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ABSTRACT

	 This study examines the first-level impacts of a Tissue Culture 
Laboratory (TCL) and a Cavendish banana demonstration farm on 
smallholder farming communities. It aims to assess the success of the 
TCL in producing disease-free, high-quality planting materials and to 
analyze its economic, social, and institutional contributions, includ-
ing improvements in productivity, livelihoods, market access, commu-
nity participation, gender and youth engagement, employment genera-
tion, and stakeholder collaboration. Employing a beneficiary-centered, 
embedded mixed-methods design, the study integrates quantitative and 
qualitative approaches to capture both measurable outcomes and lived 
experiences. A participatory methodology was employed, involving 
smallholder farmers, cooperative members, women and youth partici-
pants, as well as key stakeholders such as cooperative leaders, project 
implementers, and local government officials. Key stakeholders such as 
cooperative leaders, project implementers, and local government offi-
cials also provided contextual insights. Quantitative data from struc-
tured surveys (n = 40) were analyzed using descriptive and comparative 
statistics to evaluate changes in key indicators. Qualitative data from 
focus group discussions and key informant interviews enriched the anal-
ysis, while document reviews of cooperative records and project reports 
supported triangulation to ensure validity and reliability. The findings 
indicate that tissue-cultured plantlets substantially improved banana 
yield, quality, and marketability, resulting in increased income and em-
ployment opportunities. The intervention also strengthened cooperative 
engagement and enhanced the participation of women and youth. How-
ever, operational challenges, including laboratory contamination, logis-
tical constraints, and membership inactivity, persist. Overall, the study 
underscores the potential of localized biotechnology interventions in ad-
vancing climate-resilient agriculture and sustainable rural development.

Keywords: tissue culture, banana farming, smallholder agriculture, im-
pact evaluation, Philippines, rural livelihoods
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INTRODUCTION
	 Banana cultivation remains 
a vital agricultural sector in Mind-
anao, with the Philippines consis-
tently ranking among the world’s 
leading exporters, second only to 
Ecuador (Tulod et al., 2025). De-
spite this global competitiveness, 
smallholder banana farmers contin-
ue to face persistent structural and 
environmental challenges, includ-
ing poverty, limited access to mod-
ern agricultural technologies, and 
low productivity. These constraints 
are further exacerbated by climate 
change, rising production costs, 
land limitations, and insufficient 
knowledge of innovative farm-
ing practices necessary to enhance 
the sector’s viability and profit-
ability (Gebregiorgis et al., 2024).
	 At the local level, banana 
farming in Davao Region is a ma-
jor livelihood activity, particularly 
for smallholder farmers cultivat-
ing Lakatan varieties. However, 
the municipality is highly vulnera-
ble to environmental hazards such 
as flooding and landslides, which 
significantly affect agricultural 
productivity. Prolonged soil sat-
uration can lead to root rot, nutri-
ent deficiencies, and eventual plant 
mortality, while excessive moisture 
creates favorable conditions for the 
spread of diseases such as Panama 
disease and bacterial wilt. In land-
slide-prone areas, heavy rainfall 
contributes to soil erosion and phys-
ical damage to crops, particularly 
during fruit-bearing stages. These 
environmental risks not only re-
duce yield and product quality but 

also disrupt farm operations and 
market access. These conditions un-
derscore the urgent need for tech-
nological and institutional inter-
ventions that can enhance resilience 
and sustainability in smallholder 
farming systems (Mata et al., 2020).
	 In this context, access to in-
novative technologies such as tis-
sue culture propagation becomes 
critical. Tissue culture laborato-
ries produce disease-free, genet-
ically uniform, and climate-resil-
ient planting materials, which 
can significantly improve crop 
performance and reduce vulnera-
bility to environmental stressors.
	 To address these gaps, a 
National Government Organiza-
tion (NGO), in partnership with the 
Local Government Unit (LGU), im-
plemented a project in 2023 aimed 
at revitalizing the tissue culture 
laboratory and establishing a Cav-
endish banana demonstration farm. 
The intervention sought not only 
to restore the production of dis-
ease-free plantlets but also to intro-
duce improved cultivation practices 
through a research-based demon-
stration farm. The project tested var-
ious input combinations and iden-
tified the integrated use of organic 
and synthetic inputs as the most 
effective approach in enhancing 
yield and fruit quality. Over time, 
the demonstration farm evolved 
from a research initiative into a 
sustainable income-generating en-
terprise for cooperative members.
	 Despite these develop-
ments, there remains a need for a 
systematic evaluation of the proj-
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ect’s impacts on smallholder farm-
ers. In particular, it is important to 
assess whether the intervention has 
improved productivity, income, 
market access, and social outcomes, 
as well as its potential for scalabil-
ity and replication. Furthermore, 
understanding how improve-
ments in banana quality influence 
market perception and pricing is 
essential for linking smallhold-
er production to higher-value 
markets (Sarmiento et al., 2024).
	 Accordingly, this study 
conducts a comprehensive impact 
assessment of the tissue culture lab-
oratory and Cavendish demonstra-
tion farm. The assessment exam-
ines multiple dimensions of impact, 
including agricultural productivity, 
product quality, economic benefits, 
employment generation, social in-
clusion, institutional strengthening, 
and environmental sustainability. 
By providing evidence-based in-
sights, the study aims to inform poli-
cy and program design, support the 
scaling of similar interventions, and 
contribute to broader efforts in pro-
moting rural development, climate 
resilience, and poverty reduction in 
smallholder agricultural systems.

Theoretical Framework
	 The Sustainable Livelihood 
Framework (Natarajan et al., 2022) 
provides a comprehensive lens for 
examining how access to livelihood 
assets influences outcomes among 
smallholder farmers. In this study, 
the Tissue Culture Laboratory (TCL) 
and Cavendish demonstration farm 
are viewed as interventions that 

enhance key assets, particularly 
human capital through skills de-
velopment, social capital through 
cooperative strengthening, and fi-
nancial capital through increased 
income and employment opportu-
nities. These improvements contrib-
ute to greater livelihood resilience 
and adaptive capacity, especially in 
contexts characterized by environ-
mental risks and limited access to 
modern agricultural technologies.
	 Complementing this, the 
Diffusion of Innovation theory (Yu, 
2022) explains the adoption of tis-
sue-cultured plantlets as driven 
by their perceived relative advan-
tage, compatibility with existing 
farming practices, and observable 
benefits such as higher yield and 
improved quality. The presence 
of demonstration farms and insti-
tutional support further facilitates 
trialability and knowledge transfer, 
accelerating adoption among farm-
ers. However, variations in partic-
ipation, particularly among youth, 
suggest that diffusion remains 
uneven and highlights the need 
for sustained capacity-building 
and stakeholder support to ensure 
broader and long-term adoption.

MATERIALS AND METHODS

Research Design
	 This study employed a con-
current embedded mixed-methods 
design, wherein quantitative and 
qualitative data were collected si-
multaneously, with one strand pro-
viding supportive insight to the oth-
er (Dawadi et al., 2021). Quantitative 
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data were derived from structured 
surveys and document records 
to capture measurable changes in 
productivity, income, and opera-
tional performance (Kotronoulas 
et al., 2023) while qualitative data 
from focus group discussions and 
key informant interviews were em-
bedded to provide contextual un-
derstanding of farmer experiences, 
perceptions, and implementation 
dynamics (Gundumogula & Gun-
dumogula, 2020). This design en-
abled the integration of numerical 
trends with in-depth narratives, 
allowing for triangulation and a 
more comprehensive assessment of 
the intervention’s impacts on small-
holder banana farming systems.

Participants
	 40 smallholder farmers 
and stakeholders using purpo-
sive sampling. To ensure the ac-
curacy and relevance of the data 
collected, the assessment applied 
specific inclusion and exclusion 
criteria for selecting participants:
Inclusion Criteria:
•	 Smallholder banana farmers 
actively cultivating Cavendish or 
Lakatan varieties who directly re-
ceived or used tissue-cultured plant-
lets provided through the project.
•	 Members of farmer coop-
eratives who were involved in 
the project, either through imple-
mentation or coordination roles.
•	 Women and youth who 
took part in any stage of the 
planting, propagation, or main-
tenance processes associated 
with the tissue culture initiative.

•	 Key stakeholders such as 
cooperative leaders, agricultural 
technicians, project implementers, 
and local government officials who 
were involved in planning, man-
aging, or supporting the project.
Exclusion Criteria:
•	 Farmers growing banana 
varieties unrelated to the tissue cul-
ture laboratory intervention.
•	 Those who did not partici-
pate in any part of the project.
•	 Cooperative members who 
joined only after the project’s im-
plementation and have no relevant 
experience or knowledge of the in-
tervention.
•	 Local officials or personnel 
who had no involvement in the de-
sign, implementation, or evaluation 
of the project.

Data Analysis
	 The study employed a com-
bination of quantitative and quali-
tative data analysis techniques to 
provide a comprehensive assess-
ment of the intervention. Descrip-
tive statistics, including frequency 
counts and percentages, were used 
to summarize the socio-economic 
characteristics of participants and 
key indicators such as productivi-
ty, income, and employment. Com-
parative analysis was conducted to 
examine changes before and after 
the implementation of the Tissue 
Culture Laboratory (TCL) and Cav-
endish demonstration farm, allow-
ing for the identification of trends 
and measurable improvements 
in yield, quality, and economic 
outcomes. Complementing these, 
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thematic analysis was applied to 
qualitative data from focus group 
discussions and key informant in-
terviews, following a systematic 
process of coding, categorization, 
and theme development. This 
approach enabled the identifica-
tion of recurring patterns related 
to farmer experiences, technolo-
gy adoption, livelihood changes, 
and institutional dynamics. The 
integration of these methods facil-
itated data triangulation, thereby 
enhancing the validity, depth, and 
reliability of the study’s findings.

Ethical Consideration
	 Prior to the conduct of the 
impact assessment, a research pro-
posal was submitted to a PHREB 
Level II–accredited research ethics 
committee. The proposal received 
formal ethical clearance under Pro-
tocol Code 1167-06-2025, confirming 
that the study meets national ethi-
cal standards for research involving 
human participants. As such, the 
implementation of the assessment 
was conducted with full adher-
ence to ethical principles, includ-
ing voluntary participation, con-
fidentiality, and non-maleficence, 
ensuring that no harm or undue 
risk was posed to any participant.

	 Furthermore, this report has 
been developed with the assistance 
of generative artificial intelligence 
(AI) tools, specifically OpenAI’s 
ChatGPT, for purposes such as 
language enhancement, synthesis 
of technical content, and format-
ting assistance. However, the con-
tent, interpretation, insights, and 
conclusions presented herein are 
grounded on original field data, 
personal analysis, and engagement 
with project stakeholders. The use 
of AI was limited to supporting 
the writing process and did not 
involve data fabrication, plagia-
rism, or misrepresentation of facts

RESULTS

Productivity & Quality
	 The comparative data be-
tween Lakatan/Cardava and Cav-
endish varieties reveal substantial 
differences in productivity, disease 
incidence, and planting materi-
al quality, all of which highlight 
the advantages brought by the use 
of tissue-cultured plantlets. The 
farmer-participants consistently 
reported that the adoption of tis-
sue-cultures Cavendish plantlets 
resulted in notable improvements 
in both yield and fruit quality. 
	
		

	

Table 1 presents the comparative indicators.
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	 Plant Density and Yield Performance. Cavendish banana 
farm exhibited a higher planting density, averaging 1,800 to 2,000 
mother plants per hectare, compared to 1,500 to 1,800 for Laka-
tan or Cardava. In terms of yield, Cavendish bananas produced 
35–50 kilograms per bunch, with 8–12 hands, whereas Lakatan/
Cardava yielded only 15–30 kilograms per bunch with 7–9 hands.
	 These differences translated into significantly higher annual produc-
tivity, with Cavendish farm producing 38.543 to 51.391 metric tons per hect-
are per year, compared to 15.000-19.992 metric tons for Lakatan/Cardava.
	 Harvest Frequency and Growth Cycle. Cavendish banan-
as first harvest within 9–12 months compared to 10–14 months 
for Lakatan/Cardava. Morever, Cavendish allowed for three har-
vest cycles within two years, while Lakatan/Cardava produced 
only one harvest annually. The ratoon interval was also short-
er (9-12 months vs. 12-14 months), enabling faster crop turnover.
	 Planting Material and Quality Control. Lakatan and Carda-
va varieties were propagated using suckers or corms, which were often 
inconsistent and susceptible to diseases transmission. In contrast, Cav-
endish bananas were cultivated using tissue-cultured plantlets, result-
ing in improved genetic uniformity, plant, vigor, and yield consistency.
	 Disease Incidence. Lakatan/Cardava varieties frequently exhib-
ited diseases such as Panama Disease, Black Sigatoka, Banana Bunchy 
Top, Moko, and Banana Freckle. In contrast, Cavendish farm reported:
	 •	 No cases of Panama Disease and Banana Freckle
	 •	 Minimal incidence of other diseases
	 •	 Only 5-10 affected plants per hectare per harvest cycle

Production Monitoring and Harvest Scheduling.  Table 2 indicates that a 
total 819 bunches were bagged, with 705 bunches harvested between Jan-
uary and June 2925. The use of a color-coded bagging system enabled sys-
tematic monitoring of fruit maturity and scheduling of staggered harvests. 
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Economic Impact
	 The findings on economic impact demonstrate that the Cavendish 
banana demonstration farm and the Tissue Culture Laboratory (TCL) have 
generated measurable financial and employment benefits across multiple 
levels –cooperative, individual, household, and community. By examining 
income generation, profit distribution, labor compensation, and job creation, 
the results provide a comprehensive picture of how the intervention contrib-
utes to improving livelihoods and strengthening the local rural economy.

	 Economic Impact to the Cooperative. Table 3 re-
veals the income statement of the cooperative from January 
to June 2025 reflects a growing yet fluctuating income stream 
derived from the Cavendish banana demonstration farm.
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Over seven harvest cycles conducted from January to June 2025, the cooper-
ative generated a total gross sales revenue of ₱ 363,455.87 and incurred total 
operational expenses amounting to ₱183,474.00, resulting in a cumulative 
net income of ₱179,981.87. Based on the agreed income-sharing arrangement, 
60% of the net income equivalent to ₱107,989.12, was allocated to the farm 
owner, while the remaining 40%, or ₱71,992.75, accrued to the cooperative.
	 These figures indicate that the Cavendish demonstra-
tion farm was able to generate positive returns within a rela-
tively short operating period, demonstrating the income-gen-
erating potential of the enterprise at the cooperative level.

	 Economic Impact to the Individual (Farm Worker). At the in-
dividual level, Table 4 shows that each of the 25 participating members 
received an estimated total income of ₱7,338.96 over the six-months 
harvest period. Per harvest cycle, individual earnings ranged from ap-
proximately ₱611.60 to ₱1,465.36, depending on the scale of harvest 
operations and the corresponding labor requirements. These earning 
were derived from member’s participation, and reflect the project’s con-
tribution in providing supplemental income to cooperative members. 

	 Economic Impact to the Household. In terms of household eco-
nomic outcomes, the project generated an additional monthly income 
ranging from ₱600 to ₱1,500 for participating farmer-households. Rel-
ative to the self-reported monthly income from Lakatan and Cardava 
farming, this represented an increase of approximately 8.16% to 15%. Al-
though modest in absolute terms, this increment suggests that the cooper-
ative-based Cavendish enterprise contributed meaningfully to household 
income diversification and offered an additional buffer against the in-
come instability commonly experienced in smallholder banana farming.
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	 Economic Impact to Employment Generation. The project also 
contributed to employment generation within the community. The es-
tablishment and operation of the Tissue Culture Laboratory directly 
created seven employment positions, while the Cavendish farm gen-
erated 25 direct farm-based jobs. Beyond these direct roles, the proj-
ect also stimulated indirect employment opportunities, particularly 
in transport services, food vending, and specialized labor such as de-
handing. These findings suggest that the intervention produced broad-
er local economic effects by creating both regular and seasonal work 
opportunities linked to banana production and post-harvest activities.

Social Impact
	 The implementation of the Tissue Culture Labora-
tory (TCL) and Cavendish Demonstration Farm generat-
ed multidimensional social impacts across economic, edu-
cational, health, institutional, and environmental domains.

	 Economic Development and Livelihood Opportunities. In terms 
of economic development, the projects created both direct and indirect 
employment opportunities. The Cavendish demonstration farm provid-
ed paid work in land preparation, planting, maintenance, harvesting, 
and post-harvest operations, while the TCL employed seven technical 
personnel. Additional indirect employment was observed in transport 
services, food vending, and agro-input supply chain. These income-gen-
erating activities contributed to improved household financial capacity, 
enabling expenditures on housing, education, healthcare, and savings.

	 Education and Youth Empowerment. Educational out-
comes also improved, as farmer-participants reported increased 
capacity to support their children’s schooling, including tertiary 
education. The intervention further complemented this through ed-
ucation assistance programs provided by implementing partners.

	 Health and Well-being. Health and well-being indicators showed 
positive changes with respondents reporting improved food securi-
ty and access to healthcare services. Increased income enabled house-
holds to purchases more nutritious food and access medical support.

	 Strengthening of Community Institutions. At the institu-
tional level, the project strengthened the cooperative, as evidence 
by increased participation in farm operations, profit-sharing, and 
decision-making processes. Previously inactive member became 
re-engaged due to the economic benefits of the project. Addition-
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ally, the LGU enhanced its technical capacity through the opera-
tion of the TCL, enabling localized production of planting materials.

	 Environmental Stewardship. From an environmen-
tal perspective, the TCL promoted the use of disease-free 
and climate-resilient planting materials, reducing dependen-
cy on chemical inputs and improving farmland sustainability.

	 Role of women and youth. The project demonstrated a sig-
nificant in gender roles and leardership dynamics within the com-
munity. Women played central roles in both the TCL and the Cav-
endish demonstration farm, serving not only as laborers but also as 
managers and decision-makers. All TCL personnel were women, 
and a woman served as the lead coordinator of the Cavendish farm. 
Women actively participated in cooperative governance, includ-
ing financial planning, farm management, and operational deci-
sion-making. Their involvement extended to training programs on 
agricultural practices, quality control, and post-harvest handling. 
In contrast, youth participation remained relatively limited. Many 
young individuals expressed low interest in agriculture, often prefer-
ring non-agricultural career paths. However, scholarship programs 
and exposure to modern agricultural technologies introduced by 
the project created opportunities for increased youth engagement.

	 Partnership and Stakeholder Engagements. The imple-
mentation of the TCL and Cavendish demonstration farm was 
supported by a multi-stakeholder partnership involving the LGU, 
NGO, academe, farmers’ cooperative, and market actors. These 
stakeholders contributed to various aspects of the project, includ-
ing technical support, funding, capacity-building, market link-
age, and institutional development. The cooperative facilitated 
farmer participation, while the LGU provided operational sup-
port for the TCL. External partners contributed to training, mon-
itoring, funding, and market integration. Overall, the findings 
demonstrate that multi-stakeholder partnerships are critical in 
scaling agricultural innovations and achieving inclusive rural de-
velopment outcomes. The synergy among stakeholders ensures 
not only project success but also sustainability and replicability.
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DISCUSSION
	 The findings demonstrate 
that the adoption of tissue-cultured 
Cavendish plantlets significantly 
improves productivity and quality 
compared to traditional Lakatan/
Cardava varieties. Higher planting 
density, increased yield per bunch, 
and shorter harvest cycles contrib-
ute to more efficient land use and 
greater annual output, reinforcing 
evidence that tissue culture en-
hances plant uniformity and pro-
ductivity. Moreover, the reduced 
disease incidence highlights the 
effectiveness of clean planting ma-
terials in minimizing crop losses 
and input costs (Suresh Kumar 
& Mohan, 2023). Improved farm 
management practices, including 
structured harvesting and col-
or-coded bagging systems, further 
support quality control and reduce 
post-harvest losses, aligning with 
export-oriented production stan-
dards (Walsh, 2022). These results 
indicate a transition from subsis-
tence-based farming toward more 
market-oriented and commer-
cially viable production systems.
	 Economically, the integra-
tion of tissue culture technology 
within a cooperative framework 
generated both direct and indirect 
income benefits. Although individ-
ual earnings per cycle were mod-
est, cumulative gains significantly 
improved cooperative profitability 
and household income, consistent 
with findings that productivity 
gains combined with market access 
drive smallholder income growth 
(Uma et al., 2022). Employment 

generation—both skilled and un-
skilled—also reflects the expansion 
of rural labor markets within ag-
ricultural value chains (Horton et 
al., 2023). These outcomes affirm 
that integrated agricultural inter-
ventions contribute to inclusive 
economic development (Mokgomo 
et al., 2022), while also enhancing 
human capital through improved 
access to education and well-being 
(Nalani et al., 2021; Assari, 2025).
	 At the social and institu-
tional levels, the strengthening of 
the cooperative underscores the 
importance of collective action in 
building resilient rural communi-
ties. The prominent leadership of 
women further demonstrates the 
role of gender inclusivity in en-
hancing productivity and gover-
nance (Chebet, 2023), with positive 
implications for household welfare 
(Anderson et al., 2021). However, 
limited youth participation remains 
a concern, reflecting broader trends 
of disengagement from agriculture 
(Giwu et al., 2024). Addressing 
this gap through innovation expo-
sure and education will be essen-
tial for long-term sustainability.
	 Furthermore, the success 
of the intervention highlights the 
critical role of multi-stakeholder 
partnerships in agricultural devel-
opment. Collaborative engagement 
among government, private sector, 
academe, and farmer organizations 
supports collective action (Holahan 
& Lubell, 2022) and enables small-
holders to integrate into higher-val-
ue markets through inclusive value 
chains (Krysovatyy et al., 2024). This 
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aligns with the concept of shared 
value, where economic and social 
benefits are jointly created (Ud-
din et al., 2023), and underscores 
the role of academic institutions in 
sustaining innovation and capac-
ity-building (Serafina et al., 2022).
	 Despite these contributions, 
the study is limited by its small sam-
ple size, absence of a control group, 
and reliance on self-reported data, 
which may affect generalizability 
and causal attribution. Neverthe-
less, when interpreted through the 
Sustainable Livelihood Framework 
and Diffusion of Innovation theo-
ry, the findings demonstrate that 
the intervention enhanced key live-
lihood assets and achieved high 
adoption due to its perceived ad-
vantages and observable benefits. 
Future research should adopt lon-
gitudinal and comparative designs 
and further examine value chain 
integration, particularly export 
linkages, to better understand path-
ways for scaling smallholder par-
ticipation in high-value agriculture.

CONCLUSIONS
	 This study demonstrates 
that the integration of tissue culture 
technology within smallholder ba-
nana farming systems can generate 
substantial improvements in pro-
ductivity, product quality, income, 
and social outcomes. The findings 
confirm that the use of tissue-cul-
tured Cavendish plantlets signifi-
cantly enhances yield performance, 
reduces disease incidence, and en-
ables more efficient production cy-
cles compared to traditional plant-

ing methods. These technical gains 
translate into measurable economic 
benefits at the cooperative, individ-
ual, and household levels, while 
also stimulating employment and 
strengthening local value chains.
	 Beyond economic outcomes, 
the study highlights the broader 
social transformations associated 
with the intervention. The empow-
erment of women in leadership and 
technical roles, increased commu-
nity participation through coopera-
tive structures, and improvements 
in education and well-being col-
lectively demonstrate the multidi-
mensional impact of agricultural 
innovation. These outcomes rein-
force the argument that technolo-
gy-driven interventions, when em-
bedded within community-based 
and institutional support systems, 
can serve as effective instruments 
for inclusive rural development.
	 Importantly, the findings 
underscore that the viability of 
smallholder banana farming is sig-
nificantly enhanced when farmers 
are integrated into value chains 
through strategic partnerships 
with large-scale agribusiness firms 
that have access to export markets. 
Such linkages enable smallholders 
to overcome the limitations of lo-
cal markets—where prices remain 
low regardless of product quality—
and instead access higher-value, 
quality-driven markets that offer 
more stable demand and improved 
income potential. This transition 
from local to export-oriented sys-
tems represents a critical pathway 
for scaling smallholder partici-
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pation in high-value agriculture.
	 From a theoretical perspec-
tive, the results affirm the rele-
vance of the Sustainable Livelihood 
Framework and Diffusion of In-
novation theory in understanding 
how technological interventions 
influence livelihood outcomes and 
adoption dynamics. The enhance-
ment of livelihood assets and the 
rapid uptake of tissue culture tech-
nology illustrate how innovations 
can be successfully diffused when 
they are accessible, beneficial, and 
supported by enabling institutions.
	 Overall, the study contrib-
utes to the growing body of evidence 
that localized agricultural biotech-
nology, combined with cooperative 
organization and multi-stakehold-
er partnerships, can drive sustain-
able and inclusive development in 
rural communities. To sustain and 
scale these gains, continued invest-
ment in technical capacity, institu-
tional strengthening, and market 
integration will be essential. Such 
efforts will not only improve the 
resilience and competitiveness of 
smallholder farmers but also posi-
tion them as active participants in 
global agricultural value chains.
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