geographical agricultural areas, crop rotation, 

adequate cultivars, etc. 
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3.4.2 Irrigated Areas. Correctly managed water and nutrient technology can permit yields of 7-9 t/ha. depending 
upon elevation, variety and disease control strategy. 

3.4.3 Hydromorphic Soils. Research between 1986 and 1995 demonstrated potential yields between 3 and 6.7 t/ 

ha in these soils. The recommended cultivars CEP 24-Industrial and EMBRAPA 16 show, in several yield trials 
carried out under these conditions, yield increases of 23 and 14%, respectively, in relation to yield trials carried 

out in traditional areas. In dry years, yields can increase 30% (Caetano et al., 1996). Thus, varietal development 

combined with crop, water, and soil management technologies with these soils can result in a 20% higher yield 

potential than traditionally cultivated areas. This means better farmers can harvest between 5 and 7 t/ha. from 

these soils. 

3.4.4 Grazing Lands Wheat in these areas can be used for grazing of sheep and cattle, especially during the lean 

winter months. As a result, the production of milk, meat, and wool needs to be taken into account when 

considering wheat yields. 

Research carried out in Guarapuava, Parana, from 1994to1998 (Del Duca et al., 1999), demonstrated the 

potential of the cultivar BRS 176 that following a cutting produced an average of 3,843 kg/ha during this time 
period, in contrast to 3,451 kg/ha obtained in the treatment without a cutting. The highest grain yield following 
a cutting was 4,245 kg/ha in 1996. 

Grazed wheat areas in Guarapuava, Parana, in 1996 (Sandini, I., 1996) showed yields higher than 4 t/ha (Table 

21), allowing us to conclude that the grain yield is not significantly affected by grazing and so this practice is 
highly compensatory .. 

In the 1999 planting season, the line PF 950136, with scheduled planting dates in Castro, PR (May 7, 1999) and in 

Passo Fundo, RS (May 10, 1999), produced 7,984 kg/ha and 6,398 kg/ha, respectively. In addition, in Passo 

Fundo, the line PF 960262 produced 7,035 kg/ha. This new material is thought to have an intermediate to long 

cycle, depending on the region. 

4. Potential Change in Cultivation Systems 

As discussed earlier, soil degradation and water conservation needs are forcing farmers to adopt no-tillage 
practices. At present, there are 12 million ha of crops sown under no-tillage in Brazil. Over 70% of the cultivated 

area in Rio Grande do Sul (3.5 million ha) are under no-tillage at the present time, using excellent crop rotation 

practices. It is assumed that this trend is likely to continue in the future and may accelerate over the next decade. 

Important changes will occur and some are already occurring in relation to Brazilian agriculture. The model used 

up until now, which depended heavily on agricultural inputs, is not sustainable. Although yields of the main 

crops have increased, these gains have come at the cost of increased soil and environmental degradation, and 

more water pollution due to the inadequate management of soil, fertilizers, and pesticides. Also, the agricultural 

politics adopted by the government, with high taxes, lack of credit, and subsidized imports in their sources of 

origin are factors that are making agricultural activities difficult (Ruedell, 1999). 

Table 21. Grain yield (kg/ha) in demonstrative areas with grazed wheat in Guarapuava, PR, 1996 

Cultivar 

EMBRAPA 16 
BAS 176 

Source: Sandini, 1996. 

Without fungicide 

3340 
3764 

Grazed 

With fiungicide 

3531. 
4052( 
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Non grazed 

Without fungicide With fungicide 

3004 3141 
3394 3708 



Farmers need to decrease production costs in order to lessen risks. However, the simple elimination of 

agricultural inputs such as fertilizers and pesticides to lower costs is not the right course, since it results in yield 

decreases. A balanced approach to agriculture would seem to be the goal to pursue. A reasonable proposal 

would be to combine the use of internal and external agricultural inputs so as to preserve the natural resources, 

increase productivity and the security of human beings, and eliminate the negative environmental effects 

(Ruedell, 1999). 

Low cost agriculture does not, in the short term, produce maximum yield per unit of area, profitability ranking 

first. In this sense, no-tillage with crop rotation, with all the modifications that this system is able to produce on 

soil life and fertility, has been the best formula for improving the current situation. This system decreased soil 

erosion, water loss, and contamination, and allowed higher water infiltration into the soils. Research also results 

indicates that this system can reduce pesticide use by up to 70% (Fawcet, 1997, cited by Ruedell, 1999). 

The success of the no-tillage cropping systems will be assured once an adequate integration between the crops 

is understood and established. To make this possible, it is important to take into consideration soil protection 

and organic matter supply, a differentiated soil profile exploration, alternated as to root system types, the 

higher or lower capacity of these root systems to absorb mineral nutrients and higher plant tolerance to pests 

and diseases. The key point of the system is to establish a crop rotation plan capable of continuously exploring 

the soil and able to bring to the surface mineral nutrients that are only found in deeper layers or that are not 

available to the crops. Insect, disease and weed presence will be tolerable if such a rotation can be adopted. 

Under this system, the organic matter content increases, restructuring the soils, increasing the water infiltration 

capacity, and decreasing the risks associated with drought, which is common in many Brazilian regions. 

Any adopted cultivation system, especially in the southern states, has to include wheat, since it is the main 

winter crop in terms of the area of cultivation, and also to contribute to aggregated income. 

Research carried out by FUNDACEP, in Cruz Alta, from 1985 to 1993, compared the conventional and no-tillage 

soil management systems with and without crop rotation (Ruedell, 1995). Among the grain-producing crops 

evaluated (wheat, soybean, and maize), wheat was influenced the least. After an average of nine years of 

evaluation, wheat showed a 5.9% gain in grain yield when cultivated under the no-tillage system as compared 

to the conventional system (2,414 kg/ha compared to 2,279 kg/ha). This gain was not greater possibly due to 

the rotation system adopted in the first years, when wheat followed maize without an intercalar leguminous 

crop. 

The importance of crop rotation for wheat, both under the conventional and the no-tillage cultivation systems, 

is supported in the referred work (Table 22), in which rotation, in the average of the studied years, accounted 

for a 38.5% increase in grain yield. Wheat can only be cultivated in the same area after degradation of the 

previous wheat crop residues to ensure a reduced incidence of disease. In the same study, this finding was 

Table 22: Wheat grain yield as a response to soil management and crop used from 1986 to 1994, in Cruz Alta 

WITH ROTATION 

WITHOUT ROTATION 

Coefficient of variation (%) 
F treatment 

NO-TILLAGE CONVENTIONAL TILLAGE 

kg/ha % kg/ha % 

2,552 a 

1,842 b 

8.9 
52.85** 

138,5 

100 

2,370 a 
1,713 b 

11.2 
32.92** 

138,4 

100 

Wheat in rotation occupied 113 of the area in the following rotation scheme: Oats/Soybean; Vetch+ Oats/Soybean; Wheat/Soybean and wheat without 
rotation was from the Wheat/Soybean sequence. Source: Ruedell, J. 1995. 
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further supported by comparing areas with 0, 1, and 2 years without wheat, under the no-tillage system. The 

results show, on the average of years studied, that one year without wheat produced a grain yield 27.4% higher 
than the grain yield of the area without rotation (2,396 kg/ha vs. 1,880 kg/ha). However, two years without 

wheat was better, surpassing the area without rotation by 35.9% (2,556 kg/ha). This provides concrete evidence 

that under certain conditions, two cycles are necessary to reduce the inoculum level of diseases that can cause 
significant damage to the crop. The fact that wheat participates in the production system, as an important 

· rotation crop, brings about agronomic advantages and reduces production costs (fixed costs) of the summer 

crops (corn and soybean) in values averaging 15 to 20%. 

In reviewing possible grain producing crops, no substitute has been found for wheat in the southern region in 

the winter. From an agronomic prespective, other economic winter crops like barley and oats, also need to 

participate in a rotation system to break the cycle of some important diseases in order to express their yield 

potential. This way, wheat utilization on 1/3 or_ of the area, completely fulfills a rotation scheme among the 

different grain producing winter crops. 

The main wheat genetic improvement programs since the beginning of the 1990s have worked solely within the 

parameters of the no-tillage system, aiming to select materials adapted to this system. 

An inportant aspect to be considered is that the no-tillage system does not depend on farm size-it is scale 

neutral. Any producer-small, medium, or large-has conditions and available technologies to adopt the 

system and become successful. Initial obstacles posed by equipment (sowing machines), desiccation 

management, etc. no longer constitute limiting factors to the adoption of the system. The market supplies the 

farmers with several options, from big mechanical sowing machines to those propelled by draft animals, to 
even manual equipment, which allows the the planting of the crops in the referred system. The adaptation of 

sowing machines used in the conventional systems to the no-tillage system is also a common and efficient 

practice. 

The use of cover crops such as horseradish, vetch, Cajanus cajan, and Crotalaria juncea, among others, is 

substituting for N applications, or part of this nutrient, in wheat and in other gramineous crops (maize, barley, 
etc.). The amount of N needed for wheat and maize can be reduced from 50 to 75%. Alternative phosphorus 

sources, such as natural phosphates, added to those liberated by microorganisms and linked to organic forms, 

will allow a decrease in the amount used, thereby reducing costs. 

Fiorin et al.(1999) used two examples to demonstrate this new approach to fertilization within the proposed 

system for the state of Rio Grande do Sul. 

Example 1: Fertilization strategy considering 1/3 of the area to wheat cultivation in the winter, 1/3 for maize 

and 2/3 for soybean in the summer where P and K fertilizations are done in the winter, when the crop that 

precedes corn is planted (green manure) and on wheat. 

1•1 Year 2nc1 Year 3'dYear 

AREA Winter Summer Winter Summer Winter Summer 

1/3 Green manure Corn Black oats Soybean , Wheat Soybean 

1/3 Wheat Soybean Green manure Corn Black oats Soybean 

1/3 Black oats Soybean Wheat . Soybean ~ Green manure Corn 

' Fertilized areas 
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Example 2: When the rotation system is 1/2 with maize and 1/ 2 with soybean, restitution of P and K is 

performed considering exportation of these elements through maize, wheat, and soybean applied when the 

crop that precedes maize is established. 

1•1 Year 2"d Year 

AREA Summer Fall Winter Summer Fall Winter 

1/2 Corn Green manure Wheat Soybean Green manure , 

1/2 Soybean . . Green manure Corn Green manure Wheat 

Some farmers have demonstrated the efficiency of this agricultural vision, for example Benno Arns and Sons in 

Cruz Alta, RS. The farm adopted the no-tillage cropping system with crop rotation 15 years ago. Fertilization of 

each crop was maintained until 1995, wheat and maize occupying 1 /3 of the area in the winter and summer, 

respectively. From 1996 on, the rotation system included 50% wheat and 50% vetch in the winter, and 50% 

soybean and 50% maize in the summer. After harvesting maize and preceding wheat in the winter, forage 

turnip was cultivated for green manure. Chemical fertilization is only used on one crop, once a year, 

significantly reducing production costs and, importantly, maintaing the productivity level of the crops. Table 23 

shows the yields obtained with the wheat crop. 

Another farm in Cruz Alta, Odilo Arns and Others, has been adopting over the last five years a cost reduction 

agricultural system that does not decrease average yields. This is accomplished by fertilizing wheat with green 

manure and N; only the summer crop, soybean or maize, is fertilized with P and K. Table 24 shows the crop 

management in each year and the results obtained. 

Table 23. Farm of Benno Arns and Sons, Cruz Alta, RS. Wheat yield in kg/ha from 1991to1999, using a 
sustainable management system 

Year Area ha Cultivars Yield kg/ha 

1991 295 BR 34, BR 35, CEP 14, CEP 21 2220 
1992 290 BR 34, BR 35, BR 37, BR 38, BR 43, CEP 14 CEP 21 3633 
1993 300 BR 35, BR 43, CEP 24, EMBRAPA 15 2388 
1994 300 BR 35, CEP 24, CEP 27 1920 
1995 300 CEP 24, CEP 27, EMBRAPA 16 2220 
1996 418 CEP 24, CEP 27, FUNDACEP 29 1560 
1997 406 CEP 24, CEP 27, FUNDACEP 29 2280 
1998 483 CEP 27, FUNDACEP 29, FUNDACEP 31 1980 
1999 585 BRS 49, FUNDACEP 29, 30, 31 E 32 2800 

Table 24. Farm of Odilo Arns and Others. Cruz Alta, RS. Wheat yield from 1995to1999 and crop management 
used · 

Years Area ha Cultivars Yield kg/ha Cultivars management 

1995 127 CEP 27, FUNDACEP 29, 1860 65 kg total N applied at planting date and 
EMBRAPA 16 as coverage 

1996 425 CEP 24, CEP 27, FUNDACEP 29, 2400 Horse-radish before wheat + 30 kg of 
EMBRAPA 16 coverage N. 

1997 365 CEP 24, CEP 27, FUNDACEP 29, 1920 Horse-radish before wheat + 30 kg of N at 
FUNDACEP 31 planting date . 

1998 400 CEP 27, FUNDACEP 29, 2040 Horse-radish before wheat 
FUNDACEP 31 

1999 345 CEP 27, FUNDACEP 29, 2220 Horse-radish before wheat + 30 kg of 
FUNDACEP 30, FUNDACEP 31 coverage N 
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The adoption of no-tillage in which the crops are alternated continuously, giving emphasis to the natural 
inclination of each region, and integrated to livestock production (cattle, poultry, and swine) is surely the way 

to guarantee sustainability and to keep the farmers in the field . 

In general, where the system has been adopted, yields from various crops have been maintained or even 
increased. Costs, however, have decreased by 30 to 50%, making the agricultural experimentation viable. 

5. Additional Constraints 

Any future progress in wheat research and production has to take into account the surrounding environment. 

This can have positive or negative effects on the total production system. While a long-term and clear 
political/ economic policy on production and prices can favor wheat, there are factors that constitute negative 

effects. 

5.1 Non-Traditional Barriers. Germplasm development is based on wide availability of gene-pools from 

different sources. Brazil needs and depends on these external pools for research and development purposes. 

Bureaucratic delays and unreasonable quarantine regulations are seen as serious impediments to receive and 
incorporate new exotic germplasm sources in breeding programs. 

5.2 Intellectual Property Rights (IPR). The debate on IPR is causing difficulties for farmers, who have to be 

pay higher seeds costs, and also among researchers, who foresee serious cutbacks in the exchange of 

germplasm, even for research purposes. If this trend progresses to an extreme, we foresee serious setbacks to 

the crop development programs in Brazil. 

5.3 Political and Economic Environment. Rational wheat production goals need to be established at the 

political level, which will continuously require support of a dynamic research system. Given that a major 

portion of the research budget goes to cover the salaries of personnel, Brazil must rationalize its wheat 

research programs nationally and increase available operating funds to research bodies today. 

Furthermore, a clear production policy at the farm, commercial, and industrial levels will help properly 
streamline demand. Broad economic agreements within MERCOSUL have led to a decline in wheat 

production in Brazil. Complementing one anothers wheat production potential and quality, needs to be taken 

into account, so that the region can become a net wheat exporter without sacrificing a segment of farmers in a 

given country. 
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