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ABSTRACT

The implementation of the crop-livestock-forest (ILPF) integration system at Fazenda Boa Vereda
arose from the motivation to combine innovation and sustainability, which gave rise to the neologism
“innovability”. Until then, the farm had beef cattle ranching as its main activity, but it had low
economic profitability, in addition to large extensions of areas with degraded pastures. Thus, support
was requested to the Brazilian Agricultural Research Corporation (Embrapa) looking for an
alternative form of innovability to change this scenario, that is, the ILPF system. The implementation
of the ILPF system was carried out in stages on the farm, and various configurations of the system
were evaluated, as a way to obtain greater synergy among the components and achieve improvements,
especially in terms of economic and environmental aspects. Because of the success obtained with the
ILPF system at Fazenda Boa Vereda, it became a Technological Reference Unit (URT) of Embrapa.
In this context, in partnership with different institutions, efforts were made to carry out numerous
Research, Development and Innovation (RD&I) and Technology Transfer (TT) actions, favoring the
dissemination of ILPF systems in Brazil and in several countries. Over 12 years, 79 technical-
scientific publications and 153 TT actions were computed, which has contributed to the expansion of
the adoption of the ILPF system in several Brazilian farms.

Keywords: Agrosilvopastoral system; income diversification; research and innovation; technology
transfer.

INTRODUCTION

The expansion of agricultural production, through crop-livestock-forest integration systems (ICLF),
has been quite significant over the years in Brazil, with 10 million ha between the years 2005 and
2015. The integrated systems constitute a versatile production model that makes it possible to
combine agricultural, arboreal, forage and animal components, simultaneously or sequentially in time
and space, on a temporary or permanent basis, with economic, environmental and social benefits.
These systems are recognized for allowing the diversification of activities on the farm, reducing risks
and increasing agricultural production.

In this sense, in 2007, the motivation for implementing the ICLF system at Fazenda Boa Vereda (total
area of 270 ha), located in the municipality of Cachoeira Dourada, southwest region of the state of
Goias, Brazil, emerged. At that time, beef cattle ranching was the main activity on the farm. The farm
had a low economic profitability, in addition to the presence of degraded pastures. A more profitable
alternative, at the time, would be the lease of land for the cultivation of sugarcane, as a means of
supplying the sugarcane complex plants in the southwest region of Goias. However, there was a lack
of interest on the part of the farmer in this type of lease, having been sought from the Brazilian
Agricultural Research Corporation (Embrapa), an alternative form of innovation in the agricultural
production system, that is, the ICLF system, to increase profitability and sustainability of the farm.
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The ICLF system was implemented in stages or consecutive harvests, on different plots of degraded
pastures on the farm. This choice was made in order to better equate the producer's financial expenses
over time, facilitating the implementation of the system. This factor is also important because, due to
the greater complexity of the ICLF system in relation to traditional monocultures, every year the
operational procedures are improved, minimizing risks. After prospecting the demands of the regional
market, it was decided to use soybeans and maize as crop components, eucalyptus as forest
component, in addition to continuing with the tradition of beef cattle raising and pasture on the farm.

In the 2008/2009 harvest, the first stage of implementation of the system was established in an area
of 47 ha. The ICLF system was implemented in a spatial arrangement of rows of three eucalyptus
lines (clones AEC 144 and AEC 244), spaced 3 m apart and 3 m between plants, between rows of 14
m for planting the crop (totaling 500 trees /ha) and, later, the pasture. The system followed the
following sequence: in the first year (Year 0) the following were planted: soybean (cultivar BRS-GO
8360) and eucalyptus in intercropping; 2) in the following year (Year 1) maize was planted (in the
area previously occupied by soybeans) (cultivars BRS 1030 and BRS 1035), intercropped with
brachiaria (Urochloa brizantha cv. Marandu). After maize harvesting, the pasture was already
established and, as brachiaria presents rapid regrowth, the pasture can be used for silage
approximately one month after corn harvesting. At 18 months after planting, the eucalyptus trees
were, on average, 8 m high and 10 cm in diameter at breast height (DBH), a result of the use of high
productivity clones, which allowed the animals to enter the system without risk of damaging trees.
Since its implementation, the pasture has annually rceived fertilizers according to soil analysis and
crop recommendations, to maintain its carrying capacity. From Year 2 onwards, this pasture area is
used for rearing and fattening beef cattle, which is repeated annually.

In the following harvests, the implementation of the ICLF system was carried out in the other plots
with degraded pastures. Over the years, several configurations of the system arrangements were
tested, in particular, regarding the spatial arrangement and planting density of trees, in order to
improve the system and alleviate the low productivity of the pasture between eucalyptus rows. In
addition, over the years, different eucalyptus, soybean, maize and forage cultivars have been used as
a way to ensure productivity gains, reduce risks and also as a way of valuing the diversity within the
system.

After making several adjustments in the arrangement over time, the beginning of the system
implementation occurs with no-till soybean seeding (early cycle cultivation), in the total area of the
plot, at the beginning of the rainy season in the Brazilian Cerrado, i.e. in November. After the soybean
harvest, eucalyptus is planted, still in the same rainy season (February), in rows of one line, with a
spacing of 2.5 m between plants, with a distance between rows of 15 m, simultaneously, followed by
sowing of millet among the rows. The cultivation of millet favors the protection of the soil, due to its
cultural remains and straw, even after its harvest. In November, the second grain crop begins, again
with soybeans. In this second harvest, soybean cultivation is carried out between rows of eucalyptus.
After the soybean harvest, the forage planting is carried out and, after 60 days, the introduction of the
animal component begins. This initial grazing is temporary (10-15 days) and carried out at a higher
stocking rate in order to carry out the sprouting and favor the tillering of the forage. Depending on
the occurrence of rain and the growth rate of the pasture, after 30-40 days, the animals return to the
field permanently under a normal stocking rate.

This strategy allowed the achievement of productivity rates above the national average
(monocultures) in all components implemented, in addition to favoring the full recovery of pastures
and the return of animals to the area, permanently, in approximately 18 months after the start of the
system. Since then, this arrangement has been adopted on this farm.

With the success achieved with the ICLF system at Boa Vereda farm, the area was expanded to a
second farm, called Fazenda Varjao (total area of 350 ha), located in the municipality of Inaciolandia,
southwest of the state of Goids. The ICLF system cited above was replicated. Currently,
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approximately 50% of Fazenda Varjao's pasture area is already under the ICLF system, and the rest
of the degraded pastures will be converted, in stages, to the same system in the next few years.

As these are successful cases, the Boa Vereda and Varjao farms have been used to conduct numerous
actions related to Research, Development and Innovation (RD&I) and Technology Transfer (TT),
being considered as Technological Reference Units (URTSs) of Embrapa. The performance of these
actions and the diffusion of this technology have allowed the expansion of ICLF systems in farms in
Goiaés, together with farmers and in cooperation established with the A'géncia Goiana de Assisténcia
Técnica, Extensdo Rural e Pesquisa Agropecuaria" (EMATER-GO), in addition to other public
institutions such as the "Instituto Federal Goiano — Campus de Morrinhos™ and the Federal University
of Goias. There are also joint actions developed with the Associacdo Rede ICLF and, more recently,
Fazenda Boa Vereda was selected as a demonstration unit of the “Instituto Brasileiro de
Desenvolvimento e Sustentabilidade (IABS) - Rural Sustentavel.".

It is observed that these RD&I and TT actions of the Boa Vereda and Varjdo farms are perfectly
aligned with the concept of "innovanility", disseminated by the companies EDP Brasil and Suzano,
being based on the capacity that people, and naturally organizations, have to develop to innovate and
reinvent themselves constantly, and also based on the convergence of the concepts of innovation and
sustainability applied to agricultural production systems. In this context, this document aims to
contemplate not only the progress achieved, especially in the URT of Fazenda Boa Vereda, which
already has 100% of the arable areas converted into ICLF, but also to bring the entire history of
actions and results in the scope of RD&I and TT carried out by Embrapa and partner institutions in
the 12 years of implementation of the URT on this farm.

Main results achieved by the URT on Fazenda Boa Vereda

e The average yield of soybeans in the ICLF system is equal to 3600 kg/ha, which is considered
a good result since the average Brazilian productivity of soybeans in monoculture is estimated
at 3330 kg/ha.

e The average yield of maize in the ICLF system is 6000 kg/ha, which is also satisfactory
considering that the average yield of inter-season maize in monoculture in the Brazilian
territory is 5460 kg/ha.

e The average yield of beef cattle in the ICLF system is 540 kg live weight/ha/year. Since yield,
prior to the implementation of the ICLF system, was 120 kg live weight/ha.year, there was an
increase of 350%. The average yield of traditional beef cattle in Brazil is estimated, at best, at
210 kg live weight/ha.year.

e The average yield of eucalyptus in the ICLF system is estimated at 45m®/ha/year, which is
higher than the average productivity of eucalyptus monoculture in Brazil (1,666 trees/ha = 35
mé/ha.year), with approximately one third of this density of trees in ICLF. Besides, of course,
trees in ICLF suffer less competition due to the smaller number of trees/ha. In the first years
of eucalyptus cultivation, pruning management takes place up to a height of 6 m following
the silvicultural protocol for the genus in order to obtain high quality stems and, also to allow
greater light entry in the ICLF system. Wood production has been mainly destined for energy
use, to meet the demands of agribusiness in the Southwest region of Goias, but there was also
the sale of poles for construction/supporting high voltage lines and, there is already the
possibility of future supply of wood for wood preservation plants (generation of treated solid
products). The eucalyptus cutting cycle has taken approximately 6 years to obtain all these
products.
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The forage component has shown good productivity and quality, allowing good feed for cattle,
except under rows of three and four rows of trees. For this reason, the arrangement of rows
with a sole row of trees was adopted, eliminating the problem of shading and poor pasture
formation within rows. It is noteworthy that the annual fertilizer application on the pasture
has brought significant benefits in terms of greater productivity for the pasture and, indirectly,
also for the eucalyptus trees.

The income obtained from the farming component has allowed to fully paying the costs of
implementing the ICLF system. Thus, the financial benefits generated by income
diversification are clearly observed.

With the use of the ICLF system, there has been a stimulus and consolidation of better training
of farm employees.

The legal reserve and permanent preservation areas of the farm are, according to current
legislation, correctly registered at the "Cadastro Ambiental Rural da Republica Federativa do
Brasil”, being properly protected and conserved, contributing to the maintenance of the
biodiversity of the Cerrado in Goias and its consequent benefits.

The spatial distribution and diversity of the components of the ICLF system, together with the
preservation of areas of native forest remnants have contributed to greater sustainability as
well as to enhance the scenic beauty of the landscape.

It can be noted an increase in the presence of wild fauna on the farm after the adoption of the
ICLF system, which is also used as a shelter, refuge and/or food source for a great diversity
of birds, monkeys, anteaters, armadillos, jaguars, deer, among others .

The ICLF system has contributed to improving the image of agricultural production, as it
reconciles productive activity and environmental sustainability.

Research, Development and Innovation Actions (RD&lI):

In a survey conducted in April 2021, 79 publications were prospected, mostly developed at Fazenda
Boa Vereda, through a partnership led by Embrapa and several institutions, especially the Federal
University of Goias, in the last 12 years (Figure 1). The following topics were addressed in these
publications: 1) production system: from ICLF planning to the end of the cycle of all components; 2)
production and nutrient stock in annual, arboreal and forage components; 3) ambience and animal
productivity; 4) soil fertility (physical, chemical and biological attributes), plant nutrition and nutrient
cycling; 5) bacterial inoculation and biological nitrogen fixation; 6) estimates of greenhouse gas
emissions and carbon sequestration; 7) economic evaluation of the ICLF system and 8) technological
properties of the eucalyptus wood used as a tree component in the ICLF systems of the Boa Vereda
and Varjao farms, and also of the teak used as a hedge around the perimeter of the Varjao Farm..
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Figure 1. Publications generated by technological reference units (URTS) in crop-livestock-forest
integration systems (ICLF), mostly on the Boa Vereda farms, in the municipality of Cachoeira
Dourada and Varjdo, in the municipality of Inaciolandia, Goiés.

Some of the main results obtained in RD&I actions are listed below. The complete list of publications,
generated by Embrapa and partners, is presented in sequence in order to allow the reader to see the
results generated in more detail.

As for the improvement of the chemical attributes of the soil, comparing soil analyzes
conducted in 2009 and 2017 (0-40 cm), it was observed: increase of 17.70% in the cation
exchange capacity (CTC), 40% in calcium (Ca), 80% in magnesium (Mg), 9.70% in H+AI,
54.30% in phosphorus (P), 95% in organic matter (MO) and 5.60% in pH. The nutrient
reduction was only observed in potassium (K), with 54.30%. In recent analyses, through
Embrapa’'s Soil Bioanalysis (BioAS) technology, satisfactory results are observed regarding
the biological attributes of the soil.

There was an increase in litterfall levels. The litterfall deposited in the soil is estimated at
3,600 kg/ha.year, being incorporated into the soil: 98 kg/ha.year of macronutrients + 3.50
kg/ha.year of micronutrients in the cycling process.

There was a clear reduction in soil compaction and erosion, due to the high amount of straw
in the system and crop rotation, with progressive attenuation of the impact of rainfall.

With regard to research on the mitigation of greenhouse gas emissions, it is estimated
approximately 13 tons/ha.year of fixed carbon. Consequently, the meat produced by cattle in
the ICLF system is in line with the designation of Carbon Neutral Beef, a concept trademark
for adding value to this product, launched by Embrapa.

There is an increase in animal welfare, as the animal component benefits from the
improvement of environmental conditions provided by the trees (protection against high
temperatures, storms, wind and hail). The cooler environment has contributed to reduce water
consumption by animals between 20-30% when compared to consumption prior to the
implementation of the ICLF. Thermal comfort is also revealed by the average temperature
reduction of up to 3° C in the shaded area of the ICLF system. A more docile behavior of
animals is also noticed.
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o Information generated by Embrapa's Ambitec-Agro software, composed of 27 multicriteria
system and 148 indicators:

o Even with its intensification effect, economies in the use of natural resources (by unit of
product) balanced increases in use of inputs (but not energy). The general performance of the
establishment since adoption of ICLF resulted from highly positive. Important improvements
in environmental quality (especially soils) and customer respect (especially social capital and
animal welfare) resulted in a positive integrated index for the Ecological impact dimension.
Highly positive indices were observed for the economic (especially income and patrimonial
value) and the social (especially food security, social equity, quality of employment)
Dimensions of Sustainability, Attesting to Contributions of ICLF for the General Performance
of the Farm. These results confirm the intensification and diversification effects of ICLF as
contributions for local development and farm sustainability.

e Technology Transfer Actions (TT):

Figure 2 shows a survey of TT actions carried out over the past 12 years, focusing on training and/or
updating of consultants, entrepreneurs, students, extension workers, employees of research and rural
credit development agencies, researchers, farmers, teachers, professors and teachers, among other
professionals in the agricultural sector. These activities were divided into six categories: courses, field
days and technical visits, journalistic articles, lectures, awards and institutional videos, totaling 153
activities.

Technology transfer actions generagted by
Boa Vereda e Varjao Farms: 153
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Figure 2. Technology transfer and communication actions generated by technological reference units
(URTS) in crop-livestock-forest integration systems (ICLF), mostly in the Boa Vereda Farms, in the
municipality of Cachoeira Dourada and Varjao, in the municipality of Inaciolandia, Goias.

Hosting various events, in situ and ex situ, has met the demands of interested parties both nationally
and internationally. Visitors from Asia, Africa, North America and Europe, as well as various
Brazilian regions, made up of government representatives, researchers, producers, professors,
entrepreneurs, undergraduate and graduate students have come to know in situ the actions developed
in these URTs.
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In the ex situ modality, it has been possible to represent Embrapa in several national events and, also
in international missions. Goal was to present the ICLF systems technology in several events and
countries such as: Conference for American Investors in New York (New York, USA - 2016),
International Consortium on Applied Bioeconomy Research - ICABR (Washington, USA - 2018),
United Nations Climate Change Conference - COP 24 (Katowice, Poland - 2018), Green Business
Forum Paraguay (Assuncion, Paraguay - 2018) and Dialogue on Sustainable Food and Agriculture:
Building a Resilient Farming Through International Trade (Brussels, Belgium - 2019).

These actions and the diffusion of technology have also allowed for the expansion of the adoption of
the ICLF system in farms. In addition to that, other URTSs located in strategic regions of Goias were
implemented in: Nova Crix&s/GO and Quirindpolis/GO, together with farmers and, in Morrinhos/GO,
in partnership with the "Instituto Federal Goiano — Campus de Morrinhos" and also in cooperation
with the "Agéncia Goiana de Assisténcia Técnica, Extensdo Rural e Pesquisa Agropecuéria™
(EMATER-GO), in addition to other public and private institutions. Over the years, as a result of this
partnership, approximately 80 farmers in Goiés have adhered to this system, especially in the region
of the municipality of Quirin6polis/GO.

The technological development obtained in recent decades has maximized the speed with which
information and novelties emerge and, with the very change in social habits, further enhanced by the
coronavirus pandemic, virtual communication actions and the use of digital tools tend to be expanded.
In this scenario, some TT actions of these URTs have also followed this trend of popularizing the
results obtained via Embrapa and partners' social networks.

In this regard, so far, two videos have been produced for the institutional dissemination of Fazenda
Boa Vereda, one of which is available in Portuguese (https://youtu.be/eHMROO3jpOw) and in
English (https://youtu.be/Bo_xswORXZs). The second video of this farm is presented in the virtual
lecture of the present event. The URT for the silvopastoral system, located in the municipality of
Quirinodpolis, Goias, implemented in partnership with a farmer and EMATER-GO, can be seen in two
other videos (https://www.youtube.com/watch/watch?v=M5V50Sk-opc and
https://www.youtube.com/watch?v=J4MJe8Y _CwO0).
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