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land scarcity, aging tree stocks, persistent poverty among producers, and cli-
mate change. Improved planting materials—bred for higher yields, pest and
disease resistance, and climate resilience—are critical for revitalizing cocoa
systems and reducing environmental degradation. Despite their potential,
smallholder access to improved cocoa planting material remains a major chal-
lenge due to institutional and logistical constraints rooted in colonial govern-
ance structures, market liberalization reforms, and centralized state control.
This paper highlights key issues such as weak seed multiplication systems, in-
adequate extension services, limited private-sector participation, and farmer
risk aversion stemming from knowledge gaps. It argues for a paradigm shift
toward decentralized, farmer-focused seed systems supported by policy re-
forms, public-private partnerships, and participatory breeding and varietal de-
velopment. By addressing structural inequities and enhancing institutional re-
sponsiveness, these strategies will help strengthen seed governance, improve
quality assurance, and ensure equitable access to the genetic innovations
needed for improved productivity and long-term sustainability of the cocoa
sector. The paper emphasizes the integration of improved varieties into cli-
mate-smart, agroforestry-based production systems to promote ecological re-
silience.
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1. Introduction

Cocoa (Theobroma cacaoL.) is a vital cash crop for over five million smallholder
farmers across the globe and a key contributor to national economies, particularly
in Ghana and Cote d’Ivoire, which together produce about two-thirds of the
world’s cocoa. Yet, many farmers in these West African countries live in poverty
[1] [2]. While cocoa production drives gross domestic product (GDP) and export
earnings, its expansion has also contributed to deforestation and biodiversity loss
(3]-[6].

Much of the growth in cocoa production has come from expanding into forests,
where initial investment costs are low because of “forest rent”—the temporary
yield advantage gained from clearing forest land due to fertile soils, a favorable
microclimate, and low levels of pests and diseases [4]. However, as forests decline,
so do these benefits. West Africa may now have no forest frontiers left to exploit,
making it critical to shift from forest-dependent farming practices to sustainable,
science-based intensification [7]-[10]. Apart from land scarcity, cocoa farming
faces climate-related risks and aging trees, which lead to lower yields and higher
pest pressures [4] [11] [12]. Meanwhile, global demand for cocoa continues to rise,

raising concerns about whether current supply can keep up [13] [14].

2. The Role of Quality Planting Material in Sustainable Cocoa
Systems

Improved cocoa varieties are central to building more sustainable and resilient
cocoa systems [9] [15]-[17]. Bred for higher yields, early maturity, and resistance
to major pests and diseases such as cocoa swollen shoot virus (CSSV) and black
pod, these improved planting materials also offer greater tolerance to climatic
stressors like drought and heat [18]-[20]. Given that much of West Africa’s cocoa
is produced from ageing, low-yielding trees, replacing them with improved vari-
eties is essential for reversing productivity decline and reducing pressure to ex-
pand into forested areas [3] [10].

However, improved tree genetics alone cannot guarantee sustainable intensifi-
cation. Their benefits depend on a broader enabling environment—secure land
tenure, reliable seed distribution systems, and institutional support for risk miti-
gation [21] [22]. Without these complementary conditions, the uptake and effec-
tive deployment of improved varieties remain limited, undermining efforts to ad-
dress environmental degradation, climate vulnerability, and persistent low produc-

tivity in cocoa systems [8] [19] [23].
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3. Barriers to Accessibility
3.1. Historical and Political Economy Dimensions

The governance of cocoa seed systems reflects deeper structural inequalities rooted
in both colonial legacies and contemporary global market dynamics. Smallholder
farmers—who are critical to the cocoa supply chain—remain largely unorganized
and under-represented in global markets, severely limiting their influence over
price-setting mechanisms. In stark contrast, market power is concentrated among
a few downstream actors, with approximately eight trading and grinding compa-
nies and six chocolate manufacturers controlling over 80% of the global cocoa
market [6]. Producer prices directly influence farmer behavior—when prices fall,
farmers reduce investment and maintenance of their farms [4] [23] [24], including
the adoption of improved planting materials.

Colonial and post-independence governance frameworks in West Africa en-
trenched centralized control over cocoa production and input distribution, thereby
limiting farmer autonomy and innovation. During the colonial period, stabiliza-
tion or marketing boards were established to shield farmers from volatile global
markets and climatic shocks. These boards accumulated reserve funds during
boom periods to support farm-gate prices during downturns [4] [12]. The funds
were also used to subsidize or fully finance critical inputs distributed to farmers
such as fertilizers and pesticides [23].

However, most of these boards—except Ghana’s Cocoa Board (COCOBOD)—
were dismantled in the 1980s and 1990s under structural adjustment programs
promoted by the World Bank and IMF [12] [25]. The accompanying erosion of
state extension services further fragmented support to smallholders. Privatized in-
put delivery systems that replaced state-led programs often failed to reach mar-
ginal farmers, particularly those in remote or low-income areas.

Although Ghana’s COCOBOD has maintained a relatively strong presence
through programs such as CODAPEC (targeting pest and disease control) and Hi-
Tech (providing subsidized fertilizer and improved seed), cocoa yields remain
low—averaging between 200 and 700 kg per hectare, far below the crop’s potential
yield of about 2 tons per hectare under well managed trial conditions [7]. These
yield gaps reflect not only biophysical constraints but also deep-seated institu-

tional and structural barriers to accessing quality planting material.

3.2. Institutional and Logistical Constraints

The institutional architecture governing cocoa planting material in West Africa
has long been characterized by centralized public sector control [4] [9]. Govern-
ment-managed seed delivery systems—exemplified by state-sponsored seed gar-
dens and nurseries—form the backbone of formal supply chains. This system cor-
responds to what Lillesg ef al [26] describe as the “government model”—a cen-
trally managed seed delivery system in which a public agency, such as a National
Tree Seed Centre, exercises full control over the sourcing, propagation, and dis-

tribution of planting material. Lilleso ef al [26] contrast this with two other mod-
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els: the “NGO model”, where planning is also centralized but quality control of
seed sources is less rigorous, and the “decentralized model”, where activities are
managed by local actors or community nurseries using seed sources made availa-
ble by a central authority. These models differ primarily in terms of who controls
seed sources, the extent to which technical knowledge is applied, and how trans-
action costs are shared.

Despite its wide reach, the government model has shown limited success in ad-
dressing farmers’ location-specific needs or ensuring reliable delivery of quality
planting material. For example, a study commissioned by the Sustainable Tree
Crops Program (STCP) found that Ghana, Nigeria, and Cameroon lacked system-
atic procedures to assess farmers’ demand for cocoa seed [15]. Without reliable
demand forecasting or adaptive planning, national seed production units rou-
tinely face shortfalls, which force farmers to depend on informal systems such as
farmer-saved seeds, exchanges among peers, or purchases from local markets.
These sources often vary greatly in quality, contributing to high seedling mortality
[16].

Moreover, the logistical burden placed on farmers is often considerable. Gockow-
ski [12] recounts how smallholders may spend an entire day travelling to central-
ized seed production units, only to find no seed pods available. Such inefficiencies
not only delay field establishment but also erode farmers’ trust in formal institu-
tions, perpetuating reliance on informal, sub-optimal sources. Compounding
these supply-side challenges are weak extension services, poor road infrastructure,
and insufficient access to credit [24] [27] [28]. These deficiencies collectively con-
strain both the production and uptake of improved planting material, thereby un-

dermining cocoa sector resilience.

3.3. Knowledge Gaps and Farmer Risk Aversion

Even when improved planting material is available, adoption remains uneven due
to persistent knowledge gaps and risk perceptions among smallholder farmers
[27]. Many are understandably cautious about shifting to new varieties without
clear, localized information about performance, input requirements, and long-
term profitability [29]. As a result, farmers rely heavily on peer learning and in-
formal networks, which—while important—may perpetuate misconceptions or

slow the diffusion of innovations.

4. Towards a Systemic Solution: Strategies for Enhancing
Access

4.1. Breeding Innovations

Advancements in breeding technologies such as genomic selection (GS), marker-
assisted selection (MAS), and accelerated propagation methods, are pivotal in de-
veloping climate-resilient, high-yielding cocoa varieties [30]-[32]. These tools en-
able breeders to efficiently select for complex traits like drought tolerance, disease

resistance, and yield stability, thereby reducing the breeding cycle.
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Genomic selection, which utilizes genome-wide markers to predict breeding
values, has demonstrated significant potential in improving traits such as seed
number and size in cocoa. For instance, a study involving 421 cacao accessions
identified significant marker-trait associations, facilitating the selection of supe-
rior genotypes for yield improvement [33]. Accelerated propagation techniques,
including in vitro embryogenesis, have also been successfully applied to reduce
generation times [34].

Institutions such as the Cocoa Research Institute of Ghana (CRIG) and the In-
ternational Institute of Tropical Agriculture (IITA) in Nigeria have made notable
strides in integrating these technologies into cocoa breeding programs. However,
scaling these innovations necessitates enhanced regional collaboration, capacity
building, and investment in infrastructure to support widespread adoption and

impact.

4.2. Public-Private Partnerships

To enhance the production and uptake of quality planting materials, Gockowski
et al. [35] proposed that public institutions should maintain their core role in va-
rietal development, while the multiplication and distribution of planting materials
should increasingly be delegated to the private sector. Such a public-private part-
nership (PPP) would position governments to focus on upstream functions such
as research and quality assurance, while downstream activities—particularly
propagation and delivery—are handled by licensed private and community actors.
Progress toward the PPP model has, however, been slow. The current government
monopoly on seed production, often linked to regulatory control over producer
prices, has stifled private-sector engagement [12]. Additionally, cocoa’s long pro-
duction cycles and lower frequency of seed demand compared to annual crops
make the economics less attractive to profit-oriented enterprises.

Nonetheless, there are promising signs of change. In Ghana, an innovation plat-
form facilitated by Adu-Acheampong et al [23] catalyzed a shift from free or
heavily subsidized input supply models to market-based ones. Fertilizers are now
distributed on credit by licensed cocoa buyers. Similar arrangements exist in Ni-
geria and Cameroon for fungicides and insecticides [12]. These emerging credit
and delivery networks could be extended to include improved planting material,
especially if bundled with extension advice and performance guarantees.

Establishing commercial nursery networks, as proposed by Lilleso ef al [36], is
essential to formalizing the role of private actors. However, such networks will
only thrive if they are supported by enabling policies, consistent demand, and re-
liable access to foundational material from public institutions.

A practical West African example of a successful PPP for cocoa seed delivery is
Tree Global’s partnership with COCOBOD, Mondeléz International, and other
members of the World Cocoa Foundation (WCF). Under this partnership, Tree
Global obtains certified hybrid seeds from COCOBOD’s Seed Production Divi-
sion (SPD) and raises them in its private nurseries into robust seedlings in recy-

DOI: 10.4236/as.2025.1610061

1079 Agricultural Sciences


https://doi.org/10.4236/as.2025.1610061

E. E. A. Adomako, J.-P. B. Lillesg

clable pots designed to protect tap roots during transport to remote farming com-
munities. This reduces the logistical burden on farmers while improving confi-
dence in seedling quality [37] [38]. Although still modest in scale, the initiative
demonstrates the feasibility of nursery based PPPs and highlights how targeted
public support combined with private-sector efficiency can expand farmer access

to quality planting material.

4.3. Decentralized, Farmer-Focused Seed Systems

A shift from the centralized government model toward decentralized seed sys-
tems—anchored in farmer cooperatives, certified local nurseries, and community-
based multipliers—offers a viable and scalable alternative. These systems are more
responsive to farmers’ agro-ecological realities and social networks and can re-
duce transaction costs while increasing trust and adoption.

An illustrative example is the seed brokerage system developed by Asare et al
[16], which connected 375 farmers in Ghana to the most appropriate seed gardens
and supported them to raise their own nurseries. By aggregating demand and fa-
cilitating group-based procurement and seedling production, the model improved
access, reduced costs, and strengthened collective capacity.

Yet decentralized systems must be coupled with robust certification and quality
control mechanisms. Without these, farmers risk acquiring poor-quality material
from informal channels, which has been a recurring issue across the region [16]
[35]. Voluntary sustainability standards and certification schemes such as Cocoa
Life and CocoaAction have attempted to improve access to quality inputs, though
with limited reach and inconsistent implementation [39] [40].

Improved communication strategies are also critical. Research from Nigeria
shows that farmers’ exposure to diverse communication channels significantly in-
fluences adoption decisions [41]. Extension models must therefore evolve from
top-down dissemination to participatory, dialogue-driven approaches that em-

power farmers as co-producers of knowledge.

4.4. Climate Adaptation and Landscape Integration

Studies have shown that integrating cocoa within diversified agroforestry sys-
tems—incorporating nitrogen-fixing trees, timber species, and food crops—en-
hances microclimatic stability, biodiversity conservation, and carbon sequestra-
tion [42] [43]. Embedding improved planting materials within such climate-smart,
landscape-based approaches is central to sustainable cocoa production, as illus-
trated by the Cocoa & Forests Initiative (CFI)—a PPP between the governments
of Ghana and Cote d’Ivoire and leading cocoa ad chocolate companies aimed at
tackling deforestation and restoring forest areas [44] [45]. Within this framework,
Mondeléz International’s Cocoa Life program not only distributes millions of im-
proved cocoa seedlings to farmers but also supports the integration of shade, fruit,
and timber trees into cocoa farms, thereby improving soil health and biodiversity

while contributing to carbon sequestration [46].
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However, realizing the full potential of these integrated approaches depends not
only on access to improved planting material but also on ensuring that varietal
selection aligns with system design. For instance, full-sun hybrids may yield more
initially but often lead to quicker soil degradation and require higher nutrient in-
puts. By contrast, shaded systems may offer more resilience and longevity [12]
[16]. CRIG’s recommendation for farmers to retain 30% - 40% crown cover in
improved cocoa agroforestry systems provides a policy benchmark that aligns
productivity with ecological stewardship [47].

To support such transitions, farmers need access to climate-appropriate vari-
eties, clear information on trade-offs, and supportive extension services. Land-
scape-scale planning and local experimentation will be essential to tailoring so-
lutions to specific zones, especially as climate gradients shift across the cocoa
belt.

5. Conclusion

Improved cocoa planting material holds significant promise for transforming
West African cocoa landscapes in the face of declining productivity, climate change,
and ecological degradation. Yet, realizing this promise requires more than tech-
nical solutions—it demands policy reforms that lower adoption barriers while en-
hancing quality assurance. Although this review has provided a broad synthesis of
systemic barriers and reform pathways, the available evidence is skewed toward
Ghana. This reflects Ghana’s distinctive seed system governance through COCO-
BOD, as well as the greater availability of peer-reviewed, English-language litera-
ture on Ghana’s cocoa seed system compared with other countries. In Cote d’Ivoire,
relevant research exists but is less accessible in the peer-reviewed, English-lan-
guage literature and often emphasizes marketing and price reforms rather than
planting material. By contrast, empirical work from lower cocoa-producing coun-
tries such as Nigeria, Cameroon, Togo, and Liberia remains very limited. Address-
ing this imbalance through more field-based studies across a wider range of pro-
ducing contexts will be important to complement and deepen the insights pre-
sented here. This paper has also highlighted the need for a shift toward decentral-
ized, participatory, and inclusive seed systems that facilitate public-private part-
nerships and better farmer engagement. Integrating improved planting material
within broader climate adaptation and landscape restoration strategies will be es-

sential to ensuring long-term sustainability and resilience.
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