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PREFACE

productivity and what used to be produced in rice crops in the State of Rio Grande do Sul — Brazil, in

the beginning of the first decade of this century. The following step was to set the most important
agronomical practices in the production process. The implementation of the Project together with the produ-
cers has become in an action of technology diffusion, taken as priority by the Rice Institute of Rio Grande do
Sul (IRGA).

The viability of this project has resulted from a joint work between a team of professionals that work in
the technical assistance, rural extension and research at IRGA and the rice farmers in Dom Pedrito in 2001/2002
growing season. Due to the success of this experience, a great expansion in the harvest occurred in the
following year in the six rice producing areas of Rio Grande do Sul. In that occasion, the first edition of the Pro-
jeto 10: Management strategies to increase productivity and sustainability of irrigated rice in Rio Gran-
de do Sul, containing technical recommendations a systemized way for the organization of the rice process
was designed. That publication represented the accumulated research knowledge and the experience in the
technology diffusion process, becoming the main focus of the Programa Arroz (Rice Program) — RS, to increase
productivity and decrease production costs and environmental impact, as well increase of rice grain quality of
the product obtained.

As the challenges in the adoption of the recommended agronomic practices were being overcome, the
goals for increase rice grain yield and competitiveness were being reached. Along with this process, IRGA star-
ted to develop actions towards the Cleaner Technologies Program (Tecnologias Mais Limpas) program, suita-
ble for the production process with improvement in efficiency of the use of natural resources, to the legislation
and environmental preservation. By taking this conduction, IRGA consolidates its position in irrigated rice pro-
duction and sustainability of the production system.

Now, it is necessary to critically analyze the results obtained and to establish new challenges to be over-
come in Projeto 10 in relation to agronomic practices, supported by the Technical Recommendations of
Research. In this sense, it is important to insert such recommendations in the sustainability of rice production
context, as part of the environmental management, and also be part of what is called Good Agricultural Prac-
tices. This is the main goal of this publication.

P rojeto 10 emerged from the evidence that was a considerable difference between the potential of

Figure: Robispierre Giuliani
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1.PROJETO 10 AND ITS INSERTION IN RICE CROPS IN THE STATE OF RIO GRANDE DO SUL

Rice is one of the most important staple food in the
world because it serves as a basic food for more than 3
billion people, which has a tremendous impact on social,
economic and environmental aspects. These aspects are
of particular importance, since the production of rice in
the State of Rio Grande do Sul involves 18,500 farmers,
generates more than 230,000 jobs and the gross value of
the activities is estimated to be at around BRL 5 billion.
Besides, the annual collection of ICMS (State Value Added
Tax) reaches BRL 500 million (> 3% of the GDP of the State
of Rio Grande do Sul) (IRGA, 2010). In the 2010/11 growing
season, Rio Grande do Sul produced around 9 million tons
of grains of irrigated rice (Figure 1). This production, which

10000

accounted for more than 60% of the Brazilian production
and more than 50% of the production in the Mercosul
countries, has been increasing over the recent years, to
the point of the state of Rio Grande do Sul, is becoming
an important exporter of this “commodity”. The increase in
production is due to gains in the cultivated area and yield
grain, notably from the 2003/04 growing season onwards,
in that the cultivated area exceeded 1 million hectares and
the yield grain exceeded 6.0 t/hectare for the first time.

Rice cultivated area in the State of Rio Grande do Sul
has increased significantly over the last years. Up until
2004, the rice area in the State was around 900,000 hecta-
res. From that year onwards, it exceeded 1 million hectares
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Figure 1. Historical evolution of irrigated rice production in Rio Grande do Sul from 1991 to 2011.
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Source: DATER/IRGA (2012)
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and reached its highest in the 2010/11 growing season,
with more than 1,170.000 hectares. The increase in the
area is higher than the rice area in the State of Santa Cata-
rina, Brazil, or Uruguay (Figure 2).

Analysing the history of irrigated rice grain yield in Rio
Grande do Sul it can be noticed that from 1922 to 1969, the
average productivity was around 2.0 t/ha (Figure 3).Only in
the late 60s the productivity exceeded 3.0 t/ha. The gains
can be attributed to the improvements in the process of
mechanization in the crop, to the use of new cultivars re-
leased by the EEA (Rice Experimental Station) at IRGA, to
the introduction of US cultivars and the adoption of new
agronomic practices, such as land ground leveling and the
introduction of chemical control of weeds, since 1966.

In the 70s, the productivity kept on increasing from
3.0 to 4.0 t/ha mainly because the planting system adop-
tion of technologies introduced in the previous decade
and to the use of Bluebelle cultivar in large scale. Early in
the 80s, the productivity exceeded 4.0 t/ha and, in 1988 it
reached 5.0 t/ha. Basically, this development was due to
the introduction of modern cultivars, such as BR-IRGA 409
and BR-IRGA 410, both released in 1981. The expansion
of the rice area to the Fronteira Oeste and Campanha re-
gions, whose soils were more fertile and less infested with
red rice, and had for longer periods of fallow ground be-
tween two harvests, also contributed to reduce the pres-
sure of weed occurrence and recovery of soil fertility.

Since the late 1980s, up until the earliest years of the
XXI century, including the 1990s, the average productivity
of rice Rio Grande do Sul remained around 5.0 t/ha. Only
in 2004 the grain yield exceeded 6.0 t/ha. Between 2004
and 2011, the productivity of rice had the largest gains
in its history in Rio Grande do Sul. During this period, it
increased in more than 2.0 t/ha when compared to the
average of the three harvests prior to the period looked
at. Within this period, the annual average growth of grain
yields in Rio Grande do Sul reached 246 kg/ha per year,
whereas the gains in the world productivity was around
52 kg/ha per year.

Another important factor to be taken into conside-
ration is that during the years of “El Nino” occurrence, the
grain yield had a decrease because of the less incidence of
light and the excess of rain, which make it difficult to ma-
nage soil and crop at the proper moments. This can be no-
ticed in the agricultural years of 1994, 1998,2003 and 2010
(Figure 4). However, due to the improvements introduced
in the crop management, the reduction in grain yield
was lower because of this phenomenon. In the 2009/10
growing season, the average rice grain yield in Rio Grande
do Sul was of around 6.5 t/ha, higher than the grain yield
of other years with the phenomenon “El Nino” occurrence,
which ranged from 4.0 to 5.0 t/ha. In a way this behavior
tells us that the impact caused by environmental stresses
is minimized by the adoption of more suitable manage-
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Figure 2. Historical evolution of irrigated rice area in Rio Grande do Sul, from 1991 to 2011.
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Figure 3. Historical evolution of irrigated rice area in Rio Grande do Sul, from 1922 to 2011.
Source: IRGA (2011)
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Figure 4. Grain yield evolution of irrigated rice in Rio Grande do Sul, from 1991 to 2011, before and
after Projeto 10 implementation. Red circle indicates the occurrence of “El Nifio”.

Source: DATER/IRGA (2012)
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ment practices. Regardless of the rice production area, we
can notice higher productivity of irrigated rice by virtue of
the use of more suitable management practices, even in
an unfavorable year due to the occurrence of the “El Nino”
phenomenon.

Despite the historical increase in rice grain yield in
Rio Grande do Sul (Figure 3), especially due to the use of
cultivars with high yield potential, the average yield in
the first three harvests of the current decade (2000/01
to 2002/03) was of 5.3 t/ha, when was noticed that the
main problem with rice production of the State was the
technology diffusion. This was mostly due to the rice
grain yields were much lower than the yield potential
(higher than 8.0 t/ha). Besides, the Census of the Irriga-
ted Rice Crops conducted by IRGA during the 1999/00
harvest (IRGA, 2002) showed that in 20% of the cultiva-
ted area, the average yield was higher than 7.0 t/ha; that
means that in almost 190,000 hectares of cultivated area,
the productivity was 31% higher than the State average
(5.5 t/ha). Data from the IRGA Census have also shown
that higher productivities were being reached in all rice
production areas of Rio Grande do Sul, regardless of the
size of the farm. It was common to find crops whose pro-
ductivity exceeds 9.0 t/ha. Even so, the farmers of crops
whose average yield ranged from 5.0 to 6.0 t/ha, produ-
ced in part of their crops, what was being produced in
the best crops was very close to the yields reached in the
experimental fields. Another important fact was that the
cultivars used by farmers whose productivity was higher
than 9.0 t/ha were the same used by those who would
produce less than 5.0 t/ha.

Based on diagnoses carried out by Menezes (2001)
and Pulver (2001), two important aspects were pinpointed
to explain the disparity observed in the grain yield obtai-
ned in different farms of irrigated rice in Rio Grande do Sul.
First, the yield potential of the available cultivars was not
the limiting factor to reach higher levels of rice producti-
vity, regardless of the rice producing area and the size of
the farm; second, the agronomic practices used to increa-
se productivity levels were already available but were not
being properly transferred to rice farmers. What was ac-
tually missing was an initiative to organize them within a
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productive process so that they could be then transferred
to farmers. Once this step was over, the main problem re-
mained in deficiency in the technology diffusion process.

Because of the existing gap between the producti-
ve potential of cultivars being used and the average State
productivity, the “Projeto 10” emerged with the intent of
offering rice farmers the agronomic principles and practi-
ces advocated in the Integrated Management. Before the
technology diffusion process started, it was necessary to
go through a very important but unnoticed phase, whi-
ch was the definition of the most important (key) to the
agronomic practices for the organization of the produc-
tive process. The implementation of the Project turned
into an action of technology transfer for the increase of
competition and sustainability of rice production in Rio
Grande do Sul. Then, a joint action of extension and re-
search at IRGA and farmers began, in Dom Pedrito area of
Campanha region, during the 2001/02 harvest. As a result
of the successful experience, a work strategy was defined
for its implementation in the six rice producing regions of
Rio Grande do Sul in the 2002/03, with a great expansion
in the following growing season.

From the success of the results achieved, Projeto 10
became the main focus of the Programa Arroz RS (Rice RS
Program), with goals of increasing the average yield in the
State (1.0 t/ha in four years, from 2004 to 2007), reduction
in the cost of production and environmental impact with
quality of the final product. Projeto 10 was so successful
that in the 2007/08 harvest, in 63% of the cultivated area,
the average productivity was higher than 7.0 t/ha, in that,
29.5% of the area, the yield was higher than 8.0 t/ha and,
in 7.2%, was higher than 9.0 t/ha. The average increase
in productivity in this period was of 1.5 t/ha, even higher
than the initial goal. In the following harvest (2008/09),
the yield average reached 7.3 t/ha and in 2010/11, 7.7 t/
ha. Despite the magnitude of the improvements, there is
still a lot more to be done, since the average productivities
obtained in the farms in Rio Grande do Sul are still far from
the productivities reached in farms where the Projeto 10
was adopted and much lower than the higher productivi-
ties obtained in these areas in all rice producing regions
(Table 1).
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Table 1. Results obtained in the 2010/11 growing season with Projeto 10 implementation in the six rice producing

regions of Rio Grande do Sul State

PROJETOS 10 NUMBERS 102 137
AREA OF PROJETO 10 (ha) 24,634 7,028
PROJETO 10 YIELD (t/ha) 9,62 9,06
CROP AREA PROJETO (ha) 73,975 11,577
CROPS P10 YIELD (t/ha) 8,61 8,18
NUMBER OF INDIRECT FARMERS 1,110 1,345
AREA OF INDIRECT FARMERS (ha) 240,000 68,575
RS YIELD (t/ha) 8,34 7,34

55 78 46 29 447
15,661 13,370 2,730 1,689 65,111
9,74 929 8,40 8,88 9,45
44,416 20,717 15,980 8,736 175,400
8,65 8,78 555 7,52 8,46
385 1,000 642 665 5,147
139,427 100,000 64,200 41,320 653,522
8,02 7,95 6,88 6,51 7,68

" FO = Fronteira Oeste; CA= Campanha; ZS= Zona Sul; DC= Depressdo Central; PCE= Planicie Costeira Externa; PCl = Planicie Costeira Interna and in Rio Grande do Sul State.

2. CONCEPTUAL MODEL, EXPERIENCE AND
RESULTS OBTAINED WITH THE
IMPLEMENTATION OF PROJETO 10

2.1. Conceptual Model

Similarly to what had been found in rice production
in Rio Grande do Sul in 2001 (MENEZES, 2001; PULVER,
2001), FAO studies (2001), through a joint action with
FLAR, conducted in 2000, the low efficiency in the te-
chnology diffusion process had been regarded as one
of the main reasons behind the gap in productivity no-
ticed in the irrigated rice production in Latin American
countries. The basic reason for the disparity between the
technology available and the one that had been adop-
ted by rice farmers lied mostly on how the technology
was generated and transferred. Overall, it was generated
apart from the reality of rice farmers, who did not play
any roles in identifying the demands of the most impor-
tant problems in their communities. Besides, many of the
findings of studies carried out in the experimental sta-
tions were hard to be adopted by them due to adapta-
tion of problems concerning the different local realities.
At that time, IRGA had improved its technology diffusion

Projeto 10

Source: DATER/IRGA (2012)

program, but not enough, since in the 1990s the resear-
ch work used to be carried out almost exclusively at the
Experimental Rice Station (EEA), located in Cachoerinha
- RS.

The complexity of agriculture in a globalized world
requires a different research approach. Rice farmers have
alot to offer researchers and their practical expertise is ex-
tremely relevant in indentifying the research demands on
rice. The more active participation of rice farmers in the
problems identification and in the search for solutions
increases the probability that researchers and extensio-
nists actually meet the answers and so, it makes easier the
adoption of new technologies and recommendations ge-
nerated by research.

In the traditional models of technology generation
and diffusion (Figure 5), the decision on what to research
falls to the researcher (1), after a field visit to see if the re-
sults obtained are useful to rice farmers (2); then they will
return to the experimental station to make adjustments
(3) and only then, they will pass on the information to the
extension service (4). Once they have new information
and technology, extensionists initiate the knowledge dis-
semination to rice farmers (5) and finally, the technology
will be available to them (6).

Management Strategies to Increase Productivity and Sustainability of Irrigated Rice Growth in the RS: Developments and New Challenges n
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Figure 5. Traditional flow of information used by IRGA before Projeto 10 implementation in Rio Grande
do Sul: generation and diffusion among researchers, extensionists and farmers.

In the model for technology generation and diffusion
adopted by IRGA for the Projeto 10 implementation (Figu-
re 6), the decision on what needs to be researched starts
from a diagnostic action which involves extensionists (1),
rice farmers (2) and researchers (B) and many of the pro-
blems identified may already have a solution to be adop-
ted by rice farmers (2A). In that scenario, it will fall to the
researcher to notify rice farmers and organize workshops
on the new technology jointly with the extensionists and
rice farmers. If the problem needs to be investigated, re-
searchers will return to the experimental stations for a
solution (2B). With the problem being solved, researchers,
extensionists and rice farmers will get together again to
validate the new technology in experimental areas. After
that, it falls to the extensionists to disseminate the ad-
vocated technologies in large scale (4). At the end of the
process, rice farmers may be able to adopt the proposed
suggestions (5).

In this model (Figure 6), both the extensionists and
rice farmers take part in the technology generation and
dissemination processes as they take an active role in the-
se processes. Therefore, it is very likely that what has been
generated may meet the users’ actual demand and the
probability that new technologies will be adopted will be
higher. Researchers also take part in the transfer process
and by doing so, they have the opportunity to get to know
the object to be investigated better and interact with rice
farmers. On top of that, the extensionists will be more

Projeto 10

confident in disseminating new technologies since they
will no longer take a passive role but an active one, from
the beginning of the process. This transfer model requires
the implementation of demonstration areas in properties
level as the main mean of technology diffusion. Lectures,
seminars and technical meetings are important too, but
they serve as complementary tools.

In the technology diffusion process, it is essential
to decide on what do to, that is, which techniques will
be made available. No transfer model will be success-
ful if the technologies to be transferred to farmers are
not suitable to meet their demands. Thinking that any
transfer model is the key to the process of technology
dissemination is to increase the gap between farmers
and technicians even more. The importance of the mo-
del is the participation of the different agents in identi-
fying the limiting factors to be worked on properly both
by research and extension along with farmers. In view
of the conceptual research and technology transfer mo-
dels used in Brazil, the actions of IRGA are unique and
distinct, since they bring together research and exten-
sion in one single institution, with necessary funds to
accomplish its mission arising from the Contribution for
the Development of Rice Farming (CDO), which is paid
by rice farmers by bag of commercialized rice. This has
consequences both on the crops and on research and
extension. The business view of rice farmers has been
influencing the technology generation and diffusion

m Management Strategies to Increase Productivity and Sustainability of Irrigated Rice Growth in the RS: Developments and New Challenges




Figure 6. Flow of information used by IRGA for generation and diffusion among researchers,
extensionists and farmers in Projeto 10 implementation in Rio Grande do Sul.

actions of IRGA. For instance, in the 1930s, by decision
of rice farmers, the Agronomist Bonifacio Carvalho Ber-
nardes was sent to the United States of America to work
on his Master’s at the University of Texas. All the activi-
ties carried out by him were developed at the Beaumont
Experimental Station, and it was mostly intended to de-
velop rice farming in that country. Whether this was a
conscious or unconscious action, the attitude of the rice
farmers has contributed significantly for the construc-
tion of the IRGA institutional profile (Figure 7). Since the
1960s, IRGA started to encourage exchange programs to
foreign countries, by sending many of its staff to pursue
specialization degrees in US universities and/or at the
International Center for Tropical Agriculture (CIAT), in
Colombia. In the 1960s and 1970s, most researches and
extensionists from IRGA received instruction on rice pro-
duction technologies at CIAT. On the other hand IRGA
had also established connections with Brazilian universi-
ties and research institutions, as per the model shown in
Figure 7. Along with these exchange programs, a higher
flow of germoplasm and the introduction of agricultural
machinery, such as planes and levee plow, has started
to occur, which has modified the technological profile of
rice crops in Rio Grande do Sul. Another important factor
in the construction of the rice crops profile was the en-
trepreneurial view of farmers, who have always required
a reciprocal attitude from their institution somehow. The
breakthrough attitude, the ambition and expertise of

Projeto 10

rice farmers in working with machines and implements
in the water collection and distribution were fundamen-
tal in the conformation of rice crops in Rio Grande do Sul.
IRGA Research exchange program between other local
and foreign institutions as well as with farmers, was
essential for the success of Projeto 10, since they have
enabled them to reach higher technology standards
currently en vogue in the rice crops in the State.

Additionally, in the years that preceded the imple-
mentation of Projeto 10, IRGA researchers were granted
investments for their educational development. There
were many meetings with these researchers and exten-
sionists and rice farmers to set the crop demands in all
rice producing regions and exchanges with technicians
from all over the world in order to search for information
and curb the limiting factors. The Il Congresso Brasileiro
do Arroz Irrigado (Il Brazilian Congress of Irrigated Rice),
conducted by IRGA in 2001, in Porto Alegre, focused on
the management of the crop and its transfer. The model of
technology diffusion used in Australia, called “Rice-check”,
was addressed by the researcher Warvick Klampet and
served as a basis for the transfer system adopted by Pro-
jeto 10. From that congress, the extension service of IRGA
changed its focus; after almost a decade without making
concrete decisions, leaving behind so many years’ work,
focused on the storage and distribution of water in the
crops, then the agronomic management of rice started to
receive some more attention.

Management Strategies to Increase Productivity and Sustainability of Irrigated Rice Growth in the RS: Developments and New Challenges m
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Figure 7. Conceptual model adopted by IRGA for technology generation and diffusion to rice
growers of Rio Grande do Sul in Projeto 10 implementation.

2.2. Experience and results obtained with Projeto 10

Throughout the years, the experience has shown
that rice farmers could easily adopt new rice cultivars
made available by research. However, such reality cannot
be observed in the adoption of agronomic practices, in
which both research and extension services were respon-
sible for identifying the limiting practices and changing
the way they should be transferred to users. In this sen-
se, the diffusion of regional information through research
has become a necessity for the process of adoption of the
available technology, in order to shorten the gap between
the productive potential of cultivars and the average pro-
ductivity in irrigated rice in Rio Grande do Sul. That was
when “Projeto 10” came up with the intent of providing
rice farmers the Integrated Management principles and
practices advocated for this crop.

“Projeto 10” then started in the 2001/02 growing
season, based on a joint action of extension and research
from IRGA and rice farmers, in a pilot area located in the
Campanha region of Rio Grande do Sul. As a result of the
success of this experience (MENEZES et al., 2004), a plan
of action for the expansion of Projeto 10 for the six rice
producing regions of Rio Grande do Sul was defined. In
the 2003/04 growing season, 294 projects were develo-
ped in an area of 9,248 hectares, which was expanded to
447 projects distributed in 37 farmer groups in an area of
65,111 hectares, in the 2010/11 growing season (Figure 2).

Projeto 10

In this harvest, the eleven highest productivities were hi-
gher than 11.0 t/ha (Figure 3).

The Project begins with the development of a group
of rice farmers for the implementation of crops with the
use of technology in order to increase productivity, assis-
ted by a duly trained technician. Each group is, then, com-
prised of rice farmers disposed to increase productivity
in their crops. The actions start with the conduction of a
crop where the recommended technology is used, either
in part or throughout the entire cultivated area. Then, far-
mers will visit the crops implemented and exchange expe-
riences, following the technical guidelines provided (Figu-
res 8 and 9). These visits are open to the community. In this
state, another group of rice farmers joined the process of
technology transfer in meetings and discussions (Figure
10). That is, those who still had not implemented a high te-
chnology crop, take part in meetings, observe, listen and
discuss what has been done in the already implemented
crops. In these occasions, both the rights and wrongs are
pointed out, means of correction of problems that can still
be solved are proposed and the next harvest starts to get
planned. Through involvement in the process of technolo-
gy transfer and analysis of results, farmers feel more confi-
dent to adopt the new recommended techniques.

The number of groups and farmers per group in
each community depends on the decision made by the
participants. In this process, the distances to be traveled
between the cultivated areas and the number of farmers
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Table 2.

Projeto 10 fields 492 333
Area of Projeto 10 (ha) 9,248 22,804
Grain yield of Projeto 10 (t/ha) 7.7 7,7
Rice fields area with Projeto 10 (ha) 78,408 145,345
Grain yield of farm with Projeto 10 (t/ha) 6,6 6,7
Rice field area in RS (1000ha) 1032 1018
Grain yield of RS (t/ha) 6,1 6,1

Indicators evolution of Projeto 10 in the State of Rio Grande do Sul, from 2004 to 2011

241 698 540 610 477 447
32,992 65,040 58,950 60,501 63,128 65,111
7S 8,0 8,2 8,4 8,1 €5
141,517 137,689 181,320 205920 148,291 175,400
7,2 7,7 7,4 7,7 7,2 8,5
1028 941 1067 1105 1053 1170
6,7 6,9 7,1 7,3 6,4 7,7

Source: DATER/IRGA (2012)

Figure 8. Farmers groups discussing at the fields results obtained with the Projeto 10 recommen-
ded management practices, carried out in different rice producing counties of Rio Gran-

de do Sul.

involved must be taken into consideration in order to faci-
litate visits and exchange of experiences.

The main moments for exchange of experiences and
visits to crops are decided by the groups’ participants the-
mselves. Such moments, which will be mentioned below,
have proven to be important in this process. The first mo-

Projeto 10

ment suitable to visit to the rice production areas is before
the sowing season. At this moment, the agronomic prac-
tices to be adopted are discussed. The second moment to
visit the crops is after the emergence of seedlings, before
weed control, the application of the first top-dressing ni-
trogen fertilization and the use of water in the crop. In this
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Table 3.
county of the State of Rio Grande do Sul

Carlos Schenini Fronteira Oeste

Pedro Schmidt Fronteira Oeste

Pedro Degrandi Campanha

Mario Cadore Depresséo Central

Clecio Karsburg e Renato Zimmer Depresséo Central

Olavo Predebon Campanha

Luis Prochnow Depresséao Central

Parceria Raguzzoni/Teixeira Campanha

Suc. Eurico Pegas Dias Campanha

Magno Bastiani Fronteira Oeste

Jodo S. de Moraes Zona Sul

occasion, the stand, emergence uniformity, initial plant
development, weed control strategies, and timing for ap-
plication of urea and use of water are observed. Two other
suitable moments for visiting the farms are at the end of
the flowering process and during the harvest. During the
entire growing season, technical discussions on the im-
portant stages of development of the crop, field days and
implementation of technological showcases are carried
out at the Rice Experimental Station in Cachoeirinha (Fi-
gure 11) and in the experimental substations of IRGA and
in farms (Figure 12). At the same time, technical develo-
pment and human resources management programs are
available for technicians (Figure 13), farmers (Figure 14),
rural foremen and other field workers (Figure 15).

Table 4 shows the number of technicians, farmers
and field workers trained during the first eight years of
execution of Projeto 10. Whenever possible, Regional
Committees headed towards the development of rice pro-
duction activities are formed (Figure 15). That is an innova-
tive model of institutional organization (Figure 7), which
enables the shift from a traditional technology transfer

Projeto 10

Top rice grain yield productivity in the 2010/11 growing season in Projeto 10 areas, in different producing areas and

Itaqui 80 12,30
Magambara 87 12,05
Sta. Margarida do Sul 20 12,00
Sao Joao do Polesine 3 12,00
Agudo 16 11,85
Sé&o Gabriel 50 11,50
Agudo 6 11,50
Dom Pedrito 96 11,50
Bagé 390 11,44
Sao Borja 348 11124
Jaguarao 50 11,26

Fonte: DATER/ IRGA (2012)

flow (Figure 5), where there is little interaction among re-
searchers, extensionists and farmers, to another in which
this interaction is more intense (Figure 6).

Since the early time, IRGA team has noticed that the
task to increase the rice grain yield in Rio Grande do Sul
was not exclusive to the institution. Quite the contrary, it
was important to work with the largest number of insti-
tutions and technicians involved in the production of irri-
gated rice. The contribution made by farmer associations
and trade unions, cooperation companies, private techni-
cal assistance companies and commercial establishments
were essential for the whole process of technology diffu-
sion. Besides the contribution of these segments for the
productive process, the participation of the farmers was
very important to foster the necessary changes. In this
sense, it fell to IRGA to take a leading role in the process
and share the knowledge acquired with technicians from
other partner institutions (cooperation companies, tra-
de unions, commercial establishments, planning offices,
etc.). Hence, IRGA has trained more than 17,000 people,
among which 815 agronomists from both public and pri-
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Figure 9. In technical discussions, growers talks to the other ones, telling what is being done in
their farmers and the results that are being achieved with the use of the Projeto 10 re-
commended technology.

Figure 10. Meetings to discuss the recommended technology diffusion by Projeto 10 to rice growers,
at different rice producing regions of Rio Grande do Sul.

Projeto 10
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Cachoeirinha

™~

Cahia do Sul - Sta. Vitoria do Palmar

Figura 11.Onfield days at EEA/IRGA and Regional Rice Stations, researchers inform the new management
technologies recommended by Projeto 10.

Rosario desSuls
N A~

Figure 12. On field days at the farms, IRGA researchers, extensionists and farmers discuss the new
management technologies recomended by Projeto 10.

Projeto 10
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Figure 13. Technical capacitation, for public and private institutions, about Projeto 10 recommended
technology, at EEA/IRGA.

Figure 14.Training sessions offered to rice field workers on the technology recommended by Projeto 10,
given lectured by IRGA extensionists and researchers.

Projeto 10
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Figure 15. Training programs for rice field workers and small farmers given lectured by IRGA exten-
sionists and researchers.

vate schools, 507 agricultural technicians and more than
15,000 farmers and field workers since the full dissemina-
tion of Projeto 10, in 2004 up to the 2010/11 harvest (Ta-
ble 4).

The training offered to rural employees was essential
so that the planned changes were successful, once the
majority of them have shared the profits of the harvest.
In the beginning, many of them were against the mana-
gement proposals since fearing that these changes would
not bring any results and would bring losses in the profit
sharing. On the other hand, they were important partners
when they learned the intent of the ongoing changes in
programs and courses and started to take part in field
days, technical discussion and lectures, and will continue
to be in the implementation of recommended manage-
ment practices. Technicians, farmers and farm workers
were trained through many courses on Integrated Mana-
gement of Rice Cultivation (MICA) (Figure 13), since there
was, and there still is, the need to increase the knowledge
on the technology of irrigated rice production so that the
changes can be accomplished.

However, the large number of field days and tech-
nical discussions in experimental areas carried out in the
farms owned by the farmers themselves on the new te-
chnological proposals were the main strategies used to
transfer technology and to share knowledge in all rice
production areas of the State of Rio Grande do Sul (Table
5). The adoption of a new technology is easier when far-

Projeto 10

mers and technicians can notice what is being proposed
in the field, in larger areas, especially when farmers share
the results obtained from the use of such technology with
their peers (Figure 16). So, around 30,000 technicians and
farmers have taken part in field days and technical guide-
lines organized by IRGA and/or its partners, throughout
the duration of Projeto 10 (Table 5). Lectures and seminars
were important complementary actions, but the core of
the transfer process was the field days.

The results obtained (Tables 1 to 3) based on the mo-
del used by IRGA in technology diffusion (Figures 6 and 7)
have clearly noticed some important points which will be
discussed as follows.

First of all, we could see that there is technology
available, including cultivars, to reach productivities much
higher than those that had been presented, through the
examples of farmers themselves. The good results obtai-
ned with Projeto 10 were achieved even with the use of
cultivars that have been on the market for almost 30 years.
Therefore, in order to get a leap in productivity, there are
no limiting factors in terms of the yield potential of availa-
ble cultivars in the market. It is important to highlight that
the release of new cultivars with higher productive po-
tential, grain quality, more resistant stems and stability in
productivity is always welcome. Cultivars that have higher
tolerance to stress caused by the environment, mainly in
mid cycle and cold-tolerant in the vegetative phase will
contribute largely to expand the recommended sowing
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Table 4. Technical training for all the staff level was of fundamental importance to the success of Projeto 10

Growing

seasons

2003/04

2004/05

2005/06

2006/07

2007/08

2008/09

2009/10

2010/11

Agronomists

High School
Level Technicians

115

145

150

155

50

62

67

71

67

75

80

80

63

46

47

49

Number of participants

Farmers and
Workers

Total

464

2.370

1.313

1.850

2.720

3.796

1.357

1.798

Source: DARTE/IRGA (2012)

Figure 16. When workers are involved in the change process, they are important allies in trans-

Projeto 10

formations and in the new technologies adoption.
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Table 5. The massive participation of farmers and technicians in field days, technical workshops and lectures
were very important for the process of technology transfer proposed by Projeto 10
--------------- Number of participants - Number of events--------------

2003/04 1,598 486 112 86
2004/05 1,476 1,438 216 107
2005/06 1,500 1,600 250 170
2006/07 1,350 2,185 191 150
2007/08 4,000 1,902 183 185
2008/09 3,500 2,340 179 237
2009/10 - 2,928 150 214
2010/11 800 2,835 72 174

TOTAL 14,224 15,714 1,363 1,323

period and turn the rice production in the State less vul-
nerable to environmental adversities.

Secondly, as higher productivities are achieved (11, 12
and even 13 t/ha), it is clear that there is technology to pro-
duce more than what has been produced now, in average,
in the fields of irrigated rice in Rio Grande do Sul. However,
it is still unclear whether extraordinary management prac-
tices in these fields have been adopted in order to achieve
such productivities. Not really. Farmers have done simple
things, in the right way and at the right moment, that is:
they have followed the recommendations of Projeto 10.

Nevertheless, it is important to stress that not all
farmers that took part in Projeto 10 have obtained high
productivities. The differences between the results achie-
ved are due to the fact that farmers adopt the practices
recommended at different levels. The partial adoption of
the technology makes farmers obtain lower results than
expected. In agriculture, it is not enough to do some thin-
gs the right way in order to get better results, it is neces-
sary to adopt the whole set of recommended agronomic
practices of integrated management. The undone prac-
tices or those that have been implemented partially will

Projeto 10

Source: DATER/IRGA (2012)

act as limiting factors in the success. Third factor that
may explain the difference between the results obtained
by farmers is how long the project has been adopted by
farmers. The best results are usually obtained after two
or three harvests (Table 2). The factors that have a nega-
tive effect on the establishment and development of the
staple need to be corrected in the growing season. Four-
th important factor to be considered is the execution of
team work. If there is no team work, the expected results
will not be achieved or will take longer than expected. The
degree of technology adoption in the farms is related to
the management level of the human resources and the
productive, administrative and financial process.

The results obtained with Projeto 10 in Rio Grande
do Sul are, so far, very encouraging in their several as-
pects: productivity, cost effectiveness and profitability of
crops and environmental adequacy. In order to evaluate
the importance and magnitude of the results of the pro-
ject, we used “Caracterizacao da Lavoura de Arroz Irrigado
(Characterization of Irrigated Rice Crops) — Safra (Harvest)
1999/00” (IRGA - Censo 2000) as a reference, which por-
trays the situation prior to its implementation.
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The average productivity of rice crops in Rio Gran-
de do Sul in the 2010/11 harvest was of 7.7 t/ha (Figure
4 and Table 1), with gains of 2.2 t/ha (40%) compared to
the reference harvest (1999/00). It was a tremendous re-
sult, since in 62% of the cultivated area, the productivity
ranged between 7.0 and 9.0 t/ha and only within 7.4% of
the area, productivity was below 6.0 t/ha (Figure 17). It is
also important to highlight that in around 11% of the area,
productivity was higher than 9.0 t/ha, reaching 10 t/ha or
more. These data show a great evolution in relation to the
1999/00 harvest, as in 63% of the area in which rice was
cultivated in Rio Grande do Sul, productivity was below
6.0 t/ha and, among these, in 28% of the area, it was lower
than 5.0 t/ha.

However, the gains in productivity obtained in the
2010/11 harvest in relation to 1999/00 was unique among
the rice producing regions, ranging from 1.8 t/ha, in the
Depressao Central Region to 2.7 t/ha in the Sul Region (Fi-
gure 18). The Fronteira Oeste Region showed higher ave-
rage productivity (8.3 t/ha) in the last harvest, with gains
of 2.5 t/ha in relation to the 1999/00 harvest, within an
area of around 330,000 hectares. Prior to Projeto 10 (Figu-
re 19a), in 83% of this area, grain yield was below 7.0 t/ha.
Currently, only 5% of the area presents productivity below

these figures, that is, 95% of the area is producing above
7.0 t/ha, with 52% of the area showing productivity from
8.0 to 9.0 t/ha and, in over 15% of the area, productivity
was higher than 9.0 t/ha. Rice production data from two
important cities in this region, Uruguaiana and Alegrete,
reflect to a greater of lesser extent, the same thing (Figure
20a), especially Uruguaiana, within 81% of the area pro-
ductivity above 8.0 t/ha.

The results of rice productivity in the Fronteira Oes-
te Region may be attributed to soils with higher fertility
(Chernozen and Litholic Neosol), to the areas which have
been least affected by red rice, to the use of mid cycle cul-
tivars and the less intense use of soil in relation to other
regions of the State. However, these conditions were al-
ready a reality before Projeto 10 and the average produc-
tivity of this region was usually below 6.0 t/ha (Figure 18).
Other factors help explain the evolution of productivity
in the region: rice farmers are those who have the higher
percentage of area in which the soil has been tilled befo-
rehand; they also sow a greater part of this area within the
recommended period for rice and are among those who
fertilize their crops more efficiently.

Among the six rice producing regions of the State,
the Sul Region was the one that has grown the most in ter-
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Figure 17. The percentage of the area in which rice is cultivated that shows higher productivities has
been increasing significantly in Rio Grande do Sul after the implementation of Projeto 10.
Note: the 1999/00 harvest, from the IRGA Census, has been taken as a reference.
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Source: IRGA (2012)
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2001/2002 growing season

RICE PRODUCING REGIONS

1- Fronteira Oeste

2- Campanha

3- Depressao Central

4- Planicie Costeira Interna
5- Planicie Costeira Externa
6- Zona Sul

RS: grain yield
5.5-7.7 t/ha

Figure 18. In the six rice producing regions, grain yield has increased significantly after 8 years of the

Projeto 10 implementation.

ms of productivity: 2.7 t/ha within the period (315 kg/ha
per year) and, in the last harvest, the productivity reached
8.0 t/ha (Figure 18) within an area of 185,000 hectares. In
the 1999/00 harvest (Figure 19¢), in 96% of the area, the
productivity was lower than 7.0 t/ha; in that in more than
25% of the area, the productivity was lower than 5.0 t/ha.
In the 2010/11 harvest, however, in 84% of the area the
productivity was higher than 7.0 t/ha: in 6% of the area,
the productivity ranged between 9.0 and 10.0 t/ha and, in
6% was higher than 10.0 t/ha. Another relevant fact was
that in the last harvest, the productivity was lower than
6.0 t/ha in 3% of the area, whereas in the 1999/00 har-
vest, it occurred in 63% of the area (Figure 19¢). Even the
southernmost cities in this region, such as Santa Vitéria
do Palmar and Jaguardo, which have a cultivation area of
about 95,000 hectares (Figure 20c), regarded as lower pro-
ductive potential, due to lower air temperature during the
cycle, had considerable improvements in the rice grain
yield. Santa Vit6ria do Palmar stands out in the region with
50.4% of the area with productivity above 8.0 t/ha.

The reason behind this evolution in productivity in
the Sul Region is due to sowing in the right time due to
the adoption of the minimum tillage system and to a lar-
ger area in which the soil was tilled beforehand. This area
is the one that has the lowest “sowing gap” by virtue of col-

Projeto 10

Source: DATER/IRGA (2012)

der temperatures in the spring and the lower incidence of
sun light, mostly observed from mid-February and, also by
virtue of higher probabilities of lower temperatures in the
reproductive stage of rice. That is, in this region, sowing
has a higher negative impact whenever when it occurs af-
ter November 05. Good results in the region can be also
attributed to the control on red rice by the adoption of
the Clearfield® system, the use of the IRGA 424 cultivar
with higher productive potential and more intense use of
fertilizers and certified seeds. This is the rice producing re-
gion which has the highest percentage of certified seeds
in the State.

In the Campanha Region, the productivity reached
7.9 t/ha in the 2010/11 harvest (Figure 18), within 196,000
hectares of irrigated rice crops. The improvements are very
clear (Figure 19b), since in the 1999/00 harvest, within 89%
of the area, the grain yield was lower than 7.0 t/ha. On the
other hand, in the 2010/11 harvest, within 82% of the area,
the productivity was higher than that, since in 16.6% of the
area, the productivity ranged between 8.0 and 9.0 t/ha and
in 6.7% of the area, the productivity exceeded the average
of 9.0 t/ha. It is important to highlight that only in less than
1% of the area; the productivity was lower than 5.0 t/ ha in
the 2010/11, whereas previously in 30% of the area, it was
lower than that. Dom Pedrito and Rosdrio do Sul (Figure
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Figure 19. The significant increase in the percentage of cultivated area with high grain yield, after Projeto 10 implementation, has

been noticed in all RS six rice production regions.

20b), counties in which almost 76,000 hectares are cultiva-
ted, represent the attitude of the region very clearly (Figure
19b). Dom Pedrito, where Projeto 10 began (Figure 20b),
saw one of the greatest productivity gains, since 82% of the
area had productivity lower than 7.0 t/ha and now 95.5%
of the area is above this figure. Currently, productivity be-
tween 8.0 and 9.0 t/ha occurs in 43% of the area, and in 24%
of it, the productivity ranges between 9.0 and 10.0 t/ha and
in 12% it is higher than 10.0 t/ha.

The analysis of the evolution of productivity in the
Campanha Region is complex due to the differences in soil
fertility. The fact that the area has been adopting Proje-
to 10 (two years) the longest compared to other area can
be an important reason for this gain, since this factor is
considered fundamental for the success of the technology
diffusion process (Table 2). Just like in the other regions,
the evolution can also be attributed to the adoption of
agronomic practices recommended by Projeto 10 and by
the control of red rice with the Clearfield® system. Gains
could be higher if it were not for the sowing being con-
ducted outside of the recommended period, low fertility

Projeto 10
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Source: IRGA (2012)

of a significant area taken over by Planosol soils, the con-
fluence of Santa Maria and Ibicui rivers, and also, by the
high infestation of red rice and the insufficient use of certi-
fied seeds. Contrary to that, in counties where the soils are
more fertile, such as Bagé and Dom Pedrito, and the areas
south of the cities of Sdo Gabriel and Rosario do Sul, whe-
re there is a predominance of Chernozen, the productivity
evolved positively with few fields showing productivities
lower than 8.0 t/ha.

The Depressao Central cultivation numbers are
around 171,000 hectares, with productivity of 7.3 t/ha in
the 2010/11 harvest (Figure 18). The gain in productivity in
this region, though it was the lowest (193 kg/ha per year),
was also significant. This is probably due to its producti-
vity standards in the 1990/00 harvest, which were lower
than the Fronteira Oeste only. Despite the evolution was
positive, since back then, grain yield was lower than 7.0 t/
ha in 89% of its area and had productivity gains above this
figure in 82% of the cultivated area (Figure 19d).

Currently, most areas reach productivity levels ran-
ging between 7.0 and 9.0 t/ha, and in 16.6%, the produc-
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Figure 20. Most areas where irrigated rice was cultivated in some counties of the Fronteira Oeste, Campanha and the

Zona Sul have grain yield higher than 8.0 t/ha.

tivity ranged between 9.0 and 10.0 t/ ha, and 6.7% of this
area was above 10 t/ha. Today, however, the production is
lower than 6.0 t/ha in only 6% of the area. In the 1999/00
growing season, in 62% of the area, the grain yield was
lower than that (Figure 19d). The greatest productivity
gains occurred in the Fronteira Oeste region. Those are
cultivated areas in cities colonized by both Italian and
German immigrants, being the ones which have been
producing rice in the State for the longest period of time.
These are small farmers who have high levels of efficiency
in the use of technology and property management. The
soil is used intensively and the rice has been sown every
year in the same area, for around 100 years. Paraiso do Sul,
Agudo (Figure 21a) and Dona Francisca, in which around
16,000 hectares are cultivated, saw greater productivity
gains compared to other cities, such as Candeldria (Figure
21a). Dona Francisca hit a record of productivity in the re-
gion in the 2010/11 harvest, with 9.2 t/ha. The use of the
technology recommended by Projeto 10 by small farmers
shows us that it can be adopted successfully regardless of
how big the property is; however, it requires management
abilities to to the “things” at the right time.

Projeto 10
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The most constraining factor to the evolution of
productivity in the Depressao Central Region is the con-
duction of sowing outside of the recommended period,
due to the use of a conventional tillage system and also
because only a small area has been tilled beforehand.
The cities that have had higher productivity gains were
those that used systems in which sowing could be done
with minimal interference from weather conditions. The
pre-germinated system is widely used in some cities in
this region, such as Agudo, Dona Francisca, Candelaria,
Paraiso do Sul, Faxinal do Soturno, Sdo Jodo do Polese-
ne and Restinga Seca. On the other hand, the minimum
tillage system with previously tilled soil system is widely
used in Cacapava do Sul. Not until the Central Depres-
sion region starts to conduct soil tillage beforehand and/
or use systems less dependent on weather conditions,
will their productivity grow. Other practices that con-
tribute to small growth in productivity are the intense
use of cultivars of early cycle, insufficient use of certified
seeds and insufficient use of fertilizers in some counties.

Around 148,000 hectares are used for cultivation
in the Planicie Costeira Interna Region and the average
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Figure 21. In some counties of the Depressao Central, Planicie Costeira Interna and Planicie Costeira Externa regions, only

a cultivated areas produce less than 6.0 t/ha and they have been improved, since after the Projeto 10 implementation,

the productivity ranges from 7.0 to 8.0 t/ha.

productivity in the 2010/11 growing season was of 6.9 t/
ha (Figure 19). The productivity growth compared to the
1999/00 harvest (1.7 t/ha) can be considered good, when
compared to its own previous records. However, it could
have been larger, if we consider the productivity gains
obtained in the areas covered by Projeto 10 (Table 2). A
factor that makes the region’s potential evident is that in
43% of the area, the productivity is now higher than 7.0
t/ ha, whereas previously (1999/00 harvest) in 85% of the
area, the productivity was lower than 6.0 t/ha and, among
these, in 42.5% of the area, the productivity was lower
than 5.0 t/ha (Figure 19e). In the 2010/11 harvest, in 11%
of the area, the grain yield was lower than 6.0 t/ha. A good
example of productivity growth in this region was in Sao
Lourenco do Sul (Figure 21b), with 13,000 hectares used
in rice cultivation, whereas previously, in 65% of the area,
productivity was lower 5.0 t/ha. Currently, this producti-
vity is a reality in less than 2% of the area. Another city
that has shown improvements, though smaller ones, was
Camaqua (Figure 21b), with 54,000 hectares used in rice
cultivation, where productivities smaller than 6.0 t/ha rose
to0 47% in only 5.8% of the area.

Projeto 10

Source: IRGA (2012)

The conduction of sowing outside of the recommen-
ded period has been the most constraining factor to pro-
ductivity growth in the Planicie Costeira Interna Region
mostly due to the fact that the soil has not been tilled
beforehand. While the farmers that presented gains sow
their seeds in the few days available for work, in Septem-
ber and October, majority of them are only beginning to
prepare soil tillage. This region has the largest area used in
rice cultivation in the pre-germinated system in the State.
This is partly because farmers from Santa Catarina, where
this system is prevailing. The frequent use of this system
has contributed to increases the productivity in the re-
gion. However, it could have been better if the varieties of
long cycle, such as EPAGRIs, were not sown late and, still,
with little use of fertilizers. Other factors, such as the use
of early cultivars in most areas, the insufficient use of cer-
tified seeds and late irrigation also constrain productivity.

In the Planicie Costeira Externa Region, 138,000 hec-
tares of rice were cultivated and the average productivity
reached 6.5 t/ha in the 2010/11 harvest (Figure 18); this
is the region which has presented the lowest productivity
gains (only 1.3 t/ha). Though it has grown when compa-
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red to its own previous records, there is evidence that it
could have grown more. In the 1999/00 harvest, in 80%
of the area, the productivity was lower than 6.0 t/ha, in
that in 43% of this area, the productivity was lower than
5.0 t/ha (Figure 19f). In the 2010/11 harvest, in only 7%
of the area, the productivity was lower than that and, in
35% of the area, the productivity was higher than 7.0 t/
ha, in which the productivity was higher than 9.0 t/ha in
6.7% of the area (Figure 19f). Whereas in Viamao (Figure
21c), only 27% of the 25,000 hectares cultivated produced
more than 8.0 t/ha, in Santo Antdénio da Patrulha, 52.1% of
the area of 22,000 hectares produced higher figures than
that.

Results from the 2010/11 harvest in the Planicie Cos-
teira Externa Region could have been better. However, be-
cause the sowing occurred mostly from November on, the
reproductive phase of plants in most crops coincided with
the period of rainfall above the average and high tempe-
ratures. This enabled a severe epidemic of leaf blast, cau-
sing by significant productivity losses, since many farmers
were not able to harvest anything in part of the crops. This
evidences the biggest problem of this region, which is the
conduction of sowing outside the recommended period.
Out of all rice producing regions of RS, this is the one in
which the sowing occurs later and as a consequence, is
the one that shows lower productivity gains. The insuffi-
cient use of certified seeds and fertilizers, and the use of
early cultivars in most crops have also had an influence on
that. The predominance of sandy soils and low fertility has
also contributed to low productivity obtained. But despi-
te this natural constraining factor, the productivity could
have been higher, since in many crops in the region (Table
1), the productivity has been higher.

Projeto 10

Looking at the average rice productivity (Figures 4
and 18) and productivity data issued for the State (Figu-
re 17), in the different regions (Figure 19) and in cities
in each region (Figure 20 and 21), we can see significant
increases over the latest years. However, if we consider
the productive potential based on the best results ob-
tained in areas where Projeto 10 was adopted (Tables
2 and 3), we can notice that there is still is a producti-
vity gap of 3.0 t/ha. The yield potential of the areas of
Projeto 10 remained high over the last two harvests in
question (Figure 22) though weather conditions have
been very different. In the 2009/10 growing season,
the average productivity in the State was lower (6.5
t/ha), due to the phenomenon “El Nino”, but yet the
grain yield was high (8.1 t/ha) in areas where Projeto 10
was implemented (Table 2). On the other hand, in the
2010/11 growing season, weather conditions were very
favorable to rice cultivation, due to the phenomenon
“La Nina”, with intense solar radiation and low intensity
and frequency of rainfall in the spring, thus allowing far-
mers to conduct sowing at the right time even without
a good management of the productive process. In the
2010/11 growing season, 447 Projeto 10 fields were im-
plemented in different rice producing regions, covering
an area of 65,000 hectares, with an average grain yield
of 9.5 t/ha; the eleven best grain yields were higher
than 11.0 t/ha, up to 12.3 t/ha (Table 3). In the proper-
ties where Projeto 10 was implemented, the cultivated
area reached 175,000 hectares, with grain yield of 8.5 t/
ha (Table 2). As these results are based on crop records,
we can conclude that there are enough technology and
cultivars to produce more than what has been currently
produced in the State of Rio Grande do Sul.
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Top rice grain yield (t/ha)

Rice Producing Regions

1- Fronteira Oeste

2- Campanha

3- Depressao Central

4- Planicie Costeira Interna
5- Planicie Costeira Externa
6- Zona Sul

’ 2009/2010 Growing season — “El Nifio” year ‘

Figure 22. The use of technology reduces the impact of stresses caused by negative wea-
ther conditions such “El Nifo”, once, due to the excess of rainfall, the sowing is done af-
ter the recommended period reduces solar radiation at flowering time.

2.3. Testimonyals of farmers who adopted Projeto 10

The success of Projeto 10 can be evidenced by the
testimonials of farmers from different rice producing re-
gions in RS who adopted it. These are testimonials that
were published in several issues of the magazine Lavoura
Arrozeira (Rice Field), as follows.

In the Campanha Region, farmer Valter José Pot-
ter, one of the pioneers in the adoption of Projeto 10 in
the city of Dom Pedrito, stresses that the project fostered
alterations in all processes involving rice crops, seen that
the soil used not be tilled beforehand. According to him,
in the past average profits in harvests ranged 6.0 and 6.5
t/ha and, after taking part in Projeto 10, the grain yield
arose to 9 and 10 t/ha. Changes adopted were very sig-
nificant, especially after an anticipated technical analysis
of the soil, prior soil tillage (from the previous summer up
to sowing), use of wide and reduced levees system, antici-
pation and concentration of the sowing period (Sep 20 to
Oct 20), fertilization compatible with productivity expec-
tations, dry nitrogen fertilization (before irrigation), choice
for high productivity cultivars with industrial quality with
certified and treated seeds, early weed control and redu-
ced use of herbicides and irrigation up to three of four
leaves. As a consequence of the actions conducted by far-
mers, the production of rice has seen a significant increase

Projeto 10

Source: IRGA/DATER (2011)

in Dom Pedrito, with a major leap of productivity compa-
red to the past. Hence there has been a higher demand
for technical assistance, input, services, qualified workfor-
ce, silos and dryers. That has been a real silent, consistent
and irreversible revolution. Farmers who used Projeto 10
were convinced of the results obtained and adopted this
technology massively. Another farmer from Dom Pedri-
to, Alamir Viero, has also presented a testimonial: “Since
the 2001/02 growing season, the project’s practices have
been changing the ways rice is produced in the proper-
ty, starting from the sowing season. In the past, | used to
start conducting soil tillage in the spring and sowing rice
in October and November; now | conduct soil tillage in the
summer in rotative areas where | may alternate with the
cultivation of soybeans, and sow rice in September and
October” So, in addition to sowing the entire crop in the
recommended period, he highlights other techniques of
the project, such as the early weed control and crop irri-
gation, as essential for productions higher than 10.0 t/ha.
Farmer Gilberto Raguzzoni, who has been monitoring
Projeto 10 since the very beginning, has weighted in the
differences noticed by rice farmers in the Campanha Re-
gion. Raguzzoni recalls that Projeto 10 was started by a
joint decision made from both Associacao dos Arrozeiros
de Dom Pedrito (Rice Farmers Association of Dom Pedrito)
and IRGA offices, both regional ones and from Porto Ale-
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gre. The process evolved quickly and efficiently because
it was based in some strategies different from the ones
previously used, as he mentions the technology diffusion
from experimental fields in research stations. Now, the
diffusion takes place from experimental crops in areas in
which farmers produced 10.0 t/ha or more. In these crops,
production would rarely reach 6.0 t/ha; the fundamental
difference was that some farmers “created” areas of appro-
ximately 10 ha and the recommendations of Projeto 10
were followed carefully, such as the sowing season, fertili-
zation, dry urea, irrigation period, weed control, etc. These
areas used to receive frequent visits by IRGA extensionists
to monitor the staples and recommend new management
stages for the following period. The farmer stresses that
another relevant factor in the process of diffusion was
the conduction of field days, with visits to all areas where
Projeto 10 was implemented, with the presence of tech-
nicians and a large number of farmers from Dom Pedrito.
“Then he mentioned how he had done it those who liste-
ned and went to see the crop by themselves would belie-
ve it more then only relying on the words of the extensio-
nists”. After the experimental fields were harvested, there
used to be an important meeting where grain yield figu-
res would be published and, again, there used to be an
exchange of information between extensionists and far-
mers, highlighting the high productivities obtained. “This
mode of operation would make the entire rice production
community even more aware”. To conclude, Raguzzoni
stresses that the incentive given by the leaders of the pro-
ject was very important so that the farmer’s teams could
participate and get convinced. Without that, the Project
would not have been successful.

In the city of Sao Borja, in the Fronteira Oeste Re-
gion, the implementation of Projeto 10 relied on the
community’s mass participation. Farmer Aldo Marino
Heck, from Sao Borja, stresses that the access of farmers to
technology is a great merit of Projeto 10, since the Project
brings together the smartest practices for rice crops. Ac-
cording to him, these are simple techniques, without costs
that have been transferred to the group of farmers who
did not have access to that information before. For the far-
mer Gilberto Alvarez da Costa, the innovations focused
on larger productivity with lower cost. According to him,
in an area of 9,104 hectares that belonged to farmers from
Cooperativa Imembuy (Imembuy Cooperation Company),
the average grain yield gains were of 2.5 t/ha. He highli-
ghts that it is expected that all farmers from the coope-
ration company become aware in order to obtain at least
the current average productivity of 8.2 t/ha and, so, keep
consistent results and enjoy the potential of cultivars. For
Celso Rigo, president for Pirahy Alimentos (Pirahy Foods),
a company that benefits from the rice of Sdo Borja, Projeto

Projeto 10

10 has enabled a significant reduction of costs in the crop,
in addition to improving the quality of the product. The
rational use of natural resources, the quality of seeds, the
sowing period, irrigation management and weed control
were the main factors that helped increase grain yield. Jo-
nas Dalla Porta reckoned that the main change was the
integration between researchers and farmers through lec-
tures, field days, technical workshops, training for farmers
and employees and the exchanges from the visits in pro-
perties. Edgar Posebom, from Uruguaiana, has adopted
all recommendations of Projeto 10 in his entire crop (1,100
ha) and the grain yield reached 9.6 t/ha, a gain of 2 t/ha
compared to the previous productivity. He basically dealt
with the conduction of soil tillage beforehand and sowing
during the recommended period, reduction of sowing
density and irrigation with rice plants of 3-4 leaves. He
also stressed that harvesting during the ideal period is
very important for the quality of grains.

For the farmer Luis Carlos Ceretta, from the city of
Piratini in the Depressao Central Region, Projeto 10 has
come to raise awareness of farmers of the importance of
the sowing period. In the 2007/08 harvest, the sowing be-
gan on October 20 and ended on November 08. In this
harvest (2011/2012), the farmer obtained an average of
7.8 t/hain a crop whose area was of 230 ha in his property,
whereas in the area of 110 hectares with the Projeto 10
technology, the productivity was of 9.0 t/ha. For the far-
mers Gilberto Milanesi and Saul Cervi, some of the first
to adopt this technology in this city, Projeto 10 brought
researchers closer to the crops, cleared some doubts and
brought the best technologies for rice farmers in the re-
gion. Aldo Hay, who has been a farmer in Agudo for 29
years, states that Projeto 10 was the best technology to
gain high productivities. In the past he used to produce
6.0 t/ha and in the earliest years of the project, this num-
ber rose to 8.0 t/ha. He states that Projeto 10 is a successful
experience and is essential that all farmers take part.

Agronomist Sérgio Borba, from the company Agro-
paty, based in Eldorado do Sul, in the Planicie Costeira
Interna Region, has noticed that in each harvest, farmers
are more professional and are more committed to develo-
ping their crops. He acknowledges that farmers are more
technical and are seeking professional development and
IRGA has made it available over the recent years, either
through early irrigation or by improving the level of fer-
tilization among other important practices. According to
him, farmers used not to care about these practices, but as
their mentality has changed, he has noticed an increase of
up to 2.0 t/ha in productivity results.“Before Projeto 10 the
average productivity of rice of many farmers was of 4.0 t/
ha. Currently the average productivity has reached around
7.0 t/ha". Rafael Albuquerque through a partnership with
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Jorge Brauveres, from the city of Barra do Ribeiro, are in
compliance with the recommendations of Projeto 10 and
have already obtained around 8.0 t/ha in rice grain yield in
a crop of 103 ha. Albuquerque claims that they try to sow
at the recommended period and give special attention
to both basis and top dressing fertilization. He states that
both field days and technical workshops made him raise
awareness of the possibility to reduce the number of see-
ds from 170 kg to 100 kg/ha or less and of the importance
of the use of certified seeds.

Farmers from the Planicie Costeira Externa Region
also believe that Projeto 10 has brought significant chan-
ges in the process of rice production. According to Walter
Dutra, from the city of Santo Antonio da Patrulha, the pro-
ject has aggregated income to the business due to pro-
ductivity gains. In the past he used to harvest only 5.0 t/
ha and, currently he harvests more than 8.0 t/ha within an
area higher than 1,100 hectares. According to him, sowing
in the recommended period along with the systematiza-
tion of the areas has enabled him to expand the cultiva-
ted area with the same quantity of water. José Mathias,
from the city of Mostardas, highlights that besides the
importance of the productivity gains with the use of new
technological recommendations on the reduction of the
density of the seeds, of weed control and earlier sowing,
there has also been a significant gain with the stabilization
of productivity in higher standards, which has risen from
6.0 to 8.0 t/ha. He states that the diffusion model enables
farmers to see what others do and this increases their self-
-confidence.”Many times farmers do not believe in resear-
ch, but in view of the results obtained by their neighbors
they feel they can improve their results even more” For
Geraldo Azevedo, from Mostardas, Projeto 10 has brou-
ght a new vision to rice crops, which has led to higher pro-
ductivity and improved business profits. This has encoura-
ged the work team to seek innovations to produce 10.0 t/
ha throughout all crop, as the ultimate goal. According to
him, “with the project we had access to new technologies,
productivity gains, income gains in the property and we
were able to rely on employees who have an entrepreneu-
rial view of the business, which has enabled us to plan and
carry out the crop activities properly”. With these changes,
he increased productivity in more than 2.5 t/ha and, in
part of his farm, he has produced 12.1 t/ha, with the cul-
tivar IRGA 424 in the 2008/09 harvest. The farmer Maria
Isabel Cardoso Terra, also from Mostardas, highlights
that Projeto 10 has contributed to significant changes on
rice production in the State. Soil tillage is done much ear-
lier and sowing is conducted at the recommended time;
there is an increase in fertilization, with the largest part of
urea being applied to dry soil, lower water layer and more
efficient use, as well. The professional development of ow-

Projeto 10

ners and employees has also improved greatly with the
courses sponsored by IRGA and SENAR at the properties.
She acknowledges that constant visits of IRGA extensio-
nists to implement project’s crops and meetings with local
farmers for the exchange of information and experiences
keep farmers up-to-date on new technologies.

Renato Amaral, a rice farmer in Santa Vitéria do Pal-
mar, South Zone of the State, has achieved average pro-
ductivities above 9.0 t/ha with the adoption of the tech-
nologies recommended by Projeto 10. For him, the most
important part of the project is that IRGA extensionists are
there in the crop to clear the farmer’s doubts. He highli-
ghts that there needs to be integration between research
and farmers for the exchange of experiences. Among the
recommended technologies, he highlights prior soil tilla-
ge as a factor to enable rice sowing at the recommended
time. For Marcio Silveira, from Sta. Vitéria do Palmar, a
production manager at Granja do Salso with around 5000
ha of rice sown, has obtained a grain yield gain of around
3.5 t/ha by adopting the agronomic practices recommen-
ded by Projeto 10. The average rice grain yield of the last
two harvests was of 9.0 t/ha. He highlights that with the
increase in productivity, there has been reduction in the
production costs, since more than 70% of the costs of his
crop will not change if the rice productivity reaches 5.0 or
10.0 t/ha. For him, the foundations of Projeto 10 is the con-
duction of sowing at the recommended period based on
prior soil tillage, following the early weed control and irri-
gation of areas when they have 3-4 leaves and fertilization
in accordance with the production expectations.

3. AGRONOMIC PRACTICES RECOMMEN-
DED BY PROJETO 10

Reaching high productivities of irrigated rice depen-
ds on several factors, in which some factors can be con-
trolled others cannot. The interaction between these se-
veral factors that influence in the productive system as a
whole is what determines grain productivity and quality
and the desired economic return. Therefore, it will not be
the adoption of one or another isolated agronomic practi-
ce that will change the current productivity standards.

The agronomic practices adopted in Projeto 10 are
based on Technical Recommendations Research for
Rice (SOSBAI, 2010) and are related to the sustainability
of rice production activities. They are part of the envi-
ronmental management of crops and are part of what is
known as Good Agricultural Practices, as defined in a pro-
per guide (MUNDSTOCK et al., 2011).

Even by taking in consideration the importance of
all different agronomic practices, Projeto 10 has prioriti-
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zed the sowing date, plant nutritional status, soil fer-
tilization, management of irrigation water and weed
control as the most restrained ones for rice produc-
tivity in RS. However, soil adequacy practices, choice
of cultivars, use of good quality seeds and insect and
disease management has been given attention in or-
der to reach high rice grain yield of rice grains. In order
to monitor the rice production process more effectively,
firstly are presented the practices that are related to the
definition of productivity, so called “construction” practi-
ces, and then, those that deal with its protection, so called
“maintenance” practices.

3.1. Practices related to the “construction” of produc-
tivity

3.1.1. Sowing period

Sowing period is one of the most important practi-
ces that define irrigated rice productivity (Figures 23 to
25). It is important to decide on its implementation once
it depends on several factors such as: weather conditions,

r

5,6 t/ha "

soil type, level of weed incidence, cultivars and cultivation
system used. It affects several agronomic characteristics
relevant of the crop, without significant interference in
its production cost. Regardless what had been the norm
previously, the sowing period must be planned not only
by virtue of the occurrence of low temperatures during
the reproductive phase of the crop, but mainly as a goal to
achieve higher grain productivity, thus the plant’s repro-
ductive phase coincides with the days with higher solar
radiation (Figures 26 and 27).

In the State of Rio Grande do Sul, the recommended
period for sowing is from September 01 to November 05,
regardless of the rice producing region (Table 6). Sowing
must start as soon as the soil has friability conditions
that enable this operation, even if the soil temperature
is no longer suitable for seed germination and seedlings
emergence. When sowing occurs in the beginning of the
recommended period, the duration of the sowing-emer-
gence subperiod is higher and seeds are exposed to pos-
sible pathogenic attacks for a longer period of time (item
3.2.2), as the seeds can be treated with fungicides. In these
cases, it is recommended to conduct sowing at a shorter

11,1 t/ha

- - . =

Photos taken on Jan
17,2005

Figure 23..The right sowing time is one of the factors that determines high rice grain in crops Projeto
10 fields. Grain yields presented here refers to the BR-IRGA 410 cultivar.

Projeto 10
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depth (2.0 cm), since the occurrence of low temperatures
during September and October lowers the growth rates
of mesocotyl, which makes the emergence of coleoptiles
more difficult when seeds are placed at a higher depth, as
they may result in a lower number of plants.

Use of cultivars with higher capacity to tolerate low
temperatures during the phase of seedling establishment
allows for the conduction of sowing in the beginning of
the recommended period. This allows for the enjoyment
of benefits of more favorable weather conditions for so-
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24. The recommended sowing time for the short season cultivars is from Oct 01 to Nov 10

according to experiments conducted by IRGA for eight years (from 2002 to 2009), in three
counties located in three rice producing regions of Rio Grande do Sul.

Source: Agronomy Team EEA/IRGA (2012)
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Figure 25. The recommended sowing time for Mid season irrigated rice cultivars is from Sep 01 to
Oct 30, according to experiments conducted by IRGA for eight years (from 2002 to 2009),
in three counties located in three rice producing regions of Rio Grande do Sul.

Projeto 10

Source: Agronomy Team EEA/IRGA (2012)
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Figure 27. Higher solar radiation occurs between mid-November and mid-February, independently of
which part of Southern Brazil.
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Table 6. Recommended period for sowing irrigated rice cultivars for higher grain yield according
to the development cycle, in Rio Grande do Sul State

Very short season
Short season
Mid season

Late season

lar radiation in November, December and January (Figu-
re 27), especially in rice producing regions with higher
probability of lowest temperatures lower or equal to 15
oC within this period. Besides that, the use of such culti-
vars broadens the sowing period, thus minimizing high
investments necessary to seed a great part of land within
the recommended period. The availability of cultivars with
these characteristics is a challenge to research for the next
years.

Unfortunately, as there are no cold-tolerant culti-
vars for the weather conditions of Rio Grande do Sul, it
has been suggested to start sowing the medium or long
cycle cultivars at the beginning of the recommended pe-
riod. This is mostly due to its best performance in biocli-
matic tests, since they show higher recovery capacity of
the stress caused by the cold, even though some present
slower initial growth (as IRGA 424).

The principal point is that as we desire to increase
grain yield potential and stability of the crop, we must
choose the sowing date with the maximum solar ra-
diation at the plant’s reproductive phase. Temperature
is considered essential during the reproductive phase sin-
ce data show that when sowing starts after November 05,
the chances of cold weather in the reproductive phase are
higher. Cold temperature that occasionally occur during
this phase are unpredictable and the most suitable solu-
tion is the use of cold-tolerant cultivars in this phase too,
though they are still not available.

There has been a great improvement in bumping up
the sowing season in the State of Rio Grande do Sul by
virtue of the implementation of Projeto 10 (Figure 28a).
In the 2008/09 growing season, 55% of the area had been
sown until late October, not shown result. The challenge to
sow 90% or more of the area of the State until the first two
weeks of November was reached in the 2010/11 growing

Projeto 10

15 Oct - 10 Nov
1° Oct - 10 Nov
1° Sep - 30 Oct
1° Sep - 15 Oct
Source: Agronomy team, EEA/IRGA (2012)

season, with 92.5 % of the sown area until this date. This
goal had already been reached in the city of Jaguarao, in
the 2009/10 growing season (Figure 28b). Another posi-
tive factor in this growing season was that the end of the
sowing season occurred until the first two weeks in De-
cember. Previously, it was common to end sowing at the
end of December, though in some cases there used to be
an extension until the earliest days in January, thus contri-
buting for low average productivity in the crop.

For the sowing season occur during the recommen-
ded period, the soil needs to be tilled beforehand. Farmers
who initiated sowing in mid-October will only complete it
within the most suitable period if there are good weather
conditions, since spring rainfall in the state of Rio Grande
do Sul is frequent and there are few days for sowing.

Sowing in the recommended period, in addition to
providing higher productivities, is essential for the good
management of the crop as a whole, since it makes easier
its technical and operational management, thus allowing
for the conduction of subsequent activities in a timely
fashion.

For the sowing of rice be able to occur within the re-
commended period (Table 6), the area needs to be tilled
beforehand, paying special attention to aspects related
to draining, prior soil tillage, choice for cultivation system
and systematization, as shown as follows.

a) Draining

Deficient draining (Figure 29), which still occurs in
most of the rice fields in the State, is due to the flat topo-
graphy of lowlands along with the frequent rainfall that
usually occur during the winter and in the beginning of
the spring. Efficient crop draining (Figure 30) is important
for soil tillage, in order to enable sowing at the right pe-
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Figure 28. Evolution of rice irrigated area sown in the recommended period in Rio Grande do Sul
(a), in Jaguardo county (b) and in the Zona Sul. It has significantly increased with the

Projeto 10 implementation.

riod, to establish the staple properly and to enable har-
vesting at the right time. Poorly drained areas during off-
-season can also be a source of problems arising from iron
toxicity and from the occurrence of weeds such as stoloni-
ferous grass, pest insects and snails (pre-germinated sys-
tem). The optimization of the crop’s useful area, that is, the
reduction of areas without plants (Figure 31) is one of the
pre-requisites for obtaining high productivities of irriga-
ted rice.

b) Anticipated soil tillage and cultivation system

Prior soil tillage (Figure 32 and 33), with the previous
construction of levees is fundamental to enable sowing
at the recommended time. Farmers who conduct soil ti-
llage close to the sowing season may not reach this goal
by virtue of the usual occurrence of adverse weather con-
ditions in the end of the winter and in the beginning of
the spring. It is important to have enough time for the de-
velopment of a crop cover, which must be controlled be-
forehand, with the use of broad spectrum herbicide. This

Projeto 10

Source: IRGA (2012)

system is characterized as minimum tillage in the rice pro-
duction industry of South of Brazil. The adoption of this
system has become widely popular, as it is prevailing in
the rice crops of Rio Grande do Sul because in the 2010/11
growing season, it was used in 67.5% of the area (Figure
34). The relationship between the anticipated soil tillage
and the probability of high productivities can be seen in
Figure 35. The larger the area in which the soil has been
tilled beforehand, the higher the probability for higher
productivities of rice.

Among the cultivation systems used in the State, the
conventional one, which still occupies an area of 20.7 %
(Figure 34), is the biggest limiting factor for sowing du-
ring the recommended period, since soil preparation is
done right before sowing. The occurrence of rainfall in
the spring is frequent and sometimes it is not possible to
prepare to soil and sowing in the recommended period.
On the other hand, the pre-germinated and the minimum
tillage systems are less dependent on weather conditions
and must be preferably used for the viability of sowing at
the recommended period.
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Figure 29. Deficient drainage is harmful for the establishment of irrigated rice fields.

c) Area adequacy

For the area to be cultivated and used efficiently
and rationally, it is necessary to previously subject it to a
process of adequacy or systematization in a broad sense
(Figure 36). This process consists in the creation of a func-
tional management system, which includes the opening
of irrigation and draining channels, the construction of
internal roads, ground leveling at either the ground level
or under or above, the construction of levees and comple-
mentary structures, such as bridges and manholes, as nee-
ded. Therefore, the systematization of the area consists of
a set of practices and not only ground leveling.

The systematization of lowland soils, for leveling the
soil, is an important factor in the shift of technological stan-
dards of rice crops. Whether it is done in the water or dry
soil, with animal force or mechanical machines, or with laser,
it is important that it is done correctly (Figure 36). Ground
leveling and the planning of irrigation systems, draining and
roads enable the expansion of the useful area of the crop.
This operation also improves the soil’s superficial draining,
enables the use of lower water layer and maintenance of a

Projeto 10

more uniform layer. With this, the execution of other mana-
gement practices is facilitated, making sowing and the har-
vesting of rice on levees easier. They must have a wide and
low base and come without ditches.

The large availability of land has made farmers of Rio
Grande do Sul negligent when it comes to the use of the
area where rice is effectively cultivated, with many lost
areas (Figures 29 and 31). More commonly, these places
are the “holes” that are seen in the crops close to levees,
roads and poorly drained areas. In these areas, herbicides
and fertilizers are used, fuel is used for tillage and land
and/or water rental should be paid. This kind of waste
must not be present in a crop, which is intended to increa-
se productivity.

3.1.2. Choosing cultivars

The adoption of agronomic management practices
recommended by Projeto 10, as previously seen, has ena-
bled improvements in the rice productivity in Rio Grande
Sul, once many of the cultivars used were released almost
30 years ago. By virtue of the genetic variability of culti-
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Figure 30. Areas that have efficient drainage enable the crop sowing in the recommended period,
which results in suitable plant density and establishment.

Figure 31. The optimization of the useful land reduces areas without plants, is one of the require-
ments for obtaining high rice grain yield.

Projeto 10
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Figure 32. Early soil tillage is one of the essential requirements that enable crop sowing in
the recommended period.

Figure 33. Early soil tillage is fundamental for the irrigated rice to be sown in the recommended period,
regardless the method used.

Projeto 10
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Figure 34. The use of the minimum tillage system, with early soil tillage, was the most used in the
irrigated rice fields in Rio Grande do Sul, in the 2010/11 growing season.

Source: DATER/IRGA (2012)
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Figure 35. Higher grain yield in rice crops were obtained as the percentage of areas in which
early tillage increased (Zona Sul, 2010/11 harvest).
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Source: DATER/IRGA (2012)
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Figure 36. Early soil tillage, that includes systematization, is one of the requirements to sow at the
recommended time.

vars, represented by differences in the productive poten-
tial in reactions to environmental diseases and stresses,
in response to fertilization and cycle duration, it is recom-
mended that cultivars with unique characteristics be used
in order to ensure greater stability in productivity and fa-
cilitate the harvest’s staging. Another measure to enable
the harvest’s staging is sowing the same cultivar in diffe-
rent sowing dates within the recommended sowing pe-
riod (Table 6).

It is important to stress that the release of new cul-
tivars, be them either conventional ones (such as IRGA
424) or hybrid ones, with higher productive potential,
quality of grains and profitability (Figure 37), is always
welcome. The greatest challenges faced are to obtain ge-

Projeto 10

notypes that could be resistant to environmental stres-
ses, especially those that have an median cycle, and are
tolerant to cold in the beginning of the vegetative pha-
se. Such cultivars will contribute greatly for the sowing
during the entire recommended sowing period and for
making the production of rice in the State less vulne-
rable to environmental variables. It is also necessary to
continue with the improvement program for obtaining
Clearfield® cultivars, even if they have lower productive
potential (Figure 38), for use in areas infested with red
rice, with higher resistance to fitoxicity by the imidazoli-
none type of herbicide or to other chemical groups and
which have higher yield potential in relation to the ones
that are currently cultivated.
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Figure 37. Cultivars availability with high yield potential is one of the most important factors
of Projeto 10.
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Figure 38. Higher grain yield of irrigated rice are obtained with the use of conventional cultivars in
relation to Clearfield® ones (Zona Sul, 2010/11 harvest).

Source: DATER/IRGA (2012)
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3.1.3. Crop setting

The appropriate number of plants (Figure 39) is one
of the main factors behind the construction of productivi-
ty, due to its importance in the efficiency in intercepting
solar radiation. In the main cultivation systems used in Rio
Grande do Sul, around 600 panicles are used per square
meter to express the highest productive potential of the
cultivars. In order to achieve this number of panicles, the
initial number of plants for the conventional cultivars of ir-
rigated rice ranges from 150 to 200 per square meter, and
should be uniformly distributed, whereas for hybrid culti-
vars, the number ranges from 100 to 150 plants per square
meter.

Achieving this number is also dependent upon the
adoption of other agronomic practices recommended,
such as sowing period, fertilization, irrigation and weed
control management, pests and diseases. Besides, it is im-
portant to use high-quality seeds, since not only do they
provide quicker and more uniform settlement of the crop,
but also it guarantees the desired number of plants, in-
creases efficiency in the use of fertilizers and reduces the
damages caused by weeds. Very effectively, we have noti-
ced higher availability of high-quality seeds for rice crops,
because there was an expansion in the area available for
the production of certified seeds, from 3,165 hectares, in

the 2005/06 growing season, to 14,591 hectares, in the
2010/11 growing season (Figure 40a), whereas the total
production of seeds increased from 917,170 bags (20 kg
each) in the 2008/09 growing season to 1,402.160 bags in
the 2010/11 growing season (Figure 40b).

However, the red rice and black rice contamination in
rice crops still persists, and the seed is the main means of
dissemination and propagation of weeds. When it comes
to actions for monitoring the quality of the seeds used in
the cultivation of rice developed by IRGA (Figure 41), we
could notice that in the 2009/2010 growing season (215
samples), 52% of the samples were official and the rest
comprised of seeds of random origin, which is still a high
number. However, it is interesting that whereas in official
seeds, 89% of the samples were free of red and black rice,
in common seeds, only 44% of the samples were free from
these contaminating agents. The distribution of seeds
whose origin is known and the proportion of contamina-
ted seeds vary in the rice production areas of the State (Fi-
gure 42). The Regiao Sul Region is the one that most uses
official seeds (75%), whereas the Depressao Central Re-
gion is the one that uses this type of seeds the least (25%).
Among official seeds, contamination is a reality, which va-
ries from 12% in the Regido Sul Region to 25% in the Pla-
nicie Costeira Interna Region. As for the seeds of random
origin, the lowest contamination rates occur in Campanha

Figure 39. Setting a suitable plant density is one main factor for high rice grain yield.

Projeto 10

Management Strategies to Increase Productivity and Sustainability of Irrigated Rice Growth in the RS: Developments and New Challenges m




Cultivated area - ha

(a) Evolution of area cultivated (b) Evolution of certified

with certified seed seed production
16000 1600
1,402,160
14000 - 1400 |
12000 11,943 2 1200
11,113 o 1,094,580
10,513 <
i ® 1000 |
1000 S 917,170
@
(2]
8000 | w800
6,461 c
6000 - S 60
[}
3
4000 O 400
o
2000 - 200 |
0- T T 0 T T
2005 2006 2007 2008 2009 2010 2008 2010 201
Agricultural year Agricultural year

Figure 40. Certified seed is essential for setting an appropriated plants stand. In this sense, seed quality

of irrigated rice has significantly improved in Rio Grande do Sul, but it is still necessary to
keep on improving.

Source: DATER/IRGA (2012)

52% of the area in Rio Grande do Sul uses official seed and 16%
of the samples are contaminated with Red rice.

48% of the area in Rio Grande do Sul uses seed of random
origin and 61% of them are contaminated with Red rice.

Seeds quality in RS

Origen With red

rice
Official seed 52% 16%
Seed without 48% 61%

origin

RICE PRODUCTION REGIONS
1- Fronteira Oeste

2- Campanha

3- Depressao Central

4- Planicie Costeira Interna
5- Planicie Costeira Externa
6- Zona Sul

Figure 41. Official seed use in irrigated rice has increased whereas the use of seeds without

Projeto 10

origin, contaminated with Red rice grains, has decreased with the Projeto 10 imple-
mentation in all rice producing regions in the State of RS.

Source: Seeds team EEA/IRGA (2012)
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Figure 42. Use of official seed and seeds without origin in rice fields varies according to the rice producing

region.

Region, 40%, and the highest ones in the Planicies Costei-
ras, 72% in the Planicie Costeira Externa Region, and 85%
in the Planicie Costeira Internal Region (Figure 42).

To reach the number of plants desired, it is recom-
mended to sow from 60 to 100 kg/ha of seeds, for con-
ventional cultivars, and from 40 to 50 kg/ha, for hybrid
cultivars, regardless of the tillage system and the sowing
season used (Figure 43). This number of seeds is a lot
higher than necessary in order to reach the number of
plants desired from 150 to 200 plants/m? and from 100 to
150 plants/m?, for conventional cultivars and the hybri-
ds, respectively. This means that if soil tillage and sowing
depth are adequate, it is possible to sow smaller number
of seeds (80 kg/ha). The proper operation of sowing ma-
chines, sowing speed and the operator’s training are also
important for an adequate sowing. Special care, such as
adequate depth of sowing (Figure 44) and the treatment
of seeds with fungicides, must be taken in order to reach
the desired density of plants in the beginning of the re-
commended period (up to Oct 10). After this date, data
show that there are no advantages in the treatment of
seeds with fungicides (Figure 45).

With high sowing density, the plants compete for li-
ght and nutrients, due to the larger number of plants per
square meter, as there can be higher incidence of diseases
and lodging of plants, especially when doses of fertilizers
for high productivity are used. Farmers who use low den-

Projeto 10

Source: Seeds team EEA/IRGA (2012)

sity of seeds end up saving up when buying them; hence
they can buy higher-quality seeds and/or use more ferti-
lizers and, as a consequence, increase crop productivity
and profitability. The higher or lower number of seeds
used within certain limits will not interfere in the produc-
tivity, but it is necessary to use more intense fertilization in
order to reach higher productivities.

Among the management alterations proposed by
Projeto 10, the use of a lower number of seeds has beco-
me more popular, but farmers still encounter a huge re-
sistance concerning the adoption of this practice. Despite
all advantages resulting from the use of lower density in
sowing, the last Census of Rice Crops of the State of Rio
Grande do Sul designed by IRGA in the 2004/05 growing
season (IRGA, 2007), evidences that the average density of
seeds used is still very high, around 200 kg/ha, and many
farmers use 240 kg/ha or more. However, during the latest
growing season (2011/2012), most farmers started to use
among 100 and 120 kg/ha of seeds. Anyway, it is still pos-
sible to reduce the sowing density to even lower figures
(80 to 100 kg/ha), as long as other management practi-
ces recommended for the staple are used. In order for that
to happen, it is necessary to note that a sowing machine
with a line spacing of 17 cm, regulated for a density of 60
kg/ha distributes 38 seeds per meter and around 240 see-
ds per square meter (Figure 43). In the occurrence of only
150 seedlings per square meter one of each with three ti-
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Figure 43. An adequated plant stand is obtained with the use of 60 to 100 kg per hectare of good
quality seed.
Note: a line spacing of 17cm was used for obtaining these figures.

Source: Agronomy team, EEA/IRGA (2012)
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Figure 44. With lower sowing depth, higher the number of rice seedlings emerged and the
better is their development.
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Figure 45. Sowing depth lower than 3 cm and seed treatment with fungicides are important
practices for the establishment of an adequate plant stand in areas sowed in the
beginning of the recommended period.

llers, we can have 600 panicles per square meter, which is
enough to harvest 10 t/ha of grains.

The reduction of the depth of sowing was a decisive
factor to reduce the number of seeds used in rice crops in
State of Rio Grande do Sul. Sowing machines used to be
equipped with depth constrainers in the 5.0 cm cutting
discs. This made sense, when sowing was conducted at
a later period, in mid November and December, or even
in January, when the soil was moist dry. Farmers used
to place seeds in areas where the soil was still moisty so
that germination and emergence could occur. However,
when sowing occurs during the recommended period, in
September, October and early November, soil moisture is
usually not a limiting factor. Sometimes it is quite the op-
posite; there is too much moisture and consequently, lack
of oxygen for germination of seeds. Another important
factor in seed germination is the temperature of the soil,
which is lower when compared to later periods of time. In
order to combine these three factors, soil moisture tem-
perature and oxygen availability, it is recommended that
during sowing be conducted in the right period and at a
maximum depth of 2.0 cm (Figure 44). Actually, with the
use of the depth constrainer in the 3.0 cm cutting disk,
seeds stay at a distance of 1.5 cm from the soil surface.

Projeto 10

Source: Agronomy team, EEA/IRGA (2012)

Seed treatment with fungicides for protection from
soil fungi is recommended for sowing conducted until
mid-October, once the sowing period and emergence mi-
ght last for more than 20 days. However, it is important to
stress that the depth of sowing is more important than the
seed treatment for the suitable establishment of seedlings
when sowing occurs until mid-October (Figure 45). When
sowing occurs in lower depths at the beginning of the re-
commended period, there is more oxygen in the surface
and the temperature is higher. Soil moisture is usually not
a problem at this time.

3.1.4. Fertilization and liming management

Among all of the agronomic recommended practices
by Projeto 10, correct fertilization is undoubtedly the fac-
tor that most farmers show resistance to adopt. This is be-
cause it is the only recommended practice by Projeto 10
in which the farmers needs to invest and, as an individual
practice, it is the most costly one, as the cost is proportio-
nate to the fertilizer applied rate.

Fertilization of irrigated rice crops in the South of
Brazil has been somehow neglected. This, besides under
conditions of low productivity, the response to fertiliza-
tion was low and uncertain (Figure 46a) and determined
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by the lacking management used. As a result, fertilization
was basically intended to replace the exported nutrients
by grain. However, because of recent changes, mainly in
the management practices, the responses of irrigated
rice to fertilization have been significant, consistent and
economically valuable, being one of the most important
factors for the “construction” of productivity (Figure 46b).
Such results are against the prevailing sense, which is still
found among part of farmers, extensionists and resear-
chers. Among them, there is a mistaken “consensus” that
irrigated rice would not respond to fertilization. This “be-
lief” was determined by deficiencies in its management.
This occurred in both production and experimental areas,
having low productivities, even with the use of cultivars
with high productive potential (Figure 46a).

Recent results from research conducted by IRGA (Fi-
gure 46b) show that within Integrated Management, the
rice response to fertilization increases with the fertilizer
applied rates, until a certain limit. It is possible to obtain
average gains of 4.3 t/ha and up to 6.0 t/ha by fertiliza-
tion in different genotypes (cultivars, hybrids and bloo-
dlines), in relation to treatment without fertilization, in
several types of soils, locations and growing seasons. This
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could also be noticed in field crop areas, with a positive
relationship between productivity and rate of base (Figu-
re 47a) and top-dressing fertilization (Figure 47b). Figure
48 shows the current rice response to fertilization levels in
the State of Rio Grande do Sul, under integrated soil and
crop management.

Another improvement in this area was the diffe-
rent response of cultivars of irrigated rice to fertilization,
as shown by results from 23 experiments conducted by
IRGA leading to form two genotype groups (Figure 49). In
Group 1, comprised by BR-IRGA 409, IRGA 424 and IRGA
428 (Bloodline 2913) and Arize QM 1010 cultivars, the gain
obtained with fertilization was of 4.7 t/ha, with an average
productivity of 10.7 t/ha. In Group 2, by IRGA 422 CL, IRGA
417, IRGA 423 and BR-IRGA 410 cultivars, the gain was
smaller, of 3.1 t/ha, with an average productivity of 8.2 t/
ha. Based on these data and fertilization costs, even being
high, and considering two prices of rice, an unfavorable
one (BRL19.00/bag) and a favorable one (BRL26.00/bag)
(Table 7), the response to fertilization was always positive,
ranging from 52 to 71 bags/ha in Group 1 cultivars and,
from 32 to 41 bags/ha in Group 2. As shown, the produc-

(b) Integrated management
2004 to 2009 growing seasons
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Figure 46. Grain yield and response to fertilization are higher with the integrated management of
cultural practices, in an average of 23 field experiments, compared to those obtained in
fields where traditional management was conducted.
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Source: Anghinoni (2009)
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Figure 47. Higher rice grain yield are obtained by farmers that use higher rates of fertilizers in
sowing and in top dressing (Zona Sul, 2010/11 growing season).

Figure 48. The response of irrigated rice to fertilization is significantly higher with the adoption
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of integrated management and other cultivation practices.
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Figure 49. The irrigated rice response to fertilization in Rio Grande do Sul varies according to the

cultivars used.

tive potential of conventional and hybrid cultivars, soil
management and climate and climate conditions deter-
mine distinct productivity potentials and response to
fertilization.

The fertilization recommendations for irrigated rice
were altered in 2010 for different response expectations
to fertilization (SOSBAI, 2010). The level of response to
fertilization must, then, be based on the level of adequacy

Source: Agronomy team, EEA/IRGA (2009)

of all factors that determine rice productivity.

The new SOSBAI (2010) recommendations are pre-
sented in next tables according to the expectations of Me-
dium and High response to fertilization, complemented
with footnotes for Low and Very High expectations. In
order to be used in Projeto 10, the nitrogen, phosphorus
and potassium recommendations are presented in next
Tables. Recommendations for Very high expectations

Table 7. The use of fertilization brings good results, especially for Group 1 cultivars

t/ha bag/ha BRL/ha Net gain - bag/ha
GROUP 1’ 47 94 583.00 72 58
GROUP 2° 351 62 424.60 60 32

'Fertilization using 350kg/ha of the formula NPK 5-20-30 + 255kg/ha of urea;
*Fertilization using 260kg/ha of the formula NPK 5-20-30 + 180kg/ha of urea;
*Cost of BRL1 ,010.00/t of the formula NPK 5-20-30 and BRL900.00/t of urea.

Source: Agronomy team, EEA/IRGA (2009)
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only should be done for exceptional cropping conditions.
More detailed indications on the management of fertiliza-
tion and liming application are presented in the Research
Technical Recommendations for Rice (SOSBAI, 2010).

a) Nitrogen fertilization

Nitrogen recommendations (Table 8) are carried out
according to the level of organic matter in the soil and for
High and Very High expectations. Nitrogen supply must
satisfy rice demands, especially at the growth stages of the
plant in which the yield components are defined (humber
of panicles per square meter, number of grains per pani-
cle and weight of grains). Hence, in dry soil sowing syste-
ms, it is recommended to use between 10 and 20 kg/ha
of nitrogen in the sowing and the rest in top dressing. In
the pre-germinated system, all nitrogen must be applied
in top dressing. This application should usually be applied
twice (Figure 50a). The first (soil dried application) with
2/3 of the recommended rate, when the main culm pre-
sents three to four extended leaves, and the second one,
with 1/3 of the rate must be applied on the water layer
at the beginning of the expansion of the first nod of the
main stem (Figure 50b). Attention should be given for the
cycle of the cultivars and environmental conditions. After

(a) 1*t application

setting the number of panicles per area and spikelets per
panicle, nitrogen application has low efficiency. The first
top dressing fertilization in the dry sowing system must
be broadcast applied (Figure 51), preferably in one day, up
to no more than three days prior to irrigation (first appli-
cation) or on water layer (second one). In this application,
water inlet and outlet must be interrupted for a period of
three to five days; the most recommended nitrogen sour-
ces for top dressing fertilization are urea and ammonium
sulphate.

The response of irrigated rice to top dressing nitro-
gen fertilization and the efficiency in the use of the ap-
plied nitrogen depends on the sowing period and the
response is lower when sowing is done after November
10, compared to when sowing is conducted in the recom-
mended period (Figures 52 and 53).

b) Phosphate fertilization

Phosphate fertilization (Table 9) is established accor-
ding to the interpretation range for available phosphorus
in the soil for High and Very High responses to fertiliza-
tion expectations.

In dry soil sowing, phosphate fertilizers must be pre-

(b) 2" application

Figure 50. Most top dressing nitrogen fertilizers (2/3) in irrigated rice must be applied in dry soil,
when the main stem has three to four leaves. The rest must be applied in a water layer
at the beginning of the expansion of the first nod of the main culm.
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Figure 51. The efficiency of top dressing nitrogen fertilizer in irrigated rice is higher with the
application of the first rate in dry soil, immediately before the beginning of irrigation.

Table 8. Nitrogen fertilization” recommendations for irrigated rice, considering the content of organic matter
in the soil and the expectations of response to fertilization

Content of organic matter Expectation of response to fertilization

in the soil

% kg/ha of N

<25 120 150
2.6-5.0 110 140
2510 100 130

“ The rates indicated in the table may be reduced in up to 30 kg/ha of nitrogen, for medium response to fertilization, taking in consideration the use of
cultivars of lower response and the history of the crop, with previous cultivation of legumes, high plant development and unfavorable expectations of
weather conditions and soil and crop of management level.

Fonte: Adapted from SOSBAI (2010)
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Figure 52. Higher responses of irrigated rice to nitrogen fertilization occur in the areas sown at
the recommended time.

Source: Freitas et al. (2008)
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Figure 53. The efficiency of nitrogen is higher when rice is sowed at the recommended time.
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ferably band applied at sowing. In the pre-germinated
system, fertilizers must be applied and incorporated in
the soil at the mud formation or after the leveling of the
area, before sowing. In this cultivation system, the area
should not be drained after sowing in order to avoid wa-
ter, soil and nutrient losses, which generate a negative
environmental impact and economic loss to farmers. Ap-
plication of phosphate fertilizers prior to soil tillage in the
pre-germinated system may stimulate the development

of weeds, which may damage the initial development of
rice plants.

c) Potassium fertilization
Potassium recommendations take into consideration the

soil cation exchange capacity (CECT-. classes: < 5.0 (Low);
5.0 - 15.0 (Medium); and > 15.0 (High) cmol /dm?, for the

Table 9. Phosphate! fertilization recommendations for irrigated rice, considering the level of phosphorus (P) in
the soil and the expectation of response to fertilization

Low

Medium

High

Very High

High Very high
kg/ha of P,O,
60 70
50 60
40 0
<40 <50

“'The rates indicated in the table may be reduced up to 10 kg/ha of P,O, considering the medium response to fertilization expectative.

different potassium interpretation classes, as indicated in
the Research Technical Recommendations for Rice (SOS-
BAI, 2010) bulletin.

The recommended rates of potassium (Table 10) are hi-
gher than those previously recommended (SOSBAI, 2007).
This happens because not only they depend on available
potassium levels in the soil, but also on cation exchange
capacity, which determined the use of distinct critical le-
vels. The recommendations increase with the cation ex-
change capacity for the same interpretation class of this
nutrient in the soil (Table 10).

Projeto 10

Source: Adapted from SOSBAI (2010)

Potassium fertilization may be partially applied in or-
der to avoid potassium losses, especially when rates abo-
ve 60 kg/ha of K,O are recommended for Low CEC soils.
In this case, half the rate is applied during soil tillage (pre-
-germinated) or sowing (dry soil) and the other half in top
dressing, in the water layer at the beginning of the expan-
sion of the first nod of the main culm (Figure 50b), along
with the second nitrogen application. Potassium applica-
tion before sowing can be an alternative in large scale crop
area and/or when there are not enough sowing machines
or workforce to enable the sowing to be made at the right
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time. However, this practice presents risks of losses of this
nutrient in low CEC soils (sandy ones and those with low
levels of organic matter), especially when spring rainfall
occurs after fertilizers are applied in high slope areas, such
as those in the Fronteira Oeste and Campanha Regions.

For the fertilization management, it is necessary to
consider the interaction between plant nutrition with the
productive potential of cultivars and with other agrono-
mic practices, such as the sowing period, weed and pest
control and irrigation water management (Item 3.1.5).
Making nutrients available in a balanced way at the ri-
ght moments for the establishment and development of
plants is as important as fertilization.

Base fertilization, with formulas containing phos-
phorus and potassium, must be done during the sowing
period whenever possible. In dry soil sowing, fertilizers
can be applied at once, but preferably band applied, be-
cause it is more efficient (Figures 54 and 55). Root growth
is favored by the localized application of nitrogen (NH,)
and soluble phosphorus (superphosphate) that stimulate
growth of rice seedlings, giving them higher chances to
compete with weed plants. When high rates are necessa-
ry, fertilizers containing N and P (MAP and DAP) are good
choices to save time during sowing. This can be done as

long as the potassium fertilizer has been previously ap-
plied or the available potassium level in the soil is Medium
or High. In this case, the fertilizer (chloride and urea) can
be applied as top dressing.

In the pre-germinated system, fertilizers must be ap-
plied at once and incorporated into the soil at formation
of mud or after the area is leveled. In most rice production
areas of the State, rice is cultivated in highly acidic soils,
with low exchangeable calcium and magnesium levels.
When dry soil sowing system is used, lime is required at ra-
tes indicated by the SMP method in order to increase the
soil pH to 5.5 (SOSBAI, 2010). This is very important when
the beginging of irrigation exceeds four weeks because of
low temperatures that limit the plant growth. In the pre-
-germinated and seedling transplantation systems, liming
is mostly recommended to supply Ca and Mg, when the
exchangeable levels are lower than 2.0 and/or 0.5 cmol /
dm?, respectively. The challenge now is to determine the
response given by liming as a method for correcting soil
acidity in dry soil sowing system with early irrigation when
the main stem has three to four expanded leaves. When
rice is cultivated in succession to pasture or plant cover
or in rotation (soybeans, corn, etc.), it is recommended to
apply lime to increase the soil pH to 6.0, as required by the

Table 10. Potassium fertilization” recommendation for irrigated rice, considering the level of potassium (K) of the
soil and the expectation of response to fertilization

Low

Medium

High

Very High

kg/ha of K,O

90 105

70 85

50 65
#50 #65

" For soils that have high CTC _,, (@bove 15.0 cmol/dm®) 20 kg/ha of K,O should be added to values indicated in the table; ® The rates
indicated in the table can be reduced in up to 15 kg/ha of K,O, taking into consideration the expectation of medium response to fertilization.

Projeto 10

Source: Adapted from SOSBAI (2010)
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most acidity affected crop of the system, as indicated by
SOSBAI (2010).

The investments made in fertilization and liming are
worthless if sowing is not done at the right time, if weed
control is not efficient, if irrigation starts late or if the top
dressing nitrogen is not applied at the recommended sta-
ges. Fertilization will only have positive results if these and
other factors do not present constraints, for instance, late
sowing (Figure 56).

The most recent fertilization recommendations (SOS-
BAI, 2010) show significant progress in relation to pre-
vious recommendations, since now they are the same for
the distinct sowing systems (dry soil and pre-germinated)
and enable adjustments for different climate and soil con-
ditions, productive potential of cultivars, level of manage-
ment and availability of farmer’s financial resources. This
represents a great improvement in the fertilization recom-
mendations as compared to all other crops cultivated in
the State.

Even if the consumption of fertilizers has increased
in the latest years, as seen in the Census of the Rice Crops
(IRGA, 2000; 2007), and if we could notice the high econo-
mic potential of irrigated rice with fertilization (Table 7), it
is necessary to improve the nutritional status of rice plants
cultivated in the State. Attention may be necessary for

ROW APPLICATION
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more balanced rates of fertilizers, especially in locations
whose productivity is below the regional average. To de-
termine the nutritional balance and status of deficiency or
toxicity, especially for micronutrients through foliar diag-
nosis becomes a challenge especially in farms with a high
technological level.

Another challenge is related to the application of hi-
gher rates of fertilizers at rice sowing, especially in cultivars
that have high response to fertilization. This practice may
be harmful to seeds because of salinity effects, especially
in dry sandy soils, during the sowing-emergence sub pe-
riod. One of the alternatives to avoid this potential harm
is to apply part of potassium fertilizers as top-dressing,
along with nitrogen, as previously shown.

3.1.5. Water management

The correct management of irrigation water (Figures
57 and 58) is one of the most important factors for the suc-
cess of Projeto 10. The magnitude of this importance lies
on the fact that it is a process of rice production within a
conflictive use of water due to other demands from the
urban society and interference in ecosystems around the
cropping areas. This turns the optimization of the use of
water by the rice a priority issue in the rice production pro-
cess, which is seeking for technical and economic alterna-

Figure 54. Irrigated rice plants grow with the fertilizer application in the sowing line, whereas
weeds are favored with broadcast fertilization.

Projeto 10
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Figure 55. The rice grain yield is higher with the fertilizer application in the sowing row.

Source: Agronomy team, DATER/IRGA (2012).
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Figure 56. The response to fertilization is higher when rice is sowed at the recommended period.

Source: Agronomy team, EEA/IRGA (2012)
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tives for its environmentally sustainable management. sible, at the stage in which the plant’s main stem has from

In order to obtain higher efficiency in the use of water, three to four expanded leaves. In this stage, rice plants
that is, higher quantity of grains per cubic meter of used are high enough to stand a water layer from 5.0 to 10.0
water, it is recommended to start using it as early as pos- c¢m. The irrigation must occur right after the application of

:‘}m IV

Figure 57. In order to ensure high rice grain yield, it is necessary to adopt a dimensioned irrigation
system to rapidly irrigate the crop.

Figure 58. The ideal rice development stage to start flooding is when the main stem has three to
four expanded leaves.
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herbicides and the first application of top-dressing nitro-
gen fertilizers. The early use of irrigation water enables a
more efficient weed control, since herbicides are applied
when the weeds are not fully developed. In this condition,
there is an interaction between irrigation and herbicides,
thus avoiding regrowth and emergence of new weeds
and lower rates of defensives may be used. Other benefits
resulting from the early use of water are: the prompt nu-
trient availability for rice plants, more efficient control on
insects and pests and diseases and the regulating effect
on soil temperature. Hence, the earlier the irrigation, the
earlier rice plants will be able to use its benefits. Research
results has shown that for every 10 days of irrigation delay,
the plant’s development gets reduced (Figures 59 and 60)
and there is a loss of about 1.0 t/ha in grain productivity
(Figure 61).

One of the essential requirements to enable the early
use of water by crop is the area’s adequacy. In this ope-
ration, the soil is subject to a systematization process, as
previously shown (item 3.1.1). In order for the water come
as promptly as possible to the entire crop area, it is also
necessary for the irrigation system to be in full operation
conditions to adequately distribute water and avoid blo-
ck by block irrigation. After the introduction of water, it is
ideal that this water layer be uninterruptedly maintained
at the same level. The decision to stop irrigation is hard
to be made, due to factors such as area’s steepness, type

of soil and weather conditions. The duration of the sub
period for grain formation and filling is of about 30 days
when grains reach the highest accumulation of dry mass
and start to lose water more rapidly. Until this moment,
plants are absorbing water, but there is no need to use a
water layer in the soil.

Another improvement in irrigation management,
especially in the pre-germinated system is related to the
permanent maintenance of water in the crop, which avoi-
ds loss of water and becomes an efficient strategy for the
control of red rice, once soil oxygenation due to draining
stimulates weed plants emergence. In addition, this prac-
tice reduces water losses and avoids the transportation of
soil particles and nutrients that impoverish the soil and
cause silting in draining channels and wellhouses hydric
sources.

Because of that, it is not very plausible to set a date
or moment to stop irrigation without reducing grain yield
and quality. In this scenario, the experience of farmers and
technical assistants should be decisive to define the best
moment to stop irrigation, considering that plants conti-
nue to absorb water up to around 25 days after flowers
development. The ceasing of the process must be done
in a way that crops do not need to be drained in order
to be harvested. Draining should be avoided in order to
avoid high irrigation costs, water, soil and nutrient waste,
especially potassium. The harvest must be preferably con-

PLANTS WITH 35,DAYS AFTER EMERGENCE (DAE )

AR il
Irrigation on the 11t DAE

Irrigation on the 23 DAE

Irrigation on the 35 DAE

Figure 59.The early crop flooding is one of the main factors to reach higher grain yield of irrigated

rice.
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Figure 60. Delayed crop flooding reduces plant’s development and grain yield of irrigated rice.
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Figure 61. For every 10 days of irrigation delay, one t of rice grain per hectare is lost.
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ducted in a dry soil, as a way to reduce the consumption
of fuel and avoid damages on the soil surface caused by
machines and other equipment.

The effect of irrigation is also associated with how
top dressing nitrogen is applied. The efficiency of use of
nitrogen is higher when irrigation occurs earlier and when
the fertilizer is applied in dry soil, prior to irrigation (Figu-
re 62). The efficiency is decreased with late irrigation to a
point in which there is no difference between nitrogen-
-free control, when the irrigation cycle starts 30 days after
emergence. The positive effects of the quality of irrigation
in the productivity of crops of the Zona Sul Region can be
noticed in Figure 63.

The greatest improvements resulting from the cor-
rect management of irrigation are related to how depen-
dant it is on alternative sources of water to rainfall and
the increase in efficiency of these wellheads (weirs, dams,
lakes, rivers, etc.) by rice crops. Until not long ago, in the
1970s and 1980s, 14 to 16 mil m*/ha of water to average
productivities of 4.0 t/ha were necessary in state of Rio
Grande do Sul. Currently, with the recommended tech-
nology by Projeto 10, productivities from 8.0 to 10.0 t/ha
(Item 2) can be reached with the use of 8,000 to 10,000
m?3/ha of water, what makes possible to use less than one

12

cubic meter of water to produce one kg of grains. The via-
bility in increasing the efficiency in the use of water has
been shown through IRGA research (Table 11).

It seems obvious to discuss the importance of water
for irrigated rice. However, most of rice fields in state of
Rio Grande do Su do not have proper irrigation manage-
ment, and the main reason lies in starting properly to irri-
gate. Many crops are still irrigated when rice plants have
more than three to four leaves expanded (recommended
period). This factor alone reduces the development of rice
plants and the productivity of grains (Figures 60 to 62).
Late irrigation has a negative impact on the management
of weed species (Item 3.2.1), on the availability of nu-
trients, on the efficiency of nitrogen applied, on the self-
-liming process besides enabling the attack of soil pests
to rice plants. Besides, late irrigation increases the plant
cycle (Figures 59 and 60) and may increase the use of wa-
ter, as irrigation occurs in mid-November and December,
periods in which the soil is drier. This actually has a higher
impact on the production costs. On the other hand, far-
mers who start irrigation earlier find more moist soils, and
thus, use less water and have higher speed of irrigation.
Farmers’ awareness of water management and earlier ir-
rigation may help explain the increase of around 200,000

10

Grain yield - t/ha
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Figure 62. Higher grain yield can be reached with early flooding and with the application of the
first nitrogen rate, immediately before starting irrigation.
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Source: Agronomy team, EEA/IRGA (2012)
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Figure 63. Higher rice grain yield is obtained by farmers that can best manage irrigation water
in their crops (Zona Sul, 2010/2011 growing season).

Source: DATER/IRGA (2012)

Table 11. Water use efficiency is higher with higher rice productivity

Water volume - m’/ha 11,808.0
Irrigation period - days 110.0
Average flowing - L/s/ha 1.2
Grain yield - t/ha 9.1
Water use efficiency - kg de arroz/m® 0.8

Source: Marcolin et al. (2009)
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hectares over the last eight years (Figure 2), roughly with
the same amount of water available. Even though, it is
important to consider that within this period there was
no investments in either public or private institutions to
increase the amount of stored water for irrigation in RS.
Another important factor to point out is that the crops
that are poorly irrigated are more likely to have diseases
(ltem 3.2.2.b). It is because, by all these reasons, rice pro-
ductivity of the Sul Region has been increasing as water
management has improved (Figure 63).

3.2. Practices related to the “maintenance” of
productivity

3.2.1. Weed management

In order to reach the highest rice grain productivi-
ties, crops must be free from weeds (Figure 64) since the
very beginning. Most fields of irrigated rice in state of Rio
Grande do Sul are highly infested with weeds. High levels
of infestation are one of the main factors that limit their
productivity, grain quality and profitability. This becomes
clear in the survey conducted in rice fields in the Sul Re-
gion, in an area of 185,000 hectares, where the highest
productivities were achieved in areas in which the quality
of infesting species control ranged from good to great. As
the efficiency in weed control decreases, the productivity
of crops decreases (Figure 65).

Irrigated rice fields in state of Rio Grande do Sul are a
favorable environment for the development of many spe-
cies of weeds, both during the period of rice cultivation
and off-season. The most frequent and important ones
concerning aggressiveness and/or competitiveness, the
damages they cause to crops as a whole and the difficul-
ties to control are the Red rice (Oryza sativa) and Cockspur
grass (Echinochloa colona and E. crusgalli) (Figure 66). Re-
cently, other weeds have become more important due to
the intense use of soil and/or to changes in the systems of
rice tillage. Among them, we can mention some annual
true grasses (Figure 67), such as Wiregrass (Eleusine indi-
ca) and Brachiaria (Urochloa plantaginea), due to the low
efficiency in the ALS enzyme inhibitor herbicides and to
the management of irrigation water, and legumes, such as
Jointvetch (Figure 68) (Aeschynomene denticulata, A. indica
and A. sensitiva). The increase in the infestation of Sedges
(Figure 69) (Cyperus esculentus, C. ferax, C. difformis and C.
iria) is due to the deficient control of some herbicides and/
or to the decision made by farmers in not control them,
since infestations usually occur in small areas within the
crop. Perennial grasses, so-called stolononiferious plants
(Figure 70) (Luziola peruviana, Leersia hexandra, Paspalum
modestum, Panicum dichotomiflorum), have become very

Projeto 10

important in the crops due to the adoption of the mini-
mum tillage system in large scale, in which soil tillage is
reduced and/or done with more moisture and with the
use of fences or fenced ploughs.

In poorly drained areas, in crops under the pre-ger-
minated system, and in channels and drains, the so-cal-
led acquatic species (Figure 71) (Sagittaria montevidensis,
Heteranthera renifformis, Eichornia azurea and E. crassipes)
are predominant and quite relevant. In some regions, the-
re are other species that have become quite relevant; for
instance, in the Fronteira Oeste Region, Hairy Crabgrass
(Digitaria ciliaris) (Figure 70) and the Signalgrass (Urochloa
platyphylla) are important.

For the management of the main species of wee-
ds, within most part of the area, rice farmers in the state
of Rio Grande do Sul use chemical control, with efficient
herbicide alternatives available in the market. The chemi-
cal control is the most efficient way, less costly and most
practical in the weed management of irrigated rice. In
view of the fact that most herbicides available in the ma-
rket are efficient for the control of most species of weeds,
one question still needs to be answered: Why are there so
many crops that do not have an efficient control of invasi-
ve plants? Apart from operational flaws in the application
of products, the main reasons behind the lack of efficiency
of herbicides are: application at a later period, dry soil as-
persion and late irrigation. Besides of these three reasons,
the lack of vision on integrated management from most
technical assistants and rice farmers of weed control stra-
tegy makes this task more successful. Chemical control is
part of the integrated management of weeds in the irri-
gated rice cultivation. Just like other methods, which do
not provide a satisfactory control of weeds, the efficiency
of herbicides is related to good management practices.
The use of this management strategy as the only alter-
native rarely provides good control and, usually leads to
the selection of species that are hard to control and/or are
herbicide-resistant. In order to reach a higher biological
and economic efficiency and cause lower environmental
impact, it is necessary to bring together basic knowled-
ge on the action of herbicides and the crop management.
The efficiency of herbicides is related, in addition to envi-
ronmental conditions and the application of products, to
the stages of development of weeds, to the conditions of
implementation and establishment of the staples and to
the application of proper cultivation practices, especially
the management of irrigation water.

It is ideal that the chemical control be conducted as
early as possible. The most suitable period for weed con-
trol is when the plants have from three to four leaves (Fi-
gure 72), before rice tillage and the irrigation of the crop.
However, as in many areas farmers start weed control la-
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Figure 64. In order to reach high grain productivities, irrigated rice must not suffer weeds
interference, since the very beginning.
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Figure 65. Rice yield increases along with the weed control efficiency (Zona Sul, 2010/11 growing
season).

Source: DATER/IRGA (2012)
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Figure 66. Red rice and Echinochloa species are the main weeds that infest fields of irrigated
rice in Rio Grande do Sul.
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Figure 67. Annual grasses have become very important in the fields of irrigated rice in Rio
Grande do Sul.

ter, it results in higher costs with the use of higher doses of =~ gement is very important in weed control, in all tillage sys-
herbicides, lower efficiency of weed control and reduction  tems. When herbicides are applied at an early state, when
of the grain yield (Figure 73). weeds have up to three leaves, the rate of herbicide can be

The interaction between herbicides and water mana- reduced and so increase its effectiveness, thus providing
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Figure 68. The infestation of irrigated rice fields with the Aeschynomene species reduces
the grain yield and quality.

Figure 69. Species of Sedges have grown in importance over the last decade as irrigated rice
weeds.

a satisfactory control. Right after the weeds starts the ab-  efficient will be the herbicides (Figure 74). The irrigation
sorption of herbicides, it is recommended to start irriga- must be kept with alow and permanent water layer. Inter-
tion. The longest you delay the irrigation of the crop, less mittent irrigation enables the emergence of new weeds.
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Figure 71. Sagittaria montevidensis and Heteranthera reniformis species are among the ones
that produce the highest infestation levels in pre-germinated rice fields of Rio
Grande do Sul.

Herbicides can be sprayed either before or after is mostly applied after emergence. This form of spraying is
emergence. Pre-emergence applications require that the better because of the inconstant soil moisture due to the
soil is moist in order to be efficient. In Rio Grande do Sul, it period of weed control. Hence, the best chemical control
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Figure 72. The control is most effective when weeds have from three to four expanded leaves,

regardless of the species.

strategy for weeds is the spraying of herbicides with post-
emergence action, though pre-emergence is required,
too. This can be achieved with the application of a single
product or with the use of two herbicides. This strategy is
preferred because in most crops, irrigation is done with

the use of contour-line levees. In these conditions, the
speed of irrigation is low, the water layer’s height is une-
ven and the levees get infested again without the residual
action of herbicides. These difficulties are more pronou-
nced in medium-sized and large fields. In systematized

Grain yield - t/ha

Eq.Cv BR-IRGA 410

Eq.Cv IRGA 417

= Cultivar BR-IRGA 410
= Cultivar IRGA 417

Prod. = 7,66/(1+exp(0,3*(x-69)))*3,45+2,83

Prod. = 4,94/(1+exp(0,04*(x-83,19)))"5,75+2,69

1 | I — T
0 10 20 30 45

60 85 Without control

Echinochloa control
(Days after the emergence)

Figure 73. In order to reach higher rice grain yield, it is necessary to start weed control as early as

possible.
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Source: Agronomy team, EEA/IRGA (1999)
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areas, in which the fields can be rapidly flooded, the use
of herbicides after emergence, without residual action, is
effective in weed control.

However, for crops sown at the beginning of the re-
commended period (September), in which the sowing-
-emergence period is expanded, it is recommended to use
two applications of herbicides, in which: the first one, after
sowing but before the emergence of rice seedlings, with
a pre-emergence action herbicides, and the second, when
the weeds have from three to four leaves, and the crop
must be irrigated as quickly as possible.

In the direct sowing system with early tillage crops,
two relevant aspects must be noted: the right moment to
dry out the plant cover and the amount of dry mass produ-
ced. Rice plants grow more when the cover is dried at least
30 days in before, in a way that, at the moment of sowing,
the plant cover is fully dead (Figure 75). The amount of dry
mass must not be higher than 2.0 t/ha.

Infestation with perennial stoloniferous grass (Figure
70) requires special management during the off-season.
The problem with stoloniferous grass came with the su-
perficial soil tillage with fences or fenced ploughs, with
the incorporation of areas that are hard to drain, with the
increase of the direct sowing system and with the lack of
effective and selective herbicides for its control after the
staple grows.

100

The morphological characteristics of the perennial
weeds species make them hard to control, since they
multiply both through seeds and plant parts (stolons and
rhizomes). Besides, their leaf area index is small when
compared to fully developed root systems, which makes
herbicide absorption and translocation hard to conduct.
As the action of post-emergence herbicides is not effi-
cient, the effectiveness of the management of these spe-
cies depends mostly on what was done during off-season
or in the period preceding sowing. The first steps start
with improvements in the draining system and dry soil
tillage. Field observations show that tillage in very moist
and poorly drained areas enables the development of pe-
rennial grasses.

The best results in the management of these species
are obtained by the combination of chemical and mecha-
nical control methods. The use of one isolated method
enables less control than the combination of methods,
and it is still many times insufficient. Chemical control,
with glyphosate herbicides in a single or sequential appli-
cation, even in rates higher than 10 L/ha is not efficient.
However, one single application of up to 5 L/ha can be
enough, if combined with adequate tillage. The effective
action of glyphosate during off-season can be damaged
if applications occur on low temperatures, once stoloni-
ferous grasses have reduced metabolism and make them
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Figure 74. Weed control efficiency is higher when the flooding starts shortly after herbicide

spraying.
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Source: Agronomy team, EEA/IRGA (2012)
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Figure 75. Irrigated rice plants grow better in the minimum tillage system when sowing

occurs on died cover crops.

hard to translocate. Mechanical tillage, though, when
used alone, will only be effective if the soil is dry so that
the root system of these species is exposed to solar radia-
tion. On the other hand, soil tillage with too much mois-
ture can pave the way for these species to multiply, due to
the segmentation of vegetative parts.

Another improvement observed in weed control is
related to the growing use of high quality, physiological
and sanitary rice seeds, which are free of red rice seeds.
We could very effectively notice an increase in the use of
good quality seeds over the latest years (item 3.1.3). The
challenge is to use high-quality seeds in all crops all over
the State. Overall, most farmers are concerned with weed
control only during the cultivation period. The strategy of
only dealing with the problem when it appears makes the
farmers forget a set of preventive measures that would
contribute to the right management of weeds, making it
easier and less costly.

The use of practices that inhibit the introduction,
growth and dissemination of weeds should be part of the
control strategy by farmers. Overall, preventive actions
have low-cost and can be easily done at the properties.
The main preventive measures in the crops of irrigated
rice are: use of weed-free rice seeds, cleaning of irrigation
and draining channels, of fence lines and roadsides, clea-
ning of agricultural machines and equipment, and cau-

Projeto 10

tion in the handling and management of animals in the
pasture area. Besides these actions, water management in
rice crops is very important since weed seeds are easily
transported by the irrigation water and, in areas difficult
to be drained; they grow and are hard to control. All these
actions can be done by farmers before sowing.

Weed control during the off-season is essential for
those species that cannot be controlled or are hard to
control during the cycle of the staple, due to effective-
ness problems and/or selection of herbicides or by high
costs. Infesting species that are extremely hard to control
in the irrigated rice cultivation of Rio Grande do Sul are red
rice and stoloniferous grasses. The intense use of areas in
which rice is cultivated, along with the use of seeds con-
taminated with red rice seeds by farmers, has made this
infestation one of the biggest problems of rice production
in the state of Rio Grande do Sul, due to the reduction of
the rice productivity and the difficulties in controlling sin-
ce they are the same species.

Red rice management requires a combination of di-
fferent actions, such as the use of high-quality rice seeds,
proper soil tillage, the right choice for cultivation syste-
ms and staple rotation and succession, correct irrigation
management, correct use of herbicides and proper ma-
nagement of the soil’s seed bank. Out of all items men-
tioned, the management of the seed bank in the soil can
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be done during the off-season. Researches conducted by
IRGA have shown that in some crops in Rio Grande do
Sul, an equivalent of 20 bags per hectare of viable red
rice seeds in the soil are reported. The reduction in the
seed bank is essential for successful management. Red
rice seeds can be used in the soil for long periods, and in
certain conditions, their longevity lasts for many years.
The viability in the use of seeds is related to the depth in
the soil, that is, the deeper they are, the longer they will
be used.

During the fall and the winter, the red rice seeds are
largely dormant. They must be on the soil surface so that
they lose their viability by virtue of adverse environmental
factors and/or pathogens and predators. Bury the red rice
seeds right after harvest increases their viability for a lon-
ger period of time. Soil tillage, as an alternative to encou-
rage the emergence of red rice seeds, must be done in the
summer only in those areas that enable a fallow period
between one or another period of rice cultivation. Even in
these situations, soil tillage must be superficial. Small rice
fields in Santa Catarina and in the Depressao Central re-
gion of Rio Grande do Sul, cultivated in the pre-germina-
ted system, use ducks to reduce the bank of red rice seeds
in the soil.

Among the species of weeds, red rice deserves spe-
cial attention since it is widely spread. The alternatives for
control are only partial and it is estimated a reduction of
1.2 millions of tons on rice grains per harvest in Rio Grande
do Sul because of it. In addition to the damages caused
by red rice, once it is disseminated, it will not enable the
adoption of certain agronomic practices, which are essen-
tial for obtaining high productivities, such as the use of
higher rates of nitrogen fertilizers or sowing during the
recommended period.

So that the productivity ceiling can be increased in
Rio Grande do Sul, it is necessary to reduce the red rice
infestation in the crops. In this sense, the use of the sys-
tem Clearfield® has brought a huge contribution for the
rice crops (Figure 76). Most improvements observed in the
productivity can be attributed to this technology. With
the use of Clearfield® cultivars, it was possible to control
red rice selectively with imidalizone herbicides. Once this
weed is under control, the use of essential management
practices for the increase in grain yield is made available,
which is not possible in infested areas.

However, there are some limitations in the indiscri-
minate use of the Clearfield® system. Red rice biotypes
resistant to inhibitor herbicide acetolactate synthase (ALS)
(Figure 77) have been reported in all rice producing re-
gions of Rio Grande do Sul (Figure 78), thus lowering the
efficiency of this technology in some crops. The basic rea-
son behind it was the adoption of the system that does
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not follow the research recommendations and, mainly the
use of seeds contaminated with grains of red rice (Figure
78).

In addition to red rice, other biotypes of Cockspur
grass resistant not only to imidazolinones, but to all herbi-
cides that are inhibiting to the ALS enzyme (Figure 79) have
been reported. Biotypes Sagitaria montevidensis, Cyperus
difformis, Cyperus iria and Fimbristyllis miliaceae that are re-
sistant to this group of herbicides have also been reported
(Figure 80). In this scenario, new challenges come up: the
correct management of resistant weeds and the preserva-
tion of the Clearfield® technology. Without being preser-
ved, the productivity in Rio Grande do Sul can be reduced
in the next years. For the correct management of resistant
weeds, the main action to be taken is the use of herbicides
with different chemicals. If a weed is not controlled with
the recommended dose, it will not be controlled with a hi-
gher rate either. Alternating between tillage systems is also
a tool to be used. An example of that are the species such
as Sagitaria montevidensis and Cyperus difformis prevailing
in the pre-germinated system, which does not grow in ti-
llage systems where sowing is done in dry soil.

For the success of weed management in the irrigated
rice crops, it is necessary to combine different control me-
thods with good management practices for the staple and
control actions during off-season.

3.2.2. Pests and diseases control

The pressure inflicted by insects and other pests and
diseases in rice crops can be noticed in some areas of the
State or occurs due to the incorrect management of the
crop. So, the set of several agronomic practices recom-
mended by Projeto 10, whenever they are carried out in
an integrated way, reduces the incidence of pests and di-
seases in the crop and serve as preventive action, decrea-
sing its occurrence and the level of damage in the crop.
The knowledge of the damage history along the years, of
crop management and of the characteristics of the culti-
var are important for decision-making when it comes to
the need to apply insecticides and fungicides.

a) Insects and other pests

Rice crop is a favorable environment for the develo-
pment of a broad diversity of insects. In addition to the
terrestrial species, we can find large amounts of arthropo-
ds, which develop either partially or in full in an aquatic
environment. In this environment, few of them feed on
rice and may cause economic losses. Pest insects are those
species that occur constantly and in high numbers, which
may reduce the rice grain yield.
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Figure 76. The use of the CLEARFIELD® technology was essential for the Projeto 10 success in
irrigated rice crops infested with red rice.

Red rice biotypes resistant

Crop infested with resistant
to imidazolinone

red rice biotypes

Figure 77. The misuse of the Clearfield® technology by rice farmers has made irrigated rice
cultivation unfeasible in many fields of Rio Grande do Sul.

fields in Rio Grande do Sul is not systematic. The only
exception is the Rice water weevil (Oryzophagus oryzae)
(Figure 81). This is a pest insect, which has been reported

Just like the diseases, the pressure of pest insects in
irrigated rice fields in temperate climates in much smal-
ler than in tropical areas. Overall, their occurrence in rice
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4- Planicie Costeira Interna
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6- Zona Sul

Growing seasons %
2006/07 56
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Figure 78. The occurrence of imidazolinone-resistant red rice plants has been increasing in
all rice producing regions of Rio Grande do Sul.

Source: Agronomy team, EEA/IRGA (2009)
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Figure 79. The occurrence of imidazolinone-resistant red rice plants has been increasing in all rice

producing regions of Rio Grande do Sul.
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thiobencarb); Ronstar (oxadiazon); Goal (oxyfluorfen); Gamit (clomazone).

Source: Agronomy team, EEA/IRGA (2009)

in all regions every year, which explains us why the seed
treatment with insecticides is being used as the main form
of control in most fields of the state of Rio Grande do Sul.
Concerning the pest-control mentioned above, in the
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1980s and 1990s, when granulated or pulverized insectici-
des were used, the treatment of seeds had environmental
advantages. Despite being a preventive action, the impact
on the natural enemies is weaker, since these are much
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Figure 80. Weeds species that are proven to be resistant to herbicides in irrigated rice fields in Brazil.

less affected by the seed treatment than pulverization. A
factor that has contributed to the adoption of this practice
in large-scale was the reduction of the density of sowing,
making it less costly. Practices that received priority in Pro-
jeto 10, as the use of low levees and without the less pro-
ductive part of the soil, with the consequent reduction of
the water layer’s height, contribute for the management
of this insect. On the other hand, areas sown within the re-
commended period may be subject to attacks of Rice wa-
ter weevil, since the adult insect wakes from hibernation
around August/September and looks for the first crops to
develop. According to the cycle of the cultivar, there may
be more than one generation of insects in a same crop
cycle, unlike when most fields used to be irrigated in late
November and December.

Other pest insects such as Rice stem bug (Tibraca
limbativentris) (Figure 82a), Rice stink bug (Oebalus spp.)
(Figure 82b), Wheat armyworm (Pseudaletia spp.) (Figure
83a), Fall armyworm (Spodoptera spp.) (Figure 83b) and
Rice root aphid (Rhopalosiphum rufiabdominale) (Figure
83) occur sporadically in certain regions or years. When
they come in large numbers, they may cause damages so,
preventive actions should be taken and/or interventions
should be carried out in order to control them.

Rice root aphids (Figure 84), which used to be asso-
ciated with fields in the Fronteira Oeste Region, due to the
large number of levees and the difficulties in the irrigation
and maintenance of water layer by virtue of rice cultivation
in areas with steep slopes, now occurs in almost all rice

Projeto 10

production areas of the state of Ro Grande do Sul. Building
low levees and early crop irrigation when the plants have
from three to four expanded leaves are efficient manage-
ment practices for controlling this insect. Using chemi-
cal control to fight them is more effective with the seeds
treatment, once pulverizations cannot reach them since
they are underneath.

Rice stem bugs (Figure 82a) have become an impor-
tant pest insect over the last years. It occurs mostly in the
State’s warmer areas, such as the Fronteira Oeste Region
and Depressao Central Region. It has occurred in crops
over the last years due to the lack of adoption of speci-
fic management practices. Perhaps the more intense use
of areas where rice is cultivated has created more favora-
ble conditions for their growth, like what happened with
some weeds and diseases. This insect may reduce produc-
tivity significantly, since it reduces the number of panicles
affecting the base of the main stem and tillers, both du-
ring the vegetative and reproductive phase (Figure 82a).
Each adult insect per square meter may reduce the pro-
ductivity of grains in up to 1.2% (SOSBAI, 2010). Chemical
control with pulverizations have left a lot to be desired,
since it is difficult for the product to reach its target, once
the insects prefer to stay at the base of the plant’s stem,
next to the water layer surface. Chemical control is more
effective when applied in the morning, since the insects
travel to the canopy’s surface until noon.

Rice stink bugs (Figure 82b) become an important
pest insect after the flowering of plants, though it may be
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Figure 81. Rice water weevil is the most harmful insect to rice, especially when its larvae damages
the root system of the rice plants to feed on.

found in the crops since the beginning of the vegetative
phase. Weeds, specially Red rice and Cockspur grass, at-
tract these bugs to the crops before the cultivated rice is
in a susceptible development stage, since it has a shorter
cycle and make milky grain available earlier in the crop.

So, the infestation tends to start in the parts where more
weeds are found in the crop, such as in the edges and roa-
dsides, channels and drains. Weed control is extremely im-
portant for the management of these species. They bring
significant damages, since they affect both productivity

B \ l“?
" Ric® stink bug
Oebalus poéti

Figure 82. Both the rice stem bugs and rice stink bugs reduce the productivity and quality of grains.
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Figure 83. Both the wheat and the fall armyworms may bring severe damages to rice plants when in
large numbers.

and grain quality. Controlling these species is easier than  years when crop irrigation tends to be deficient and there
controlling Rice stem bug since they prefer to be in the is little food. Sometimes the only green areas in rice pro-
plant’s surfaces and is easily affected by insecticides. ducing regions are rice crops. Large rye grass areas in rice

Wheat armyworm (Figure 83a) is relatively a recent production areas may have contributed to the large num-
pest insect in irrigated rice fields. It is prevailing in dry bers of these pests in rice crops, since they occur largely in

Rice root aphid Damages caused by Rice root aphid
Rhopalosiphum rufiabdomimalis

Figure 84. Rice root aphids affect the plant’s root system during crop growth and may cause their
death, especially in the levees, thus affecting the initial stand and the grain yield.
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winter cereals. The less moist areas of the crop, such as ed-
ges, levees and higher parts, are usually where the infesta-
tion begins and then it extends to other areas as irrigation
ceases. The recommendations to conduct harvesting in
dry soil for higher effectiveness of machines and equip-
ment, reduction of fuel consumption, thus avoiding soil
degradation by virtue of harvesting machines, tractors
and bulk carriers, may have contributed to the high levels
of occurrence of this armyworm. 3% of the production is
damaged per each insect per square meter.

Fall armyworms (Spodopera frugiperda) (Figure 83b)
occur sporadically in rice crops. It occurs more frequently
in crops that are sowed later, in November and December.
It attacks rice plants in the vegetative phase, usually befo-
re irrigation and, when in large numbers, it causes severe
economic damages and needs to be controlled. Sowing
in the recommended period (before November 05) is a
preventive strategy against the attack because the insects
may be in pastures or other crops, and early crop irrigation
when plants have from 3 to 4 leaves reduces the number
of armyworms in the rice. Previously, most fields used to
be sown when the armyworms were already settled in the
areas and irrigated 30 days after the emergence of see-
dlings, which contributed to more serious attacks.

Sugarcane beetle (Euetheola humilis) (Figure 85) is
an insect that affects crops without water layer, since it
does not survive flooding. When the crop is growing, the
damage usually starts from the larvae, which attacks the
seedlings’ roots, affecting the initial population of plants.
So, the early irrigation is a practice that minimizes the fee-
ding period and the damage caused by it. Early sowing
contributes to the management of this insect too, since
it usually appears in the initial stage of the crop, in No-
vember and December. This insect may also affect the rice
plants’ root system at the final phase of the cycle when
crops no longer use water layer, causing lodging and im-
peding the harvest. In this sense, ceasing irrigation so that
the harvest can occur in dry soil may enable attacks from
this insect.

Practices adopted by farmers and the interaction
with the environment (climate, type of soil, etc.) deter-
mine the development of prevailing species and, along
the years, this combination results in crops with higher
or lower economic and environmental sustainability. The
use of Integrated Pest Management (MIP) calls for a set of
measures that impede the development of these species.
In this sense, weed control is important since it reduces
alternative sources of food for pests. Low levees and water
layer control are essential to avoid dry parts, where many
pests can develop easily.

The management of pest insects needs a long-
-term view that covers not only the target insect but also
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the presence of their natural enemies. Because of that,
the most suitable action to be taken is to monitor the
number of insects in the crop and only conduct preven-
tive control with the seed treatment with insecticides
in areas where it has occurred before. Chemical control
should only be employed when the number of insects
reaches economic levels, always avoiding indiscriminate
control or sequential applications. It is important to bear
in mind that this is only one of the tools and should not
be used apart from the other practices that mitigate the
damages caused by insects, as sowing and irrigation in
the recommended period.

So, it is recommended that farmers and field techni-
cians incorporate the monitoring of the pest and natural
enemies population as a strategy for the correct manage-
ment of pest insects in irrigated rice fields in Rio Grande
do Sul. Periodical visits to observe all parts of the plant,
since the roots to the panicles avoid the unnecessary ap-
plication of insecticides. Large scale fields must be mo-
nitored frequently and carefully too. In those crops, the
easiest way is by training people who frequently work at
the crops, such as water carriers and machine operators,
to get to know the pests and their natural enemies.

The occurrence of pest insects and the degree of the
damages caused are directly related to the agronomic
practices adopted and to the environmental conditions, as
well as the population of natural enemies of these insects.
Hence, it is necessary to monitor pest insects constantly
and the population of natural enemies as well, and consi-
der using insecticides only as a strategic tool for the mana-
gement of insects inside the rice field. A positive example
is the increase in the average rice grain yield in the crops
of the Sul Region of the State with improvements in the
quality of management of pest insects (Figure 86).

b) Diseases

The pressure from diseases in the irrigated rice culti-
vation in temperate zones, such as the State of Rio Grande
do Sul, is also much lower when compared to the irriga-
ted rice crops in tropical regions. Maybe this will explain
why cultivars that have been around for longer than 30
years in the State, such as BR-IRGA 409 and El Paso 144,
still continue to be sown in significant areas of the state
of Rio Grande do Sul and Uruguay. Overall, the higher oc-
currence of diseases, such as Rice blast, is less frequent in
Uruguay and rice crops in Rio Grande do Sul at the border
with that country. However, the further away the cultiva-
ted areas are from the border, the pressure of diseases in
the crops increases, because the air temperature and re-
lative humidity are higher in the warmer months of the
year (January and February). Still, the conditions are more
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Figure 85. Sugarcane beetles can cause damages to the plants during their growth in the larvae phase
oras an adult, cutting the plants’root system and causing lodging in the crop before harvesting.

favorable in the Northern located in the Northern Coast of
Rio Grande do Sul and in the State of Santa Catarina, whe-
re the combination of more sandy soils and fog and more
humid days, during the summer, determine the higher risk
of epidemics.

Additionally, it should be noted that climate and soil
conditions in Rio Grande do Sul are heterogeneous and
vary from a cultivation station to another and there are
management issues that interfere in the occurrence of di-
seases, as well as the tolerance of cultivars to them. For
instance, in the 2010/11 growing season, the conditions
for rice cultivation of were highly favorable in Rio Grande
do Sul, so much so that a record in average productivity
was reached. However, that was not an absolute truth, sin-
ce in the Northern Coast of the Planicie Costeira Externa
in Rio Grande do Sul there was an epidemic of Rice blast
in levels that have not been observed recently, mainly in
areas sown from November onwards. Therefore, general
recommendations of strategies for disease management,
especially when it comes to the use of fungicides must be
avoided.

The interaction of the genotype and the environment
and the agronomic management is essential to keep the
occurrence of diseases from reaching economic levels. In
warm and humid years with lower lighting, the probabili-
ty of incidence of some diseases such as Rice blast (Pyri-

Projeto 10

cularia grisea) (Figure 87) and the set of foliar diseases, of
which we can mention the Brown spot (Bipo/ares oryzae)
(Figure 88) is higher. On the other hand, the incidence of
Kernel smut (Tilletia barclayana) (Figure 89) increases un-
der weather conditions different from the previous one.
Usually, it is mostly associated with moderate relative hu-
midity and high lighting levels.

The use of disease-tolerant cultivars is the main alter-
native for its integrated management. For instance, in the
experiment named Bioclimatico conducted at the Experi-
mental Rice Station in Cachoeirinha, the spots of cultivars
IRGA 417, IRGA 418 and IRGA 420 were not attacked by
Rice blast (Figure 90) from September to October. Howe-
ver, the spots sown with the cultivar BR-IRGA 410 in De-
cember 15% suffered severe attacks during the vegetative
phase.

The most serious damages caused by diseases in the
rice cultivation in Rio Grande do Sul occur in the periods of
flowering and grain filling. Then, two productivity compo-
nents are defined: the number of spikelets per panicle and
the weight of the grains. Likewise, the components that
define the grain quality, such as the percentage of whole
grains, are defined in these periods. The technology brou-
ght by Projeto 10 is based on the sowing period in which
the staple can use the highest level of solar radiation avai-
lable in the reproductive period. So, the importance of kee-
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ping the staple healthy during this period becomes clearer.
Research findings from disease management have reinfor-
ced the advantages of the implementation of rice crops in
Rio Grande do Sul until no later than October. Overall, du-
ring this period, the damages caused by most diseases are
smaller (Figure 91). Likewise, the probability of diseases in
this period is low. That is, the risk for reduction of producti-
vity and quality in the recommended sowing period is very
low and when losses occur, they are usually less impacting
(Table 12), which enables the application of fungicides in
smaller rates and /or higher efficiency.

Fungicide use effects on irrigated rice in Rio Gran-
de do Sul have been hotly debated, possibly due to the
erratic results obtained with their use. Unlike the condi-
tions for irrigated rice cultivation in tropical areas, where
the use of fungicides is almost mandatory, what has been
under discussion there is whether two, three or more ap-
plications will be needed. In this discussion, the changes
that occur in the agronomic management of crops and
the expectations for productivity of grains must be taken
in consideration, too. Early in the last decade, the average
productivity of rice crops reached around 5.0 t/ha, whe-
reas in the 2010/11 harvest, the average productivity of
grains in RS reached 7.7 t/ha; it is quite common to have
areas with productivities higher than 10.0 t/ha. It is sen-
sible to protect a highly productive crop and maybe this

helps explain why the use of fungicides has shot up in the
State over the latest years. Today the use of fungicides in
irrigated rice in RS is estimated to be higher than 80%,
unlike in the beginning of the previous decade, in which
their use in rice crops was lower than 5%.

Some mistakes made in past which still continue to
be made now, is the use of fungicides in fields with low
productive potential, mostly due to the poor manage-
ment of the staple, especially when the sowing takes pla-
ce after the beginning of November. Research findings
have shown that the grain yield is higher in areas in which
sowing occurred in the recommended period without the
application of fungicides than those in which sowing oc-
curred later with the use of fungicides (Figure 92). Many
farmers conduct sowing at a later time and use fungicides
in crops hoping to increase the grain yield. They forget that
the application of fungicides, though it is done accordin-
gly, only protects the productivity potential. We suggest
that these farmers give priority to improving the agrono-
mic management of their fields. In this sense, the first step
is to conduct sowing in the recommended period, with
the use of sowing density recommended by Projeto 10,
with balanced fertilization and adequate weed and water
management (Figure 93). Additionally, we recommend
that preventive actions be taken before looking at fungi-
cides as the “salvation of the crop” On the contrary, the
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Figure 86. Higher rice yield grain is obtained by farmers that can more efficiently manage
pest insects in their crops (Zona Sul, 2010/11 growing season).

Projeto 10

Source: DATER/IRGA (2012)
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Figure 87.Rice field severely infected with Rice blast fungus Palmares do Sul county, 2010/11
growing season).

Figure 88. Rice severely affected with the Brown spot may have decrease in the grain yield and
quality affected.

Projeto 10
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Figure 89. Rice area severely infected with Kernel smut (Tilletia barclayana).

effectiveness of the use of fungicides in crops with poor
agronomic management is low. Even when fungicides are
applied twice, disease control may not be efficient.

Fungicide can be recommended in areas sown from
September 01 to November 05, due to unpredictable wea-
ther conditions in Rio Grande do Sul and to the diversity of
conditions between the rice producing regions and within
each region. Such unpredictable character may indicate
that weather conditions that had been not very favorable
to the occurrence of diseases that could bring economic
losses change constantly and be favorable to their occur-
rence. The hardest thing in this decision-making process
is that weather forecasts are not able to certainly define
when and where this will occur. Along with that, the fact
that more than 80% of the area sown with irrigated rice in
the Rio Grande do Sul in the 2010/11 growing season was
sown with cultivars susceptible to Rice blast and/or other
diseases, such as Kernel smut (Tilletia barclayana). As grain
productivity in these areas is expected to be high, it is re-
commended to use fungicides to protect the productive
potential. In these cases, the effectiveness with the use of
fungicides is high, since one single application can result
in a good control and anticipated protection to a highly
productive crop.

Of all management factors, the one that is more
closely related to the level of incidence of diseases is the
sowing period (Table 12). Research works conducted by
IRGA have shown that as sowing is conducted at a later

Projeto 10

period there is a higher occurrence of diseases. Overall,
the chances of occurrence of such diseases in the areas
sown by the late October is low, increases in areas sown in
November and is very high in December. Not only the like-
lihood of diseases occurrence increases with late sowing,
but its severity will get even higher in areas which were
sown outside the period recommended by Projeto 10 (Ta-
ble 12). So, sowing during the recommended period ena-
bles farmers to reach higher productivities in their crops
with healthier plants, as occurred in the Zona Sul Region
(Figure 94).

To sum up, as a technology recommendation of Pro-
jeto 10, chemical control of diseases will focus on the pre-
vention for those farmers who use cultivars susceptible
to diseases, which have historically affected their regions.
Then, fungicides are used only to keep the crop produc-
tive potential, which was previously defined. By virtue of
the lower pressure of diseases, which is expected in fields
following the technology recommended by Projeto 10, a
single application of fungicides is enough to control the
diseases most times. Sequential applications can only be
used in regions which have a historic high frequency of
diseases and/or which use susceptible cultivars.

3.3. Integrated agronomic practices

Several important interactions (relations) among
agronomic practices and productivity were reported
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Figure 90. The use of disease tolerant cultivars is the main alternative for rice integrated
management. Severe Pyricularia attack on plots with cultivar BR-IRGA 410 sown on
Dec 15. The IRGA 417, IRGA 418 and IRGA 420 cultivars were not affected by the
disease. In this same experiment, in the October sowing, the BR-IRGA 410 grains yield
reached 8.7 t/ha.
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Figure 91. The severity of occurrence of Brown spot increases when sowing is conducted at a
later period.
Source: Adapted from Grohs et al. (2010)
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Table 12.The severity of occurrence of most diseases is lower and the rice yield grain and quality are higher when
sowing is conducted at the recommended period (Biodiseases Test) - 2003/09 growing seasons — EEA/

IRGA)
% t/ha %
Oct 01 to Oct 10 35 Very low to low 8,30 64
Oct 15 to Oct 30 45 Low 8,15 63
Nov 01 to Nov 11 65 Low to mid 8,00 62
Nov 15 to Nov 30 65 Mid to high 7,45 59
Dec 01 to Dec 12 75 High to very high 6,65 56

“Joint analysis of the effects of Brown spot diseases, Grain spots, Rhizoctonia solani and Rice blast fungus on cultivars BR-IRGA 410, IRGA 417,
IRGA 420, IRGA 423 and IRGA 424.

Source: Adapted from Grohs et al. (2010)

225
—e— With fungicide
205 —— Without fungicide
20
200
195

b
S~
o))
= 175
2 1751
[
o
(2}
o))
®
)
| 150 -
ie)
Q2
> 135
£
: 125
o 125

1/ 2°SEP 1°0CT 2?0CT 1°NOV  2°NOV 1°DEC  2°DEC
0!

Sowing time

Figure 92. Rice grain yield is higher in areas sowed at the recommended period without fungicides
spraying, than in those sowed in late period, with the use of fungicides.

Source: Adapted from Grohs et al. (2010)
along this publication: the sowing period, soil tillage, diseases is lower when sowing is conducted within the

early weed control, top-dressing nitrogen fertilization ten first days in November, and the use of low sowing
and the starting of irrigation. Occurrence of weeds and  density, of healthy seeds, cultivars more tolerant to di-
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seases and proper fertilization management. Even when
we consider some agronomic practices, such as the
sowing period and the plant emergency and establish-
ment and choice of cultivars, fertilization and irrigation
management and weed control, as the most important
(key) points, the success of Projeto 10 is attributed to the
joint and integrated use of all practices, both those rela-
ted to the “construction” and those related to the “main-
tenance” of productivity (Integrated Rice Management
— MICA), as shown in Figure 95. Thus, the adverse factors
that cause stresses to plants are fully reduced, enabling
to use more efficiently natural resources, such as soil,
water, and the resources added as input and work. Ex-
tensive adherence to MICA is still a major challenge to
be dealt for reaching high productivities of irrigated rice
with the improvement of the productive process by the
use of Good Agricultural Practices (MUNDSTOCK et al.,
2011).

3.4. Technical and operational management in
rice production system

Management of rice production systems consists ba-
sically on planning, organization and direction and con-

trol of crop operation to enable integrated crop manage-
ment entirety. This type of management goes beyond the
economic planning, that only requires knowledge of the
production cost and an approximate estimation of the pri-
ce to be received.

Actually, it is necessary to manage things in a way
that agronomic practices can be carried out accurately,
at the right moment as recommended. Hence, it is es-
sential to use management tools correctly; such tools
include the annual planning for the definition of actions
(along with employees and partners), with the monito-
ring and critical evaluation of results and personnel’s
performance, keeping track of failures and awards. It
is essential to set common goals, generate motivation,
organization and unity, in which everyone plays a role
and contributes collectively. In addition to motiva-
tion, it is necessary to set roles for each employee, who
should seek or be offered training for the execution of
the respective task. In this process, we are looking at
the development of values for growth, personal accom-
plishments, organization and commitment to work, to
society and environment by the group aiming sustaina-
ble rice production.

Figure 93. Deficient irrigation and the presence of host weeds close to the crop enable the
development of Rice blast fungus, which may spread throughout the entire field.

Projeto 10
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Figure 94. Higher rice grain yield is obtained by farmers that can more efficiently manage
diseases in their crops (Zona Sul, 2010/11 growing season).

Source: DATER/IRGA (2012)
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Figure 95. Only with the adoption of integrated cultural practices high rice grain yield can be achieved.
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4.PROJETO 10 AND RICE PRODUCTION
SUSTAINABILITY

By adopting the Good Agricultural Practices, (MUN-
DSTOCK et al., 2011), the technologies recommended by
Projeto 10 promote sustainability of rice production since
they ensure the rational and efficient use of natural re-
sources, thus avoiding their degradation, increasing effi-
ciency in the use of input as well as contributing to the
efficient use of energy sources. It must be done without
losing the focus on crop competitiveness in the market, its
adherence to environmental legislation, looking for food
safety and quality of life of the people who produce and
consume rice, as follow.

4.1. Competitiveness and profitability

In a globalized world, even those sectors of the agri-
cultural economy that are geared towards the internal
market, as most part of the rice production process, su-
ffer from the interferences of policies adopted by other
countries, both when it comes to purchase of input and
competitiveness from the introduction of products whose
prices are mostly subsidized. Hence, if rice farmers want to
continue working on this activity, they need to seek the
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same degree of competitiveness as those reached by far-
mers from countries that operate in this market. Besides
that, rice production industry has to be able to compete
with other agriculture sectors. Because of that, in an in-
creasingly globalized world, those who are not aware
for productivity on their business will have problems
in the future due to the lack of competitiveness. In Pro-
jeto 10, productivity should be understood as the ca-
pacity to produce more food, with better quality and
less input.

With the constant crises experienced by rice produc-
tion industry of Rio Grande do Sul, notably over the last
two decades, farmers have sought to reduce costs as a
means to increase competitiveness. This strategy was so-
mewhat successful for those whose costs were low. Howe-
ver, once production costs are increased, what should be
done to increase crop competitiveness? Surely the best
thing to be done is not to reduce the use of input since
it causes lower productivity and difficulty in handling the
crop’s fixed costs. Likewise, the expansion of the cultivated
area with low productivities will not be of any help. Far-
mers who have higher economic return, regardless of
the size of their cropped area, are those who are able
to keep their costs under control and reach high pro-
ductivity (Figure 96). Over the last years in Rio Grande
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Figure 96. The average production cost per bag of irrigated rice has been decreasing with the

increase of grain yield.

Projeto 10

Source: DATER/IRGA (2012)
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Figure 97.The rice production cost per hectare has remained stable whereas the cost of bag has
decreased due to increase in grain yield.

do Sul, the average production cost per rice bag has
been decreasing with the increase in productivity (Fi-
gure 97). The analysis of production cost of IRGA in the
2010/11 growing season shows that a great part of this
cost (>70%) has not changed because of productivity
(IRGA, 2011). Indeed, irrigation, herbicides, seeds and fuel
costs remain the same whether the productivity reaches
5.0 or 10.0 t/ha. On the contrary, if research recommen-
dations are used, it is possible to reduce the costs of these
items. So, in order to increase productivity, the most cos-
tly item is fertilization. Harvesting, transportation, drying,
fees and taxes are the costs that get higher with the in-
crease in productivity, but they are called “good costs” by
farmers.

Rice profitability increases significantly with impro-
vements in technology (Figure 98) since all agronomic
practices recommended are fully and permanently used
(Figure 99). However, productivity is simply an item in the
rice business. Buying inputs and selling the product requi-
res both abilities to manage and to produce well. Overall,
farmers do not buy input at the best moments and sell
their rice when the price curve descends. They expect
obtaining higher profits, they speculate on their business
with the intent of always selling rice at higher prices. There
were cases in which the rice bag cost BRL 35.00 and far-

Projeto 10

Source: IRGA (2012)

mers waited it would go at BRL 40.00 to sell their product
and, consequently, many farmers ended up selling their
product below BRL 25.00 per bag in the same growing
season.

When it comes to making investments choices, it is
very common for farmers to make emotional rather than
reasonable decisions. For instance, it is common for far-
mers to buy a tractor because there is credit available at
an affordable interest rate, even if they do not need it. In
this scenario, the new investment will not aggregate any
benefit to the business but a debt that will have to be paid
sometime in the future. With the increase in productivity
and production, it is necessary to have more investments
in grain storage capacity in the property even to be able
to have a better profit. However, few rice farmers invested
in grain storage structure. Most investments were made in
machines and implements. Industry was the sectors that
most invested in storage.

Staff management in rice business needs to
evolve. Today the investments in personnel training
and labor conditions in rice farms in Rio Grande do
Sul continue to be not sufficient. Rice farmers still
have not understood that the most important capi-
tal to their business are their employees. There are
farmers who own land and big machinery park and
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Figure 98. The grain yield and the economic return increase with the higher technology
level used, especially when sowing is conducted at recommended period.

Source: Mariot et al. (2009)
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Figure 99.The use of high technology in irrigated rice should only be done when sowing is conducted
at the recommended period.
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Source: Agronomy team , EEA/IRGA (2009)
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have problems due to the deficiencies in human re-
sources management. These are the keys for the suc-
cess of rice business since one only single group of trai-
ned employees working as a team is able to evolve as
the rice economy has evolved. Producing 4.0 to 5.0 t/
ha does not require major abilities. However, producing
8.0 or more t/ha requires planning and organization in
all corporate levels.

Higher production, with lower costs and higher
quality, is an aspect which is within the farmer’s go-
vernability. However, there are factors that have a
negative impact on the success of the business and
are outside of its management’s territory. For ins-
tance, the agreement with Mercosul that enables the
importation of rice from Uruguay, Argentina and Para-
guay, whose prices can be lowered in the country. Fiscal
asymmetries inside and outside of the country make it
difficult for the competitive capacity of rice farmers in
Rio Grande do Sul. Inside the productive chain, far-
mers are the less organized connection and, hence,
an important part of the gains arising from the evo-
lution in technology in irrigated rice did not end up
with them. The greatest beneficiaries of this techni-
cal progress were Brazilian consumers, who are able
to buy high-quality rice at a low cost, since whereas
the price of rice has gone down, the minimum wage

has increased above inflation (Figure 100). These re-
sults confirm studies conducted by the International
Center for Tropical Agriculture — CIAT, which show how
the first greatest beneficiaries of the investments in re-
search on irrigated rice in Latin America are the consu-
mers. This is most relevant in Brazil, where 19% of the
calories and 11% of proteins in the population’s basic
diet comes from the consumption of rice, thus benefit-
ting people with lower purchasing power. To sum up,
we can state that the efficient management of the
productive process of rice is essential for rice deve-
lopment in the State of Rio Grande do Sul, but it is
not enough when farmers continue to be the weaker
connection of the productive chain.

Besides the profit increase brought by Projeto 10,
the resources used in the productive system are used
more efficiently. Prior to the implementation of agrono-
mic practices recommended by Projeto 10, more than 2m?
of water were necessary to produce Tkg of rice. Current
data evidence that we can have the same production with
less than half this volume of water, that is, use even less
than 1Tm? of water per every kilogram produced (Figure
101), which is the goal to be reached in all rice fields in Rio
Grande do Sul. This logic can be used in other resources
such as, oil, electricity, machines and implements, human
resources, etc. Only in these conditions will farms fulfi-
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Figure 100. The greatest beneficiaries of the increased grain yield in rice crops in Rio Grande do

Sul are Brazilians customers.
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Source: IRGA (2012)
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Figure 101. The water use efficiency has doubled with the Projeto 10 implementation. Less than
1m? can to be used in order to produce 1kg of rice, which is the goal to be achieved in

rice fields in RS.

Il their social role completely, which is to produce the
highest quantity of food per unit of area, with less en-
vironmental impact.

4.2. Environmental adequacy

Rice cultivation modifies the natural ecosystem it is
inserted. Then, another ecosystem using the natural re-
sources available (soil, water, solar radiation and organis-
ms) is created, with large human contribution. This new
ecosystem is not necessarily harmful to the existing
natural resources if human actions are intended to
keep them and even improve that environment with
both the available technical and scientific knowledge.
The willingness of segments of our society in deeming rice
crops as a highly pollutant activity needs to be revisited,
once science shows that the proper management may re-
duce or eliminate possible negative effects of rice on na-
tural resources and even improve them.

People who are used to walk along in the irrigated
rice fields every day have a very different view from tho-
se who criticize it by looking it from distance. Fish, such
as Astyanax, and a wide range of species of birds will not
breed inside rice fields if they do not find conditions for

Projeto 10

Source: Agronomy team, EEA/IRGA (2009)

so (Figure 102). This evidences that happens in rice crops
in other countries, such as Italy, where rice farmers recei-
ve a subsidy of €960 per hectare, whereas corn farmers
only receive €600, as authorities argue that rice flooded
areas enables the development of birds and other ani-
mals. The Italian perception on the importance of irri-
gated agriculture has been around for long, when Leo-
nardo Da Vinci projected the main irrigation channels to
transport water from lakes formed from the mountains'’
ice.

Irrigated rice contributes with only 10% methane
gas (CH,) emissions to the atmosphere, and this figure is
around four times lower than the emissions of this gas ari-
sing from animal production either directly or indirectly
(BAYER & ZSCHORNAK, 2009). Research on greenhouse
gas (GEE) is recent in the South of Brazil (10 years), but
initial results have been encouraging and show that the
adoption of technologies such as the minimum tillage sys-
tem (Figure 103) and the use of high management levels
(Figure 104) have high potential to mitigate methane gas
significantly. These research works also clearly show
that the benefit is even higher when we express the
emission of this gas per unit of produced rice (Figures
103 and 104). The increase in productivity and efficien-
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Figure 102. Rice fields, in their different stages, are a favorable habitat for the development of
many species of fish and birds.
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Figure 103. Methane emissions in irrigated rice fields are lower in the minimum tillage system.

Projeto 10

Management Strategies to Increase Productivity and Sustainability of Irrigated Rice Growth in the RS: Developments and New Challenges m

T T

PC PD cMm
Tillage systems

Emission of CH, / rice kg
(kg CO, equivalent per kg of rice)

Methane emissions per kg of rice
in the 2003/04 growing season

0,9

0,61

0,3

1,54

0,86

0,0

PC

Tillage systems

PD

Source: Bayer et al. (2009)

CM




Methane emission in rice crop

in the 2003/04 growing season
500

412

400

291

a4 264

200

100

Average emission of CH,- kg/ha

Low Medium High

Technology level

Methane emissions per kg of rice
in the 2003/04 growing season

1,6

1,43

1,2

0.8 1 0,7 0,7

Emission of CH, / rice kg
(kg CO, equivalent per kg of rice)

0.4

Low Medium High

Technology level

Figure 104. The high technology use in irrigated rice fields results in lower emissions of methane

gas per kg of grains produced.

cy in the use of applied inputs and natural resources
reduce emissions of methane gas per unit of grains of
irrigated rice.

IRGA has been working on a series of actions gea-
red towards the use of Cleaner Technologies (MACEDO et
al., 2008) and for the establishment of Good Agricultural
Practices (MUNDSTOCK et al., 2011) suitable for the pro-
cess of management of farms involved in rice production
in Rio Grande do Sul. The Cleaner Technologies program
recommends actions that benefit farmers and guaran-
tee rice farm sustainability as it encourages adherence
to environmental legislation, especially when it leads to
rational use of natural resources and agricultural inputs,
intended to provide a suitable use for the waste genera-
ted, conservation of fragile areas and safety and occupa-
tional health care. Among these actions, we can mention
the monitoring of the quality of irrigation and draining
water (through a partnership with UFSM - Federal Uni-
versity of Santa Maria), the increase in efficiency of use
of water, biodiversity evaluation (through a partnership
with Universidade do Vale do Rio do Sinos), the search for
cultivation systems with low greenhuose gases emission
(through a partnership with UFRGS - Federal University
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Source: Bayer et al. (2009)

of Rio Grande do Sul), the implementation of the Selo
Ambiental da Lavoura de Arroz do Rio Grande do Sul (En-
vironmental Seal for Rice Production in Rio Grande do
Sul), to recognize and value initiatives from farmers for
the environmental adequacy of their projects, and the
assistance from the Department of Public Prosecution
for rice farmers to sign Environmental Agreement Terms
(TCA) to rebuilt the ecological corridors of watersheds.

These actions are intended to develop an environ-
mentally correct crop production system that contributes
to ameliorations on the environment unlike the assump-
tions made on their negative effects on natural resources.
Hence, IRGA strongly recommends a series of crop mana-
gement practices (Integrated Management of Irrigated
Rice), along with measures to be taken in the rice fields
growing area with the intent of preserving natural resour-
ces and ecosystems near to the field crop. These policies
are in accordance with the agronomic practices recom-
mended by Projeto 10 (Item 3) and special cares to pre-
serve the environment and improve living conditions of
farmers, as presented in the “Good Agricultural Practices
User Guide” (MUNDSTOCK et al., 2011).
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5.PROJETO 10'S NEW CHALLENGES

Along this book we have presented the main stri-
des in the production of irrigated rice in Rio Grande do Sul
from the beginning of Projeto 10 in this State. Likewise,
challenges to be pursued by IRGA over the coming years
were pointed, so that rice productivity continues to grow
within the precepts of crop sustainability and quality of
the product. These new challenges will now be summari-
zed to serve as a guide for planning of actions to be deve-
loped over the next years concerning Projeto 10.

1. Generation of data and regional information
from the farmers’ reality and demand

Eve n this process has considerably evolved, it should
be strengthened even more, since the more the farmers
take part in the process of definition of actions, higher will
be the generation of information and suitable technolo-
gies to meet the demands and more they will be adopted
by farmers.

2. Development of cultivars with higher tolerance
to low temperatures during early plant growth

This higher tolerance will enable the conduction for
sowing in the recommended period. The biggest challen-
ges to be faced are, then, to develop cultivars that support
environmental stresses, especially with medium cycle,
lodging-resistant and cold-tolerant stems in the initial sta-
ge of development. Such cultivars will contribute greatly
for the sowing during the entire recommended period
and for making the production of rice in RS less vulnerable
to environmental variables and less costly.

3. Continuation of the breeding program to
develop CLEARFIELD® cultivars

Selection of new Clearfield® cultivars is important in
areas infested with red rice fields resistant to phytotoxici-
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ty from imidazolinone herbicides. These genotypes must
have higher productive potential and quality when com-
pared to those that are currently being cultivated. Addi-
tionally, more research actions to find irrigated rice plants
that are tolerant to other herbicides, with action mecha-
nisms different from the current ones for red rice manage-
ment.

4. Sowing 90% or more of rice area until until
November 10™

Besides this goal has been reached in most rice pro-
duction areas in the 2010/11 growing season, it must con-
tinue to be achieved in all cropped area of the State of RS.
Hence, it is necessary to prepare the area in advance, dea-
ling with aspects related to soil draining and tillage and
the choice of the tillage system and area systematization.

5. Use of certified seeds

The goal to reach the use of certified seeds, despi-
te the improvements observed throughout the develop-
ment of Projeto 10, must be extended to most rice farmers
in RS.

6. Management of herbicide-resistant weeds

The correct management of herbicide-resistant
plants for the preservation of the Clearfield” technology
must be disseminated as the main tool for the manage-
ment of red rice.

7. Diagnosis improvement of rice nutritional
status

It is necessary to develop and consolidate methodo-
logies for foliar diagnosis (sufficiency ranges and/or balan-
ce between nutrients — DRIS) to improve the adjustments
made in the fertilization recommendations, especially for
micronutrients.
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8. Projeto 10 and rice sustainability in the State of
Rio Grande do Sul.

Even if the recommended practices by Projeto 10 take
in consideration the Good Agricultural Practices, both in
the cropping fields and in the farm as a whole, and there are
initiatives available for tracking the product (Environmental
Seal), the biggest challenge to be faced by rice farmers is still
to produce large quantities of food with the highest level of
efficiency and use of natural resources and inputs, with the
lowest environmental impact possible and with the proper
attention to ensure occupational safety and health.

9.Technology diffusion

Technology diffusion is still one of the biggest steps

for the reduction of the productivity gap in the fields of
irrigated rice and it will only be overcome with the increa-
sing participation of the communities when defining pro-
blems to be addressed, both as extension and research
works. The generation of knowledge at universities and
research centers is compartmentalized. Hence, the inte-
grated management for irrigated rice, looking the crop-
ping system as a whole should be a strategy that enables
farmers to increase productivity and reduce its environ-
mental impact. The participation of researchers, extensio-
nists and farmers as subjects in the process of technology
and knowledge generation is essential for gathering hi-
gher economic, social and environmental sustainability in
the rice production in the State. The provision of deeper
insights into this process is essential for the crop to grow
in a sustainable way over the coming years as a whole, and
this is perhaps the biggest of the challenges.




6. RECORDING CROP EVENTS

Overall, in the agriculture business, it is not common
to keep records of the activities and incidences during
the whole growing season. Most part of what is done
or happens is available only in the memory of the peo-
ple involved in the production process. To rely upon the
memory alone is a serious mistake for those who wish
to implement rice production business. The events that
take place in the beginning of the harvest are most of the
time not even remembered. In the next harvest, it will
be more difficult. Because of that, a detailed planning of
all steps in the growing season and maintenance of re-
cords of all important data and facts have been strongly
recommended.

Farmers and their cooperative members must pay special
attention to all harvest stages, recording the main data,
sowing period dates and the crop emergence and stand,
amount of seeds and fertilizers, start and end of irriga-
tion date, a list of products, doses and periods for weed
control, pests, diseases among others, to find out about

. N
e ¥
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their reality. This information is extremely important for
the planning and organizing the rice production process
in the following harvest. In order to obtain more precise
information, it is necessary to step over and inspect requ-
larly the entire cropped area. Check for details by touring
around it. Assess the development of plants and for the
correct management. Count the number of rice seedlings,
tillers and panicles. Record every occurrence of weeds, in-
sects and diseases.

Having these events in your memory only is not a
good way to record information, as they need to be regis-
tered. Recording results on paper or on an electronic way
is a simple means to ensure that the information will be
available in the future. Compare and identify results. Pin-
point the problematic areas and the crop’s strengths. Im-
prove management to overcome bad results and repeat
management actions that have resulted in high producti-
vities. Use spreadsheets, as the one attached, to record
data and information.

7.PHOTO CREDITS

The most photos in this publication should be credi-
ted to the researcher Valmir Gaedke Menezes. In addition
to him, some specific photos are credited to the following
researchers, in the respective areas: Daniel Santos Grohs,
in Disease Management, Thais Fernanda Stella de Freitas,
in Insect Management and Elio Marcolin, in Irrigation Ma-
nagement.
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9.2. Development stages of rice plant

Development stages of
rice plant

The developent stages of rice plants are divided in three major phases:
Seedling, Vegetative and Reproductive

STAGES OF SEEDLING
DEVELOPMENT
S0. Rice dry seed;
S1. Emergence of coleoptile or root;
S2. Emergence of coleoptile and root;
S3. Emergence of the coleoptile profile.

STAGES OF VEGETATIVE SO S1 S2 S3 Vi V2 V3 V4 V5 V6
DEVELOPMENT

The stages are described with the letter *V” and the
number below refers to the number of leaves fully
development with the development of the collar.
V1. Collar formed in the 1% leave of the main stem;
V2. Collar formed in the 2™ leave of the main stem;
V3. Collar formed in the 3" leave of the main stem;
V4. Collar formed in the 4" leave of the main stem;
V5. Collar formed in the 5" leave of the main stem;
V6. Collar formed in the 6" leave of the main stem;
V7. Collar formed in the 7" leave of the main stem;
V8. Collar formed in the 8" leave of the main stem;
V9 (VF-4). Collar formed in the 9" leave of the
main stem. VF refers to the flag leaf and the
following number refers to the number of the not
preceding hte flag leaf.. V10 (VF-3). Collar formed
in the 10" leave of the main stem, as 3 leaves are
missing for the emergence of the flag leaf. V11
(VF-2). Collar formed in the 11" leave of the
main stem, as 2 leaves are missing for the
emergence of the flag leaf. V12 (VF-1). Collar
formed in the 12" leave of the main stem, as 1
leaf is missing for the emergence of the flag
leaf. V13 (VF). Collar formed in the flag leaf.

VZ V8 VO(VF-4) VIO(VF-3) VII(VF-2) VI2(VF-1) V13-VF(Flag)

B A LN )
R1 R2(Boot) R3  R4(Anthenis) R5 R6 R7 R8

STAGES OF REPRODUCTIVE DEVELOPMENT

RO. Panicle initiation; R5. Grain enlargement;

R1. Panicle differentiation; R6. Grain expansion;

R2. Formation of the collar of flag leaf; R7. Maturation of a grain in the panicle;
R3. Exsertion of panicle; R8. Complete panicle maturation.

R6. Anthesis (when one or more spikelets);

Source: Counce et al. (2000)
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9.3. Ontogeny of rice plant

ONTOGENY OF RICE PLANT

Development Morphological
stages development
So
S1 emergence of the root or coleoptile
Sz emergence of the root or coleoptile
S3 emergence of the root or coleoptile
Vi
V2 formation of nodal roots
V3
Vs
Vs Start of tillering
V5 |
vy half tillering
Vs | end of tillering
VEk 4Vo I \
first
Ro e initiation of panicle
VE 3Vio g
2
Ri differentiation of the ramification of second o
panicles =
VE2Vii -S
third ‘g
VEaVi2 differentiation of chaffs (lema and 5
o
palea) fourth
Ve VizR;
| microsporogenesis | booting
R3 Peduncle
- o 50% of flowering (&Zdlgfv'::"
4 polinization part of the
flag leaf
with panicle)
I olinization
Rs |»
expansion of caropsis grain filling
Re
milky grain
jammy grain
R7 - -
hard chalky grain «physiological
maturation»
Rs
grain losing moisture
Ro

changes in the development continue
in the harvest

Source: Counce et al. (2000)
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