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Introduction

Context

Improving rural livelihoods and promoting food security are two connected challenges in the
agriculture sector across low-income climate-vulnerable countries, most of which are located in the
Global South. Over 70 per cent of the world& poorest people i 1.4 billion women, children and men i
live in rural areas and greatly depend on agriculture and related activities for their livelihoods. In
some parts of the world, extreme weather events, such as droughts and heavy rainfall, are already
affecting food security through decreases in crop production and quality and increases in crop pests
and diseases.

Substantial efforts to tackle these challenges have been made by state and private-sector institutions
in Brazil, which is a major agricultural producing country and a global reference in terms of South-
South cooperation. Over the past few decades, Brazil has taken challenging development
experiences and transformed them into valuable knowledge to be shared with nations of the Global
South through development-oriented programmes, in which African countries have been key partners
and/or beneficiaries.

There is great potential for agricultural technology transfer and adaptation between Brazil and Africa,
in light of their similar environmental, climate and social conditions. In spite of local particularities, the
two regions face similar development challenges, such as poor infrastructure (transport and energy,
for instance), low educational levels and weak governmental support. These common features create
interesting opportunities for South-South collaboration through technology transfer in several areas,
including agriculture, climate change mitigation and adaptation, and value chains development.

The development, exchange and adaptation of technologies is part of the international development

agenda, as explicitly set out in Sustainable Development Goal (SDG) 17 on partnerships for

development. Targets 17.6, 17.7 and 17.8 aimt oE nfih a n cSeuthéSouth and triangular regional

and international cooperation on and access to science
development, transfer, dissemination and diffusion of environmentally sound technologies to

developing countriesd0 a n d @ F iohalizg theotqrlenolagy bank and science, technology and

innovation capacity-b ui | di ng mechani sm f or ,despectvely. devel oped countr

Drawing on its fundamental goal of promoting rural development, as well as its significant experience
in South-South and triangular cooperation (SSTC), the International Fund for Agricultural
Development (IFAD) commissioned the present catalogue with the goal of mapping good
technologies and management practices in order to promote climate change adaptation and
mitigation for smallholder agriculture in Africa. The report showcases both technologies and
providers, presenting 11 case studies in which technologies were used in smallholder farming in
Brazil in line with all the 17 SDGs.
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Selecting and compiling agricultural technologies and management practices is a complex task, as
the knowledge of such processes, seeds, tools and techniques often comes from different sources
and so this knowledge can have different impacts. One can proceed with a demand-oriented
approach i focusing on the technology user i or a supply-oriented approach i with the technology
developer guiding the process. A balance between these approaches tends to produce the best
result.

This catalogue compiles innovative and high-impact technologies, as well as arrangements and
policies, in Brazil (supply-side). While a demand analysis has not been carried out, the technologies
presented here are those suitable for family farmers, which are defined in Brazil as small properties
with income from agricultural activities where family members make up the majority of the labour
force. Family farmers account for 80 per cent of rural farms in Brazil (around 4.5 million farms) and
about 33 per cent of Brazilian agricultural gross domestic product. This study focused on priority
value chains in Africa: sorghum, millet, cowpea, rice, maize and soybean; cassava, fruit and
vegetables; tree crops (cocoa, coffee, cashew and oil palm), and; protein production: livestock
(poultry, goats and cows), fish farming and dairy.

This catalogue should contribute to improving rural livelihoods, enhancing exchanges between Brazil
and Africa, and promoting SSTC. Stakeholders in Africa can consult it to determine the technologies
that are suitable in their geographical contexts. Carefully adapting a technology is key if it is to be
used in a new setting, hence why some organizations prefer the concept of technology exchange
over technology transfer.

Agroecological Zones

This study prioritized technologies suitable for or adoptable in regions in Brazil that have similar
edaphoclimatic characteristics to regions in Africa. An analysis of A f r i agrae@adogical zones was
first conducted (Figure 1) and these were later correlated with those of Brazil. Agroecological zones
are areas with specific natural characteristics that make them suitable (or not) for certain agricultural
activities. They are defined to serve as a basis for policies and strategies for the development of the
agriculture sector, as well as to guide decision makers in the establishment of public policies in
agricultural development programmes.

According to the Brazilian Agricultural Research Corporation (Embrapa), agroecological zoning is a
technical-scientific tool based on the potentialities and environmental vulnerabilities of a particular
region, especially the behaviour and characteristics of the climate, soil, vegetation and
geomorphology, with a focus on the suitability of lands for agricultural use. It takes into account the
social and economic characteristics of each region. Figure 1 illustrates the common agroecological
zones in Brazil and Africa. As all of the technologies analysed in this catalogue are considered in
terms of Brazilian biomes, this report includes a simplified comparison between these two types of
zoning, namely agroecological zones and biomes (Table 1). This facilitates the identification of which
technologies would be better adapted to each region of Africa.



Figure 1: Ecological zones in Brazil and Africa

Global ecological zones in
Brazil and Africa

[ Tropical rainforest

Tropical moist deciduous
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Tropical mountain system

Subtropical humid forest

Map compiled by IFAD | 23-08-2019 | Source: FAO, http://www.fao.org/forestry/en/

Table 1: Correlation between B r a zbioings and Agroecological zones (source: FAO)

Agroecological

g . Brazilian biomes Main climate characteristics
zones in Brazil

Tropical rainforest Amazon and Atlantic =~ Summer wnh high precipitation Ievel§ an_d hl_gh
Forest temperature; often with short dry period in winter

Tropical moist
deciduous forest

Wide area with rather high rainfall but a pronounced dry

Cerrado (savanna)
season

Rainfall varies between 500 and 1,000 mm or less, with
a dry season of five to eight months; high temperature
throughout the year (mean temperature of the coldest
month greater than 20° C)

Tropical dry forest Caatinga

Lower temperatures in winter (mean temperature of the
coldest month less than 15° C) and rainfall evenly

Atlantic Forest distributed throughout the year. However, rainfall
decreases from the north (1,000 to 2,500 mm) to the
south (600 to 1,000 mm)

Subtropical humid
forest

Small areas in
Cerrado, Caatinga
and Atlantic Forest

Tropical mountain
system?

Precipitation varies greatly but the region is tropical
throughout, with a low annual range of temperature

* Owing to the small size of this zone in Brazil, we did not consider it in this catalogue.



Methodology

Hundreds of agronomic technologies in Brazil have previously been identified as potentially beneficial
for African contexts.? This report is novel in that it the screening of technologies focused on climate
adaptation and mitigation, which resulted in 11 technologies being selected that represent diverse
types and value chains for potential use in West and Central Africa.

The research took the following criteria into consideration:

V  farmersoprofiles, with a focus on smallholder farmers and special attention being paid to
young people and women as these groups make up a considerable proportion of African
farmers, the potential new users;

V  the use of reliable sources of information, such as research centres and universities;

the current use and positive impact of technologies;

V  the adaptability for regions with climate and soil conditions similar to those of Africa.

<

The methodological approach used for this research is summarized below:

1. Literature review for an initial quick screening of technologies and to define the key
characteristics to be presented in the portfolio.

2. Compilation of research centres and contacts to create a list of centres in Brazil and other
countries where information can be found about agricultural technologies. Emails were sent
to these centres requesting information on relevant technologies.

3. Technologies portfolio (long list), including all long-listed technologies (around 70); it covered
a brief description of the impact, scope of use in Brazil, target audience and technology
developer (the type of organization and its context, when relevant) of each technology.

4. Technologies summary (short list), including a selected number of technologies (11); for
each, a more comprehensive description was given, highlighting those cases in which
simple low-cost technologies were successfully implemented and had significant impacts,
with a description of how each was implemented.

The choice of the final technologies considered their relevance for Africa® context. As this study

aims to promote the benefits of sustainable development, each technology listed below includes

an analytical correlation with certain SDGs and their targetst hr ough t he ASDG i mpact o0
For easy reference, a complete table of all SDGs and targets is available in the Annex.

Furthermore, this catalogue has taken into consideration low-income and marginalized social

groups as potential beneficiaries of the adoption of the technologies listed below.

2 See Laura Antoniazzi, et al. Technologies in Brazilian Agriculture and Potential for Cooperation with Africa (Institute for International Trade
Negotiations, 2013), https://bit.ly/2Urlbga
9
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Elements of Study

Among the technologies selected, the following categories were addressed: water, genetics,
production systems, reforestation, post-harvest systems, feed, capacity-building and information and
communications technology (ICT).

The 11 technologies chosen for this study are those most adaptable in Africa, according to the
following elements:

\Y

< <K<K KL <

<

<K<K <K<K<LKLKKLK KL

\%

original technology name in order to facilitate finding new data, if needed
(English/Portuguese);

organization responsible for the publication of the report/article and/or development of the
technology;

crop activity (value chain);

category (type of technology);

brief description of the technology (e.g. what it is and how it works);

whether the technology relates to adaptation and/or mitigation of climate effects;

positive impacts (economic, social and environmental) in terms of yield increase, better use
of inputs, greenhouse gas (GHG) mitigation or other areas (value proposition);

primarily applicable agroecological zones based on the regions where the technology was
developed or implemented (Brazilian biomes);

SDG impact (goals and targets);

year and place of development;

target audience (farm profile and farm or community level);

scale of current adoption (number of farmers and hectares) and enabling environment;
costs and necessary investments in order to implement the technology;

diffusion strategy (how the technology was spread);

technology developer and intellectual property status (ownership);

possible adaptation measures and necessary conditions for successful implementation;
possible negative impacts due to its implementation and/or after effects (if any) and points to
be observed;

references.

Because Africa is so large, this study prioritized technologies suitable for or adoptable in regions with
low precipitation levels (arid and/or semi-arid regions). In Brazil, the Cerrado and Caatinga biomes
represent those agroecological zones with more similar conditions to African drylands.

10
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1. One Land & Two Waters Figure2: Br a z i | -arisl zosee mi

Access to water for food production in semi-arid zones &

Original technology name

One Land and Two Waters Programme (P1 +2 ) : fiAccess p oo &a tRragraniad r
Uma terra e duas aguas (P1+2))

Organization responsible

Embrapa Semi-arid (Embrapa Semiarido)
Crop activity (value chain)

Multiple

Category and value chain

Water Photo: Bmleitel

Description of technology

This social programme aims at ensuring water and land access by low-income families living in semi-arid rural areas. The programme provides families with enough
water sources for either food and animal production or human daily needs, building technologies to improve water harvesting and management, as well as land use.

The goal of the programme is to teach people how to farm in a more sustainable way, taking into consideration the semi-arid context. The technologies adopted by
P1+2 are simple, cheap and easy to apply by male and female farmers. The programme uses several types of structures for capturing water for food production and
it currently uses seven different structures: (i) tank cisterns for drinking water (16,000 litres); (ii) underground dams (for crop irrigation); (iii) small surface dams

( Barraginhaso, whi ch are semicircular in depth to bring moisture i awal k hecistsrizag ft n ¢
calgaddod , wh i c h ?cancrete 2absGomwater harvesting with 52,000-1 i t r e r e s @arreim-irinche)rad , ( Vio)n gii narrow, deep
ground; and (vii) popular water pumps (BAP in its original Portuguese acronym).

The programme uses low-cost, bottom-up, long-term measures, including an educational component. These community-based technologies create better
conditions for farmers to strengthen their production systems, generating food and nutrition security. This food production system follows agroecology principles (no
agrochemicals or chemical inputs). The result is diverse and healthy food production intended primarily for family consumption and the sale of any surplus produce.

12



Climate change impact SDG impact

Adaptation V 1 (14,15, 1.a) vV 6 (6.1,6.4,6.a)
vV 2 (2.4) vV 12 (12.2)
vV 3 (33,39 V 13 (13.1, 13.2)
Technology developer and intellectual property status Year of development
Articulagdo Semiarido Brasileiro (ASA) and Embrapa centres i with no 2007

property rights

Primarily applicable agroecological zones Target audience

Semi-arid regions Rural communities in semi-arid regions

Positive impacts/value proposition

The system collects rainwater to improve rural livelihoods in semi-arid areas by increasing water availability and thus strengthening food security. Therefore, it
contributes to increasing smallholderséincome and empowering rural populations and local organizations. Families become more resilient to droughts, retaining
their capacity to produce food for local consumption and income generation. Instead of migrating, families are encouraged to stay in rural areas with no need for
external relief (such as water carts). A significant drop in infant mortality has been observed after the construction of cisterns, as have subsequent health benefits.

Scale of current adoption and enabling environment Costs and necessary investments

This water harvesting technology was developed and diffused within a Cisterns are relatively cheap technologies; those for drinking water (16,000 litres)
broader programme in the Brazilian semi-arid region, including social cost around US$828, while those for agricultural production cost US$2,670 on
mobilization and technical solutions covering 980,133 km? and 1,135 average. The Brazilian federal government is the main funder of the programme
municipalities. Through the P1+2 programme, more than 160,000 families and its technologies, with US$66.7 million spent in 2017.

gained access to water for food production in the Brazilian semi-arid region
from 2011 to 2016. P1+2 has built 9,000 cisterns, 420 underground dams,
302 stone tanks and 208 popular water pumps, as well as several
underground rainwater tanks (fbarreiro-trincheirad.

Several other institutions have funded cisterns and activities, such as Fundag&o
Banco do Brasil (US$34.7 million spent on 12,000 cisterns for agricultural
production and US$48 million spent on 80,000 drinking water cisterns), Banco do
Nordeste, Sebrae and Petrobras, among others.

Embedded in the historical efforts to reduce local rural exodus, the broad

P1+2 programme also aims to promote health, the use of agroecological

13



techniques and farmersérights to land, water and seeds for the production of
culturally appropriate food. Local community organizations have been brought
together in networks and aligned with public policies.

Diffusion strategy

All activities are focused on developing farmersétechnical capacity.
Community organizations, municipalities and other local institutions are
responsible for registering families, using data from a federal registry of low-
income citizens. Priority is given to families with children up to 6 years old and
headed by women. Once part of the programme, beneficiaries attend training
sessions on water management for agricultural practices and bricklaying.

Possible negative impacts

There are no direct negative impacts. However, if the producer does not
follow the procedures of use, water may be wasted.

Possible adaptation measures and necessary conditions

The programme was developed and implemented through a partnership between
grass-roots organizations and governmental institutions. Therefore, programmes
aiming to use similar technologies must shape their implementation strategies to
their cultural and institutional contexts, as well as to current public policies in
force across the territory in question.

References

V  ASA Brasil. Articulacdo Semiéarido Brasileiro (ASA). Retrieved from:
<https://www.asabrasil.org.br>.
V  ASA Brasil. A¢des - P1+2. Retrieved from: <https://bit.ly/2kuzMu0>.
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2. Smallholder Maize Multiplication Figure 3: Cultivar BR 4737 yellow grain

An economic alternative to produce o n eds seed and improve maize yield and quality
Original technology name

Maize varieties for multiple uses (including multiplication) (Milhos Especiais i Variedades
e Multiplicacdo para a Agricultura Familiar)

Organization responsible

Embrapa Maize and Sorghum (Embrapa Milho e Sorgo)
Crop activity (value chain)

Maize

Category (type of technology) and value chain

Genetics

Photo: Marco Verch

Description of technology

These cultivars are special varieties of maize that can be produced and multiplied on farms, generating seeds for several years. Cultivars BR 451 (white grain) and
BR 473 (yellow grain) are high in protein and thus are good for both human consumption and animal feeding. Both are early varieties. The sweet varieties are
Superdoce (BR 400) and Doce cristal (BR 402), while BRS Angela (white grain) is a maize popcorn. Requiring little technical assistance, these varieties can be
cultivated for self-subsistence and for commercial purposes, and farmers can store seeds for several years, as they will maintain their characteristics over this time.

Climate change impact SDG impact
Adaptation vV 1 (15 vV 13 (13.1)
V 2 (21,24,25,2.a) V 15 (15.6)
Technology developer and intellectual property status Year and place of development
These cultivars recommended to smallholder farmers were all developed by The BR 451 and BR 473 varieties were launched in 1998 and 2004, respectively.
and are the intellectual property of Embrapa and, therefore, they are lower in Seed multiplication has been successfully practised by farmers for several years.

price than other cultivars. Smallholder farmers can buy them at lower prices
than other farmers.

15



Primarily applicable agroecological zones

These cultivars can be used in multiple regions, namely in all those that have
suitable soil and weather conditions for maize production.

Positive impacts/value proposition

Target audience

This technology targets smallholder farmers who want to store seeds for several
years as well as to improve maize yields and production while maintaining good
nutritional quality for feeding cattle or for their own consumption.

These high-yield and high-protein varieties can improve the quality of human nutrition and increase cattle-based income. As they are highly nutritious varieties,
these grains contribute to fattening animals when other food items are not available or affordable. In addition, these cultivars can be used in multiple regions
because, as smallholders can produce their own seeds, genetic purity is maintained simply through isolation. This maintenance of genetic purity without the need to

buy other varieties contributes to farmerséindependence.

Scale of current adoption and enabling environment

According to Embrapa, there are more than 470 maize varieties, of which
over 290 are genetically modified organisms and around 180 are
conventional. In Brazil, these maize varieties have long been used by family
farmers across the country for commercial or subsistence purposes, providing
a source income as well as good profits and quality food for cattle. It was not
possible to estimate an accurate adoption scale.

Diffusion strategy

Embrapa, in partnership with industries and suppliers, promotes field days for
smallholders and other interested farmers. Embrapa and partners have
released several publications about this technology and regularly provide
technical assistance for agricultural producers.

Possible negative impacts

Owing to the genetic variability of seeds, farmlands are subject to crop
diseases and pests. These could affect the seed quality, in turn affecting the
grain yield and production.

Costs and necessary investments

According to Embrapa Maize and Sorghum and partners that sell maize seeds
from Embrapa (especially the seeds listed above), the average price of these
maize varieties is between US$1.1 and US$1.6 per kilogramme (sold in bags of
20 kg, which are sufficient to plant 1 hectare). Furthermore, additional costs such
as soil and crop management need to be considered in this practice.

Possible adaptation measures and necessary conditions

Any region with favourable soil and weather conditions for maize cultivation can
use these varieties. The price for adopting seed multiplication has to be
considered, as do soil and management practices, based on the region and the
farmd sondition.

References

V  Meirelles, W. F. Milhos especiais da Embrapa: variedades e
multiplicacdo para a agricultura familiar. In: PADOVAN, M. P.;
PEZARICO, C. R.; OTSUBO, A. A. (Ed.). Tecnologias para a Agricultura
Familiar. Dourados: Embrapa Agropecuéria Oeste, 2014. Pp. 49-52.
Retrieved from: <https://bit.ly/2kf1Ocl>.
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V CRUZ, J.C.; PEREIRA FILHO, I. A.; SIMAOQ, E. de P. 478 cultivares de
milho estédo disponiveis no mercado de sementes do Brasil para a safra

2014/2015. Sete Lagoas: Embrapa Milho e Sorgo, 2014. Retrieved from:

<https://bit.ly/2kvYMkz>.

V  Ministério da Agricultura, Pecuéaria e Abastecimento. Comunicado
Técnico 111: BR 451 - Milho de Alta Qualidade Protéica. Sete Lagoas:
Embrapa Milho e Sorgo, 2004. Retrieved from: <https://bit.ly/2kbVylU>.

V  Ministério da Agricultura, Pecuéaria e Abastecimento. Comunicado
Técnico 105: BR 473: variedade de milho amarelo com qualidade

protéica melhorada (QPM). Sete Lagoas: Embrapa Milho e Sorgo, 2004.

Retrieved from: <https://bit.ly/2IGZATL>.
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3. Cassava Short-Cycle Cultivation Figure 4: Cassava and upland rice intercropping

Enabling producers to have an alternative crop to sell during the cassava cycle
Original technology name

Intercropping cassava with other crops with short cycles (Consércio de mandioca e outras
culturas de ciclo curto)

Organization responsible
Embrapa Cassava and Fruits (Embrapa Mandioca e Fruticultura Tropical)
Crop activity (value chain)

Cassava

Category (type of technology) and value chain

<

Production system Photo: Oka Mitsunori / JIRCAS Library

Description of technology

In this technology, cassava is planted in double-row spacing: 2 metres between rows and 0.6 metres between plants. The amount of space between rows allows
short-cycle crops to be planted in these areas (beans, groundnut, maize, yams, etc.). By doing this, the cassava crop benefits from the fertilizing of the annual crop
(both the fertilizer and straw), the need for weeding is reduced, small machines can still be used in the gaps, harvesting costs are reduced and the soil is more
covered, thus improving the soil quality and also avoiding erosion and soil degradation. Furthermore, this technology provides an opportunity for smallholders to
produce another crop in their lands, thus increasing potential profits and providing another food intake option.

Climate change impact SDG impact
Adaptation and mitigation vV 1 (15 vV 13 (13.1)
V 2 (21,23, 2.4) vV 15 (15.3)
vV 12 (12.2,12.4) vV 17 (17.7)
Technology developer and intellectual property status Year and place of development
Various arrangements/models of intercropping with cassava are available for This production system (cassava with another crop) was first developed in 1981,
free on Embrapa®& website without intellectual rights for implementation. but since then more types of intercropping have been developed and used.

18



Primarily applicable agroecological zones

Regions that have good environmental and soil conditions for cassava and a
potential second crop

Positive impacts/value proposition

Target audience

Smallholders seeking to increase crop yields and income

Economic benefits: This technology reduces harvesting costs because the root is straighter and thus easier to pluck. Having an additional crop on the land
increases crop production without an increase in the size of the field and hence increases the value of the field. Moreover, an additional crop ensures more

agricultural stability for the farmland and for farmerséincome.

Environmental benefits: Owing to the low soil capacity of cassava farmlands, the short-cycle crop plays a key role in soil protection, including by increasing soil
cover, organic matter and nutrition. Moreover, intercropping increases the water stored in the soil, decreases the likelihood of erosion, increases carbon

sequestration and reduces the effects of pests on crops.

Food security: Farmers can combine proteins (beans) and carbohydrates (cassava) to have multiple food intake options.

Scale of current adoption and enabling environment

According to Embrapa Cassava and Tropical Fruit, cassava in Brazil®
northeast region has been produced mainly through this intercropping
practice. The main crops used with cassava are peanut, maize, cowpea,
beans and watermelon. The selection of the second crop depends on the
region, soil conditions, f a r mprefesedces and management needs.

Diffusion strategy

Embrapa Cassava and Tropical Fruit has published articles and manuals
concerning the possible arrangements and models of this practice. In addition,
field days and technical assistance are also used to spread this technology.

Costs and necessary investments

According to Embrapa (2003), the cost of intercropping cassava and beans over
1 hectare without soil management is US$1.07/kg bean seed, US$4/kg cassava
root for planting and US$1.87/man/day for cassava + bean planting. Costs may
vary depending on the period of evaluation and the region.

Possible adaptation measures and necessary conditions

V  Evaluation of potential crops that could be used in intercropping with
cassava in each region

Adaptation of each crop to soil and weather conditions

Conditions for smallholders managing the potential second crop
Assessment of the crop® potential benefits for the producer
Technical assistance to help farmers correctly manage the new crop
alongside cassava

< << <L
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Possible negative impacts

Without appropriate previous analysis to correctly choose the species to be
intercropped, there might be negative interactions between cassava and the
second crop. If that is the case, non-adaptation between crops can lead to the
suppression of one of the crops, even cassava. Furthermore, farmers may not
have the appropriate conditions and/or enough technical knowledge to grow a
certain crop, which could affect her/his cassava intercropping system. Finally,
if a previous analysis of possible markets for the crops is not carried out, the
producer may lose produce because (s)he may not be able to sell it.

References

\Y
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4, |ntegrated BiOSyStemS for Food Production Figure 5: Fish tank with a Sisteminha submersible pump

Ensuring the self-sufficiency of small properties
Original technology name

Sisteminha i integrated biosystems for food production (Sisteminha i biossistema
integrado para producéo de alimentos)

Organization responsible

Embrapa Middle North (Embrapa Meio Norte)
Crop activity (value chain)

Multiple (fish/poultry/vegetables/fruit)
Category (type of technology) » /\\ﬁ

Production System Photo: Archive of the Government of Tocantins state

Description of technology

The Sisteminha is an integrated food production system consisting of rotating the production of fruit, vegetables, poultry, small animals (e.g. pigs and guinea pigs)
and fish, with nutrients being recirculated as part of the fish farming using a submersible pump installed inside the fish tank. It is based on four principles: (i)
miniaturization, (ii) replicability, (iii) production scheduling and (iv) food and nutritional security, which is particularly appropriate for family farmers. The system is
geared towards sustainable development, as it makes functional links between agriculture, livestock, food processing, waste management and water use, while
eliminating the environmental impacts caused by the conventional implementation of these activities.

Climate change impact SDG impact
Adaptation and mitigation vV 1 (1.5,1b) vV 12 (12.a)
V 2 (21,23,24) vV 13 (13.1)
vV 6 (6.3) V 15 (15.9,15.c)
vV 11 (11.a,1l.c)
Technology developer and intellectual property status Year of development
Embrapa Middle North. Technical details on how the system works are Developed in 2011/2012 and patented in 2013 by Embrapa Middle North in Piaui
availabl e for fr e e(thaeareBaoiitallextpabrighgs fowe b : state, Brazil

21



implementation), including a report on the operation of the submersible
pump for fish tanks.

Primarily applicable agroecological zones

This technology can be used in multiple agroecological zones and is
particularly appropriate for semi-arid regions and isolated areas owing to
the main objective of the technology (to increase food production for
subsistence). In Brazil, it can be adapted for all biomes: Amazon rainforest,
Cerrado (savanna), Atlantic Forest, Caatinga, Pampa and Pantanal.

Positive impacts/value proposition

Target audience

Residents and/or producers of urban, peri-urban and rural areas, including
quilombolas communities,® indigenous people and family farmers who seek to
increase the amount of food produced in small areas i between 100 and 1,000
m? i for subsistence and, if possible, to increase their incomes through any
surplus food produced.

(i) diversifying crops and increasing food production for small farmers or regions; (ii) improving the quality of life of farmers through increased availability of
organic and diverse food, enabling producers and their families to access all of the food groups necessary for a nutritious and balanced diet; (iii) reducing
expenses through the water recirculation system; and (iv) being highly adaptable, as the tanks and other structures are easily constructed using materials found

in the surroundings of local properties.

Scale of current adoption and enabling environment

Embrapa Middle North is currently operating in the states of Piaui,
Maranhéo, Ceara and Minas Gerais. However, the system is being adapted
for various properties in different regions throughout the country, and it
could be used throughout Brazil and abroad. In addition, some countries in
Africa are also receiving support to implement the system through a
marketplace platform. It has become a public policy solution in Brazil, where
public institutions plan to install more than 3,000 systems.

Diffusion strategy

Embrapa delivers courses on this system in universities and other
educational institutions, as well as among municipal, state and federal
agencies that express an interest in applying this system as a public policy.
This technology has won several awards, which has increased its visibility.

Costs and necessary investments

Costs vary between US$120 and US$1,335, according to the size of the area to
be converted for the system and the materials to be used, as well as the
technical assistance provided to producers to correctly implement the system,
without losses and extra expenses.

Possible adaptation measures and necessary conditions

Farms must be at least 100 m? and have water available to supply the
aquaculture tanks (fish farming). Each tank should contain between 6,000 and
8,000 litres so that fish production (starting from 30 kg of fish after 90 days) and
the subsequent fertilizer production (through animal waste) are sufficient to

3 Quilombolas are descendants of Afro-Brazilians who escaped slavery (abolished in 1888 in Brazil) and founded community settlements to live in freedom. Today, these settlements, called quilombos, are officially recognized by

Brazil 6s Government.
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Possible negative impacts

Producers may face challenges in marketing their products in remote areas.

Areas with severe water shortages are unable to install and maintain the

system owing to the key role of the fish tanks (aquaculture) in the functioning

of the system.

maintain the system.

Residues from fish farming and other types of animal husbandry are used for
fertilizing and maintaining the area in which fruit and vegetables are grown,
avoiding industrial fertilizers and pesticides. An analysis is heeded of the most
suitable species of poultry (and small animals), fish, vegetables and fruit for each

region.
References

V  Sisteminha Embrapa/UFU/FAPEMIG. Teresina: Embrapa Meio-Norte,
2011. Retrieved from: <https://bit.ly/2Y9ntli>.

V  PANNIRSELVAM, P. V. et al. Producao de alimentos, racao animal e de
energia a partir da biomassa prod
experiéncias do nordeste - Brasil. Retrieved from:
<https://bit.ly/2kuFgwa>.

V  Embrapa Meio-Norte. Sisteminha Embrapa: produgéo sustentavel e

integrada de alimentos - Dia de Campo na TV. Video. Retrieved from:
<https://bit.ly/1pMuDr0>.
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5. Integrated Crop-Livestock-Forest Figure 6: Crop-livestock-forest

A solution to diversify production and increase the productivity of agriculture in a sustainable way
Original technology name

Integrated crop-livestock-forest (ICLF) (Integracdo Lavoura-pecuéria-floresta)

Organization responsible

ICLF Network Association (public-private partnership formed by Bradesco, Cocamar, John Deere,
Soesp, Syngenta and Embrapa). Others important agencies in Brazil related to ICLF are Embrapa
Eastern Amazon (Embrapa Amazonia Oriental), Embrapa Beef (Embrapa Gado de Corte), Embrapa
Livestock Southeast (Embrapa Pecuaria Sudeste) and SENAR i National Rural Apprenticeship Service
(Servico Nacional de Aprendizagem Rural).

Crop activity (value chain)

Multiple (forest/livestock/crops)

Category (type of technology)

Photo: copyright-free under Creative Commons CCO

Production system/reforestation

Description of technology

Integrated crop-livestock-forest (ICLF) is a sustainable production strategy that includes crop, livestock and forestry activities undertaken in the same area, aiming
to increase synergies among the components in the agroecosystem and to increase the economic feasibility of farms, improve animal welfare and mitigate
greenhouse gas (GHG) emissions. This system can be implemented through intercropping, either in succession or in rotation, so that mutual benefits are gained
from all activities.

ICLF works by planting annual crops (rice, beans, maize, soybean or sorghum) and trees along with forage species (Brachiaria or Panicum). It can be used in
different settings, combining two or three components in a single production system: crop-livestock (ICL) i mixed farming; crop-forest (ICF) i agroforestry;
livestock-forest (ILF) i livestock-forestry; or crop-livestock-forest (ICLF) i agro-livestock-forestry.

Climate change impact SDG impact
Adaptation and mitigation V 1(1.4,1.5) vV 12(12.2,12.a)
vV 2(2.3,2.4) VvV  13(13.1)
V 6(6.6),8(8.4) V 15(15.1, 15.2,15.3, 15.5, 15.b)
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Technology developer and intellectual property status

Di fferent arrangements/ models are av
and there are no intellectual rights for implementation. Case studies are
availableat t he | CLF Network Associationo

Primarily applicable agroecological zones

Multiple. It is a very flexible system that can be adapted to different production
settings. In dry regions, it is more difficult to cultivate forest species.

Positive impacts/value proposition

Year of development

This production system has existed since the 1950s, but gained popularity in the
1990s. Since then, several models have been developed based on the premise
of the integrated production of livestock with forest and crops species to improve
productivity and to promote greater efficiency in the use of natural resources.

Target audience

Applicable to farms of all sizes and profiles, provided that soil and climatic
conditions are not restrictive. ICLF can also be used in degraded areas, as it can
be a way to recover soil conditions.

ICLF has multiple positive impacts for the environment, producers and society as a whole.

Economic benefits: (i) increasing and diversifying production; (ii) increasing farmerséincome by augmenting production with grains, fibres, meat, milk, and wood and
non-timber products; and (iii) providing economic stability through more diversified production and the subsequent reduction of risks and uncertainties.

Environmental benefits: (i) promoting environmental compliance when using the forest component; (ii) considering sustainable intensification of the soil and the
reduction of pests, diseases and weeds; (iii) preventing the use of new areas for production owing to the intensification process; (iv) reducing GHG emissions while
promoting carbon sequestration; (v) allowing a considerable reduction in the use of agricultural pesticides and other chemicals; (vi) improving agricultural practices;
and (vii) improving animal welfare by improving their thermal comfort and providing a better environment through a more efficient use of natural resources.

Social benefits: (i) reducing labour seasonality and rural exodus; (i) creating direct and indirect jobs; and (iii) improving the public image of farmers within society.

Scale of current adoption and enabling environment

A study carried out by the Kleffmann Group during the 2015/2016 harvest
estimated that Brazil has over 11 million hectares of integrated agricultural
production systems.

Diffusion strategy

The ICLF Network Association aims to accelerate the wide adoption of ICLF
systems by rural producers as part of an effort to foster the sustainable
intensification of Brazilian agriculture. The Network supports 107

Costs and necessary investments

Studies show that the implementation costs vary between about US$1,900 and
US$2,100 per hectare, depending on the crops, without considering the
acquisition of animals, but considering technical assistance.

Possible adaptation measures and necessary conditions

The species in each arrangement/model need to be compared with local species.
When adapting the system and choosing appropriate fruit tree species, account
should be taken of the site® climatic suitability, the demands of the consumer
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technological reference units distributed throughout all Brazilian biomes and
involving the participation of 20 Embrapa research centres.

Different ICLF technical cases have been publishedon Embr apads
and other institutional sites in order to disseminate this information among
producers (there is no intellectual property for implementation). Additionally,
Embrapa and SENAR offer courses, events and field days for producers.

Possible negative impacts

Depending on local market access conditions, farmers may not find places to
sell certain products.

market and the experience of the producer. The capacity of producers to manage
species and crops that they have not previously used (for example, the pruning
of trees) would need to be improved. Owing to the complexity in terms of the
implementation and maintenance of ICLF, as well as the need for greater
investments, some producers may face difficulties in adopting this technology.
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6. Savanna Agroforestry Horticulture Figure 7: Horticulture

An irrigation system to improve food production
Original technology name

Agroforestry Systems (AFS) 1 The Filho System (Sistemas Agroflorestais (SAFs) 1
Sistema Filho)

Organization responsible

S«0 Paul obs Agency for Agr i bthesAgricuitisas T €
Economy Institute (IEA) from S&o Paulo/Embrapa Cerrados

Crop activity (value chain)
Multiple (forest/livestock/crops)
Category (type of technology)

Production system/reforestation
Photo: feraugustodesign (pixabay.com)

Description of technology

The Filho System is an agroforestry system that optimizes farming lands by using the available space between the orchards, representing an intensive and
economically viable form of land use with great potential for small producers. In this system, the available space between the lines of vegetables and fruits is used
for the production of short-cycle crops, especially in the early years of exploration of the orchard in order to obtain productive intensification of the area. As well as
other agroforestry systems, the Filho system contributes to restore forests, recover degraded areas and provide different ecological benefits.

Thesy st e md s(Filmacomees from the Portuguese abbreviation for firéiit growing integrated with crops and vegetableso(in Portuguese: fruticultura Integrada

com Lavouras e Hortalicasg. It is an integrated vegetable production system of fruits, grains and vegetables in areas with varied irrigation. It is versatile, an efficient
method of soil management and suitable for intensive production in small areas. It was designed to guide the conversion of orchards into areas for producing other

crops, with the aim being to promote diversification and the intensive production of food in the Cerrado, which is the Brazilian biome equivalent to savannas.

Climate change impact SDG impact
Adaptation and mitigation vV 1 (14,15 V 12 (12.2,12.a)
Vo2 (21,22 24) vV 13 (13.1)
V 6 (6.4,6.6),8(84) V 15 (15.1,15.2, 15.3, 15.b)
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