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ALIDA -Latin America: The Custodians of Cotton’s Past and Architects of Its Future

Cotton holds immense importance for South America and Mexico, not merely as a commercial crop but as a symbol of cultural
continuity and national identity. In regions such as Peru and Mexico, cotton is deeply intertwined with indigenous traditions going
back over five millennia. For the ancient Andeans, cotton was not just a fibre but a sacred medium used to weave stories, myths,
and societal values into intricate textiles revered by royalty. In Mesoamerica, cotton enjoyed a similar reverence -Aztec and Mayan
societies considered it a luxury item and an economic asset, often woven into tribute systems. Even today; in places like Oaxaca and
the Peruvian highlands, one can find women working on traditional backstrap looms, upholding a generational craft that binds the
past with the present.

Economically, cotton has evolved into a strategic pillar for the region’s trade and industrial sectors. As of 2025, Brazil has emerged as
a dominant global exporter, supplying 15% of the worlds cotton and surpassing even the United States in international shipments.
Meanwhile, Mexico, though reliant on imports, stands as a key textile hub, efficiently transforming raw fibre into finished goods for
markets across the globe, particularly North America. Additionally, Perus prized Pima cotton has carved a niche in the luxury fabric
market, thanks to its exceptional quality. What makes this growth even more commendable is the regions commitment to sustain-
ability - Brazil’s cotton production is largely certified for eco-social compliance, positioning South America as not just a commercial
leader, but a responsible one. Thus, the cotton economy of South America and Mexico represents a fine synergy between heritage,
innovation, and sustainability.

Undoubtedly, Latin America holds enormous potential for cotton production and value addition, owing largely to its unique dis-
tinction as the center of origin of Gossypium hirsutum and Gossypium barbadense, the two species that together account for about
99% of global cotton area and production. The region is not only an important and emerging textile hub, but also the cradle of a rich
artisanal textile heritage. This legacy provides a natural advantage for local communities to sustain traditional textile practices while
simultaneously adopting modern technologies and innovations. By doing so, Latin America can position itself as both the custodian
of cottons genetic origins and the guardian of its artisanal textile traditions, generating prosperity through value addition, employ-
ment, and inclusive growth. The Latin American Association for Cotton Research and Development (ALIDA) seeks to strengthen
regional collaboration so that countries which once enjoyed vibrant cotton production and textile manufacturing can reclaim their
prominence. Through shared scientific knowledge, technological innovation, and market intelligence, the ALIDA network aims to
promote sustainable cotton textiles as a pathway to renewed competitiveness and long-term prosperity across the region.

The previous edition of the ICAC RECORDER (December 2025) was published as a Special Issue (Part I), featuring articles based
on presentations delivered in Sessions 1-3 of the 15th ALIDA Meeting, held from 8-11 September 2025 at INTA Reconquista,
Argentina. This Special Issue (Part II) of the ICAC RECORDER (March 2026) presents articles derived from presentations made
in Session 4 of the ALIDA Meeting, with a focus on traceability; technological innovations, agricultural engineering, and country
reports from eight cotton-producing countries in Latin America.

The Session-4 on innovations, technologies, organization, and territories brought together six presentations that highlighted the
diversity and dynamism of the Latin American cotton value chain. Discussions spanned regional cotton production networks, as-
sociative organizational models, advances in traceability and fiber quality, and the development of innovative technologies for crop
management, harvesting, and post-harvest operations. The strategic role of the FAO-supported +Cotton Project was emphasized
for its contributions to capacity building, innovation, and institutional strengthening. Presentations showcased how producer as-
sociations such as APPA, AAPA, and ABRAPA have successfully integrated producers, industry; research institutions, and public
policy to enhance competitiveness, sustainability, and market access. Advances in standardized fiber classification, certification, and
traceability were highlighted as key tools for improving transparency and access to higher-value markets. The session also highlight-
ed the importance of technological innovation from machinery adapted to small-scale farming to drones, sensors, and Agriculture
4.0 solutions, while stressing that effective adoption depends on close collaboration between researchers and farmers, supported by
targeted investment, training, and regional cooperation.

I'would like to gratefully acknowledge the outstanding contribution of Dr. Marcelo Paytas, who not only coordinated the collection
of the manuscripts but also undertook the preliminary editing and translation of the articles from Spanish into English. His dedi-
cation and meticulous efforts made my role as Editor remarkably easy in bringing out both Special Issues (Part I and Part II) of the
15th ALIDA meeting. Thank you Marcelo.

— Keshav Kranthi

The ICAC RECORDER (ISSN 1022-6303) is published four times a year by the Secretariat of the International Cotton Advisory Committee,
1629 K Street, NW, Suite 702, Washingtonne, DC 20006-1636, USA. Editor: Keshav Kranthi <keshav@icac.org>. Subscription rate: $220.00 hard copy.
Copyright © ICAC 2022. No reproduction is permitted in whole or part without the express consent of the Secretariat.



The ICAC Recorder, March 2026

The

@)ICAC

Recorder
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Introduction

The session on innovations, technologies, organization and
territories featured six presentations reflecting the diversity
of approaches within the Latin American cotton value chain.

The topics:

» +Cotton in Latin America

o Cotton production networks in Latin America

o Associative models (APPA, AAPA, ABRAPA)

o Advances in traceability, fiber quality, SITC and marketing
o Development and innovation of prototypes and technol-
ogies for crop management, harvesting and post-harvest
Agriculture 4.0 technologies applied to cotton: sensors and
drones

Organization and Networks

The strategic role of the +Cotton Project (FAO-ABC/MRE)
was highlighted, as it has strengthened technical capacities,
promoted cotton roundtables, and generated innovation in
seeds, machinery and training. Experiences of production
networks were also shared, integrating producers, artisans,
designers and technicians to recover local knowledge, add
value to cotton fiber, and enhance the visibility of family
farming and women within regional economies.

Associative Models

The associations presented their different organizational
models:

o APPA (Santa Fe, Argentina): public-private articulation,
productive innovation and traceability.

o AAPA (Argentina): national representation, public poli-
cies, sustainability and generational renewal.

o ABRAPA (Brazil): represents nearly the entire planted
area and export volume, with pillars focused on quality,
traceability and sustainability.

All organizations agreed that the integration of producers, in-
dustry, science and the State is the foundation of global com-
petitiveness.

Advances in Traceability and Marketing

Experiences related to standardized fiber classification (SITC-
HVI), certifications and quality programs were addressed
as mechanisms to improve international market insertion.
Traceability is consolidating as a tool to ensure transparency
and open access to higher-value markets.

Technological Development and Innovation

Advances were presented in machinery adapted to small-scale
production (manual harvesters, planters and sprayers), as well
as drones and meteorological stations.

It was emphasized that innovation must be linked to joint
work between researchers and producers in order to generate
effective solutions that improve productivity and sustainabil-

ity.
Agriculture 4.0 Technologies

The session concluded with a forward-looking perspective on
smart cotton, based on digitalization, automation and robot-
ics: variable-rate irrigation and nutrient application, Al-based
robots for harvesting and weed control, and integrated re-
al-time data platforms.

Although access and training have increased, investment and
local adaptation constraints persist; therefore, technical train-
ing and regional cooperation will be key for adoption.
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Figiire-6#Demonstration of soil health technologies

Challenges and Opportunities

The main challenges identified include environmental sus-
tainability, adaptation of technologies to local contexts, gener-
ational renewal, cost competitiveness and access to financing.
Among the opportunities, regional integration through ALI-
DA, technological innovation and traceability were highlight-
ed as pathways to consolidate a sustainable, competitive and
inclusive cotton sector in Latin America.

General Conclusions

o+ Network-based organization facilitates the development
and appropriation of technological innovations, generating
real transformations in contexts of use, as genuine partici-
pation of stakeholders imprints specific characteristics on
designs and developments, creating practical solutions with
high effectiveness and impact.

« Proximity to end users of R&D&I activities constitutes an
essential element in co-innovation processes; early interac-
tion between real demand and researchers facilitates access
to practical solutions that respond to identified needs.

o Sectoral association strengthens public-private manage-
ment and advocacy strategies. Collaboration, rather than
competition, among different segments of the value chain
generates a volume of initiatives and capacity for action that
cannot be achieved in isolation. This applies to all links in

’ the cotton value chain, including the science and technolo-
Figure-4. Cotton processingstraining for women entrepreneurs gy sector.
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+Cotton in Latin America: An Overview

Emmanuel Salgado Funes and Adriana Gregolin
Emmanuel.salgadofunes@fao.org; Adriana.calderangregolin@fao.org

Food and Agriculture Organization of the United Nations, FAO

Abstract

The Latin American cotton
sector faces challenges related
to territorial weakening and
impoverishment affecting dif-
ferent actors, including family
farming. This article reviews
the experience of the +Cotton
Project, a Trilateral South-
South Cooperation initiative
(FAO/Brazil/Partner  Coun-
tries) aimed at strengthening
the cotton value chain and gen-
erating public policies through
a horizontal and multisectoral
cooperation approach, con-

i
|

Emmanuel Salgado Funes

tributing to sustainable livelihoods. Results include the de-
velopment of public policy tools, validation of good practices
and capacity building. Challenges and opportunities within
the cotton value chain are identified, and the importance of
articulation networks is highlighted to ensure continuity of
innovations and achieve sustainable transformations for cot-
ton in Latin America and the Caribbean.

Introduction

Cotton is one of the 20 most important commodities world-
wide in terms of value and industrial development (Beckert,
2014). It involves 28.67 million producers, and it is estimated
that 350 million people carry out economic activities related
to its value chain. Of the 30.3 million hectares of cotton cul-
tivated globally, 2.7 million are located in Latin America and
the Caribbean (USDA, 2025).

By 2019, approximately 131,500 cotton producers were re-
ported in the region, of whom 77% were family farmers (FAO,
2025); currently, it is estimated that the total number of pro-
ducers in the region does not exceed 18,000. The challenges
faced by the Latin American cotton sector—technological,
market-related and organizational—have led to a weakening
of cotton production in the territories and to impoverishment
affecting family livelihoods. In this context, the +Cotton expe-
rience reflects recognition of the resilience trajectory of thou-

sands of families for whom cotton has traditionally been a key
livelihood. This article reviews the operation and results of the
+Cotton Project in Latin America and the Caribbean.

Methodology

The +Cotton Project is a Trilateral South-South Cooperation
initiative implemented by the Brazilian Cooperation Agen-
cy (ABC/MRE), FAO and seven partner countries in Latin
America and the Caribbean, with financial support from the
Brazilian Cotton Institute (IBA) and the Government of Bra-
zil. It is the result of technical contributions from Brazilian
cooperating institutions such as Embrapa, Abrapa, Asbraer
and Empaer-PB, together with their counterparts in partner
countries. The project aims to promote and strengthen the
cotton value chain, build institutional capacities and contrib-
ute to the development of public policies for the cotton sector.

The +Cotton Project is structured around four thematic pil-
lars: Sustainable Technologies; Social Innovation; Strategic Al-
liances; and Inclusive Markets and integrates three cross-cut-
ting themes: gender and rural youth; Indigenous peoples; and
climate change. Project actions are defined through inclusion
and articulation with national actors, responding to specific
demands through consultation and technical support pro-
cesses with Brazilian institutions. Mechanisms include diag-
nostics, training, support for public policy development, and
incorporation of demands into promotion, rural extension
and research agendas.

Results

Eighteen public policy tools were generated for cotton-food
production systems, including cotton development plans and
programs in Peru, Bolivia and Paraguay.

The project supported the establishment of networks such as
the Latin American Cotton Women’s Network, the Region-
al Cotton Forum and the +Seeds Network, and participated
in technical platforms such as ALIDA. More than 126 insti-
tutions were involved, and over 100 missions and exchanges
were conducted. A total of 157 sectoral studies were com-
pleted, and 2,353 professionals and more than 14,000 family
farmers, artisans and youth were trained.
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A total of 138 technical demonstration units were implement-
ed, 22 national and Brazilian seed varieties were validated,
and community seed banks were established. Cold storage
facilities were installed in Paraguay and a water cistern in
Bolivia, benefiting 100 students. A one-row cotton harvest-
er prototype was developed with Embrapa, and a mini cotton
gin was provided to Ecuador, along with machinery kits and
equipment adapted for cotton management and processing.
Manual harvesters, planters and sprayers were distributed and
validated, and fertilizer and NDVTI drones were introduced,
as well as meteorological stations for risk management and
decision-making.

Certification processes and pilots for cotton, digital exten-
sion services (ATER), VOIP training methodologies, radio
programs such as Mandiyuti: Agriculture for All, Smart Ir-
rigation 4.0 pilots and blockchain traceability initiatives were
implemented in coordination with UNECE. More than 2,000
people were trained through virtual courses on home gardens,
sustainable cotton production and handicrafts.

The +Cotton Project implemented the Lazos Initiative to fos-
ter digital inclusion and the creation of virtual communities
for knowledge exchange and management focused on rural
populations. Its objective is to connect the Latin American
cotton sector, cooperatives and associations, artisans, re-
searchers, public institutions, projects, the textile industry and
private companies linked to cotton. By 2025, the initiative had
more than 800 active users.

In terms of communication, the project produced 229 audio-
visual materials, 1,196 tweets, 462 media articles, 65 YouTube
videos and 26 newsletters, among other outputs.

Sustainable
Technology

Communication
for Development

Climate
Change

Trilateral | South-South-South

Figure-1 Strategic organization of the +Cotton project

Discussion

The cooperation promoted by +Cotton offers advantages over
traditional development models by emphasizing issues fun-
damental to family farming—which represents 85% of cotton
producers in LAC—such as shared institutional management
across project life cycles; technical implementation through
multi-level actor networks; adoption of trilateral cooperation
to share and build knowledge; horizontal, participatory ex-
change of experiences; neutrality and trust derived from in-
ternational organization management; and the participation
of key public and private actors that expand capacities for dif-
ferentiated public policy development.

However, the cooperation also faced technological, organi-
zational and territorial challenges. Sustainability requires en-
suring continuity in the use and maintenance of technologies
and methodologies by farmers and technicians. Financing
constraints, investment and equipment maintenance costs,
and the digital divide necessitate sustained training efforts.
Organizationally, long-term regional coordination remains a
challenge due to the absence of decision-making mechanisms
that could sustain synergy. Replicability across countries with
different institutional and technological capacities, scalability,
and knowledge diffusion into public policies and extension
systems are also critical issues. Policy articulation and sustain-
ability across political cycles are vital, as government changes
can reverse successful programs. At the territorial level, en-
vironmental sustainability demands adaptive management in
response to climate change, soil degradation and water scarci-
ty, while rural-urban migration and population aging threat-
en territorial sustainability.

Opportunities include regional leadership by Brazil and FAO,
demonstrating the capacity of Latin American countries to
guide development initiatives; the generation of culturally
appropriate and technologically flexible solutions; institution-
al articulation and network building; the potential of digital
technologies to improve productivity, management and mar-
ket access; and the mainstreaming of a gender approach to
address inequalities and enhance the visibility of women in
family farming.

Conclusion

Under the +Cotton Project framework, good practices fo-
cused on Emmanuel South South.pngng productivity, reduc-
ing costs and increasing profitability have been validated and
adjusted, alongside technological development and capacity
strengthening. Interventions respond to demands related to
technology, training, social organization, public policies and
economic and environmental sustainability, within the frame-
work of Trilateral South-South Cooperation. Networks such
as ALIDA represent an opportunity to consolidate post-proj-
ect cooperation spaces, ensuring continuity of innovations,
policies and knowledge, and contributing to territorial trans-
formations with positive impacts on food security, gender eq-
uity, environmental sustainability and community resilience.
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Abstract

This article brings together
contributions from an orga-
nizational and economic per-
spective presented by Améri-
ca Gonzéilez Sanabria (FAO
- Paraguay), Ronald Quispe
(FAO - Bolivia), Eugenia
Zubiarrain and Julieta Rojas
(INTA Argentina), within the
framework of the panel “Cot-
ton Production Networks in
Latin America” at the XV ALI-
DA Meeting 2025. The analysis

addressed the following questions: What are the most relevant
organizational aspects at the strategic and operational levels?
What challenges are identified for the future?

Strategic & Operational Organizational Priorities

Network-based work constitutes a collective, interdisciplin-
ary space, integrating different stakeholders along the cotton
value chain, including women and men producers, spinners,
weavers, textile artisans, market vendors, agricultural and
handicraft extension agents, as well as representatives from
design and fashion sectors.

This network approach has its regional precedent in the Lat-
in American Cotton Research and Development Association
(ALIDA), which since its inception has promoted technical
cooperation and knowledge exchange among Latin American
countries, addressing critical issues such as integrated pest
management, genetic improvement, fiber quality and sustain-
ability.

Organizations facilitate capacity strengthening at local, re-
gional and national levels. Through shared management, they
enhance the ability to address needs such as access to seeds,
recovery and integration of ancestral and technical knowledge
into production processes, value addition, market access and
organizational development. ALIDA has served as a platform

for technology transfer and training, as evidenced by its tech-
nical meetings held in countries such as Argentina, Peru, Bra-
zil, Colombia and Paraguay.

o At the strategic level, organizations provide opportunities to
enhance the visibility of family farming, peasant and Indige-
nous sectors, with particular emphasis on women as key ac-
tors in local economies. This enables participation in public
policies aimed at economic empowerment and strengthens
inter-institutional articulation and response capacity. For ex-
ample, ALIDA, with the support of the International Cotton
Advisory Committee (ICAC) and organizations such as FAO,
has contributed to positioning cotton as a strategic crop for
rural development and employment generation in the region,
as reflected in initiatives such as the +Cotton Project.

o At the operational level, agro-food systems based on agroeco-
logical models are promoted, including cotton fiber produc-
tion with both artisanal and industrial value addition and im-
proved market access, addressing logistical aspects to achieve
better prices and quality labels. Priority is given to household
economies, food sovereignty and biodiversity conservation
within agroecosystems. Experiences shared during ALIDA
meetings have highlighted the importance of marketing chan-
nels, sustainable practices and integrated pest management.

o Active participation of women generates spaces for commu-
nication that prioritize values, care of collective experiences,
financing opportunities and permanent group building, fos-
tering development and self-recognition of all members, and
acknowledging the realities of women and men cotton pro-
ducers in partner countries.

Identified Challenges

From a political and governmental perspective, production
networks must become a priority within public management
frameworks in order to strengthen all activities, particularly
logistics and market access.

The continuity of platforms such as ALIDA and their artic-
ulation with public policies is key to sustaining these efforts.
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Figure-4 Cotton value chain -spinning

Figure-5 Skill development training session for women at INTA

Strengthening the Value Chain

In production systems, fiber contamination must be avoided.
There is a risk that non-transgenic varieties may be contam-
inated by transgenic varieties through pollinators, as regula-
tory distances are often not respected or cannot be enforced.
This issue has been addressed in ALIDA meetings, where the
expansion of transgenic cotton in the region and its impact on
quality and genetic diversity has been discussed.

Organizations require strategic input banks (SIBs) for cotton
fibers to ensure continuity in the textile value chain.

Value addition and artisanal-scale industrial processing re-
quire specific machinery for ginning, spinning and weaving
adapted to low fiber volumes and lower-grade yarn, as family
farming systems often cultivate intermediate-fiber varieties
with high variability in these parameters.

At the final production stage, access to updated and versatile
designs is essential, including collective design processes for
garments and other products, ensuring cultural safeguarding
of traditional techniques and knowledge.

Regional integration through networks such as ALIDA and
other regional projects supported by international organi-
zations remains fundamental to addressing these challenges
through a shared and cooperative vision.
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Advances in Traceability, Fiber Quality,
SITC and Cotton Marketing

Marcio Portocarrero', Alex Montenegro?,
Nicolas Buyatti®, Patricia Marino* & Bela Diego?
marcio.portocarrero@abrapa.com.br

1The Brazilian Cotton Growers Association (ABRAPA)
2National Agricultural Technology Institute (INTA), Argentina
3The Association for the Promotion of Cotton Production (APPA)
4National Institute of Industrial Technology (INTI)

Introduction

Cotton is an essential raw ma-
terial for the global textile in-
dustry. However, its production
faces social, environmental and
technical challenges.

The growing demand for sus-
tainability and transparency
has driven the adoption of
traceability and quality systems
that ensure fiber origin, au-
thenticity and characteristics.

This article analyzes the cur-
rent situation, available tech-

Marcio Portocarrero

nologies, strategic challenges and global trends impacting the
cotton value chain, with particular reference to Argentina and
Brazil. Environmental impacts and international regulations
affecting sector competitiveness are also examined.

Key Concepts: Traceability and Transparency

Traceability refers to the ability to track the origin, movement
and transformation of products along the value chain, while
transparency involves communicating this information to
stakeholders.

The cotton value chain is complex and fragmented: produc-
tion, ginning, spinning and garment manufacturing often oc-
cur in different locations and under different actors, making
end-to-end traceability difficult.

Three main types are identified: upstream traceability (from
the final product back to raw material), process traceability
(internal tracking at each production stage), and downstream
traceability (from raw material to the consumer).

Each plays a strategic role in quality and sustainability man-
agement.

Global Context and Challenges

Traceability systems vary widely by country. The United States
and Brazil implement robust systems with permanent bale
identification, whereas in West Africa and Tanzania trace-
ability is minimal, with cotton from hundreds of producers
mixed into a single bale. At later stages, blending natural and
synthetic fibers further complicates tracking. The value chain
involves intermediaries and traders, adding complexity and
cost, considering that cotton can represent up to 60% of a fac-
tory’s expenses. Key challenges include lack of technological
infrastructure, high costs for small producers, absence of har-
monized regulations, and cultural resistance to digitalization.

Traceability Technologies

Various tools aim to ensure cotton traceability: PBI tags, DNA
markers, isotopic analysis, blockchain, QR codes and RFID.
Each technology presents advantages and limitations. PBI
tags are low-cost but vulnerable to damage; DNA markers of-
fer high precision but require specialized equipment; isotopic
analysis is non-invasive and relatively low-cost but sensitive to
environmental factors; blockchain ensures transparency and
decentralization but entails higher costs; QR codes and RFID
are easy to implement but depend on reliable infrastructure.
Technology selection depends on producer scale, target mar-
kets and regulatory requirements.

Figure-1 Cotton bales tagged for the traceability chain
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Figure-2 Traceability along the value chain

Argentina: Current Situation

Argentina maintains its own letter-based classification sys-
tem, coexisting with the internationally accepted Universal
Standard, toward which the country is transitioning.

The Association for the Promotion of Cotton Production
(APPA) operates the only ICA Bremen-certified laboratory,
recognized nationally, supporting the quality and reputation
of Argentine cotton.

Challenges remain, including reducing quality variability,
standardizing HVI-based classification with audited instru-
ments, improving real-time traceability infrastructure, in-
creasing the number of laboratories (currently 20, with a need
for 40), and developing adapted and homogeneous varieties.
ICA Bremen certification represents a competitive advantage
that should be leveraged through marketing strategies and in-
ternational trade agreements.

Global Trends and Regulations

The textile sector accounts for approximately 10% of global
CO, emissions, prompting regulations such as the UN Fash-
ion Industry Charter and the European Green Deal, which
promote climate neutrality by 2050 and circular economy
principles.

The EU will implement the Digital Product Passport (DPP)
between 2027 and 2030, requiring full traceability and verified
environmental data. These regulations transform traceability
into a non-tariff barrier, compelling producing countries to
adapt in order to compete internationally.

Certifications such as Better Cotton, Australian BMP Cotton,
Cotton made in Africa and BioRe reinforce this trend by en-
suring sustainable practices and decent working conditions.
Innovations such as FiberTrace (luminescent pigments) and
DNA-based systems (Haelixia) enable real-time verification
and strengthen consumer trust.

Brazil: A Reference Model

Brazil implemented the Abrapa Traceability Program in 2001,
incorporating data on producer, farm, gin, laboratory and
socio-environmental certification. The system extends to gar-
ment labeling through a full chain-of-custody, ensuring total
transparency. Complementarily, the Sou de Algodao program
promotes responsible consumption and circular economy
practices, engaging more than 1,800 brands. Brazil has also
established offices in Asia to strengthen its presence in inter-
national markets, achieving global leadership in exports. The
Quality Program monitors laboratories and factors affecting
fiber quality, achieving 92% conformity and significant im-
provements. This model demonstrates that traceability can
become a strategic tool for global market positioning.

Environmental and Social Impact

Traceability responds not only to commercial requirements
but also to the need to reduce environmental impacts and
ensure decent labor conditions. Conventional cotton requires
large volumes of water and agrochemicals, exerting pressure
on ecosystems and rural communities. Traceability systems
enable certification of sustainable practices, promote efficient
resource use and ensure compliance with labor regulations,
contributing to the Sustainable Development Goals (SDGs).

Conclusions

Traceability in the cotton value chain is an irreversible trend
driven by sustainability demands, international regulations
and consumer preferences. Argentina has made significant
progress in infrastructure and certification but faces challeng-
es in integrating all stages and ensuring reliable real-time data.
The Brazilian experience demonstrates that traceability can
become a strategic asset for positioning cotton in global mar-
kets. Adoption of innovative technologies and alignment with
international standards will be key to future competitiveness.
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Associative Models in the Cotton Value Chain
APPA, AAPA and ABRAPA

Zorzén Cristian', Falco Marcelo?,
Portocarrero Marcio?, Patricia Marino* & Bela Diego?
cristianzorzon@gmail.com

'"The Association for the Promotion of Cotton Production (APPA)
2Argentine Cotton Producers Association (AAPA), Argentina
3The Brazilian Cotton Growers Association (ABRAPA)

Introduction

The cotton value chain faces
global challenges related to
competitiveness, sustainability
and traceability. In this con-
text, associative models have
become key tools to articulate
producers, industry, science
and the State. This analysis ad-
dresses three relevant experi-
ences: APPA (Santa Fe, Argen-
tina), AAPA (Argentina) and
ABRAPA (Brazil), highlight-
ing their origins, strategies and
future challenges.

Zorzon, Cristian

Association for the Promotion of Cotton Pro-
duction (APPA): A 25-Year Public—Private Model

The Association for the Promotion of Cotton Production
(APPA) marks 25 years since its creation in 2000. From its in-
ception, it brought together producers, cooperatives, industry,
professional associations, provincial and national government
bodies, and scientific-technical institutions such as INTA
(National Institute of Agricultural Technology). This institu-
tional framework made it possible to sustain the value chain,
preserve cotton as a regional economic activity and define a
shared development-oriented strategy.
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APPA Silver Jubilee celebrations in'Reconquista
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Objectives

« Defend cotton production and industry.

« Generate regionally adapted technologies.
« Protect fiber quality and identity.
Integrate all actors along the value chain.

Strategic Achievements

Productive recovery: technology programs enabled the
maintenance and expansion of cultivated area, positioning
Santa Fe as the national leader. Through phytosanitary pro-
grams, financing and technical assistance, the province re-
covered planted area. In the following decade, technological
innovations consolidated Santa Fe as a national benchmark in
area and fiber quality.

International insertion: The Official Fiber Quality Labora-
tory, certified by ICA Bremen, enabled participation in orga-
nizations such as ICAC, FAO and CICCA. This integration
facilitated the adoption of global standards and strengthened
the competitiveness of Santa Fe cotton.

Institutional articulation: APPA coordinates policies with
provincial and national governments, SENASA and the Sec-
retariat of Agriculture, participating in phytosanitary plans,
quality regulations and market organization, integrating the
entire chain.
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Technological innovation: Mechanization, narrow rows,
locally adapted varieties and boll weevil control, developed
in partnership with INTA were decisive for comprehensive
modernization. Key developments include:

o Incorporation of stripper harvesters (Javiya and HAC
5000) developed jointly with INTA and private companies.

o Adoption of narrow rows and higher planting densities,
improving yield and efficiency.

o Development of local varieties with better boll retention,
fiber quality and mechanization compatibility.

The science—policy-production articulation became a dis-
tinctive feature of the Santa Fe model.

Traceability: Pilot experiences demonstrated traceability
from producer to final product, strengthening the identity of
Santa Fe cotton.

Training, Information and Communication: Technical
workshops and courses generated qualified human capital,
integrating students, technicians and producers. Statistical
information on area, yield and quality strengthened deci-
sion-making and enabled coordination with national and in-
ternational institutions.

Final Reflection: APPA demonstrates that public-private
cooperation can transform crises into opportunities, consol-
idating a replicable model based on cooperation and strate-
gic planning for other agro-industrial chains. Today, Santa Fe
leads Argentine cotton production through a model that com-
bines innovation, integration and quality.

Argentine Cotton Producers Association
(AAPA): National Representation and an Inte-
grated Strategy

The Argentine Cotton Producers Association (AAPA), found-
ed in 2019, brings together more than 250 producers from dif-
ferent regions. It emerged inspired by models from Brazil and
the United States, where collective action proved essential for
productive, economic and regulatory progress.

The so-called “seed crisis” of 2019/20 accelerated the need for
a representative entity capable of articulating demands, pro-
posing policies and sustaining a unified voice for the sector.

Objectives

« Represent and defend producers’ interests.

« Promote sustainable cotton production with traceability
and transparency.

« Participate in the development of regulations and standards.

Most Relevant Strategic Aspects

o Representation: AAPA acts as a legitimate interlocutor
with public and private institutions, promoting policies that
enhance profitability and competitiveness.

o Public policy influence: Participation in programs, regula-
tions and financing proposals.

« Innovation: Promotion of improved seeds, digital agricul-
ture, integrated pest management and production efficiency.

« Sustainability: Through the Argentine Responsible Cotton
label (ARA), it promotes environmental and social certifi-
cations.

o Value chain integration: Links with associations, cham-
bers, INTA, provincial governments and international en-
tities such as ICAC, FAO and ABRAPA.

Most Relevant Operational Aspects

o Training: Workshops and technical field days aimed at pro-
ducer professionalization.

o Information: Statistics, market trends and outlooks to sup-
port decision-making.

o Project management: Participation in initiatives related to
genetics, sustainable management and applied research.

o Legal support: Assistance in regulatory, environmental and
commercial matters.

« Communication: Dissemination of updates, phytosanitary
alerts and opportunities.

Future Challenges

« Environmental sustainability: certification, traceability
and footprint reduction.

o Competitiveness: production costs, tax pressure and infra-
structure.

o Innovation: reducing technological gaps and improving ac-
cess to financing.

o Climate change: resilience, adapted varieties and agricul-
tural insurance.

o International markets: differentiation, quality and over-
coming trade barriers.

o New generations: youth incorporation and digital skills
training.

o Public-private articulation: alliances for research and fi-
nancing.

o Communication and positioning: greater social visibility
and recognition.

Final Reflection: AAPA positions itself as a dynamic actor
with an integrated vision and strong articulation capacity,
while facing challenges that require multisectoral cooperation
and proactive leadership.
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Brazilian Cotton Producers Association
(ABRAPA): Global Leadership and Innovative
Governance

Created in 1999, ABRAPA currently brings together 11 state
associations, representing 99% of Brazilian cotton production
and 100% of exports. Its governance system prohibits presi-
dential re-election and includes an active Advisory Council,
consolidating ABRAPA as a global reference.

. ABRAPA

ASSOCIACAO BRASILEIRA DOS PRODUTORES DE ALGODAO

ABRAPA’s management principles are based on:

o Listening to market and societal demands.

o Careful short-, medium- and long-term planning.

« Execution within predefined timelines, adapting to market
changes.

Four Strategic Pillars

Quality, Traceability, Sustainability and Promotion, with
projects coordinated by ABRAPA and implemented by state
associations.The Traceability System is the associations lon-
gest-running project, enabling individual identification of
each cotton bale. It evolved into a full segregation system for
cotton used by major Brazilian brands.

The Sustainability Program operates through three protocols:

o ABR - Responsible Brazilian Cotton, certifying producing
farms.

o ABR-UBA, certifying cotton processing units.

o ABR-Log, certifying all logistics operations from farm exit
to final destination.

ABRAPA operates a Central Reference Laboratory for cotton
analysis, verifying all analyses conducted by the 21 laborato-
ries installed across Brazil and serving as a training center for
laboratory technicians.

Promotion programs include Sou de Algodao for the domestic
market and an international promotion strategy supported by
an office in Singapore, operating across ten Asian countries.

Future Challenges for Brazilian Cotton Growth

1. Carbon monitoring (CO,) across production, ginning
and industrialization, in partnership with Embrapa Envi-
ronment and ABIOVE.

2. Genetic improvement to develop climate-adapted variet-
ies and new pest-resistant transgenic materials.

3. Continuous adoption of good agricultural practices,

integrated pest and disease management and increased
use of biological controls.

4. Adoption of new field technologies through internet
connectivity, drones and smart machinery.

5. Continuous monitoring of water and soil quality.

6. Continuous quality improvement to address contami-
nation issues such as seed coat fragments, stickiness, plas-
tics and impurities.

To address these challenges, ABRAPA implemented Environ-
mental, Social and Governance (ESG) processes in both asso-
ciation management and certified farms.

Key Comparative Lessons

« Scale and governance: ABRAPA operates globally with
strong institutional capacity; APPA and AAPA operate in
more fragmented contexts with locally adapted models.

o Innovation and sustainability: All three prioritize trace-
ability and certification, with Brazil leading technological
and ESG adoption.

o Public-private articulation: APPA exemplifies territorial
integration; AAPA consolidates national alliances; ABRA-
PA coordinates state networks strategically.

o Shared challenges: Climate change, competitiveness, inter-
national insertion and generational renewal.

General Conclusion

The associative models analyzed demonstrate that coopera-
tion is the foundation for sustaining and projecting the cotton
value chain in complex scenarios. APPA contributes territori-
al experience and resilience; AAPA provides national repre-
sentation and an integrated vision; ABRAPA delivers global
leadership and innovative governance. The future demands
deeper articulation, accelerated innovation and strengthened
environmental commitments to ensure international compet-
itiveness and sustainability.
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Prototype and Technology Innovations for Cotton
Crop Management, Harvest and Post-Harvest

Alejandro Fabbro' Enzo Bianchi?, Orlando Pilatti' & Diego Bela'

fabbro.alejandro@inta.gob.ar

'Reconquista Experimental Research Station (EEA Reconquista), INTA
2DOLBI SA Machine manufacturer, Avellaneda, Argentina

Introduction

Cotton production in Argen-
tina and other Latin Ameri-
can countries faces structural
challenges related to produc-
tion scale, mechanization, pro-
duction costs and competi-
tiveness. In this context, the
development of technologies
adapted to small- and medi-
um-scale production systems
has become a strategic priority
to sustain cotton activity in re-
gional economies.

Alejandro Fabbro

This section presents experiences in the design, validation and
implementation of prototypes and technologies aimed at im-
proving crop management, harvesting and post-harvest oper-
ations, with a strong emphasis on collaborative work between
research institutions, producers and private companies.

Context and Objectives

The decline in cotton area and the concentration of produc-
tion have generated the need for technologies adapted to het-
erogeneous systems. Large-scale mechanization models are
not always economically viable for small and medium pro-
ducers. Therefore, innovation strategies have focused on de-
veloping affordable, efficient and adaptable solutions.

Figure-1. Harvesting operations

The main objectives of technological developments:

+ Reduce production and harvesting costs.

« Improve operational efficiency and labor conditions.

o Preserve fiber quality during harvesting and post-harvest
stages.

« Facilitate adoption by producers through simplicity and low
investment requirements.

Technological Developments
Harvesting Prototypes

Several harvesting prototypes were developed and validated
under field conditions, including single-row stripper harvest-
ers designed for small plots. These machines were adapted
to narrow-row planting systems and local varieties, enabling
mechanized harvesting at lower cost.

Prototypes such as the Javiya and HAC 5000 harvesters, de-
veloped jointly by INTA and private manufacturers, allowed
small and medium producers to access mechanization while
maintaining fiber quality standards.

Figure-2, A novel harvesting Prototyp
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Figure-5. Cotton balers in operation

Crop Management Equipment

Technologies were also developed for planting, fertilization
and crop protection, including:

o Precision seeders adapted to narrow rows.

« Low-volume sprayers and backpack sprayers for integrat-
ed pest management.

o Fertilizer application systems compatible with wvari-
able-rate strategies.

These tools improved operational efficiency and reduced input
waste, contributing to more sustainable production systems.

Post-Harvest Technologies

Post-harvest innovations focused on preserving fiber quality
and reducing losses. These included:

 Mini cotton gins adapted to low volumes.

« Fiber cleaning and handling equipment designed to min-
imize contamination.

o Storage solutions to protect cotton from moisture and im-
purities.

Validation and Adoption

All prototypes underwent participatory validation processes
involving producers, technicians and researchers. This ap-
proach ensured that technologies responded to real needs
and local conditions, facilitating adoption and continuous
improvement. Field days, on-farm trials and training work-
shops were key mechanisms for technology transfer, enabling
feedback and iterative design adjustments.

Impact and Lessons Learned
The adoption of these technologies contributed to:

o Increased harvesting efficiency and reduced labor depen-
dency.

 Lower production costs and improved profitability.

« Improved fiber quality through reduced contamination.

« Strengthened linkages between research, producers and in-
dustry.

A key lesson learned is that successful innovation in cotton
requires close interaction between end users and technology
developers, ensuring adaptability, affordability and sustain-
ability.

Conclusions

Technological innovation adapted to production scale is es-
sential for sustaining cotton activity in regional economies.
The experiences presented demonstrate that locally developed
prototypes, validated through participatory processes, can
effectively address structural constraints and contribute to a
more competitive and sustainable cotton sector.
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From Traditional Cotton to Smart Cotton: Challenges
and Perspectives in the Digital Era

Gonzalo J Scarpin
Scarpin.gonzalo@inta.gob.ar

Reconquista Experimental Research Station (EEA Reconquista), INTA

Introduction

The global cotton sector is un-
dergoing a technological tran-
sition driven by digitalization,
automation and data integra-
tion. The concept of “Smart
Cotton” encompasses the ap-
plication of Agriculture 4.0
technologies to improve pro-
ductivity, sustainability and
decision-making throughout
the cotton value chain.

This section analyzes current
trends, opportunities and
challenges associated with the

Gonzalo Scarpin

adoption of digital technologies in cotton production systems,
with a focus on Latin American contexts.

Agriculture 4.0 Technologies Applied to Cotton

« Smart Cotton systems integrate multiple digital tools, including:

« Sensors for soil moisture, nutrient status and crop growth.

o Meteorological stations for real-time climate monitoring.

« Drones for crop scouting, pest detection and biomass estimation.

« Satellite imagery and NDVT analysis for spatial variability assess-
ment.

o Data platforms for integrated farm management and decision
support.

These technologies enable precision agriculture practices such
as variable-rate irrigation, fertilization and pest control, op-
timizing resource use and reducing environmental impacts.

Automation and Robotics

Advances in automation include the development of robotic
systems for harvesting, weed control and crop monitoring.

Artificial intelligence algorithms are increasingly used to an-
alyze large datasets, detect patterns and support predictive
models for yield, pest outbreaks and climate risks.

While these technologies are advancing rapidly in large-scale
systems, their adaptation to small and medium producers re-
mains a key challenge in Latin America.

Benefits and Potential Impacts
Smart Cotton technologies offer multiple benefits:

 Improved productivity through optimized management.

o+ Reduced input use and production costs.

« Enhanced environmental sustainability.

o Improved traceability & compliance with international standards.
o Greater resilience to climate variability.

Digitalization facilitates transparency, traceability and inte-
gration with market and certification systems.

Challenges for Adoption
Constraints for widespread adoption of Agri 4.0 technologies:

o High initial investment costs.

o Limited connectivity and digital infrastructure in rural areas.

o Need for technical training and digital skills development.

o Adaptation of technologies to diverse agroecological and so-
cio-economic contexts.

« Data management, ownership and interoperability issues.

These challenges highlight the importance of public policies,
institutional support and regional cooperation.

Future Perspectives

The transition to Smart Cotton requires coordinated efforts
among producers, research institutions, private companies and
governments. Pilot projects, demonstration units and training
programs are essential to validate technologies and promote
adoption. Regional platforms such as ALIDA play a strate-
gic role in facilitating knowledge exchange, harmonizing ap-
proaches and scaling successful experiences across countries.

Conclusions

Smart Cotton represents an opportunity to transform cotton
production systems through innovation, sustainability and
digital integration. To fully realize its potential, investments in
infrastructure, capacity building and institutional articulation
are required. Inclusive strategies that consider the realities of
small and medium producers will be essential to ensure that
digital transformation contributes to equitable and sustain-
able development of the cotton sector in Latin America.
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ARGENTINA: Current Status, Innovations and
Challenges of the Cotton Sector

Marcelo Paytas
paytas.marcelo@inta.gob.ar

Reconquista Experimental Research Station (EEA Reconquista), INTA

Introduction

Cotton production in Argenti-
na remains a relevant activity
for the regional economies of
the northern part of the coun-
try. Despite its strong geo-
graphical concentration, the
sector is undergoing a process
of transformation driven by
technological advances, ge-
netic improvement programs,
the adoption of sustainable
practices, and increasing artic-
ulation between research, ex-
tension and production actors.
This article summarizes the

Marcelo Paytas

current status of cotton production in Argentina, recent trends
in crop management and technology, the main areas of scien-
tific and technological development, the mechanisms linking
research with production systems, and the medium-term stra-
tegic challenges for competitiveness and sustainability.

1. Productive structure and territorial distribution

Cotton production in Argentina is highly concentrated in the
northern regions of the country, with approximately 600,000
hectares cultivated. The sector is characterized by strong het-
erogeneity in terms of farm size, access to resources and pro-
duction capacity. It is estimated that there are around 2,500
cotton producers, which can be grouped into three main cat-
egories.

Large producers, representing about 20% of the total num-
ber of farmers, account for approximately 77-80% of the cot-
ton-growing area.

These farms are generally highly mechanized, capital-inten-
sive and technologically advanced. Medium-sized producers,
who make up around 40%, cultivate about 18% of the total
area and are typically defined as those managing between 100
and 300 hectares. Small producers, also close to 40%, occupy
only 4% of the cotton area, reflecting structural limitations re-
lated to scale, access to technology and competitiveness.

Taken together, small and medium producers represent ap-
proximately 85% of all cotton growers, highlighting the im-
portance of innovation strategies and public policies that
address the diversity of production systems and levels of tech-
nological adoption. This structural configuration strongly in-
fluences productivity, efficiency, and the capacity of the sector
to respond to climatic, sanitary and market challenges.
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Figure-1 Cotton producing regions in Argentina
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2. Technology and crop management

The Argentine cotton sector has made significant progress
in the adoption of improved technologies and management
practices aimed at increasing yields, optimizing resource use
and improving fiber quality.
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The most relevant developments include the following:
2.1. Narrow rows and high plant densities

The use of narrow row spacing and high plant densities has
been increasingly adopted to improve light interception,
shorten crop cycles and facilitate mechanized management.
These practices are mainly implemented by medium and large
producers with access to precision equipment.

2.2. Full mechanization

Complete mechanization of the production system, including
planting, crop management and harvesting, is now common
in the main cotton-growing regions. Modern mechanical har-
vesters and ginning technologies have improved operational
efficiency and reduced losses. However, access to such equip-
ment remains limited for smallholders, who often rely on con-
tracted services.

Figure-2 Cotton mechanization in Argentina

2.3. Expansion into new production areas

The expansion of cotton cultivation into new production
zones has been supported by improved varieties and advances
in agronomic management. Regions with access to irrigation,
or with strategies aimed at improving soil water conservation,
represent emerging areas with high production potential.

2.4, Transgenic varieties and genetic improvement

Cotton production in Argentina relies largely on transgenic
varieties, developed both by INTA and private companies, in-
corporating traits such as herbicide tolerance (RR) and insect
resistance (Bt). These technologies have become key tools for
weed and pest management, reducing production costs and
supporting integrated management strategies. At the same
time, public breeding programs continue to evaluate and de-
velop varieties adapted to local conditions, with emphasis on
fiber quality, resource-use efficiency and resistance to biotic
and abiotic stresses.

2.5. Sustainable, resilient and regenerative agriculture

Several regional programs promote sustainable, resilient
and regenerative agricultural practices in cotton production.
These initiatives include crop rotations, integrated pest man-
agement, rational use of agrochemicals and soil conservation
practices. They aim to improve the environmental perfor-
mance of the crop while strengthening the competitiveness of
small and medium producers and facilitating the adoption of
digital technologies.

3. Research and innovation

Argentina has a strong institutional framework supporting
research and development (R&D) in cotton production. Key
organizations involved include INTA (National Institute of
Agricultural Technology); CONICET; INTI; INASE; National
universities; National and provincial government agencies.

3.1. Main research areas
The main lines of research include:

 Crop management and ecophysiology, aimed at optimiz-
ing productivity and yield stability.

 Genetic improvement, including both conventional and
transgenic breeding approaches.

o Plant protection, with a focus on pest and weed manage-
ment.

o Mechanization and post-harvest technologies, addressing
equipment performance and operational efficiency.

« Biotechnology, to incorporate valuable traits and enhance
breeding efficiency.

« Cotton value-chain economics, focusing on costs, margins
and competitiveness.

o Digital agriculture and Agriculture 4.0, including sensors,
geographic information systems and decision-support ap-
plications.

o Bioinputs, as alternatives to improve sustainability.

3.2. Funding sources

Cotton R&D programs are supported through the following
combination sources:

Public funding at national and provincial levels; Private sector
investment, particularly from seed and machinery companies;
International cooperation initiatives related to sustainability,
genetic improvement and extension.

3.3. Technology transfer

Technology transfer to producers is primarily carried out
through the INTA extension system, complemented by pro-
ducer associations and provincial agencies. Activities include
on-farm trials, training programs, technical field days, direct
advisory services and the use of digital platforms for informa-
tion dissemination.
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4. Linkages between production and research

The interaction between research institutions and the produc-
tive sector is one of the strengths of the Argentine cotton sys-
tem. The main linkage mechanisms include:

4.1. On-farm trials

Experimental and demonstration trials conducted under real
farming conditions allow for the validation of technologies,
identification of constraints and adaptation of management
practices to specific environments.

4.2. Training and knowledge exchange

Workshops, training courses and technical meetings—both
in-person and virtual—provide spaces for dialogue between
researchers, extension agents and producers, facilitating
knowledge exchange and co-construction of solutions.

4.3. Regional trial networks

Networks of regional trials for variety evaluation and agro-
nomic practices enable the generation of location-specific
recommendations and accelerate the adoption of innovations.

4.4. Recently adopted innovations

Recent innovations adopted by the sector include:
« Improved cotton varieties with enhanced fiber quality.
 Advanced machinery and precision agriculture equipment.
« Digital tools and mobile applications for crop monitoring.

o Improved and more sustainable agronomic practices.

4.5. Role of producer associations

Producer organizations, such as APPA, play a key role in
bridging producers and research institutions, contributing to
the definition of research agendas and supporting technology
validation and adoption processes.

5. Future perspectives and challenges

The Argentine cotton sector faces several challenges and op-
portunities for the next 5-10 years.

5.1. Research priorities
Key research priorities include:

o Developing a more competitive cotton production system,
with higher yields, improved fiber quality and greater resil-
ience to climate variability.

o Promoting organizational innovation to strengthen small
and medium producers, improve scale and enhance access
to technology.

o Fully integrating Agriculture 4.0 concepts, including sen-
sors, digital platforms and data-driven decision-making.

5.2. Value addition strategies
Value addition within the cotton value chain is supported by:

« Producer networks and stronger linkages with ginning and
textile industries.

« Traceability systems to enhance market competitiveness.

« Sustainable technologies in production, processing and fi-
ber handling.

5.3. International articulation

Argentina maintains active links with regional and interna-
tional research networks, including: Universities and research
institutes in Brazil, Paraguay, Peru and Colombia; Multilateral
organizations such as ICAC, ICRA and FAO.

DO

These connections facilitate access to knowledge, germplasm,
biotechnological tools and shared experiences in cotton de-
velopment policies.

Conclusions

Cotton production in Argentina is undergoing a process of
consolidation and modernization. While production remains
concentrated in medium and large-scale farms, small produc-
ers continue to face structural challenges that require target-
ed policies and tailored innovation strategies. Technological
adoption is high among capitalized producers, with signifi-
cant advances in mechanization, genetic materials and crop
management.

The research system, led by INTA and supported by scientific
and academic institutions, sustains a robust agenda in genet-
ics, agronomy, biotechnology and digital agriculture. Effective
linkages between research and production have facilitated the
transfer of innovations to the field, although adoption gaps
persist across different production scales.

Looking ahead, the main challenges relate to climate variabil-
ity, pest pressure, international competitiveness and the need
to strengthen sustainability. Research priorities and value ad-
dition strategies aim to promote a more efficient, technologi-
cally advanced and environmentally responsible cotton sector.

In conclusion, Argentina has a solid technical foundation and
a strong institutional framework to support cotton develop-
ment. The key challenge lies in deepening the transition to-
ward more resilient, inclusive and innovative production sys-
tems that enhance both productivity and sustainability.
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BOLIVIA: Reactivation of the Cotton Sector: Production
Systems, Research, and Innovation Pathways

Ronald Quispe

ronald.quispe@fao.org

Food and Agriculture Organization of the United Nations, FAO, Bolivia

Abstract

The cotton sector in the Pluri-
national State of Bolivia has ex-
perienced a profound decline
over the last three decades,
followed by recent initiatives
aimed at reactivation through
research, innovation, and insti-
tutional coordination. From a
historical peak of approximate-
ly 28,000 tons of lint in the mid-
1990s, production fell to less
than 500 tons by 2009/2010.
Although a moderate recovery
has been observed since 2017,
the sector remains far below its
productive potential.

Ronald Quispe

This article provides a technical overview of the status of cot-
ton production in Bolivia, with emphasis on production sys-
tems, technological and management practices, research and
development efforts, and linkages between producers and re-
search institutions.

Attention is given to the role of family farming, the conserva-
tion of native and naturally colored cottons, and recent initia-
tives to validate genetically modified (GM) cotton under local
conditions.

Finally, perspectives and challenges for the next decade are
discussed, including genetic improvement, pest management,
and Bolivia’s strategic advantage as a country free of the boll
weevil.

Introduction

Cotton has historically played a significant role in Bolivia’s ag-
ricultural and rural economy, particularly in the eastern low-
lands of the Department of Santa Cruz. During the 1990s, the
crop reached its maximum development, supported by favor-
able prices, public policies, and access to improved varieties.

However, a combination of factors—including high produc-
tion costs, pest pressure, limited access to technology, and
weak institutional support—Iled to a sustained contraction
of the sector. In recent years, renewed interest in cotton has

emerged through national programs and international co-
operation initiatives, seeking to strengthen family farming,
recover local genetic resources, and introduce technological
innovations adapted to Bolivian conditions.

Within this context, cotton production in Bolivia today rep-
resents a heterogeneous system, ranging from indigenous
family-based production of naturally colored cottons to me-
dium and large-scale commercial farms exploring GM tech-
nologies.

This article synthesizes available information from recent pro-
grams and field experiences to provide a comprehensive tech-
nical perspective suitable for the ICAC Recorder.
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Production Systems and Current Status

Cotton production in Bolivia is currently concentrated in the Department of Santa Cruz, where agroecological conditions are
most suitable. According to recent records, approximately 57 producers are formally registered, including small, medium, and
large-scale farmers. Small producers represent the majority and play a central role in the conservation of traditional production
systems and native cotton varieties. Family farming systems include indigenous communities of Guarani, Guarayo, and Chiq-
uitano origin, cultivating cotton on communal lands, typically on areas of up to five hectares. These systems rely primarily on
family labor and are strongly associated with the production of naturally colored cottons (Gossypium barbadense), which are
valued for artisanal and cultural uses. Other small-scale producers, mainly of mestizo origin, manage areas of up to 50 hectares,
with limited mechanization and restricted access to modern inputs.

Medium-scale producers, often migrants from Andean regions, cultivate between 11 and 50 hectares of cotton, with moderate
mechanization and better access to technology. Large-scale producers, including Bolivian, Brazilian, Argentine, and Menno-
nite farmers, operate on areas exceeding 100 hectares and are characterized by high levels of mechanization, access to capital,
and interest in advanced technologies such as GM cotton.

BOLIVIA: COTTON AREA AND PRODUCTION EVOLUTION, 2019-2024(p)
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Figure-2 Cotton area and production in Bolivia (2019-2024) Figure-3 Cotton growing regions

Technology and Crop Management Practices

The technological base of cotton production in Bolivia is het-  situation has resulted in yield instability and increased vulner-
erogeneous and, in many cases, outdated. A historical over- ability to pests and diseases.

view of varietal use highlights the limited renewal of genetic
material. Conventional varieties imported from the United
States dominated production in the 1970s. In 2002, the na-
tional conventional variety CCA-348 “Mandiyuti” was re-
leased, representing a milestone in local breeding efforts.

Crop management practices typically include nitrogen fertil-
ization based on urea, adjusted when soil analysis is available.
Irrigation is limited and generally restricted to areas with low
rainfall or off-season production.

Pest control remains predominantly chemical, contributing to
high production costs. However, initiatives promoting Inte-
grated Pest Management (IPM) and biological control have
gained relevance, particularly in indigenous systems produc-
ing naturally colored cotton without agrochemicals.

Since 2008, transgenic cotton—primarily Deltapine 444—
has been introduced, although its use has largely occurred
through informal channels. Currently, an estimated 95% of
the cotton area is planted with degenerated transgenic seed,
while only 5% uses the conventional Mandiyuti variety. This
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Figure-4 Field visit and training session on cotton production in Bolivia

Research and Innovation Framework

Research and development in the Bolivian cotton sector have
been driven mainly by public institutions and international
cooperation. Between 2017 and 2022, the +Algodén Proj-
ect—implemented by the Ministry of Rural Development and
Lands (MDRyT), FAO, and the Brazilian Cooperation Agen-
cy—focused on rescuing and improving the Mandiyuti vari-
ety, as well as conserving native cotton germplasm.

From 2021 to 2025, the National Program for the Support of
Cotton Production in Bolivia (PNAPAB), led by the Nation-
al Institute of Agricultural and Forestry Innovation (INIAF),
expanded research efforts and established the first nation-
al cotton germplasm bank. These actions aimed to increase
genetic variability and lay the foundation for future breeding
programs. More recently, in 2025, the Departmental Center
for Agricultural Research (CIAT) in Santa Cruz initiated field
trials with GM cotton (MON 531 x MON 1445), focusing on
resistance to key pests and tolerance to herbicides. These trials
represent a significant step toward evaluating advanced bio-
technological options under local agronomic and socio-eco-
nomic conditions.

Linkages Between Research and Production

Strengthening the connection between research institutions
and producers has been a central objective of recent initia-
tives.

The +Algodén Project established 71 demonstration and seed
multiplication plots, trained more than 150 municipal tech-
nicians, and implemented a network of Technical Assistance
and Rural Extension (ATER).

These actions facilitated the production of certified Mandiyuti
seed, enabling the planting of approximately 1,600 hectares in
2022. Participatory approaches were key to the project’s suc-
cess, with research agendas validated by municipal govern-
ments and indigenous authorities.

Adoption rates were high, particularly among family farmers
involved in seed production and demonstration plots. Subse-
quent programs under PNAPAB have emphasized technolo-
gy transfer and genetic diversification, although measurable
adoption outcomes are still emerging. The ongoing GM cot-
ton trials conducted by CIAT involve direct collaboration with
medium and large producers, highlighting a complementary
innovation pathway oriented toward commercial-scale pro-
duction systems.

Perspectives and Challenges

Despite recent progress, significant challenges remain. High
costs of pest and weed control, low yields of conventional va-
rieties, and dependence on foreign genetic material continue
to constrain competitiveness. At the same time, Bolivia holds
a strategic phytosanitary advantage as a country recognized
by the Andean Community as free of the Mexican boll wee-
vil (Anthonomus grandis). Future research priorities over the
next 5-10 years include expanding genetic variability through
systematic collection and characterization of native and con-
ventional cottons, strengthening breeding programs, and val-
idating GM technologies to improve yields and profitability
while reducing agrochemical use. Preserving and valorizing
naturally colored cottons also offers opportunities for niche
markets, artisanal value chains, and rural development.

Conclusions

The reactivation of the cotton sector in Bolivia requires an in-
tegrated strategy that recognizes the diversity of production
systems and leverages both traditional knowledge and mod-
ern technologies. Recent research, innovation, and exten-
sion efforts have laid a foundation for recovery, particularly
through genetic conservation, participatory approaches, and
institutional coordination. Sustained investment, regulatory
clarity, and regional cooperation will be essential to consoli-
date these advances and position Bolivia as a competitive and
sustainable cotton producer in the coming decade.
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BRAZIL: Cotton Report

Suassuna Nelson Dias & Albuquerque Fabio Aquino
nelson.suassuna@embrapa.br

Empresa Brasileira de Pesquisa Agropecuaria - EMBRAPA

Abstract

Following the 2023/24 cot-
ton harvest, Brazil became
the world’s largest exporter
of cotton fiber. Approximate-
ly 70% of the fiber produced
was exported to Asian coun-
tries, and 30% was destined for
the domestic textile industry.
In the 2025/26 crop season,
2,052,000 hectares of cotton
will be cultivated, with an esti-
mated production of 3,830,000
tons. To achieve these num-
bers, the cotton production
chain in Brazil has undergone significant changes in the last
40 years, notably with the migration of production areas to
the Brazilian Cerrado, with its well-defined rainy season. The
organization of producers into associations has also strength-
ened the sector in its constant demands for public policies and
in the solid construction of the quality of Brazilian cotton to
compete in the global market, improving the image of Brazil-
ian cotton in terms of quality, sustainability and traceability.
Finally, agricultural research has allowed the adaptation of the
crop to this new biome (Cerrado) and has achieved enviable
levels of quality, both in the development of genetic materials
and in the improvement of the production system.

Suassuna Nelson Dias

Cotton production and business structure

In Brazil, the area cultivated with cotton in the 2024/2025
crop season was 2.14 million hectares, with a production of
3.934 million tons of cotton fiber. The cultivation is geograph-
ically concentrated in the cerrado biome, central Brazil, which
represents more than 95% of the cultivated area.

Brazil is the world’s largest fiber exporter, with shipments of
2.83 million tons, representing approximately US$ 5.5 thou-
sand. The producers of the Cerrado biome are predominantly
large, with cotton farms greater than 1,000 hectares. A smaller
portion of the planted surface (less than 5%) is located in the
Caatinga biome (semi-arid zone), composed of small and me-
dium-sized producers.

Technology and production management

Cotton varieties available in Brazil are predominantly trans-
genic, nationally developed. There is also a small amount of
conventional cotton in the Caatinga biome. All cotton grown
in the Cerrado biome is managed using chemical fertiliz-
ers, growth regulators, chemical and biological pest control,
chemical weed control and diseases control. At the end of the
cycle, defoliants and harvest-aids are also used. Cotton defo-
liation is the artificial induction of leaf drop, a natural pro-
cess that occurs as plants mature, to prepare for mechanical
harvesting; it’s managed by applying hormonal defoliants that
trigger ethylene production, causing mature leaves to form an
abscission layer and fall, allowing easier picker access, better
lint quality, and simultaneous boll opening. Harvesting in all
producing areas is mechanized using picker-type harvesters..
The majority of cultivation areas are raifed. However, the in-
stallation of center pivot irrigation systems for water supply
during critical periods has increased significantly, especially
in the state of Bahia.

S.No Map Location

1 Mato Grosso

2 Bahia

3 Mato Grosso do Sul
4 Goias

Figure-1 Cotton producing regions in Brazil
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ABRAPA (Brazilian Association of Cotton Producers) coor-
dinates the programs Responsible Brazilian Cotton (ABR),
Responsible Brazilian Cotton for Processing Units (ABR-
UBA) and Responsible Brazilian Cotton for Retro Port Ter-
minals (ABR-LOG). The ABR program operates in Brazil in
collaboration with Better Cotton Initiative (BCI). The pro-
grams together promote sustainable management through the
progressive development of good social, environmental and
economic practices, based on criteria that encompass health,
safety and well-being of workers up to the protection of water
sources and the preservation of biomes, water and soil.

Figure-2 BRS 700 FL B3RF Variety with premium fibre quality

Research and innovation

Public (Universities and EMBRAPA) and private national
institutions (TMG, IMA, IGA, Foundation Bahia), as well as
international private research institutions: BASE, Bayer (Del-
tapine) work on cotton in the country. Furthermore, large
groups of producers (more than 100,000 hectares) have re-
search departments for applied tests and final validation of
varieties and chemicals and biological inputs. The main scope
of research is genetic improvement, plant protection and sus-
tainable production systems.

The majority of the financing of cotton research and innova-
tion comes from private funds. A small part comes from pub-
lic funds. A large part of technology transfer today is carried
out through private consultancies and research institutes of
producers’ associations.

Relationship between production & research

Since a large part of research funding in Brazil is private, there
is a close relationship between research and the productive
sector. Rural extension programs offer diverse educational
opportunities, experimentation services, and consulting for
farmers, agronomists, and agricultural technicians. These
mechanisms exist to connect researchers and producers. As
a result, many innovations have been adopted in the country.
Among them, we can highlight the no-till farming system, the
use of cover crops for carbon sequestration and reduction of
soil pathogen populations, new varieties of transgenic cotton,
and high-quality fiber varieties (long staple). Almost all cotton
produced in Brazil is grown using a no-till farming system. In
defining research priorities, producers and state associations
rely on their own research institutions or foundations to de-
fine their agendas, and there is constant contact with produc-
ers to align the objectives of the breeding programs for the
development of new cultivars.

Challenges, opportunities & future perspectives

Forty years after the boll weevil arrived in Brazil, this pest con-
tinues to be the main limiting factor for cotton cultivation in
the country. Climatic instability also contributes to increasing
crop risk, especially rainfall, since the vast majority of planted
areas are rainfed. To mitigate these risks, irrigated areas for
cotton cultivation have increased significantly in recent years.

Cotton production costs have also increased significantly in
the last decade, mainly due to increased costs for chemical
inputs, fertilizers, and biotechnology fees. Despite high pro-
duction costs, Brazilian cotton maintains its competitiveness
globally. Over the next five to10 years, efforts should be made
to develop transgenic cotton cultivars resistant to boll weevil,
as well as to develop biological control methods for the pest.

Several strategies are underway to add value to crop prod-
ucts: fiber and seeds. Upland cotton cultivars with high fiber
quality, such as the recently launched BRS 700FL B3RE, offer
superior quality and satisfactory productivity. This could al-
low Brazil to reach a new level of fiber quality, meeting the
demands of the most discerning markets in terms of quality.
Still on the topic of fiber quality, in the coming years we will
have available varieties of Pima cotton adapted to the Brazil-
ian Cerrado, to meet a specific niche of very high fiber quality.
Finally, the development of gossypol-free cotton cultivars is
in its final stages. Gossypol-free cotton seeds can be used for
human consumption and for non-ruminant animals, mainly
in the aquaculture and poultry industries.

In terms of regional or international coolaboration with cot-
ton research networks, Brazil participates in Sur-Sur coop-
eration (Mercosur); the Cotton-4 project in Africa (Burkina
Faso, Chad, Mali and Togo); and cooperates with some Amer-
ican institutions such as Texas Tech University, Texas A&M,
The University of Georgia and USDA.
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COLOMBIA: Status of the Cotton Sector, Challenges,
and Strategic Pathways Forward

Sofiane Ouaza
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Cl Nataima, Km 9 Chicoral — Espinal, 733529 Espinal, Colombia

Abstract

This article provides a compre-
hensive overview of the Co-
lombian cotton sector, analyz-
ing its recent evolution, current
productive structure, predomi-
nant management practices,
and research and innovation
ecosystem. It highlights key
challenges such as climate vari-
ability, high production costs,
and producer heterogeneity,
alongside strategic priorities
and opportunities for value ad-
dition and enhanced interna-
tional engagement to position
Colombian cotton within the
global context.

Sofiane Ouazaa

Introduction

Cotton cultivation in Colombia has undergone a significant
transformation in recent decades. From a widely extensive
crop in the 1970s and 1980s, with areas exceeding 400,000
hectares, it experienced a drastic reduction due to political,
economic, and biophysical factors. However, in recent years,
the sector has shown signs of recovery, driven by support-
ive policies, technology adoption, and the concerted efforts
of guilds and research institutions. This article describes the
current situation, highlighting progress, persistent challeng-
es, and the path forward for a more resilient and competitive
cotton sector.

Cotton Regions and Production

Cotton production in Colombia is concentrated in two main
regions with distinct characteristics. The Coastal Zone, which
includes departments such as Cordoba, Cesar, Bolivar, and Su-
cre, contributes 45.97% of national production and is charac-
terized by an average yield of 0.76 tonnes of fibre per hectare.
The Interior Zone, comprised of the departments of Tolima,
Huila, and Valle del Cauca, not only contributes the majority
of production (54.02%) but is also the most productive region,

achieving significantly higher yields of 1.11 tonnes of fibre per
hectare (Conalgoddn, 2024).

The Caribbean region has a main rainy season (August-De-
cember) with 900-1000 mm of precipitation, while the interior
region (Tolima) has a bimodal rainfall regime with 1000-1500
mm annually. This variability, coupled with the occurrence of
phenomena such as El Nifio and La Nifa, generates critical
water deficits, especially during flowering, and is exacerbat-
ed by sandy soils with low water retention capacity. Historical
trends show a sharp contraction in the planted area, which
fell from 400,000 hectares in 1977 to approximately 70,000 in
1982, due to economic liberalization, the elimination of sub-
sidies, and falling international fibre prices (Ministerio de Ag-
ricultura, 2005). Cotton areas were displaced by crops such as
rice, corn, oil palm, and pastures for livestock.

Nevertheless, since 2020, the sector has begun a recovery
process. Recent data (Conalgoddn, 2024) indicate a total area
of around 12,000-18,000 hectares, with fibre production be-
tween 11,000 and 19,000 tonnes. Yields have shown constant
improvement, exceeding 900 kg/ha in many seasons and even
projected to surpass 1,100 kg/ha by 2025, thanks to increased
technification (Conalgodon, 2024).

Productive Structure and Economic Aspects

The Colombian cotton sector is heterogeneous. Small and
medium-sized producers with family farms of less than 10
hectares predominate in both the Coastal and Interior zones.
Concurrently, large technified farms have emerged in new
agricultural frontiers like the Altillanura and in departments
such as Cdrdoba and Tolima, which utilize mechanization,
supplemental irrigation, and intensive management, explain-
ing the wide variation in yields.

Although cotton is not a crop of significant relative weight in
the agricultural GDP compared to coffee or oil palm, it is a
major generator of rural employment. Direct production gen-
erates between 15,000 and 18,000 jobs, while the entire val-
ue chain contributes approximately 500,000 jobs (Inexmoda,
2018). Colombia is currently a net importer of fibre, and its
exports of raw cotton are modest in the global context.
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INTERIOR ZONE

Tolima, Huila, Valle del Cauca
Represents 54.02% of the
National Production

Yield: 1.11 Ton/Ha of fiber

*Source: Cotton Promotion Fund - Conalgodén

COASTAL ZONE

Coérdoba, Cesar, Bolivar, Sucre,
Guajira, Antioquia, Vichada
Represents 45.97% of the
National Production

Yield: 0.762 Ton/Ha fiber

CULTIVATION RECOVERY ZONE
Llanos and Altillanura

Potential Area: 12 million ha
(New agricultural frontier) -
Cotton as a rotation crop

Figure-1 Regional Distribution of Cotton Production in Colombia

Production costs have shown an upward trend, driven pri-
marily by inputs. The total cost per hectare increased from
approximately 6.3 million Colombian pesos (COP) in 2019 to
8.7 million COP in 2022 (Conalgodén, 2024). Despite this,
net income per hectare has remained positive, thanks to im-
proved yields and fibre prices.

Varieties, Biotechnology & Management Practices

The phytotechnical landscape of Colombian cotton reflects a
constant pursuit of competitiveness and sustainability. This ef-
fort materializes in a dual approach: the development of locally
adapted genetic material and the implementation of manage-
ment practices that optimize resources and minimize environ-
mental impact. Genetic breeding, led by AGROSAVIA, has
developed national varieties such as Gaitana M-109 and Ca-
ribefia M-129 (AGROSAVIA, 2024). Concurrently, Colombia
has adopted transgenic technologies since the early 2000s. The
most cultivated technologies include Bollgard (insect resis-
tance) and Roundup Ready (herbicide tolerance), with stacked
events such as Bollgard IT + Roundup Ready Flex being com-
mon in varieties like FM 910 B2RF and FM 911 B2RF.

The adoption of biotechnology must be accompanied by re-
sponsible agronomic management to ensure its longevity and
effectiveness. In Colombia, practices have evolved towards a
model of sustainable intensification (Ouazaa et al., 2022):

o Fertilization: Based on soil analysis and applied in split
applications.

o Irrigation: Supplemental irrigation (furrow, drip, sprin-
kler) is used in areas with water availability.

« Integrated Pest Management (IPM): Combines biologi-
cal, cultural, and chemical control, with an emphasis on
refuge strategies to delay resistance in Bt crops.

« Sustainable Programs: Initiatives such as “+Algodon” and
packages from AGROSAVIA/Conalgodén promote good
practices for soil conservation and integrated management
(FAO, 2021).

Research, Innovation & Linkages

The Research, Development, and Innovation (R&D&I) eco-
system in cotton is the engine of the sector’s technical prog-
ress. However, the gap between generated knowledge and its
widespread adoption in the field remains a major bottleneck.
A network of public and private institutions drives knowledge
generation. AGROSAVIA, as the backbone of national agri-
cultural research, works in conjunction with the Colombian
Agricultural Institute (ICA) - the regulatory body - univer-
sities such as the National University of Colombia, and the
leading guild, Conalgodén. Priority research lines include
ecophysiology, IPM, precision agriculture, genetic improve-
ment, and post-harvest management.
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Linkage between research and production is strengthened
through participatory research and demonstration plots on
producer farms, modernized extension programs in collabo-
ration with AGROSAVIA and CIAT, and networks and guilds
like Conalgoddn, which articulate sector demands and facili-
tate technology transfer.

Despite these efforts, the adoption rate of many locally devel-
oped technologies remains low. AGROSAVIA’ Social Balance
reports, which measure the impact of its technologies, have
not yet recorded significant adoptions specific to cotton culti-
vation. The most notable exception is transgenic seeds, which
peaked in adoption (49,000 ha) in the 2000-2010 decade, sta-
bilizing at an average of 10,000 ha in the last decade, reflecting
fluctuations in the total planted area.

Challenges & Future Opportunities

The path to a prosperous and sustainable Colombian cotton
sector requires confronting a series of structural challenges
and defining a clear agenda of priorities.

Current challenges:

o Increasing pressure from pests and diseases and the risk of
resistance.

 High production costs and limited access to financing.
« Climate variability and extreme weather events.

« Structural heterogeneity that hinders the scaling of tech-
nologies among small producers.

Research priorities: To overcome these challenges, the
R&D&I agenda must focus on:

» Genetic improvement for water resilience and pest resis-
tance.

Applied ecophysiology and crop modeling.

Adaptation of precision agriculture technologies.

IPM strategies and resistance management.

o Supply chain economics and financing models for local
value addition.

Strategies for adding value and international articulation:
The long-term sustainability of the sector depends not only on
producing more but on producing better and capturing great-
er value. Key strategies include:

o Progressing towards reliable production with sustainabili-
ty and traceability certifications.

« Exploiting market niches such as Pima, organic, or special-
ty-coloured cottons.

« Fostering industrial innovation in ginning, local spinning,
and the use of sustainable dyes.

« Strengthening international articulation through active

participation in the ICAC, ALIDA, and technical coop-
eration with organizations such as the FAO and the APC,
as well as with peer institutions like Embrapa (Brazil) and
INTA (Argentina).

Conclusion

The Colombian cotton sector is in a phase of reactivation
and transformation. Although it faces significant structural
and environmental challenges, it has a solid foundation of re-
search institutions, organized guilds, and a mix of producers
with growth potential.

The future of cotton in Colombia will depend on its ability
to integrate technological innovation with inclusive business
models, improve its cost and quality competitiveness, and
position itself strategically in international markets through
sustainability and differentiation. Continuous collaboration
at the national and international levels will be a fundamental
pillar for this cotton revival.
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Abstract

Ecuador occupies a unique
position in the global cotton
sector as part of the center of
diversity for Gossypium bar-
badense and other related spe-
cies. While commercial cot-
ton production has declined
significantly, the country has
made substantial progress in
the conservation, characteriza-
tion, and utilization of cotton
genetic resources. Led by the
National Institute of Agricul-
tural Research (INIAP), Ecua-
dor has implemented system-

Alvaro Monteros Altamirano

atic collection, ex situ and in situ conservation, and advanced
morphological and molecular characterization of native and
cultivated cotton accessions. This article provides a technical
overview of the current situation of cotton in Ecuador, with
emphasis on genetic resource conservation, research and in-
novation frameworks, and international cooperation initia-
tives. Perspectives and challenges are discussed in relation to
biodiversity conservation, climate resilience, and the potential
role of Ecuadorian cotton germplasm in regional and global
breeding programs, in line with the objectives of the ICAC
Recorder.

Introduction

Cotton has deep historical, cultural, and biological signif-
icance in Ecuador. The country forms part of the primary
center of diversity for Gossypium barbadense, one of the
most important species for high-quality and extra-long staple
cotton worldwide. Although Ecuador no longer plays a ma-
jor role in global cotton production, its relevance lies in the
conservation of native, wild, and cultivated cotton genetic re-
sources that represent a valuable asset for future breeding and
adaptation strategies. Recognizing this strategic importance,
Ecuador has prioritized the conservation and scientific char-
acterization of cotton germplasm through national research
programs coordinated by INIAP. These efforts contribute not
only to national biodiversity conservation goals but also to
regional and international initiatives aimed at safeguarding

and utilizing plant genetic resources for food and agriculture.
This article synthesizes recent advances in cotton research and
conservation in Ecuador to provide a comprehensive techni-
cal perspective suitable for the ICAC Recorder.

Cotton Genetic Resources in Ecuador

Unlike other cotton-producing countries in Latin America,
Ecuador’s cotton sector is currently characterized by limited
commercial production and a strong focus on genetic resource
conservation. Native cottons, particularly G. barbadense, are
distributed across diverse agroecological zones and are asso-
ciated with traditional farming systems and cultural practices.
INIAP maintains the national cotton germplasm bank, which
conserves a broad collection of accessions representing culti-
vated, semi-wild, and wild materials.

Recent collection campaigns conducted between 2018 and
2021 covered three continental regions of Ecuador, signifi-
cantly strengthening the representativeness of the national
collection. The germplasm bank currently conserves more
than 120 accessions, including predominantly Ecuadorian G.
barbadense, national G. hirsutum, and a limited number of
international reference accessions. These resources constitute
a strategic reservoir of genetic diversity, particularly for traits
related to fiber quality, adaptation to biotic and abiotic stress-
es, and morphological variability.

Table-1 Cotton germplasm accessions conserved in
the INIAP genebank, Ecuador

Species Ecuador
Source of collections* Natl Intl
Cultivated - -
G. hirsutum L. - -
154

Cultivars (breeding materials) -
G. barbadense L. -
Cultivars (breeding materials) 3
Landraces 168
Unclassified 4 -
Primary gene pool - -
G. darwinii Watt 1 -
Secondary gene pool - -

G. klotzschianum Andersson 0 -
Subtotal 173
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AMA-02 AMA-03 AMAGP-06
AMIG-8 AMIG-17 AMNPLL-004

AMNPLL-15

Figure-2 The germplasm morphological-characterization team

Research and Innovation Framework

Research on cotton in Ecuador is led by INIAP, with a clear
emphasis on genetic resource conservation, characterization,
and documentation. The research framework integrates field
collection, ex situ conservation, in situ characterization, and
laboratory-based molecular analysis.

Morphological characterization has been conducted using
internationally recognized descriptors, including those devel-
oped by the International Board for Plant Genetic Resources
(IBPGR) and the International Union for the Protection of
New Varieties of Plants (UPOV). These standardized descrip-
tors allow for consistent evaluation of plant architecture, re-
productive traits, seed characteristics, and fiber attributes.

In parallel, molecular characterization using simple sequence
repeat (SSR) markers has provided deeper insights into ge-
netic diversity and population structure. Recent analyses
employed 30 SSR markers, of which 17 were polymorphic,
enabling the assessment of genetic relationships among Ecua-
dorian and international accessions. Cluster analyses, princi-
pal component analysis, and dendrograms confirmed a high
level of genetic diversity within Ecuadorian G. barbadense,
encompassing both cultivated and wild forms.

Linkages, Cooperation & Knowledge Generation

Cotton research in Ecuador is closely linked to national and
international cooperation initiatives. Projects such as “Mas
Algodén” and “BioBridge” have supported germplasm col-
lection, capacity building, and methodological strengthening.
These initiatives have facilitated knowledge exchange and re-
inforced Ecuador’s role within regional and global networks
focused on plant genetic resources.

Scientific outputs from these efforts include peer-reviewed
publications, such as the submitted article on the genetic di-
versity of the Ecuadorian national cotton collection assessed
by SSR markers. Such contributions enhance the international
visibility of Ecuadorian research and provide valuable data for
breeding programs beyond national borders.

At the national level, in situ characterization activities and
collaboration with local communities help to document tradi-
tional knowledge and maintain the dynamic conservation of
cotton diversity in farmers’ fields.

Perspectives and Challenges

Despite significant progress, several challenges remain. Addi-
tional collection efforts are required in the Galapagos Islands
to conserve endemic species such as G. darwiniiand G. klotz-
chianum, which are of exceptional evolutionary and scientific
importance.

Long-term funding and institutional support are also essential
to ensure the sustainability of germplasm conservation and
research activities.

Looking ahead, priorities for the next 5-10 years include ex-
panding molecular characterization, integrating phenotypic
and genotypic data, and exploring the potential use of Ecua-
dorian germplasm in breeding programs aimed at improving
fiber quality, stress tolerance, and climate resilience.

Strengthening regional and international collaboration, par-
ticularly within Latin America and through ICAC-related
networks, will be critical to maximizing the impact of Ecua-
dor’s genetic resources.

Conclusions

Ecuador’s contribution to the global cotton sector lies primar-
ily in its rich genetic heritage and the scientific efforts dedicat-
ed to its conservation and characterization.

Through the leadership of INIAP, the country has established
a solid foundation for safeguarding cotton genetic resources
of global importance.

Continued investment in research, conservation, and interna-
tional cooperation will be essential to ensure that this diver-
sity remains available to support future cotton improvement
and sustainability worldwide.



The ICAC Recorder, March 2026

31

The

Q)ICAC

Recorder

MEXICO: Cotton Technological Intensification, Phytosanitary
Management, and Research Priorities in a Center of Origin

Jesus Garcia Feria
jesus.garcia@senasica.gob.mx

The National Service for Agri-Food Health, Safety and Quality (SENASICA)

Abstract

Mexico is one of the leading
cotton-producing  countries
in Latin America and plays a
strategic role in the regional
cotton economy due to its high
productivity, advanced phy-
tosanitary management, and
strong institutional organiza-
tion of the value chain. Cotton
production is concentrated
in irrigated systems managed
by large, medium, and small-
scale producers, with wide-
spread adoption of genetically
modified (GM) cultivars, nar-

row-row planting systems, and integrated pest management.
Mexico has also achieved notable success in the eradication
of key pests such as the pink bollworm and maintains active
programs against the cotton boll weevil. At the same time, the
country faces unique challenges related to biodiversity con-
servation, as Mexico is a recognized center of origin for Gos-
sypium species. This article provides a technical overview of
the Mexican cotton sector, focusing on production systems,
technology and management practices, research and innova-
tion frameworks, value chain organization, and future chal-
lenges, in line with the scope of the ICAC Recorder.

Jesus Garcia Feria

Introduction

Cotton has long been a strategic crop in Mexico, underpin-
ning rural economies in irrigated agricultural regions and
supporting a well-established textile and manufacturing in-
dustry. Over recent decades, Mexico has undergone a signif-
icant transformation in cotton production, characterized by
technological intensification, strong phytosanitary programs,
and institutional coordination through producer organiza-
tions and government agencies.

Today, Mexican cotton production combines high-yield com-
mercial systems with increasing attention to sustainability,
regenerative agriculture, and biodiversity conservation. The
presence of genetically modified cotton, advanced irrigation

systems, and coordinated pest eradication programs has posi-
tioned Mexico among the most productive cotton-producing
countries in the region. This article synthesizes current infor-
mation on the Mexican cotton sector to provide a comprehen-
sive technical overview suitable for dissemination through the
ICAC Recorder.

Production Systems and Sector Structure

Cotton production in Mexico is geographically concentrat-
ed in well-defined irrigated regions, particularly in northern
states such as Chihuahua, Baja California, Sonora, Coahuila,
and Durango. These regions benefit from favorable climatic
conditions, irrigation infrastructure, and proximity to pro-
cessing and export channels.

The sector is composed of a mix of large commercial produc-
ers, medium-scale farmers, and smaller producers integrated
into organized value chains. Cotton area and production have
remained relatively stable in recent years, supported by con-
sistent yields and efficient production systems. According to
national statistics, average cotton yields in Mexico are among
the highest in Latin America, reflecting the intensive use of
technology and inputs. Institutional organization is a defining
feature of the Mexican cotton sector. The “Sistema Produc-
to Algodén” provides a formal framework for coordination
among producers, ginners, researchers, input suppliers, and
government agencies, facilitating collective decision-making
and strategic planning across the value chain.

> By
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Figure-1 Cotton producing regions in Mexico
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Technology and Crop Management Practices

Mexican cotton production is characterized by high levels of
technological adoption. Genetically modified cotton cultivars
are widely used, providing resistance to key insect pests and
tolerance to herbicides. These technologies have contributed
significantly to yield stability, reduced pest pressure, and low-
er production risks.

Crop management practices commonly include narrow-row
planting systems, precise fertilization, and the use of advanced
irrigation technologies. Irrigated agriculture is the dominant
production system, allowing for greater control over crop de-
velopment and input efficiency.

Phytosanitary management is a cornerstone of the Mexican
cotton model. The successful eradication of the pink boll-
worm (Pectinophora gossypiella) represents a major mile-
stone, achieved through coordinated regional programs in-
volving producers and government agencies. Ongoing efforts
to control and suppress the cotton boll weevil (Anthonomus
grandis) further enhance productivity and sustainability. In
parallel, regenerative agriculture practices are gaining atten-
tion, with initiatives aimed at improving soil health, enhanc-
ing biodiversity, and reducing the environmental footprint of
cotton production.

Research and Innovation Framework

Research and innovation in the Mexican cotton sector are
supported by strong public-private collaboration. Govern-
ment agencies, research institutions, universities, and the pri-
vate sector jointly contribute to the development and dissem-
ination of new technologies.

Key research lines include genetic improvement, pest and dis-
ease management, irrigation efficiency, agronomic optimiza-
tion, and sustainable production systems. Significant invest-
ment has been made in developing and refining integrated pest
management (IPM) strategies, combining GM technologies
with monitoring, biological control, and rational pesticide use.

Innovation efforts also address the need for adaptive man-
agement in response to climate variability and water scarcity,
particularly in irrigated regions where competition for water
resources is increasing.

Janos, Chihuahua

Figure-2 Regenerative agricultural practices in Mexico

Linkages Between Research and Production

The linkage between research and production in Mexico is fa-
cilitated through institutional platforms such as the Sistema
Producto Algodén, which promotes dialogue and coordina-
tion among stakeholders.

Field trials, demonstration plots, and extension activities play
a central role in validating and disseminating new technolo-
gies.

Producers actively participate in defining research priorities,
particularly in areas related to pest management, varietal per-
formance, and production efficiency. This participatory ap-
proach ensures that innovation remains closely aligned with
sector needs and enhances adoption rates.

Capacity building and training programs are also essential
components of technology transfer, supporting the profes-
sional development of technicians, extension agents, and pro-
ducers.

Perspectives and Challenges

Despite its technological strength, the Mexican cotton sec-
tor faces several challenges. Conservation of biodiversity is
a major concern, as Mexico is a center of origin for cotton
and home to wild Gossypium relatives that require protection
from genetic erosion.

Additional challenges include the need to train a new gen-
eration of researchers, extensionists, and technical advisors,
ensuring generational renewal and continuity of expertise.
Strengthening research and extension capacity in integrated
pest management remains a priority, requiring sustained pub-
lic—private collaboration.

Looking ahead, continued investment in sustainable and
regenerative practices, efficient water use, and innova-
tion-friendly regulatory frameworks will be critical to main-
taining competitiveness while safeguarding environmental
and genetic resources.

Conclusions

Mexico’s cotton sector represents a technologically advanced
and well-organized production model within Latin America.

The integration of GM technologies, robust phytosanitary
programs, and strong institutional coordination has delivered
high productivity and resilience.

At the same time, Mexico’s unique status as a center of origin
for cotton underscores the importance of balancing intensifi-
cation with biodiversity conservation.

Continued collaboration between public and private actors,
along with investment in human capital and sustainable prac-
tices, will be key to the long-term sustainability of the sector.
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PARAGUAY: Family Farming, Technology Adoption, and
Pathways for Sectoral Revitalization of Cotton

América Gonzalez Sanabria
america.gonzalezsanabria@fao.org
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Abstract

Cotton has historically been
one of the most important
industrial and social crops
in Paraguay, closely linked to
rural livelihoods and family
farming systems. Although
the cultivated area and nation-
al production have declined
markedly over recent decades,
cotton remains a strategic crop
for smallholders and a priority
within rural development and
food security policies. In recent

America Gonzalez Sanabria

years, renewed efforts led by national institutions and inter-
national cooperation—particularly through FAO-supported
initiatives such as the +Algodon Program—have focused on
improving productivity, strengthening seed systems, promot-
ing sustainable management practices, and enhancing link-
ages between research and producers. This article provides a
technical overview of the current status of the Paraguayan cot-
ton sector, addressing production structure, technology and
crop management, research and innovation frameworks, and
mechanisms for technology transfer. Perspectives and chal-
lenges for the coming decade are discussed, with emphasis on
family farming, sustainability, and value chain development.

Introduction

Cotton has played a central role in Paraguay’s agricultural his-
tory, serving as a key source of income for rural households
and contributing to the development of local textile and oil-
seed value chains.

For decades, the crop was widely cultivated by small-scale
farmers, providing employment and supporting rural econ-
omies. However, structural changes in agriculture, market
volatility, pest pressure, and limited access to modern tech-
nologies have led to a sustained decline in cotton production.

Despite these challenges, cotton continues to be recognized
as a strategic crop for family farming and rural development.
National policies and international cooperation programs
have increasingly emphasized the need to revitalize the sector

through improved technologies, stronger institutional coordi-
nation, and sustainable production models. This article syn-
thesizes available information from recent initiatives to pres-
ent a comprehensive technical overview of cotton production
in Paraguay for the ICAC Recorder.

Production Systems and Sector Structure

Cotton production in Paraguay is predominantly based on
family farming systems. The majority of producers are small-
holders cultivating limited areas, often integrated into diver-
sified farming systems that include food crops and livestock.

Cotton remains particularly important in regions where few
alternative cash crops are available, contributing to household
income and employment.

" Planted area 60,000 hectares - annual production, more than 54,000 Metric Tonnes

|| Geographical concentration, Western region or Chaco (Boquerén and Alto Paraguay)

RIS Economic importance, 30,737 tons of cotton fiber were exported at an approximate value
# of US$ 48.5 million, a growth of 78% compared to 2023

Productive structure, about 5,000 hectares are traditionally managed in the hands of Family
Agriculture and the rest is extensive agriculture with machinery and the use of technologies.
Figure-1 Production systems & structure of the cotton sector

The sector is characterized by low levels of mechanization,
high reliance on family labor, and strong sensitivity to climat-
ic variability.

While medium and large-scale cotton production exists to a
limited extent, the Paraguayan cotton sector is primarily ori-
ented toward social and developmental objectives rather than
large-scale commercial exports.

Given this structure, productivity levels are generally below
regional and global averages, highlighting the importance of
access to quality seed, appropriate crop management prac-
tices, and effective extension services tailored to smallholder
conditions.
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Figure-2 Mechanized harvesting in Paraguay

Technology and Crop Management Practices

Cotton production technologies in Paraguay reflect the pre-
dominance of small-scale systems. Conventional varieties are
widely used, and seed quality has historically been a limit-
ing factor. Recent programs have placed strong emphasis on
strengthening local seed systems, promoting the use of im-
proved varieties, and ensuring seed availability at the commu-
nity level.

Crop management practices focus on basic agronomic prin-
ciples, including timely planting, adequate plant density, soil
fertility management, and weed control.

Pest management represents one of the main constraints, as
insect pressure can significantly reduce yields and increase la-
bor requirements. In response, integrated pest management
(IPM) approaches are increasingly promoted, combining cul-
tural practices, biological control, and rational use of chemical
inputs.

Sustainable agriculture practices, such as crop rotation, soil
conservation, and reduced reliance on agrochemicals, are
particularly relevant in Paraguayan cotton systems due to
environmental considerations and limited access to external
inputs.

Research and Innovation Framework

Research and innovation in the Paraguayan cotton sector are
driven primarily by public institutions, national research orga-
nizations, and international cooperation. Programs supported
by FAO, including the +Algodoén initiative, have played a key
role in revitalizing research activities, strengthening institu-
tional capacities, and promoting innovation adapted to family
farming systems.

Research priorities include varietal improvement, seed multi-
plication, agronomic management, and pest control strategies
suitable for smallholders. Innovation efforts also emphasize
participatory approaches, ensuring that technologies respond
to producer needs and local conditions. Funding for research
and development is largely based on public resources and in-

ternational cooperation, reflecting the sector’s social impor-
tance and limited capacity for private investment. This context
underscores the need for efficient coordination among insti-
tutions and long-term policy support.

Linkages Between Research & Production

Strengthening the linkage between research and production
has been a central objective of recent cotton initiatives in Par-
aguay. Extension and technology transfer activities are im-
plemented through training programs, demonstration plots,
and close collaboration with producer organizations and rural
communities.

Participatory methodologies are widely used, enabling pro-
ducers to engage actively in technology evaluation and adap-
tation. This approach enhances adoption and facilitates the
dissemination of improved practices within farming commu-
nities.

International cooperation programs have also contributed to
capacity building for technicians and extension agents, rein-
forcing local extension systems and improving the flow of in-
formation between researchers and producers.

Perspectives and Challenges

The Paraguayan cotton sector faces multiple challenges, in-
cluding low productivity, pest pressure, climate variability,
and limited market incentives. Additionally, competition
from alternative crops and migration from rural areas threat-
en the continuity of cotton-based livelihoods.

Looking ahead, priorities for the next 5-10 years include
strengthening seed systems, improving varietal performance,
expanding the adoption of IPM and sustainable practices, and
enhancing value addition through local processing and mar-
ket integration. Cotton also offers opportunities for linking
agricultural production with social policies aimed at pover-
ty reduction and rural development. Continued engagement
with regional and international networks, including FAO-sup-
ported platforms and Latin American cooperation initiatives,
will be essential to share experiences, access knowledge, and
reinforce Paraguay’s position within the regional cotton sector.

Conclusions

Cotton remains a crop of high social and economic relevance
in Paraguay, particularly for family farming systems. While
the sector faces persistent structural challenges, recent efforts
in research, innovation, and extension provide a foundation
for gradual revitalization. An integrated approach that com-
bines improved technologies, institutional coordination, and
sustained policy support will be critical to strengthening the
resilience and sustainability of cotton production in Paraguay
in the years to come.
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PERU: Cotton Production, Innovations, Current Status,
Research Capacities, and Future Pathways

Marité Nieves Rivera
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Abstract

Peru has a long-standing tradi-
tion in cotton production and
is internationally recognized
for the quality of its extra-long
staple fibers, particularly Pima
and Tanguis cotton. In recent
decades, the sector has un-
dergone structural changes
characterized by reduced cul-
tivated area, predominance of
family farming systems, and
increasing pressure from pests,
production costs, and climate

Marité Nieves Rivera

variability. At the same time, Peru has consolidated a strong
institutional framework for research, innovation, and sustain-
able management, supported by public policies, legal restric-
tions on genetically modified organisms, and active engage-
ment in integrated pest management and digital agriculture
initiatives. This article provides a technical overview of the
Peruvian cotton sector, focusing on production systems, tech-
nological and management practices, research and innova-
tion efforts, and mechanisms linking research with producers.
Perspectives and challenges for the next decade are discussed,
highlighting genetic improvement, sustainability, and value
addition within the cotton-textile value chain.

Introduction

Cotton plays a strategic role in Peru’s agricultural and agro-in-
dustrial economy, underpinning one of the most emblematic
textile and apparel industries in Latin America. The country
is historically known for its native and improved cotton va-
rieties with exceptional fiber quality, which have positioned
Peruvian cotton in premium international markets. Despite
this comparative advantage, cotton cultivation has declined in
area and profitability, reflecting competition from alternative
crops, rising production costs, and persistent phytosanitary
challenges.

Currently, cotton production in Peru is characterized by a pre-
dominance of small-scale family farming systems, complement-
ed by medium and a limited number of large producers. Public
institutions, led by the National Institute of Agrarian Innova-

tion (INIA), have played a central role in sustaining research,
varietal development, and technology transfer. This article syn-
thesizes recent information on the Peruvian cotton sector to
provide a comprehensive and up-to-date technical perspective
suitable for dissemination through the ICAC Recorder.

Production Systems and Sector Structure

In 2024, the cotton cultivated area in Peru reached approxi-
mately 10,536 hectares, with an annual production of 23,234
metric tons of seed cotton and a national average yield of
about 2.2 tonnes per hectare. Significant yield gaps persist,
as northern coastal zones have demonstrated potential yields
between 4.1 and 4.6 tonnes per hectare under improved man-
agement conditions.

Cotton production is geographically concentrated along the
coastal regions, including Ica, Piura, Lambayeque, Lima,
Arequipa, and Ancash, with smaller production areas in the
Amazonian regions of San Martin and Ucayali. The sector
supports approximately 8,400 farming families and generates
an estimated 67,000 direct jobs per cropping season, exclud-
ing employment associated with textile and garment manu-
facturing.

The productive structure is dominated by family farming sys-
tems, which account for nearly 90% of producers, typically
cultivating between three and five hectares. Medium-scale
producers represent around 10%, generally operating less
than ten hectares, while large producers are relatively few.
This structure underscores the importance of extension ser-
vices, access to quality seed, and collective action through as-
sociations and cooperatives.

Technology & Crop Management Practices

Peru’s cotton sector operates under a distinctive technological
framework shaped by legal and environmental considerations.
The cultivation of transgenic cotton is currently prohibited
due to biosafety and conservation policies established under
national legislation, including Law No. 29811 (2011) and its
extension through Law No. 31111 (2021). As a result, cotton
production relies exclusively on conventional, national, and
imported non-GM varieties.
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Key varieties cultivated include Pima, Tanguis, and Del Cer-
ro, alongside nationally developed cultivars such as INIA 803
(Del Cerro), INIA 801 and 802 (Aspero), and INIA 804 “La
Colorina,” a native colored cotton. Limited use of imported
hybrid seed, such as Hazera hybrids from Israel, has also been
reported in specific production zones.

Core management practices emphasize the use of quality
seed, balanced fertilization, efficient irrigation systems, plant
growth regulation, and Integrated Pest Management (IPM).
Biological control is a cornerstone of pest management strat-
egies, particularly for key pests such as the pink bollworm
(Pectinophora gossypiella), with strong institutional support
from INIA, SENASA, MIDAGRI, and FAO.

Research and Innovation Framework

Research and innovation in the Peruvian cotton sector are
led primarily by INIA, in coordination with regional govern-
ments, universities, producer organizations, and international
partners. Public funding constitutes the main source of sup-
port for research and development, complemented by cooper-
ation initiatives such as the +Algodén Project.

Major research lines include genetic improvement, agronomic
management, pest and disease control, and conservation of
native cotton germplasm. Breeding programs focus on en-
hancing yield potential, fiber quality—particularly extra-long
staple characteristics—and resistance to biotic and abiotic
stresses.

Advanced but non-transgenic techniques, such as marker-as-
sisted selection and induced mutations, are increasingly in-
corporated within the legal framework.

Innovation efforts also extend to sustainable and digital agri-
culture. Initiatives such as the “Pert Smart Agro 4.0” project
integrate sensors, meteorological stations, big data analytics,
and decision-support tools to optimize irrigation and crop
management, with reported productivity gains of up to 70%
per hectare and water savings of approximately 25%.

Linkages Between Research & Production

Multiple mechanisms facilitate interaction between research-
ers and producers in Peru. These include on-farm trials and
demonstration plots, training programs, extension services
led by regional agricultural agencies, and participatory plat-
forms such as ad hoc commissions, roundtables for native cot-
ton, and national research networks.

A notable example of capacity building is the modular, face-
to-face theoretical and practical training program on integrat-
ed cotton management, organized by the National Program
for Regional Crops and INIA in collaboration with water
user boards and professional associations. These initiatives
strengthen the technical capacities of extension agents and
farmers alike.

Specialized services, such as INIAs biocontrol laboratories,
further reinforce technology transfer. Facilities like the Vista
Florida Experimental Station produce beneficial insects and
entomopathogenic organisms, including Trichogramma spp.,
Chrysoperla spp., Orius insidiosus, and entomopathogenic
nematodes, providing producers with effective alternatives to
chemical control.

Figure-1 Technology transfer training for producers

Perspectives and Challenges

The Peruvian cotton sector faces persistent constraints relat-
ed to pest pressure, high production costs, climate variability,
and market competition. Nonetheless, strong institutional ca-
pacities and accumulated technical knowledge provide a solid
foundation for future development.

Research priorities for the next 5-10 years include the devel-
opment of highly competitive varieties with superior yield
and fiber quality, expansion of genetic variability through
germplasm rescue and introduction, and enhanced resistance
to biotic and abiotic stresses. Greater integration of meteoro-
logical, physiological, and sanitary data into predictive man-
agement systems is expected to improve decision-making and
resilience.

Value addition strategies encompass strengthening linkages
with the textile industry, promoting native and colored cot-
tons for differentiated markets, and fostering innovation in
bioproducts and sustainable textiles. Active participation in
regional and international research networks, including ICAC
and Latin American cooperation platforms, will be essential
to maintain competitiveness and visibility.

Conclusions

Peru’s cotton sector combines a rich genetic heritage with a
robust institutional framework for research and innovation.
While structural and economic challenges persist, continued
investment in genetic improvement, sustainable manage-
ment, and technology transfer offers significant opportunities
for revitalization. By aligning family farming systems with
advanced agronomic practices and value chain integration,
Peru is well positioned to strengthen its role as a producer of
high-quality cotton in the global market.
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