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Abstract

This study assesses the economic and environmental effects of Resource Efficient
and Cleaner Production (RECP) practices adopted by pineapple micro-entrepreneurs
under the SMART Project of PKSF. Using a mixed-methods approach, the research
combines quantitative survey data from 25 farmers with qualitative insights from five
in-depth interviews. Quantitative results show reductions in chemical fertilizer,
pesticide, herbicide, and hormone use, accompanied by increases in organic fertilizer
application, waste recycling, and managed waste. Water usage declined, chemical
fertilizer use fell sharply, and the use of organic fertilizer increased after RECP
adoption, which collectively contributed to lower production costs and a higher
selling price for pineapples. Qualitative findings confirm strong farmer
understanding of RECP, positive perceptions of environmental and health
benefits,and active knowledge sharing within farming communities. Although
changes in yield were mixed due to the adoption of multi cropping methods, overall
outcomes indicate that RECP enhances resource efficiency, reduces environmental
degradations, and strengthens economic resilience in small-scale pineapple
cultivation. The study highlights the importance of continued training, additional

financial support, and stronger market linkages to sustain and scale RECP adoption.
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1.0 Introduction:

Resource Efficient and Cleaner Production (RECP) offers microenterprises a practical
way to lower input costs, improve productivity, and reduce the environmental footprint
of their operations. The approach centers on using resources more efficiently, cutting
unnecessary waste, and replacing harmful production habits with cleaner and safer
alternatives. For small farmers, especially those producing high-value crops like
pineapple, these improvements are not abstract goals. They directly affect profitability,
day-to-day workload, and long-term viability in the face of changing weather patterns,

rising agrochemical prices, and increasing pressure on natural resources.

Pineapple farmers in Bangladesh operate in a context where production efficiency and
environmental vulnerability are closely linked. High chemical dependence, heavy water
use, and unmanaged waste contribute to both higher production costs and higher health
and environmental risks. As climate variability affects rainfall, soil condition, and pest
dynamics, farmers face growing uncertainty in yield and income. RECP practices offer
a pathway to address these challenges by promoting technologies and methods that use

water, energy, and materials more efficiently while maintaining or improving yield.

The SMART Project of PKSF seeks to accelerate the adoption of these practices among
micro-entrepreneurs. Through training, technical support, and targeted financial
assistance, the project introduces interventions such as drip irrigation, Integrated Pest
Management, composting, organic amendments, and improved waste handling. These
practices aim to reduce chemical dependency, improve soil health, and build resilience
in small-scale production systems. By integrating environmental and economic goals,
the project positions RECP not only as a climate strategy but also as a way for farmers
to strengthen their competitiveness.

This study examines how RECP adoption influences both economic performance and
environmental outcomes in pineapple production. It also explores how farmers learn
about these practices, how knowledge spreads within their communities, and what
factors encourage or limit wider adoption. Through a mix of quantitative analysis and
in-depth interviews, the research aims to generate evidence that can support PKSF and
similar institutions in scaling RECP across microenterprise sectors.
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1.1 Palli Karma-Sahayak Foundation (PKSF):

The Palli Karma-Sahayak Foundation (PKSF) is a national development institution
established by the Government of Bangladesh in 1990 as a not-for-profit company. It
serves as a semi-governmental apex body dedicated to reducing poverty and improving
livelihoods through enterprise development, employment generation, and inclusive
access to finance. PKSF works through a structured network of Partner Organizations
(POs), which are selected through a rigorous institutional rating process. These POs
deliver loans, training, capacity-building, technical support, and market linkages to poor
and low-income households, small farmers, and micro-entrepreneurs across the country.

PKSF’s mission goes beyond financing. It covers education, health, climate adaptation,
social development, and enterprise growth. With more than 214 POs reaching millions
of borrowers, PKSF operates both long-term programs funded internally and
specialized development projects co-financed by international development partners. Its
operational model combines loan-based interventions and grant-supported activities,
supported by strong monitoring systems and field-level engagement. This institutional
foundation enables PKSF to manage large-scale interventions like SMART and channel

financial and technical support efficiently to microenterprises.
1.2 Sustainable Microenterprise and Resilient Transformation (SMART):

The “Sustainable Microenterprise and Resilient Transformation (SMART)”, a five-year
Government approved project, co-funded by the PKSF and the World Bank is going to
support 80,000 microenterprises (MEs) in agribusiness, manufacturing, and service
sectors. The project will have special focus on attaining environmental sustainability
and energy efficiency without jeopardizing the growth of microenterprises. The
SMART project will foster a green growth approach that abates environmental damage,
secures sustainable growth engines through the adoption of green practices and
technologies, creates new job opportunities, and achieves harmony between the
economy and the environment. The Project will maximize the impact on the MEs in
environmentally stressed and/or vulnerable to climate change and natural disasters.
PKSF also intends to induce changes in the microfinance eco-system and support
environmentally friendly businesses through the adoption of operational safety norms
following different approaches including climate-resilient RECP practices and
technologies, and a decent working environment in project-supported MEs. The Project
Development Objective is ‘to increase resource-efficient and resilient green growth of

microenterprises.’
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The Project aims to cover MEs from all over Bangladesh with a strategic focus on those
areas more environmentally critical and vulnerable to climate risks, and economic
sectors and sub-sectors with higher environmental improvement potential. The duration
of the project is from August 2023 to December 2028. The total budget of SMART is
US$ 300.0 million.

Components: Project consist of 3 components-
Component 1: Enabling capacity and systems for green growth of the MEs:

A) Enhancing MEs’ environmental knowledge capacity

B) Enhancing common facilities and enabling environmental systems for MEs

cluster

C) Enabling MEs to develop a green value chain and expand markets for green

products
Component 2: Providing access to finance for MEs to enable green growth:

A) Line of credit for sustainable climate resilient RECP practices and technologies

B) Line of credit for revenue-generating common facilities

Component 3: Project Management, Communications, Monitoring & Evaluations, and

Knowledge Management:

A) PKSF’s project management and enhanced capacity
B) Communications, monitoring, and evaluations (M&E)

C) Knowledge management
1.3 RECP Adoption in Microenterprises (High-Value Crops-Pineapple):

Agriculture is one of SMART’s core microenterprise sectors, and pineapple cultivation
is a priority because of its strong market potential and suitability for cleaner production
interventions. Pineapple farmers often face high production costs due to water-intensive
irrigation, heavy chemical use, and labor demands, while traditional practices generate
significant organic waste and expose farmers to chemical hazards. RECP practices help
reduce these pressures by improving how farmers use water, energy, and materials.
Relevant RECP practices in pineapple systems include:
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¢ Drip and micro-sprinkler irrigation, which reduce water usage and improve yield
stability.

e Integrated Pest Management (IPM), which lowers pesticide dependency and
supports ecological balance.

e Use of organic fertilizers and compost, which improve soil health and reduce
reliance on chemicals.

e Recycling and improved waste handling, turning plant residues and waste into

usable inputs.

Through SMART, farmers receive training, technical support, and financial assistance
to adopt these RECP practices. The project also encourages farmer-to-farmer
knowledge sharing, which plays an important role in spreading these practices within
local communities. This study assesses how these RECP measures affect economic
performance, environmental indicators, and the diffusion of knowledge among

pineapple micro-entrepreneurs.

1.4 Objective:
The objectives of this study are:

e To observe the economic effects of RECP adoption in microenterprises.

e To observe the environmental effects of RECP adoption in microenterprises.

e To examine behavioral changes in microenterprises after adopting RECP
practices, focusing on production behavior, resource efficiency, and
sustainability commitment.

e To examine the knowledge, practices & awareness of MEs.

e To provide insights for RECP practices across similar MEs.
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2.0 Literature Review:

Resource Efficient and Cleaner Production (RECP) offers a way for small farmers to
improve efficiency and reduce environmental harm by lowering the use of water, energy,
and agrochemicals. In micro-enterprises, RECP practices such as drip irrigation,
Integrated Pest Management (IPM), composting, mulching, renewable energy use, and
improved waste reuse reduce production costs while strengthening resilience. This logic

underpins the interventions promoted under the SMART Project.

RECP-focused studies show that efficiency gains extend across sectors, though most
evidence comes from manufacturing and processing industries rather than agriculture.
Ongechi and Mandala (2021), in an East African study on MSMEs, found that RECP
financing improved energy efficiency, reduced material waste, and increased enterprise
profitability, but noted that microenterprises often lack awareness and technical
capacity to adopt cleaner practices without targeted support. Jawjit et al. (2024) showed
that adopting RECP practices in the sawn rubberwood industry reduced fuelwood use,
minimized waste volumes, and decreased pollutant emissions, demonstrating how
cleaner production can transform resource-intensive operations. Similarly, Ma et al.
(2022) documented how data-driven RECP strategies in energy-intensive factories in
China reduced carbon emissions, cut energy consumption, and increased overall
production efficiency. Together, these studies demonstrate that RECP consistently
delivers strong material, energy, and waste-management gains, but they also highlight
a common gap: most documented RECP benefits are drawn from industrial and
processing sectors, with far fewer systematic studies focused on primary agriculture or
smallholder crop systems. This gap underscores the need for agriculture-specific

evidence such as the present study.

Economically, micro-irrigation technologies (MITs) show strong benefits for
smallholders. Nyangarika et al. (2025) found that farmers using MITs had higher net
present value and stronger benefit—cost ratios compared to non-adopters, even after
accounting for the initial investment. Low-cost drip systems show similar advantages,
with studies reporting higher water-use efficiency, reduced fertilizer runoff, and lower
labor requirements in small-scale, high-value crops (ResearchFloor, 2024). These
findings emphasize that irrigation efficiency is one of the fastest ways for farmers to

reduce production costs while stabilizing yield.

Environmentally, IPM has one of the strongest evidence bases among cleaner
production methods. A multi-year field experiment by Grab et al. (2021) showed that
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IPM reduced insecticide applications by about 95 percent while maintaining yields and
increasing wild pollinator activity. A broader review across 85 programs by Pretty and
Bharucha (2015) found that IPM reduced pesticide use to roughly one-third of baseline
levels while increasing mean yields by more than 40 percent. These results show that
IPM reduces chemical dependence while strengthening ecological balance and long-

term farm health.

In pineapple systems, resource-efficient practices also show promising results. Ines et
al. (2022) reported that organic-based pineapple production supported by micro-
sprinkler irrigation improved yield, return on investment, and water management in
upland production areas. Additional studies in tropical fruit systems show that bio-
pesticides, organic fertilizers, and mulch-based moisture management reduce soil
degradation and chemical exposure. Waste-to-resource measures, such as composting
pineapple residues or extracting fiber from leaves, also demonstrate how RECP

practices can reduce waste while generating added value.

Taken together, existing research shows that RECP practices deliver clear economic
and environmental benefits across sectors, but most rigorous evidence comes from
manufacturing, forestry, and energy-intensive industries, not agriculture. Very few
studies examine RECP as a combined package within smallholder crop systems, and
even fewer explore how farmers learn and share these practices within their
communities. This study addresses those gaps by combining before—after indicators
with in-depth interviews to understand both performance changes and the pathways

through which RECP knowledge spreads among pineapple micro-entrepreneurs.
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3.0 Research Method:

This study uses a mixed-method design to capture both measurable changes and the
lived experiences of pineapple farmers adopting Resource Efficient and Cleaner
Production (RECP) practices. The quantitative component focuses on before—after
comparisons using structured survey data, while the qualitative component explores
farmer behavior, decision-making, and knowledge sharing through in-depth interviews
(IDIs). Using both approaches allows the study to measure performance shifts and

understand the mechanisms behind those shifts.
3.1 Study Area and Sampling:

The study is conducted in pineapple-producing areas of Tangail district under the
SMART Project of PKSF. The quantitative sample includes 25 pineapple farmers.
Farmers are selected through purposive convenient sampling, ensuring that participants

have adopted at least two RECP practice.

For the qualitative component, 5 farmers are selected for in-depth interviews using
purposive criteria. These farmers demonstrate clear engagement with RECP practices
and have experience with project-provided training or technical support.

3.2 Data Collection Tools:
Two instruments guide data collection:

1. Structured Questionnaire (Quantitative): This tool measures RECP adoption,

production practices, and environmental and economic indicators before and

after adoption. Indicators include:

e Yield (number of pineapples produced)

e Production cost

e Sale price

o Fertilizer, pesticide, herbicide, and hormone use
e Organic input use

e Water use

e Waste generated, managed, and recycled

2. In-Depth Interview Guide (Qualitative): IDIs capture behavioral change,

sustainability commitment, training experiences, and farmer-to-farmer
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knowledge diffusion. Questions explore comfort with RECP practices, perceived

risks and benefits, and the social processes that influence adoption.

Before collecting data in the field, a dynamic data entry form was developed using Kobo

Toolbox. Data is collected through face-to-face visits with farmers. Surveys and IDIs

are conducted in Bangla, with field notes and audio recordings (where permitted) used

for qualitative analysis.

3.3 Data Collection Matrix:

Area Variables Unit of Measurement | Source of Data
Economic No of Pineapple Numbers
Aspects Produced
Price of Produced Per Piece
Pineapple
Production Cost Per Season
Environment Amount of Chemical kg/season
Aspects Fertilizer
Amount of Chemical litre/season
Pesticide
Amount of Chemical litre/season
Herbicide
Amount of Chemical litre/season
Hormone Primary
Amount of Organic kg/season (Survey
Fertilizer Questionnaire)
Amount of Organic litre/season
Pesticide
Amount of Other Raw kg/season
Materials
Amount of Water Usage litre/season
in Production
Amount of Solid Waste kg
Generated
Amount of Managed kg
Waste
Amount of Recycled kg
Waste

3.4 Ethical Considerations:

All participants provide informed consent. Privacy is ensured by removing identifying

information from transcripts and datasets. Participation is voluntary, and farmers may

decline or withdraw at any time without consequences.
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4.0 Data Analysis:

After data collection through ODK collect, data was extracted and necessary measures
such as data coding, cleaning and minor editing were accomplished in Microsoft Excel.
Afterwards, data was analyzed by using Stata/SE 14.

4.1 Data Preparation:

The raw data is extracted in .xIsx file format from Kobo Toolbox and then cleaned and
prepared for STATA in Microsoft Excel. Afterwards, the environmental indicators and
the production cost data were transformed to per decimal of cultivated land for each
respondent.

4.2 Descriptive Statistics:

Descriptive analysis provides us with a preliminary understanding of the datasets. We
can summarize the data by finding the mean, minimum, maximum and standard

deviation of the indicators. This would allow us to do a comparative analysis.
4.3 Graphical Comparison:

Graphical analysis was used to visually compare key indicators before and after the
adoption of RECP practices. Bar graphs were generated for major economic variables
such as yield, production cost, and selling price, as well as environmental variables
including fertilizer use, pesticide application, organic input use, water consumption, and
waste management. These visual comparisons help illustrate the direction and
magnitude of changes in a way that complements the numerical summaries.
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5.0 Results:

This section presents the main findings from both the quantitative survey of 25
pineapple farmers and the five in-depth interviews. The quantitative results summarize
changes across key economic and environmental indicators before and after the
adoption of RECP practices. These indicators include production outcomes such as
yield, costs, and price, as well as changes in chemical use, organic inputs, water use,
and waste management. Descriptive statistics are provided to show overall trends, while
the qualitative findings complement these results by illustrating farmers’ experiences,
perceptions, and knowledge-sharing behaviors. Together, the findings offer a
comprehensive picture of how RECP practices have influenced farm performance and
production methods in the study area.

5.1 Section A: Demographic Information:

From this section, we find that the 92% of respondents are female. The average age is
39.4 years, with a maximum of 56 and a minimum of 27. Most respondents have
primary-level education, while several completed secondary education and one reached
higher secondary level.

Age Chart

60%

50%

40%

30%

20%

10%
0%

0%
18-25 26-35 36-45 45+

Figure 1: Age Chart of Respondents
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Figure 3: Education Level Pie Chart of Respondents
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Types of Employment in MEs

Family employment ll%

Full-time employment: Wage-based
Full-time employment: Self-employment
Part-time employment: Wage-based

Part-time employment: Self-employment

0% 20% 40% 60% 80% 100% 120%

Figure 4: Types of Employment created in MEs

Regarding microenterprises, the mean duration of ownership is 15.6 years, ranging from
a minimum of 5 years to a maximum of 36 years for farmers who have been involved
in pineapple cultivation their entire lives. Most respondents cultivated the pineapple
variety known as “Kalendar.” In terms of employment structure, most microenterprises
relied on a combination of part-time and full-time self-employment, supplemented by
wage-based labor during cultivation seasons. Only one respondent reported relying
primarily on family labor. The number of employees per category generally ranged from
1 to 5, with one case reporting 20 full-time wage employees.

5.2 Section B: RECP Adoption Details:

For this section, all respondents reported adopting RECP practices with support
received under the project, including training, monetary assistance, and market linkages.
Consequently, most respondents expressed satisfaction with the support provided and
indicated a need for further training, more frequent workshops overall.

120%

100% 100%
100%
80%
60%
40%
20%
4% 4%
0% I I
Training Financial support Market linkage Other

Figure 5: Types of Assistance provided to Respondents
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Figure 6: Respondents Satisfaction Level with the Assistance provided

In terms of practice selection, the nature of pineapple cultivation led most respondents
to adopt RECP measures related to waste management and material management.
Within material management, the most common practices were the use of organic
fertilizer and color traps for pest control. For waste management, nearly all
microenterprises adopted organic fertilizer production as their primary practice. In a
few cases, respondents also reported using hose pipes and sprinkler system as part of
their water management-related RECP practices.

120%
()
100% 96%
84%
80%
60%
40%

20%

4% 4% 4%
0% I | |
Financing support Training and Technical support Government Others
workshops incentives /
subsidies

Figure 7: Types of Assistance Respondents want to have
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(IPM): color traps

Figure 8: Pie Chart of RECP Practices adopted by Respondents

5.3 Section C: Economic and Environmental Impact Indicators:

Table 1: Descriptive Statistics of Economic and Environment Indicators

Indicators per decimal Observations | Mean Standard Minimum | Maximum
Deviation

Cultivation Land before RECP 25 134.16 | 195.2269 30 990

Cultivation Land after RECP 25 145.32 | 224.2554 30 1089

No of Pineapple Produced before 25 132.217 | 50.69332 0.288888 275.5906

RECP per Decimal

No of Pineapple Produced after 25 126.221 | 39.83307 0.216667 200

RECP per Decimal

Price of Produced Pineapple 25 30.28 3.878574 25 40

before RECP

Price of Produced Pineapple 25 41.52 6.671582 30 50

after RECP

Production Cost before RECP per 25 2006.03 | 978.9893 40.40404 4800

Decimal

Production Cost after RECP per 25 1395.24 | 834.9808 33.05785 4133.333

Decimal

Amount of Chemical Fertilizer 25 36.4822 | 32.11476 7.142857 166.6667

before RECP per Decimal

Amount of Chemical Fertilizer 25 14.3366 | 13.18579 2.232143 51.62963

after RECP per Decimal

Amount of Chemical Pesticide 25 0.02561 | 0.020968 0 0.083333

before RECP per Decimal

Amount of Chemical Pesticide 25 0.00217 | 0.005398 0 0.022222

after RECP

Amount of Chemical Herbicide 25 0.00956 | 0.011847 0 0.033333

before RECP per Decimal

Amount of Chemical Herbicide 25 0 0 0 0

after RECP per Decimal

Amount of Chemical Hormone 25 0.14158 | 0.074156 0.033333 0.25

before RECP per Decimal
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Indicators per decimal Observations | Mean Standard Minimum | Maximum
Deviation

Amount of Chemical Hormone 25 0.04499 | 0.049008 0 0.12

after RECP per Decimal

Amount of Organic Fertilizer 25 2.13196 | 2.209429 0 10.74074

before RECP per Decimal

Amount of Organic Fertilizer 25 20.4209 | 49.07551 1 250

after RECP per Decimal

Amount of Organic Pesticide 25 0.00733 | 0.011232 0 0.033333

before RECP per Decimal

Amount of Organic Pesticide 25 0.02297 | 0.022345 0 0.083333

after RECP per Decimal

Amount of Other Raw Materials 25 0.87389 | 3.99846 0 20

before RECP per Decimal

Amount of Other Raw Materials 25 0.22226 | 0.995547 0 5

after RECP per Decimal

Amount of Water Usage in 25 769.230 | 422.8574 100 1511.111

Production before RECP per

Decimal

Amount of Water Usage in 25 476.941 | 303.8709 8.333333 1000

Production after RECP per

Decimal

Amount of Solid Waste 25 52.9579 | 96.79399 0 500

Generated before RECP per

Decimal

Amount of Solid Waste 25 53.5303 | 95.41186 15 500

Generated after RECP per

Decimal

Amount of Managed Waste 25 0 0 0 0

before RECP per Decimal

Amount of Managed Waste after 25 45.7111 | 78.78078 12.5 416.6667

RECP per Decimal

Amount of Recycled Waste 25 0 0 0 0

before RECP per Decimal

Amount of Recycled Waste after 25 38.2881 | 79.26697 0 416.6667

RECP per Decimal

From this table we can find the interpretations described below:

a) Cultivation Land: The results show a modest increase in cultivated land

following RECP adoption. The average cultivated area increased from 134.16
decimals in the pre-RECP period to 145.32 decimals in the post-RECP period,

while the minimum cultivated land remained unchanged at 30 decimals. The

maximum cultivated area increased from 990 to 1,089 decimals, indicating that

a small number of farmers expanded their cultivation scale after adopting RECP

practices. However, the high standard deviations in both periods reflect

substantial variation in farm sizes among respondents. Overall, the findings

suggest limited but positive expansion in cultivated land, with most farmers

maintaining similar landholding sizes while a few increased production area.
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b)

d)

g)

Pineapple Production: Mean pineapple production showed minimal variation,
decreasing slightly from 132.22 to 126.22 units per decimal for one season. This
stability, despite the introduction of new production practices, suggests that
RECP did not negatively impact output. The slight decrease is linked to multi
cropping systems (papaya, banana, chili), where land is shared between crops.
Economically, maintaining production while reducing chemical inputs is a
positive outcome. Environmentally, integrating diverse crops improves soil
structure, biodiversity, and pest balance. The increase in maximum production

further shows that some farmers benefitted significantly from RECP adoption.

Price per Pineapple: The average selling price rose from Tk 30.28 to Tk 41.52

after RECP adoption. This improvement indicates better fruit quality, likely due
to reduced chemical use and enhanced soil conditions. Economically, this
contributes to higher income even when production remains stable.
Environmentally, cleaner production enhances consumer trust in low-chemical
or chemical-free production. Additionally, cleaner production ensures better
consumer health.

Production Cost: Mean production cost per decimal declined from Tk 2,006 to

Tk 1,395 after RECP adoption. This reduction is primarily attributed to lower
expenditure on chemical fertilizers, pesticides, herbicides, and hormones.
Reduced recurring input costs directly improve profit margins and demonstrate
the cost-efficiency of cleaner production practices.

Chemical Fertilizer Use: Chemical fertilizer application decreased sharply from
an average of 36.48 kg to 14.34 kg per decimal for a season. This significant
reduction indicates a clear shift away from synthetic inputs toward more
sustainable soil fertility management. Lower chemical fertilizer use reduces

input costs and mitigates risks of soil degradation and nutrient runoff.

Chemical Pesticide Use: Mean chemical pesticide use fell from 0.026 litres per

decimal for 22 respondents to 0.002 litres per decimal for 5 respondents after
RECP adoption for each cultivation season. This substantial decline reflects the
effective uptake of alternative pest management practices such as IPM and
organic pest control. Reduced pesticide use lowers production costs and
minimizes environmental and health risks.

Chemical Herbicide Use: Chemical herbicide use was completely eliminated

after RECP adoption, declining from 0.0096 litres on average for 13 respondents
to zero respondents using chemical herbicide. The elimination of herbicides
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h)

)

k)

D

reduces chemical exposure for farmers and supports soil biodiversity. Although
this may increase labor requirements for manual weeding, the environmental and

health benefits are considerable.

Chemical Hormone Use: The use of chemical hormones decreased from average

0.142 litres to 0.045 litres per decimal for each cultivation season. Reduced
reliance on growth regulators and ripening agents lowers production costs and
decreases the risk of harmful residues in produce, contributing to safer food

production and improved environmental outcomes.

Organic Fertilizer Use: The average organic fertilizer use increased markedly
from 2.13 kg to 20.42 kg per decimal after RECP adoption. This substantial rise

demonstrates strong adoption of composting and bio-based nutrient management.

Increased organic fertilizer application improves soil structure, moisture
retention, and long-term soil fertility while reducing dependence on purchased

inputs.

Organic Pesticide Use: The mean use of organic pesticides increased from 0.007

litres per decimal to 0.023 litres per decimal. This shift indicates a transition from
synthetic chemicals to safer, bio-based pest control methods, supporting

ecological balance and reducing health risks for farmers.

Use of Other Raw Materials: Use of other raw materials declined from 0.87 kg

to 0.22 kg per decimal. This reduction suggests improved efficiency in input use,
potentially linked to better production planning and reduced reliance on fuel- or

material-intensive practices.

Water Usage: Average water use per decimal declined from 769 litres to 477
litres after RECP adoption. Improved irrigation practices, better soil moisture
retention from organic inputs, and more controlled water application contributed
to this reduction. Lower water use reduces irrigation costs and conserves local

water resources.

m) Solid Waste Generation: Solid waste generation remained almost unchanged,

increasing slightly from 52.96 kg to 53.53 kg per decimal. This minor increase
is likely associated with increased biomass from intercropping rather than
inefficiencies in production, and does not indicate negative environmental

impact.

Managed Waste: Managed waste increased from zero to an average of 45.71 kg

per decimal for all respondents after RECP adoption. This change reflects a
significant improvement in waste handling practices, including sorting and
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controlled disposal, reducing environmental pollution and improving on-farm
hygiene.

o) Recycled Waste: Recycled waste increased from zero to 38.29 kg per decimal
following RECP adoption. This demonstrates effective adoption of composting
and waste reuse practices. Recycling farm waste reduces the need for external
inputs, closes nutrient loops, and supports environmentally sustainable
production systems. Among all the respondents 67% used their solid waste for
making organic fertilizer, 30% used that as cow feed and 3% recycled that to use

as fuel for cooking.

Process of Managing Solid Waste

= Cow feed
Fuel Use

= Organic Fertilizer

Figure 9: Pie Chart of Process of Solid Waste Management

5.4 IDI findings:

Five in-depth interviews were conducted with pineapple farmers who adopted RECP
practices under the SMART Project. The findings below are organized according to the
major sections of the qualitative questionnaire:

1. Understanding of RECP Practices: Across all interviews, farmers demonstrated
a clear understanding of the RECP measures promoted through the SMART
Project. Respondents commonly identified reduced chemical use, improved

input efficiency, and safer production as central concepts of RECP. They
understood that organic fertilizers, careful pesticide use, and alternative waste-
handling methods were intended to replace more harmful traditional practices.
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All five farmers expressed confidence in their understanding and attributed this
awareness to the training provided by the project.

. Comfort with Current RECP Practices: Farmers consistently reported being
comfortable with the RECP practices they had adopted. They felt confident

applying organic fertilizers, managing pesticides safely, using protective

equipment, and managing crop waste in cleaner ways. Respondents noted that
these practices were now routine and often easier to manage than previous
chemical-intensive methods. No farmer expressed discomfort or reluctance
regarding RECP, indicating strong acceptance at the field level.

. Perceptions of Environmental and Health Effects: Environmental and health

improvements were the most strongly emphasized outcomes. Farmers reported
substantial reductions in chemical application, leading to better soil fertility,
healthier crop growth, and reduced environmental contamination. They also
noted fewer health risks for themselves and their families due to the safer
handling of inputs, the use of personal protective equipment, and the elimination
of harmful ripening hormones. Several farmers also observed improved
conditions of cultivation lands after shifting toward RECP.

. Sustainability and Intentions to Continue: All respondents stated that they intend

to continue RECP practices beyond the duration of the project. They cited
improved yield, reduced crop losses, higher product quality, and increased soil
fertility as key reasons for long-term adoption. Farmers also noted that RECP
practices have become integral to their production routines and are viewed as
essential for sustaining both productivity and farm health. No respondent
indicated any desire to return to previous methods.

. Knowledge Sharing and Community Influence: Knowledge sharing emerged as

a consistent behavior across all five farmers. Respondents actively shared RECP-
related knowledge—such as fertilizer preparation, safer pesticide use, and
improved waste handling—with neighboring farmers. They reported that other
farmers showed interest after observing visible improvements in yield and fruit
quality. In some cases, respondents noted widespread RECP adoption due to
project involvement, while in others the spread was gradual but increasing. Peer
influence and visible field results appeared to be strong drivers of community-

level uptake.

Page | 19



6.0 Conclusion:

This study examined the economic and environmental impacts of RECP adoption
among pineapple micro-entrepreneurs supported under the SMART Project. The
quantitative findings shows that the reduction in chemical use, optimum water use,
increase in organic fertilizer application, managing waste properly and recycling those
wastes at the farm level is a significant positive environmental change in the cluster.
These improvements indicate that RECP practices directly contribute to cleaner
production and more efficient resource use. Although yield changes were mixed,
farmers benefited from higher selling prices associated with improved fruit quality.

Qualitative results provide important context for these changes. Farmers reported strong
understanding of RECP practices and confidence in their application. They observed
noticeable improvements in soil health, personal well-being, and field conditions.
Knowledge sharing within communities further strengthened adoption, showing that
RECP benefits can extend beyond immediate project participants.
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7.0 Limitations:

e The study uses a small sample size (25 survey respondents and 5 IDIs), limiting
generalizability beyond the project area.

e Purposive convenient sampling may overrepresent farmers who are more active,
engaged, or positive about RECP adoption.

e Recall bias affects before—after comparisons, as farmers relied on memory
rather than recorded baseline data.

e Self-reported qualitative data may be influenced by social desirability, making
it difficult to verify actual on-field practices.

e The assessment covers only RECP practices relevant to pineapple cultivation;
other RECP components (energy use, wastewater, air pollution) could not be
fully examined.
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8.0 Recommendations:

Strengthening training and demonstration activities would greatly enhance the
effectiveness of RECP adoption. Farmers consistently expressed the need for more
frequent, hands-on, and practical learning opportunities. Additional field
demonstrations, follow-up visits, and refresher sessions would help farmers understand
the technical requirements of RECP practices and apply them more accurately

throughout the production cycle.

Improving market linkages can further strengthen the economic benefits of RECP.
Pineapples produced through cleaner and more sustainable methods often receive
higher prices, but farmers need better connections with reliable buyers to fully capture
this premium. Facilitating access to structured value chains, wholesalers, or retailers
who value safer production methods would help farmers secure consistent demand and
better price negotiations.

Promoting local RECP champions can accelerate peer-to-peer knowledge sharing.
Farmers often learn best from observing successful adopters within their own
communities. Identifying experienced farmers and empowering them as community
trainers would help spread RECP practices more naturally and ensure that practical

knowledge remains accessible even after project period ends.

Finally, strengthening monitoring systems is essential for maintaining consistent RECP
practices and improving long-term outcomes. Regular follow-up visits, progress
tracking, and structured performance reviews would help farmers identify challenges
early and adjust their practices as needed. Enhanced monitoring also supports better
data collection, making it easier for project teams to refine training content and evaluate
overall project effectiveness.
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Section C: Economic and Environmental Impact Indicators
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10.3 Qualitative Questionnaire
Section A: Behavioral Changes & Sustainability Commitment
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10.4 STATA Analysis Table

Variable Obs Mean Std. dev. Min Max
gq20_land_b~P 25 134.16 195.2269 30 990
gq20_land_a~P 25 145.32 224.2554 30 1089
gq20_output.. 25 132.217 50.69332 .2888889  275.5906
gq20_output.. 25 126.2212 39.83307 .2166667 200
q20_price_b~ 25 30.28 3.878574 25 40
gq20_price_a~ 25 41.52 6.671582 30 50
q20_produc. . 25 2006.027 978.9893  40.40404 4800
q20_produc. . 25 1395.24 834.9808 33.05785  4133.333
q20_cferti.. 25 36.48218 32.11476  7.142857 166.6667
q20_cferti.. 25 14.3366 13.18579  2.232143  51.62963
q20_cpesti.. 25 .0256115 .0209675 (4] .0833333
q20_cpesti.. 25 .0021678 .0053976 (%] .0222222
q20_cherbi.. 25 .0095625 .0118473 (4] .0333333
gq20_cherbi.. 25 2] (2] (2] (2]
gq20_chormo. . 25 .1415751 .0741557 .0333333 .25
gq20_chormo. . 25 .0449996 .0490087 %] .12
q20_oferti.. 25 2.131963 2.209429 0 10.74074
q20_oferti.. 25 20.42097 49.07551 1 250
q20_opesti.. 25 .0073333 .011232 0 .0333333
q20_opesti.. 25 .0229658 .0223446 (4] .0833333
q20_otheri.. 25 .8738889 3.99846 0 20
q20_otheri.. 25 .2222647 .9955465 (4] 5
q20_i~e_RECP 25 769.2304 422.8574 100 1511.111
q20_i~r_RECP 25 476.9407 303.8709  8.333333 1000
q20_h~e_RECP 25 52.95792 96.79399 (4] 500
q20_h~r_RECP 25 53.53031 95.41186 15 500
q20_r~e_RECP 25 2] 0 0 (%]
q20_r~r_RECP 25 45.71115 78.78078 12.5 416.6667
q20_m~e_RECP 25 2] (4] (4] (4]
420_m~r_RECP 25 38.28814 79.26697 @ 416.6667
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