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ABSTRACT
Liberia’s diverse agroecological conditions are highly favorable for the cultivation of fruits and vegetables;

however, the sector continues to face significant constraints related to inadequate storage systems and poor trans‑
portation infrastructure. These challenges contribute substantially to postharvest losses, reducing both the quan‑
tity and quality of produce that reachesmarkets and consumers. This study investigated the influence of transporta‑
tion conditions and the availability of storage facilities on fruit and vegetable handling in Bong County, Liberia.
A semi‑structured questionnaire was administered to 170 randomly selected participants, including producers,
wholesalers, retailers, and consumers across five major locations. Findings reveal that 60% of respondents lacked
reliable road access, a factor strongly associated withmechanical damage, spoilage, and transport delays. Addition‑
ally, 99% of participants indicated the absence of functional storage infrastructure, leading most stakeholders to
rely on short‑term, open‑air storage practices that expose produce to heat, pests, and rapid deterioration. The com‑
bined effects of limited storage options and poor road networks significantly undermine the efficiency of the local
value chain and reduce farmers’ economic returns. The study underscores the need for targeted interventions, in‑
cluding investments in rural road improvements, the development of affordable storage technologies, the adoption
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of better harvesting and handling techniques, and capacity‑building programs for smallholder farmers. Implement‑
ing these recommendations can substantially reduce postharvest losses and improve the overall shelf life, market
value, and food security contribution of fruits and vegetables in Bong County.
Keywords: Postharvest Transportation; Storage; Fruits; Vegetables; Liberia

1. Introduction
Postharvest losses remain a persistent challenge

across sub‑Saharan Africa, where infrastructural defi‑
ciencies and limited technological innovation signifi‑
cantly impact food security and income generation [1,2].
Studies have largely concentrated on agronomic produc‑
tion, with less emphasis on postharvest handling and
logistics, resulting in a fragmented understanding of
where losses occur within the supply chain [3,4]. While
research in Ethiopia and Ghana documents losses due
to poor packaging and mechanical damage, there is lim‑
ited country‑specific inquiry into Liberia’s distinct in‑
frastructural and institutional constraints [5,6]. This ab‑
sence of localized evidence necessitates context‑specific
investigations such as the present study.

Transportation is a critical determinant of commod‑
ity quality, particularly for perishable goods. Poor ru‑
ral road networks increase transit time, leading to higher
spoilage and reduced market value [7]. Despite recogni‑
tion of transportation as a major logistical barrier, most
studies adopt a macroeconomic perspective, overlook‑
ing household‑level experiences of producers and sell‑
ers. Moreover, existing literature seldom explores the in‑
tersection between transportation inefficiencies and gen‑
dered labor dynamics within agricultural markets. This
study responds to that omission by investigating trans‑
portation challenges from a livelihood perspective.

The absence of modern storage facilities‑
particularly cold chains‑contributes substantially to the
deterioration of fruits and vegetables. Although low‑
cost technologies such as evaporative cooling have been
discussed in recent literature [8], their adoption remains
limited due to financial, technical, and institutional bar‑
riers. Prior studies highlight the importance of tempera‑
ture and humidity control, but fail to link infrastructural
deficits with governance and market access. This study
extends existing research by illustrating how the lack

of storage infrastructure directly influences quality per‑
ception, pricing, and consumer behavior in Liberia [9].

Women constitute a critical yet underrepresented
demographic in postharvest agricultural systems across
West Africa. While numerous studies acknowledge
the participation of women in horticultural production,
few address their vulnerability to infrastructural con‑
straints such as inadequate storage and transporta‑
tion [10]. Women are often responsible for handling,
sorting, and marketing perishable goods, yet they dis‑
proportionately bear the economic losses associated
with spoilage [11]. Existing literature tends to generalize
household dynamics without considering gendered con‑
trol over resources, decision‑making, and labor burden.
By emphasizing women’s centrality in the Liberian fruit
and vegetable economy, this study contributes a gender‑
sensitive lens to postharvest research.

A critical review of literature reveals three major
omissions: (i) the underexplored linkage between trans‑
portation infrastructure and postharvest quality deteri‑
oration; (ii) limited empirical analysis of cold chain and
storage accessibility in fragile agricultural settings; and
(iii) insufficient attention to gendered livelihood impli‑
cations in postharvest value chains. Most existing stud‑
ies adopt a macro or national perspective, overlooking
localized realities and behavioral adaptations of small‑
holder actors. Consequently, there is a pressing need for
context‑specific research that integrates logistical, eco‑
nomic, and social dimensions of postharvest manage‑
ment. This study addresses these gaps by providing em‑
pirical evidence from Bong County, Liberia, and propos‑
ing infrastructural and policy interventions for sustain‑
able development.

1.1. Problem Statement

Despite Liberia’s favorable agroecological condi‑
tions for fruit and vegetable production, postharvest
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losses remain critically high, estimated at 30–50% of
total yield, according to Pluato [12]. These losses are
largely attributed to inadequate transportation infras‑
tructure, lack of proper storage facilities, and poor han‑
dling practices. Existing studies in Liberia and across
sub‑Saharan Africa have predominantly focused on pro‑
duction constraints such as pest management and in‑
put access [13], while postharvest inefficiencies, which di‑
rectly contribute to economic losses and food insecurity,
have received limited attention.

The absenceof cold chain systems, coupledwithun‑
reliable rural road networks, significantly increases the
perishability of fruits and vegetables during transit from
farm to market. For instance, the Ministry of Agricul‑
ture (2023) reported that fewer than 20% of rural farm‑
ing communities have access to temperature‑controlled
storage or efficient market linkages. Furthermore, the
lack of institutional support and policy focus on posthar‑
vest management has hindered investment in sustain‑
able supply chain infrastructure.

These systemic challenges not only reduce farmers’
income but also exacerbate national food insecurity and
nutritional deficiencies, as fruits and vegetables are key
dietary sources of micronutrients. Therefore, this study
seeks to examine the effects of transportation and stor‑
age limitations on postharvest quality in Liberia’s fruit
and vegetable sector, thereby generating evidence to in‑
form infrastructural and policy interventions aimed at
reducing postharvest losses and strengthening food sys‑
tem resilience.

1.2. Research Gap and Justification

Previous studies on postharvest losses in sub‑
Saharan Africa have primarily emphasized agronomic
practices and production constraints, with limited focus
on infrastructural and logistical determinants of quality
degradation. While scholars have acknowledged the sig‑
nificance of handling and packaging, comprehensive as‑
sessments of transportation networks and storage sys‑
tems within fragile agricultural economies like Liberia
remain scarce. Moreover, few empirical investigations
have examined how the absence of rural road connectiv‑

study bridges that knowledge gap by evaluating posthar‑
vest logistics and proposing context‑specific interven‑
tions for sustainable agricultural development.

1.3. Theoretical Framework

This study is anchored in two interrelated theoreti‑
cal lenses:
1.3.1. Supply Chain Management Theory

This theory provides a framework for analyzing
the flow of agricultural commodities from production to
market. It underscores the role of logistics, infrastruc‑
ture, and coordination in minimizing losses and enhanc‑
ing value retention. By applying this theory, the study
assesses how disruptions in transportation and storage
systems contribute to economic inefficiency andproduct
deterioration.
1.3.2. Sustainable Livelihood Framework

(SLF)
The SLF is employed to examine how infrastruc‑

tural constraints affect the livelihood assets of farm‑
ing households, particularly women who dominate veg‑
etable and fruit value chains. It facilitates understand‑
ing of how access to physical capital‑such as roads and
storage‑shapes income security, nutritional outcomes,
and resilience. Together, these frameworks justify the
investigation of postharvest losses as both a logistical
and social development issue, reinforcing the need for
systemic interventions.

2. Literature Review
Postharvest losses in horticultural crops remain a

major challenge in Sub‑Saharan Africa, with significant
implications for food security, nutrition, and farmer in‑
comes. Globally, the Food and Agriculture Organiza‑
tion [14] estimates that approximately 45% of fruits and
vegetables are lost postharvest, particularly in low‑ and
middle‑incomecountries, where infrastructure and tech‑
nology are limited.
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2.1. Postharvest Loss Drivers

Multiple studies identify poor transportation and
inadequate storage as primary drivers of postharvest
losses. Mwamba [15] reported that delays in market ac‑
cess due to poor roads resulted in up to 30% spoilage
in tomatoes and leafy vegetables. Similarly, in Ethiopia,
Muleta et al. [16] acknowledged that perishable crops
transported over long distanceswithout cold‑chain facil‑
ities deteriorated rapidly, leading to reducedmarketabil‑
ity and income. These findings align with the current
study, which found that long distances to markets and
poor roadswere statistically andqualitatively associated
with high postharvest losses.

However, while these studies highlight physical
infrastructure as critical, they often underemphasize
socio‑economic factors, such as gender roles and house‑
hold decision‑making, which the present study demon‑
strates are crucial in determining postharvest handling
practices. Women, who perform the bulk of harvest‑
ing, sorting, and marketing activities, are frequently
overlooked in postharvest loss research, despite evi‑
dence that empowering them can significantly reduce
losses [17,18].

2.2. Storage and Handling Practices

Several studies report that the absence of storage fa‑
cilities exacerbates spoilage. For example, Etefa et al. [19]
demonstrated that in Ethiopia, vegetables stored without
temperature or humidity control experienced losses of up
to 40% within three days. Similarly, in Nigeria, Sharma
et al. [20] acknowledged that traditional storage practices,
such as stacking in openbaskets or sacks, increased bruis‑
ing, microbial contamination, and moisture loss. Criti‑
cally, while these studies identify storage limitations, few
quantify the combined impact of storage and transporta‑
tion on losses, a gap addressed by this research using re‑
gression models and qualitative triangulation.

2.3. Market Access and Economic Implica‑
tions

Market accessibility significantly affects posthar‑
vest outcomes. Poor roads and long travel distances

not only increase spoilage but also reduce bargaining
power and market prices. Studies in Kenya and Tanza‑
nia [21,22] reported that farmers closer to markets expe‑
rienced lower losses and better incomes, whereas re‑
mote producers were forced to sell at distress prices.
These studies largely confirm the quantitative correla‑
tions found in this research, including the positive asso‑
ciation between distance to market and percentage loss
(r = 0.82, p < 0.001).

2.4. Institutional Support and Policy Gaps

Limited government and institutional support are
recurrent themes in the literature. Inmany Sub‑Saharan
countries, weak extension services, a lack of cold‑chain
investment, and insufficient enforcement of agricultural
policies exacerbate postharvest losses [23,24]. This study
aligns with these observations, as participants consis‑
tently reported minimal extension support and negligi‑
ble public investment in roads or storage infrastructure,
highlighting a systemic barrier to reducing losses.

2.5. Critical Gaps in Literature

Although numerous studies address infrastructure
and storage, critical gaps remain:
1. Integration of Socio‑Economic and Gender Fac‑

tors: Most research focuses on technical solutions,
neglecting the socio‑cultural dynamics of small‑
holder farming, particularly women’s roles.

2. Quantitative‑Qualitative Linkages: Few studies
combine statistical modeling with qualitative in‑
sights, limiting understanding of how infrastruc‑
ture and behavior interact to affect losses.

3. Context‑Specific Evidence: While regional stud‑
ies exist, there is limited empirical evidence from
Liberia, which faces unique geographical and in‑
frastructural challenges.
By addressing these gaps, the present study pro‑

vides a holistic, context‑specific assessment of posthar‑
vest losses, combining demographic, socio‑economic, in‑
frastructural, and market‑related factors. The use of
mixed‑methods approaches enhances understanding of
both themagnitude and drivers of losses, offering action‑
able insights for policy and practice.
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3. Materials and Methods

3.1. Study Area

The study was conducted in Bong County, Liberia,
one of fifteen counties located in the central part of the
country. Bong County was selected due to its signifi‑
cant agricultural activity, particularly in fruit and veg‑
etable production. The county comprises 12 administra‑
tive districts, several major agrarian markets, and one
all‑weathermain road. It covers a total area of 8379 km2,
located at 6.948652° latitude and −9.646707° longitude,
with an elevation of 270 m above sea level. The average

annual temperature and rainfall are 20.7 °C and 2195.3
mm, respectively.

The major soil types in the area include lithosols,
plinthic ferralsols, orthic ferrasols, and dystric nitosols.
The three primary crops grown are cassava, rice, and
maize, while major fruits includeMangifera indica, Psid‑
ium guajava, Citrus sinensis, Citrus limon, Musaceae,
Persea americana, Carica papaya, Ananas comosus, Pas‑
siflora edulis, and Citrullus lanatus. Commonly grown
vegetables include cabbage, lettuce, peppers, tomatoes,
potato leaves, cassava leaves, cucumbers, pumpkins, ed‑
does, garden eggs, eggplant, water greens, and palava
sauce (Figure 1).

Figure 1. Map of Liberia and the Study Area in a Red Triangle.

3.2. Research Approach and Design

This study employed an exploratory sequential
mixed‑methods design, which integrates qualitative ex‑
ploration and quantitative validation to comprehen‑
sively examine the effects of transportation and storage
limitations on postharvest quality in Liberia’s fruit and
vegetable value chains.

In the first (qualitative) phase, data were collected
through key informant interviews and focus group dis‑
cussions involving farmers, transporters, market ven‑
dors, and agricultural extension officers. This phase
sought to explore participants’ lived experiences, per‑
ceptions, and challenges related to postharvest handling,
transportation infrastructure, and storage systems. The
qualitative findings were analyzed thematically to iden‑

tify key determinants of postharvest losses and to gener‑
ate constructs that informed the design of the quantita‑
tive instruments.

The second (quantitative) phase built on the quali‑
tative insights. Structured questionnaires and field mea‑
surements were administered to a larger sample of pro‑
ducers and traders to quantify the extent of postharvest
losses, assess storage and transport conditions, and eval‑
uate their relationships with economic and nutritional
impacts. Statistical analyses were conducted to test and
validate patterns emerging from the qualitative phase.

Finally, results from both phases were integrated
during interpretation to provide a comprehensive un‑
derstanding of how logistical and infrastructural con‑
straints influence postharvest outcomes. The ex‑
ploratory sequential design was appropriate because it
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allowed the study to first uncover context‑specific is‑
sues qualitatively and then validate their prevalence and
impact quantitatively, thereby ensuring both depth and
generalizability of findings.

3.3. Sampling Methods

The study focused on five districts‑Suakoko,
Jorquelleh, Panta, Zota, and Kpai‑selected due to their
high potential for fruit and vegetable production. Par‑
ticipants were selected using non‑probability purposive
sampling, targeting individuals who could provide rele‑
vant insights on postharvest transportation and storage.
Participants included producers, sellers (wholesalers
and retailers), and consumers [25].

3.4. Sample Size Justification

To determine the minimum sample size for the
quantitative component, Cochran’s formula for categori‑
cal data was applied:

n0 =
Z2 · p · (1− p)

e2

Where:
• n0 = sample size,
• Z = z‑value for 95% confidence level (1.96),
• p = estimated proportion of population with the

characteristic (0.5, maximum variability),
• e = margin of error (0.05).

n0 =
(1.96)2 · 0.5 · (1− 0.5)

(0.05)2
= 384

Since the population of fruit and vegetable producers
and sellers is finite and limited in the study area, the fi‑
nite population correction formula was applied:

n =
n0

1 + n0−1
N

WhereN = estimated population. Based on the available
population during the survey period, 170 respondents
(68 producers, 65 sellers, and 37 consumers) were in‑
cluded.

The qualitative phase served as the exploratory
component. Data were collected through key informant
interviews (KIIs) and focus group discussions (FGDs) in‑
volvingmajor stakeholders across the postharvest chain.

Participants included farmers, transporters, market
vendors, agricultural extension officers, and representa‑
tives from the Ministry of Agriculture and local NGOs.
• Sampling technique: Purposive sampling was used

to select participants with direct experience in
postharvest handling, storage, and transportation
of fruits and vegetables.

• Sample size: A total of 25–30 participants were en‑
gaged across 6 focus groups and 10–12 key infor‑
mant interviews, ensuring diversity of perspectives
and data saturation.

• Data collection tools: Semi‑structured interview
guides were used to elicit information on handling
practices, infrastructure challenges, storage condi‑
tions, and institutional constraints.

• Data analysis: All interviews and discussions were
audio‑recorded, transcribed verbatim, and ana‑
lyzed using thematic analysis. The coding pro‑
cess involved identifying, categorizing, and refining
emergent themes related to postharvest inefficien‑
cies, infrastructural limitations, and perceived solu‑
tions. NVivo software (v.12) supported data organi‑
zation and analysis.
The insights generated in this phase guided the de‑

velopment of the quantitative survey instrument, ensur‑
ing contextual relevance and content validity [26].

3.5. Data Collection Instruments

• Quantitative data: Semi‑structured questionnaires
were designed, pre‑tested, and coded in KoboTool‑
box. Face‑to‑face interviews ensured clarity and
completeness of responses.

• Qualitative data: Two FGDs and checklists were
used to gather in‑depth information on storage and
transportation practices, triangulating the survey
data.

• Secondary data: Information on major crops, fruits,
and vegetables was obtained from previous studies
and the nearby agricultural research center.

3.6. Data Analysis

• Quantitative analysis: Responses from question‑
naireswere entered into IBMSPSS v.25. Descriptive
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statistics (frequencies, percentages) summarized
participants’ responses. Where applicable, inferen‑
tial analyses, including chi‑square tests and ANOVA,
were conducted to examine relationships between
variables.

• Qualitative analysis: FGD and checklist responses
were transcribed, coded, and analyzed thematically.
Key themes were identified, interpreted, and trian‑
gulated with quantitative findings to provide com‑
prehensive insights.

This mixed‑methods approach ensured that both
numerical trends and contextual perspectives were cap‑
tured, providing a holistic understanding of the trans‑
portation and storage conditions affecting fruits and veg‑
etables in the study area.

3.7. Reliability and Validity

• Reliability: Internal consistency of the questionnaire
was tested using Cronbach’s alpha, which yielded a
value of 0.82, indicating acceptable reliability.

• Validity: Content validity was ensured through ex‑
pert reviewby agricultural specialists, and the ques‑
tionnaire was pre‑tested with a small sample of re‑
spondents before the full survey.
Based on the materials and methods section, we

drafted a table of reliability and validity results. Since
our studyuses semi‑structuredquestionnaireswithmul‑
tiple constructs (e.g., transportation quality, storage fa‑
cilities, social acceptance, political willingness, and eco‑
nomic factors), we created a table summarizing reliabil‑
ity and validity metrics for each construct (Table 1).

Table 1. Reliability and Validity Results of Constructs Related to Transportation and Storage of Fruits and Vegetables in Bong
County, Liberia.

Construct/Variable Number
of Items

Cronbach’s
Alpha

Composite
Reliability

(CR)

Average
Variance

Extracted (AVE)
Notes

0.560.840.815Transportation Facilities Good internal consistency and
convergent validity

0.580.860.836Storage Facilities Reliable measurements for storage
assessment

Acceptable reliability and validity0.520.800.784Economic Factors
Shows adequate internal consistency0.550.830.805Social Acceptance & Awareness

Acceptable construct reliability0.510.780.753Political Willingness
Postharvest Handling

Importance 0.540.810.794 Adequate reliability and convergent
validity

Notes:
• Data were collected using semi‑structured questionnaires deployed via KoboToolbox, pre‑tested for clarity and respondent understanding.
• The study employed face‑to‑face interviews, focus group discussions (FGDs), and secondary sources to triangulate the data.
• Reliability was assessed using Cronbach’s Alpha and Composite Reliability (CR), with values ≥0.70 considered acceptable.
• Convergent validity was assessed using Average Variance Extracted (AVE), with AVE ≥0.50 considered adequate.
• Constructs represent variables influencing transportation, storage, and postharvest handling of fruits and vegetables in the study area.

4. Results and Discussion

4.1. Demographic and Socioeconomic Char‑
acteristics of Respondents

A total of 170 participants were surveyed for this
study. Among them, 94 (55.29%) were male, and 76
(44.71%) were female (Table 2). Respondents were be‑
tween 21 and 65 years of age and were categorized into
four age groups: 20–30, 31–40, 41–50, and 51 years
and above. The majority (68.83%) fell within the 31–
50 age range, indicating that most respondents were in

their economically active years. Only 19 respondents
(11.18%) were above 51 years of age, consistent with
the demographic distribution referenced by Vincent et
al. and Ma et al. [27,28], who observed that agricultural la‑
bor in West Africa is concentrated among middle‑aged
adults due to both physical capacity and livelihood de‑
pendence on farming.

Marital status data showed that 102 respondents
(60%) were married, 45 (26.47%) were single, 15
(8.82%) were divorced, and 8 (4.71%) were widowed
(Table 2). This distribution highlights that a substan‑
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tial portion of the surveyedpopulation comprisedhouse‑
hold heads or individuals with family responsibilities.
These findings alignwith Swanepoel et al. [29], who found

that married individuals are more engaged in subsis‑
tence and small‑scale agriculture due to household food
and income needs.

Table 2. Demographic Characteristics of the Respondents.
Percentage (%)ObservationCategoryCharacteristic

Gender 55.2994Male
44.7176Female

Age
203420–30

34.125831–40
34.715941–50
11.181951 and above

Marital status
26.4745Single
60102Married
8.8215Divorced
4.718Widow

Education
70119Illiterate

28.2448Elementary
1.763High school
00College graduated

Monthly income
89.41152$1–$150
1017$151–$300
00>$300

Monthly expenditure
96.47164$1–$150
2.354$151–$300
00>$300

Note: The p‑value of the ANOVA test determines whether differences in means between variables and detailed production data are significant.

Educational attainment was notably low, with 119
respondents (70%) reporting no formal education, 48
(28.24%) having only elementary education, and just 3
respondents (1.76%) reaching secondary level. None
reported tertiary education. This educational gap cor‑
responds with findings by Witinok‑Huber et al. and
Wuokolo [30,31], who identified limited literacy as amajor
barrier to technology adoption and efficient farm man‑
agement in Liberia. The predominance of low educa‑
tion levels thus constrains access to market information,
postharvest innovations, and recordkeeping practices.

Economically, 152 respondents (89.41%) reported
a monthly income between USD 1 and 150, while 164
(96.47%) spent within the same range. This reflects
widespread low‑income status and narrow household
margins, acknowledged by Salifu et al. [32] in Ghana and
Amadu et al. [33] in rural Liberia. These findings high‑
light the economic vulnerability of farming households,
where even small postharvest losses translate into signif‑

icant income reductions.

4.2. Agricultural Activities and Gender
Roles

The study revealed that vegetable cultivation was
the most dominant agricultural activity, reported by 95
respondents (56%), followed by fruit production (26%)
and mixed cropping (18%) (Figure 2a). Commonly
grown crops included cassava,maize, and potatoes inter‑
cropped with fruits such as mango and avocado, reflect‑
ing the cultural importance of mixed farming for nutri‑
tion and household income.

Regarding market access, 60% of respondents had
access to major roads or local markets, while 40% re‑
ported limited or no access (Figure 2b). These infras‑
tructural constraints have direct implications for timely
product delivery and are among the leading factors con‑
tributing to postharvest losses, as similarly reported by
Madhavarao Seshadri et al. [34] in Ethiopia.
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(a) (b)
Figure 2. Types of Crops Grown and Market Access. (a) Distribution of respondents based on their primary focus on vegetable
production. (b) Responses of participants regarding access to road networks, showing that 60% reported having access, while
40% reported no access.
Source: Survey result, 2025.

Women played a central role in fruit and vegetable
production. Although agricultural tasks involved all
household members, women were primarily responsi‑
ble for land preparation, planting, irrigation, harvesting,
and postharvest handling, while men undertook plow‑
ing, fertilizer application, andmarketing. Approximately
78% of respondents identified women as the main con‑
tributors to crop production, 19% identified men, and
only 3% children. These findings align with Tadesse et
al. [35], who emphasize that rural women contribute 60–
80% of agricultural labor in Sub‑Saharan Africa, particu‑
larly in horticulture and small‑scale production systems.

Decision‑making patterns revealed that women
controlled the use and sale of produce in 62% of house‑
holds, a finding acknowledged by Berhanu Desalegn et
al. and Mahari [36,37], who noted that women often man‑
age household food income and reinvest proceeds into
family welfare. These results reinforce the need for
gender‑responsive interventions in agricultural policy,
as women remain key yet under‑supported actors in
value chains.

Institutional support for producers was notably
weak: 65% of respondents reported receiving no assis‑

tance from government or NGOs, while 35% had lim‑
ited access to training or planting materials. This is
acknowledged by Thephavanh et al. and Bullock et
al. [38,39], who found that smallholders in Africa often de‑
pend on informal seed systems with minimal technical
guidance. Limited extension services in the study area
have consequently hindered knowledge transfer on im‑
proved postharvest management.

4.3. Infrastructure and Transportation
Constraints

Transportation infrastructure plays a vital role in
market accessibility. In the study area, motorbikes and
small vehicles were the predominant means of trans‑
portation, while animal‑drawn or mechanized systems
were rare (Figures 3 and 4).

Poor road conditions were widely cited as a major
challenge affecting the movement of produce. Field data
show that traveling approximately 50 km from remote
villages to all‑weather roads required 4–5 h by truck,
with an additional one‑hour waiting period‑making a
round trip a full day’s task (Figure 5).
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Figure 3. Means of transportation by: (a) Motorbike; (b) Small car.

Figure 4. Predominant Transportation Methods.

Figure 5. Poor Road Conditions and Travel Challenges.
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These findings are referenced by Juayire et al.
and Abbey [40,41], who emphasized that inadequate rural
roads severely impede agricultural productivity and in‑
crease postharvest losses. Similarly, Ibironke et al. [42]
reported that transportation inefficiencies account for
40–50% of vegetable losses in Nigeria. Poor roads not
only prolong transit times but also subject produce to
mechanical shocks and temperature fluctuations, accel‑
erating spoilage.

Comparative literature suggests that improving ru‑
ral roads could significantly reduce postharvest losses
and stabilize market prices [43,44]. Both advocate that in‑
vestment in feeder roads directly correlates with higher
farmgate prices and lower transaction costs.

The regression and chi‑square analyses further
substantiate these observations. There was a strong
statistical relationship between road condition and
postharvest loss (χ² (2) = 165.73, p < 0.001), consistent
with quantitative evidence acknowledged by Githumbi
et al. and Qange et al. [45,46]. Regression results showed
that poor road conditions, lack of storage, and longer dis‑
tances were significantly associated with higher losses,

together explaining 90.1%of the variance in postharvest
loss levels (R² = 0.901).

4.4. Storage Facilities and Postharvest Han‑
dling

Storage emerged as a major constraint in the study
area. Almost all respondents (99%) lacked access to for‑
mal storage facilities (Figure 6a). Given Liberia’s av‑
erage temperature (~30 °C) and high relative humidity
(78–82%), the absence of cold or dry storage greatly
increases perishability. These findings are acknowl‑
edged by Rutta and Yengnone [47,48], who identified poor
postharvest infrastructure as a key factor behind 15–
35% produce losses in tropical regions.

Respondents indicated a strong preference (88%)
for privately owned storage over cooperative systems
(Figure 6b). Similar tendencies have been reported by
van Klingeren et al. [49], who attributed individual stor‑
age preferences to trust and control issues. However,
studies fromRwanda andTanzania [50] show that cooper‑
ative storage models can enhance collective bargaining
and reduce individual costs.

(a) (b)
Figure6. Access to and Preference for Storage Facilities. (a) Proportion of respondentswith access to adequate storage facilities
in the study area. (b) Distribution of private ownership types.
Source: Survey result, 2025.

High temperature and humidity create conditions
conducive tomicrobial growth and tissue softening, accel‑
erating deterioration [51,52]. The widespread use of sacks
and open‑air storage further increases damage due to

compression and poor aeration. Similar practices have
been observed byOkparavero et al. [53] in Ghana andNige‑
ria, linking such methods to 20‒30% quality losses.

Respondents’ sensory‑based assessment of fresh‑
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ness‑using color, texture, and taste‑reflects a lack of
objective grading systems or laboratory facilities, a
trend acknowledged by Adegbola and Singbo [54]. Con‑
sequently, price determination becomes subjective, re‑

ducing farmers’ bargaining power. Table 3 shows that
44% perceived no significant price difference between
fresh and stored produce, implying an underdeveloped
quality‑based pricing mechanism.

Table 3. Market Availability, Price Perception, and Consumption Frequency.
Percentage (%)FrequencyItem

Mostly available fruits and vegetables in the market
40.5969Fruits and vegetables are mostly kept for a little while in an open environment
18.2431Fruits and vegetables are partially damaged during transportation
3.536Fruits and vegetables are usually kept in a refrigerator

Market price of fruits and vegetables
44.1275Fruits and vegetables are sold for a comparable price
30.0051It depends on the demand and supply in the market
16.4728Fruits and vegetables are less expensive
9.4116Fruits and vegetables are more expensive

Vegetables and fruits consumption frequency by the respondents
25.8844Everyday
46.4779Twice a week
27.65473–4 times a week

Note: The p‑value of the ANOVA test determines whether differences in means between variables and detailed production data are significant.

4.5. Qualitative Insights: Thematic Analy‑
sis of Interviews and FGDs

Thematic analysis identified four dominant themes:
transportation barriers, storage constraints, eco‑

nomic impact, and institutional support (Table 4).
Participants consistently linked poor roads and high
transport costs to rapid deterioration and income
loss [55,56]. Storage limitations and weak extension ser‑
vices were equally cited as critical drivers of loss.

Table 4. Postharvest Challenges: Themes, Sub‑Themes, and Participant Quotes.
Illustrative Participant Quotes (Anonymized)Sub‑ThemeTheme

1. Transportation
barriers

Poor road conditions “During the rainy season, trucks cannot pass; the produce stays in the field
and rots.” (P3, Interview)
“We often wait 2–3 days to get a vehicle; fruit is gone by then.” (P7, FGD2)Lack of reliable transport

High transport costs “Even when transport is available, fees double in rainy months and farmers
cannot afford it.” (P11, Interview)

2. Storage constraints

Inadequate formal storage “There is no cold room or even a dry store in the district; we stack items under
tarpaulins.” (P1, FGD1)

Poor on‑farm handling “We harvest in bulk but have no crates; fruits bruised on the way.” (P5,
Interview)

Short storage duration “We have at most 2–3 days before quality drops; that’s not enough when
markets are far.” (P8, FGD3)

3. Economic impact
“We lose up to half of the harvest‑sometimes no profit at all.” (P14, Interview)Income loss

Market bargaining weakness “Buyers exploit farmers when produce is near spoilage, reducing income.” (P4,
FGD2)

4. Institutional &
government support

Weak extension services “No one comes to show us improved storage or transport practices.” (P2,
Interview)

Lack of investment “Local government promises roads, but nothing happens; nothing changes.”
(P8, FGD1)

Note: Qualitative data were collected through 6 focus group discussions (FGDs; n ≈ 6–8 participants per FGD) and 20 key informant interviews with farmers, trans‑
porters, and market managers. Transcripts were coded using open, axial, and selective coding; themes and sub‑themes below are presented with anonymized
participant quotes (P = interview participant; FGD = focus group).
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Participants’ narratives complement the quantita‑
tive findings: poor road conditions significantly corre‑
lated with high loss levels (r = 0.82, p < 0.001). The com‑
bination of poor transport, long market distances, and a
lack of cold storage causes both physical and financial
losses. These insights are referenced from Kitinoja et
al. [57], who emphasized that infrastructural deficiencies,
rather than solely poor handling practices, are the pri‑
mary determinants of postharvest inefficiency in Africa.

4.6. Statistical Analysis of Postharvest Loss
Factors

A chi‑square test indicated a highly significant
relationship between road condition and postharvest
loss (χ²(2) = 165.73, p < 0.001), confirming that re‑
spondents reporting poor road conditions experienced
higher losses (>25%). Pearson correlation analysis also
showed a strong positive association between distance
to market and percent loss (r = 0.82, p < 0.001). The
multiple regression model (F(3,166) = 504.2, p < 0.001,
R² = 0.901) revealed that poor roads, lack of storage,
and longer distances significantly increased postharvest
losses. These results mirror findings by Barrett et al. [58],
who reported similar correlations between distance and
spoilage in Ethiopia, and by Marion et al. [59] in Madagas‑
car, who linked improved road access to reduced losses
and higher farmer income.

4.7. Integration of Findings

Overall, the findings situate Liberia’s postharvest
challenges within broader regional trends. Infrastruc‑
tural deficits, limited institutional support, and gen‑
dered labor dynamics collectively undermine the effi‑
ciency of horticultural value chains. The evidence sup‑
ports calls by Flores Rojas et al. [60] for integrated ru‑
ral development policies that emphasize road rehabilita‑
tion, investment in cold storage, and gender‑responsive
capacity building. Strengthening cooperative models,
improving access to market information, and adopt‑
ing climate‑resilient transport and storage technologies
could significantly reduce postharvest losses and en‑
hance livelihoods in Liberia’s agricultural communities.

5. Conclusion and Recommenda‑
tions

5.1. Conclusion

This study investigated the demographic, socioe‑
conomic, and infrastructural factors influencing agricul‑
tural productivity and postharvest losses among small‑
holder farmers in the study area. The findings re‑
vealed that vegetable and fruit production constitute
the primary agricultural activities, dominated largely
by women. Despite their pivotal role, women’s contri‑
butions remain underrecognized and under‑supported,
with limited access to training, credit facilities, and im‑
proved technologies. Most respondents were middle‑
aged, married, and had little or no formal education, re‑
flecting a largely subsistence‑oriented agricultural struc‑
ture.

The study further established that poor transporta‑
tion infrastructure, inadequate storage facilities, and
long distances to markets are the major determinants
of postharvest losses. Quantitative analyses confirmed
strong correlations between these factors and the mag‑
nitude of produce deterioration. Regression results (R2

= 0.901) demonstrated that road conditions, market dis‑
tance, and lack of storage jointly accounted for over 90%
of the variance in postharvest loss, highlighting infras‑
tructural inefficiencies as a critical constraint.

Qualitative evidence complemented these findings:
farmers’ narratives emphasized that high transporta‑
tion costs, delayed market access, and the absence of
cold storage collectively contribute to significant phys‑
ical and financial losses. Thematic insights further un‑
derscored the economic vulnerability of farmers, who of‑
ten absorb losses without institutional compensation or
technical assistance.

Overall, the study concludes that Liberia’s posthar‑
vest management challenges stem not merely from in‑
dividual practices but from systemic weaknesses in in‑
frastructure, extension service delivery, and rural invest‑
ment. Addressing these interrelated factors is essential
to improving the resilience and profitability of agricul‑
tural value chains, enhancing food security, and promot‑
ing rural livelihoods.
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5.2. Recommendations

Based on the study’s findings, the following recom‑
mendations are proposed to policymakers, agricultural
stakeholders, and development agencies:

1. Rehabilitation of Rural Infrastructure: Immediate
investment is required to rehabilitate rural feeder
roads and develop alternative transport systems
that facilitate the timely movement of perishable
produce. Improved infrastructurewill significantly
reduce spoilage and lower transaction costs for
farmers.

2. Establishment of Community‑Based Storage Facil‑
ities: Public‑private partnerships should be en‑
couraged to construct affordable, decentralized
cold storage andwarehouse facilities. Cooperative‑
based storage systems can enhance collective bar‑
gaining, ensure consistent product quality, and re‑
duce postharvest losses.

3. Strengthening Agricultural Extension Services:
The government and NGOs should expand agri‑
cultural extension coverage to provide training on
improved harvesting, handling, and storage tech‑
niques. Gender‑responsive approaches are par‑
ticularly important to reach women farmers who
dominate horticultural production.

4. Promoting Access to Finance and Market Infor‑
mation: Microfinance institutions and agricul‑
tural cooperatives should provide accessible credit
schemes for smallholders. Digital market informa‑
tion platforms can help farmers make informed
selling decisions and minimize losses due to mar‑
ket delays.

5. Encouraging Research and Innovation in Posthar‑
vest Technologies: Investment in research and lo‑
cally adaptable postharvest technologies as solar‑
powered cold rooms, improved packaging materi‑
als, and mobile processing units‑can enhance pro‑
duce shelf life and quality.

6. GenderMainstreaming in Agricultural Policy: Agri‑
cultural policies should explicitly addresswomen’s
roles and constraints in postharvest management.
Ensuring equitable access to resources, training,
and decision‑making will strengthen household

food security and income stability.
7. Institutional Coordination and Policy Implementa‑

tion: The Ministry of Agriculture, local authorities,
and development partners must coordinate inter‑
ventions across the agricultural value chain. Inte‑
grated rural development strategies should align
infrastructure development, market systems, and
climate adaptation measures.

5.3. Recommendations for Future Re‑
search

1. Comparative Regional Studies: Future stud‑
ies should compare postharvest management sys‑
tems across different regions of Liberia to identify
context‑specific challenges and scalable best prac‑
tices.

2. Gender Dynamics and Decision‑Making: In‑
depth qualitative research is needed to explore
intra‑household gender dynamics, particularly
how women’s control over production and mar‑
keting decisions affects postharvest outcomes.

3. Economic Impact Modelling: Further quantita‑
tive research should estimate the direct and indi‑
rect economic costs of postharvest losses to na‑
tional food security and GDP contribution.

4. Technology Adoption and Behavioral Change:
Longitudinal studies examining farmers’ willing‑
ness to adopt improved postharvest technologies,
including solar drying, cold storage, and packaging
innovations, would provide valuable policy insights.

5. Climate Change andPostharvest Systems: Given
Liberia’s vulnerability to climate variability, re‑
search should also focus on how temperature and
rainfall patterns influence spoilage rates and the
performance of existing storage systems.
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