& frontiers | Frontiers in

i @ Check for updates

OPEN ACCESS

Peninah Yumbya,
International Center for Evaluation and
Development, Kenya

Gordana Popsimonova,

Saints Cyril and Methodius University of
Skopje, North Macedonia

Arnold Opiyo,

Egerton University, Kenya

Dorcas N. Kalele
d.kalele@acts-net.org

31 July 2024
18 October 2024
29 November 2024

Kilelu CW, Musyoka DM and Kalele DN (2024)
Unraveling smallholder food loss and value
for sustainable cold chain investments: a case
of horticultural value chains in Kiambu
County, Kenya.

Front. Hortic. 3:1474056.

doi: 10.3389/fhort.2024.1474056

© 2024 Kilelu, Musyoka and Kalele. This is an
open-access article distributed under the terms
of the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction
in other forums is permitted, provided the
original author(s) and the copyright owner(s)
are credited and that the original publication
in this journal is cited, in accordance with
accepted academic practice. No use,
distribution or reproduction is permitted
which does not comply with these terms.

Frontiers in Horticulture

Original Research
29 November 2024
10.3389/fhort.2024.1474056

Unraveling smallholder food loss
and value for sustainable cold
chain investments: a case of
horticultural value chains in
Kiambu County, Kenya

Catherine W. Kilelu, Daniel M. Musyoka and Dorcas N. Kalele*®
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Nairobi, Kenya

Initiatives to address food loss and waste (FLW) are gaining attention especially in
smallholder-dominated food systems in developing regions. This is in effort to meet
some of the Sustainable Development Goals (SDGs) targets. Countries are seeking
innovative solutions to address the FLW challenge to contribute food and nutrition
security and to reduce environmental impacts of greenhouse gas emissions through
food waste. The lack of effective sustainable cold chain targeting smallholders is a
key gap and driver of this challenge. There are gaps in system diagnostic of key
factors and practices related to value preservation of food loss but is equally
important in capturing value in market opportunities for smallholders and other
value chain actors that can guide structuring of such cold chain investments. This
article provides findings from a diagnostic study conducted to understand these
factors and practices in smallholder focused horticultural value chains in Kenya. The
mixed-method study collected quantitative and qualitative data through a
household survey of 460 farmers and 25 key informant interviews. Results showed
that postharvest loss (PHL) is a major challenge affecting all horticultural crops but
with different magnitude. Despite the high PHL experienced, most farmers (96%)
don't undertake any postharvest management measures during and/or after harvest.
Market related challenges were rated as the most (85%) causes to PHL followed by
pest and disease (56%), weather impacts (24%), lack of storage facilities (17%), and
damage during harvest (8%). Most smallholders sell to brokers at farm gate, capturing
a small share of the value that is linked to lack of aggregation, gaps in cold chain
infrastructure along value chain and the transactions costs of marketing. Results
showed that other market outlets other than brokers offered higher prices linked to
quality and safer product handling. Thus, integrating end-to-end cold chain
solutions in smallholder systems through inclusive business models will shape
interactions with markets and enable farmers to tap into new opportunities.
Enhancing access to cold chain is key to supporting farmers and other value chain
actors reduce PHL and facilitate better market integration, contribute to profitability
of smallholder farming enterprises and improve socio-economic development.

cold chain, sustainable, value preservation, post-harvest management, value capture,
market integration, inclusive business model
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1 Introduction

Food loss and waste (FLW) is a critical threat to agri-food
systems accounting for almost one-third of the food produced
globally, equivalent to about 1.3 billion tonnes annually. This
significantly contributes to the food shortage, where 830 million
people are notably hungry (Gustavsson et al., 2011). Initiatives to
address FLW are gaining much attention, especially regarding
smallholder-dominated food systems in developing regions,
reinforced by the need to meet some of the Sustainable
Development Goals (SDGs) targets. Reducing FLW is the focus of
SDG 12, which explicitly includes a target (12.3) to halve per capita
global food waste at the retail and consumer levels and reduce food
loss along production and supply chains (United Nations, 2015). To
achieve this, countries are seeking innovative solutions to address
FLW that is critical to food and nutrition security and to reduce
environmental impacts associated with greenhouse gas emissions
through food waste, currently estimated to be 8% of total emissions.
Furthermore, reducing FLW can enhance incomes and economic
sustainability and profitability of farming (Guo et al., 2020; IPCC,
2019; Kikulwe et al., 2018).

The lack of effective cold chain is notably a key gap and driver of
this challenge and is estimated to contribute to twelve per cent loss
of the total food produced (UNEP and FAO, 2022). Access to cold
chain, particularly in a warming world, is on the agenda of food
systems transformation policies and investments, especially in
developing countries where there is a glaring gap. Cold chain
development in this context has remained exclusive infrastructure
for export-oriented food supply chains, leaving behind many
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smallholders who focus on domestic value chains with limited
support for such critical infrastructure (Peters and Sayin, 2021;
Nuthalapati et al., 2022). However, deploying cold chain can further
exacerbate the climate change challenge linked to the use of high-
global warming refrigeration and the high energy demand of
cooling (UNEP and FAO, 2022). Thus, there is need for
sustainable cold chain in developing countries that consider the
socio-economic and environmental dimensions of cooling. These
need to be delivered as an integrated system that consider that the
challenges faced in developing countries food systems dominated by
many smallholders is not only at one node but is a farm to fork
connectivity issue (Peters and Sayin, 2021; Nuthalapati et al., 2022).

In Kenya, like other developing countries, smallholder-based
food supply chains especially for fruits and vegetables have glaring
gaps in cold chain resulting in estimated postharvest losses (PHL) of
between 40% to up to 80% in some instances (Ambuko and Owino,
2023). As Gema et al. (2018) note, the Kenyan horticultural sector
has developed over the years moving towards structured market
and sophisticated value chains (Figure 1), especially for the export
market. However, the local market, which presents significant
opportunity for growth, remains fragmented and dominated by
informal market systems. Nonetheless, shifts are happening
through various differentiated market segmentation as well as
regulatory advances to enhance quality and safety. In this context
many actors including the government, development agencies and
private companies are keen on investing in cold chain solutions.
Many scholars have argued that investing in integrated cold chain
infrastructure targeting smallholder farmers and their related
supply chains is not only to address food loss but equally

Post-Harvest ;
*  Management & e -+ Marketlngsf::e
* v
i Transportation
Preccé?llng (refrig%raged) &
Cooling Logistics
y Transporters

ratives

y Mediam scale farmers Farmers Coope
9 Input suppliers Large sclale farmers Brokers é?grretgz:gors
g Soil testing services | |Extension providers Zraders t olesalers
2 |Germination services| | Regulators E)?F?Orftgfsors Retailers

4

v

Farm services
(soil testing,
germination etc.)

FIGURE 1
Overview of Kenya's horticultural value chain.
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important to unlock market opportunities (Debnath et al., 2021).
However, there is limited understanding of factors that can inform
how to best structure cold chain deployment for the many
smallholders’ producers and make a good business case for such
high-cost investments (Singhal and Saksena, 2018). Most
interventions for addressing food loss, especially in temperature
sensitive value chains such as horticulture, comprising fruits and
vegetables are structured purely as a technical challenge. As such
they fail to consider the market dynamics and other crucial factors
such as the socio-economic feasibility that underly gaps in such
critical infrastructure (Peters and Sayin, 2021).

Unraveling the supply and demand dynamics of smallholder
focused food value chains like horticulture is an important entry
point to tailor sustainable cold chain infrastructure and close the
gaps that contribute to food loss in these food supply chains. Such
diagnostics can inform viable business models needed to correct the
lopsided development of current cold chain infrastructure that is
not accessible to most smallholders in developing countries.

This article presents findings from a need assessment conducted
as a diagnostic to contribute to knowledge gap in understanding
postharvest loss factors and practices in smallholder-focused
horticultural value chains and the link with cold chain and the
effects on market access. The study was conducted as part of the
entry point to inform a proof-of-concept investment in cold chain
infrastructure as part of the African Centre for Sustainable Cooling
(ACES) program. The program takes a data-driven approach to
structure a pilot that will deploy socio-technical and business
models to inform the deployment of sustainable cold chain to
smallholder farmers in Kenya engaged in horticultural value chains.

1.1 Smallholder food systems loss and
value and role of sustainable cold
chain development

Studies note that improving access to proper cooling facilities is
vital in helping farmers avoid food loss. Horticultural crops are
particularly affected by lack of cold chain, including pre-cooling and
storage and distribution. These crops have more field heat at harvest
that needs to be removed to avoid physiological and pathological
effects resulting from respiration, ethylene production, and
mechanical injury (Makule et al., 2022). The high perishability in
horticultural value chains requires a holistic approach to delivering
end to end cold chain and not cold storage that has been the
dominant focus in research in developing countries (Rutta, 2022).
The argument for integrated cold chain infrastructure targeting
smallholder farmers and their related supply chains is not only to
address the food loss challenge, thus preserving the food value
including from a quality, safety and resource use perspective. But
equally important is to capture value through unlocking different
market opportunities in various ways and increasing incomes of
smallholder farmers (Sheahan and Barrett, 2017). The value capture
is unpinned by evolving and emerging diverse business models
including specialized retail stores, online trading platforms among
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others. Sustainable cold chain integration can enable farmers to
access these different structured, high value domestic and export
markets for their current or new crops (Debnath et al, 2021).
Singhal and Saksena (2018) argue that the lack of cold chain has
structured how smallholders dependent value chains are organized
and their underlying practices, thus constraining the possibilities for
value preservation and capture starting at the farmer level. In the
horticulture sector, access and availability of cold chain
infrastructure for smallholder supply chains is an essential
element for maintaining quality and freshness of harvested
produce from the farm to different markets given the specific
biological characteristics of the crops. Additionally, postharvest
food loss is noted to be about inadequate food distribution
(Stathers et al., 2020). Studies have assessed low consumption of
horticultural produce in developing countries pointing to various
barriers spanning socio-economic factors, consumer behavior,
environmental conditions, and other macro-system level drivers
including those linked to the food environment (Kaur, 2022). All
these barriers provide opportunities, but an important one that is
linked to food loss that is increasingly receiving attention is on the
food environment and the limitations of adequately distribute
quality horticultural produce to all markets including in remote
non-producing, rural regions (Dean and Sharkey, 2011)

Looking at these interrelated factors provides a framework to
understand practices and factors on how to structure interventions
and investment in integrated cold chain to addressed postharvest
loss in the horticultural value chain, with emphasis on addressing
the market drivers in that make a case for sustainable cooling and
cold chain

2 Materials and methods

2.1 Study site

The study was conducted in Lari Subcounty, located in Kiambu
County, Kenya, which, according to the 2019 KNBS census,
comprises 38,592 households (KNBS, 2019). Agriculture is the
leading economic activity, contributing about 17% of the sub-
county’s income. The area under agricultural production is
1880 ha, which is 74% of the total land area (MoALFC, 2021).
Lari Subcounty was purposively selected from among the 12 sub-
counties as shown in Figure 2, due to its significant agricultural
activity, with 62% of its households engaged in crop production
(KNBS, 2019). The research specifically targeted two main
agricultural wards within Lari Subcounty, Kinale and Lari-
Kirenga, which together represent 44% of the sub-county’s
population, accounting for approximately 17,034 households
(KNBS, 2019).

The climatic conditions of Lari subcounty are characterized by a
mean annual temperature between15-23°C though warming trends
are being observed and projections indicating continued increases
in the future. The rainfall is a bimodal pattern distributed in two
rainy seasons with the long rainy season running between March
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FIGURE 2
Map of Kiambu County showing study sites.

and May being wetter than the short season experienced between
October and December. The annual average precipitation in the
sub-county is 600-1300 mm with the highest rainfall (200mm)
recorded in April (KMD, 2024). The two wards were selected as
they are part of a pilot intervention seeking to integrate sustainable
cold chain in smallholder horticultural value chains. The pilot is
part of The Africa Centre of Excellence for Sustainable Cooling and
Cold-chain (ACES) that aims to promote access to resilient,
efficient and climate-friendly cooling and cold-chain technologies
with a focus on smallholder producers. The initiative seeks to
strengthen local and global food systems, with an emphasis on
achieving food and nutrition security goals enabled through
integration of sustainable cold chain as critical infrastructure
(Peters and Sayin, 2023).

2.2 Sampling procedure

Sampling involved identifying and listing administrative units
(locations, sub-locations, and villages) within Lari-Kirenga and
Kinale wards. List of villages were used as the sampling frame for
the survey in which approximately half of the villages in each ward
were randomly selected. Village elders, who assisted in the mapping
process, indicated that each village typically consisted of 50-
100 households.

In Lari-Kirenga and Kinale wards a total of 62 and 80 villages
were identified and listed, after which 31 and 40 villages were
randomly selected for sampling in each ward respectively. To
ensure diverse representation of farming households during data
collection, systematic random sampling was used to select every 7"
household in each village as guided by village elders. This approach
resulted in a total sample of 460 households being interviewed: 234
from Kinale and 226 from Lari-Kirenga.
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2.3 Determination of sample size

To determine the sample size, the study utilized Kothari’s
(2004) formula for a finite population. The sample was later
adjusted to meet the desired requirement. The formula is
expressed as follows:

Z>Np(1 - p)
XN -1)+Z%p(1-p)

ny =

Where:

is the initial sample size,

Z is the Z-score corresponding to the desired confidence
level, (1.96)

N is the population size (Households N=17034)

is the estimated population proportion of farming household (0.62)
d is the margin of error (0.05).

ny = 338

Formula for adjusted sample size using actual population size
was adopted (Hasan and Kumar, 2024).

M
1+ (%)

Adjusted sample to cater for non-response 10%, 332x1.1 ~ 365

1y = ~332

Oversample of 30% to strengthen the robustness of the results to
allow the sample to accommodate any quality issues

noversamplg = 365x1.3 ~ 475

*As stated in the sampling procedure above, utilization of the
systematic sampling approach resulted in a total sample size of
460 households which accounts for 96% of the computed adjusted
sample size.
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2.4 Data collection

The study used a mixed-method approach integrating
quantitative and qualitative data from primary and secondary
sources. Primary data was obtained through a household survey
and key informant interviews (KIIs). The survey was administered
by trained enumerators and data was collected using Survey
CTO platform.

The household level data included socio-economic characteristics
of respondents and their households such as family size, gender, level
of education, size of land produced, types of crops produced,
postharvest management practices, loss and market information.
Size of land was estimated in acres and transformed into M by
equivalent of 1 acre=4046.86M>. Data on loss at farm level was based
on farmers estimation through recall of the losses incurred during the
last harvesting cycle. Farmers used diverse units such as number of
bags, crates, buckets etc. This data was later standardized into
kilograms and extrapolated annual loss. However, using such self-
reported data has limitation as noted by (Kitinoja and Fonseca, 2018).

25 KIIs were conducted with various actors along the value
chain as summarized in Table 1.

2.5 Data analysis

Household survey quantitative data was cleaned and analyzed
using Excel 2016 and Stata software version 18. This included
descriptive and inferential analysis. Production, postharvest data
and product marketing units were standardized into kilograms,
converting units such as bags, bunches, bucket, net, crates, and
pieces. This standardization process was validated by cross-
referencing with other value-chain actors, such as brokers, and
traders, who predominantly sell their products in kilograms. Food
loss was assessed based on farmer estimates of produce lost at farm
level in the previous production season.

The qualitative data from the survey was extracted and coded.
KIIs were transcribed and the data coded guided by the key
analytical concepts then subjected to thematic analysis using
MAXQDA version 24.

TABLE 1 Summary of key informants by gender.

10.3389/fhort.2024.1474056

3 Results

3.1 Farmers’ demographics and socio-
economic characteristics

The findings showed that majority of the respondents were
male (52%), while female constituted 48%. The average age of both
men and women farmers was 47 years. The majority (57%) of the
farmers are aged 45 years and above, while the youth farmers (aged
below 35years) represented 21% of the respondents. Additionally,
majority of households’ heads were male (80%) while female-
headed households represented 20% with an average household
size of 4.2 persons. The households owned an average of 6,070.29M?
of land, with around 29% leasing an average of 4046.86M".

3.2 Types of farming systems

The findings show that over 99% of the households engaged in
crop farming, out of which 76% practiced mixed farming,
combining both crops and livestock, whereas 23% of the
households engaged exclusively in crop farming. About 76% of
the households reported keeping some type of livestock, with the
majority (82%) engaged in dairy production.

3.2.1 Horticultural production

The findings show that most (99%) crop farming households
cultivate horticulture crops, followed by maize (25%), fruits (17%),
and beans (10%). Results showed that a wide range of horticultural
crops are produced in the area with kales emerging as the most
produced by 59% of farmers over the past year. Other horticultural
crops grown included spinach (31%), Irish potatoes (30%), cabbage
(22%), carrots (12%) (Figure 3). Others horticultural crops that
were listed are grown by fewer farmers.

Most farmers (60%) practiced mixed horticultural farming,
producing more than one crop per season, of which about 46%
typically cultivate two different crops. Cabbage, kales, and spinach
were most produced, with each farmer achieving an average
production of over 33 and 29 tons per year as shown in Table 2.

Category of key informants Female Male Total No.
Cooperative/Farmer groups representatives 1 3 4
Transporters 0 3 3
Brokers/Middlemen 0 9 9
Aggregators/Wholesalers 1 1 2

County agriculture officer 1 0 1
Supermarkets 0 1 1
Specialized Groceries 1 2 3

Hospitals 1 1 2

Total 5 20 25
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FIGURE 3
Horticultural crops production by households.

(n=457)

The land allocated for these crops is also significantly larger compared
to other crops. Although only small percentage of farmers (3.7%), grow
onions, they allocated the highest portion of land, averaging almost
(2833M?) per production season as shown in Table 2.

The main horticultural crops are produced all year round with
some months considered the peak for harvest as shown in Figure 4.
Typically these main horticultural crops are grown and harvested
around the same time. Farmers and some of the KIIs noted that this
results in cycles of glut and scarcity, that has effected on pricing.
Kales and spinach which have multiple and shorter harvesting
cycles implies more farmers are able to supply throughout the year.

TABLE 2 Overview of households crop production patterns (n=457).

3.3 Harvesting and Postharvest
management practices and value loss

Postharvest loss (PHL) was noted as a major challenge affecting
all horticultural crops but with differentiated magnitudes. Among
the 457 crop farmers sampled, 295 (female 122, male 173) reported
experiencing some PHL with losses of 12% for courgettes and
garden peas to as high as 29% for carrots and onions as
summarized in Table 3. The reported PHL translates to notable
economic loss but also contributes to food shortage and resultant
effects on nutrition. Most farmers (78%) reported that they used the

*Crop % of farmers Growing Land under production (M?) Avg. annual production (Kg)
Cabbage 22.1% 2,144.84 33520
Kales 59.1% 1,821.09 29307
Spinach 30.9% 1,416.40 29584
Carrots 11.6% 1,578.28 3144
Potatoes 29.5% 2,063.90 4739
Onions 3.7% 2,792.33 6800
Tomatoes 0.7% 647.50 747
ALV 0.9% 687.97 209
Broccoli 4.8% 1,335.46 2631
Red cabbage 0.4% 1,254.53 1000
Garden peas 4.6% 1,537.81 1024
Courgette 3.9% 930.78 1187
Coriander 3.7% 1,659.21 7441
** African leafy vegetables.
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Main crops harvesting seasons in a year.

wasted produce to feed their livestock while 26% reported that they
decomposed the waste into manure (26%) or left in the farm to rot.
On the other hand, (20%) used it for home consumption, others
recycled it as seed for the next season (common for Irish potatoes),
12% gave it to their neighbors, while 4% simply threw it away. There
were no significant differences between genders in the reporting of
PHL. However, this is area that would need further interrogation in
subsequent assessment considering the different roles that women
and men play in agricultural systems.

3.3.1 Practices and factors influencing
postharvest loss

The findings show that most farmers (96%) did not undertake
any practice during harvesting that can be considered as PHL
management measure which was a major contributing factor to the

TABLE 3 Farmers reported post-harvest and value loss.

observed PHL. Whereas losses were mentioned to happen at harvest,
losses could be attributed to some factors during crop growth mainly
associated with poor farming practices such as poor soil and seed
quality, inconsistent moisture levels as well as pest infestations and
diseases. Inability to implement proper crop management practices
could be linked to limited knowledge and advisory support that
notably emerged as a significant challenge. It is thus imperative to
have support strategies through farmer training and extension
support, particularly during crop production and on postharvest
management practices, which are crucial for reducing PHL. Findings
show that over the past one year, only 15% of farmers reported having
received agricultural-related training, while only 5% had accessed
extension services. Limited access to farmers extension and advisory
services in Kenya is a glaring gap in smallholder dominated
agricultural innovation system (Kilelu et al., 2011)

Crop Farmers reported loss (%) Annual avg. PHL (Kg) = Loss (%) *Loss value (Kshs)
Cabbage 84.2% 6452.7 19% 26,972
Kales 50.0% 6356.4 22% 53,488
Spinach 63.8% 3958.9 13% 45,761
Carrots 67.9% 896.1 29% 17,077
Potatoes 57.0% 830.1 18% 21,299
Onions 64.7% 1978.6 29% 125,702
Garden peas 76.2% 127.0 12% 7,076
Courgette 38.9% 147.1 12% 5,967
Coriander 41.2% 1457.1 20% 20,491
*derived from farm gate prices. 1 USD is equivalent to 130 Kshs.
Frontiers in Horticulture 07 frontiersin.org
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FIGURE 5
Causes of post-harvest losses at farm level.

However, most farmers (85%) attributed PHL to market related
challenges linked to market integration dynamics. Factors ranged
from aspects of produce quality that did not match market
requirements (e.g. undersize), delays from buyers resulting in
overgrown produce, poor price offers that made some farmers opt
not to sale (Figure 5). Other noted factors were the effects of pests
and diseases during crop production (56%), weather effects (frost,
heavy rains and drought) (24%), lack of storage facilities (17%)
resulting in rotting, withering etc. and damage during harvest (8%)
were also notable factors. On harvesting practices, farmers and
brokers indicated that the arrangement is usually the buyer,
typically a broker is responsible for harvesting the crop. The
casual laborers employed by the broker to harvest are usually not
careful, or do not use appropriate tools resulting in damage to a
proportion of the crops.

Lack of adequate packaging was noted as part of the practice in
handling the horticultural produce that contributed to spoilage and
loss. Sacks or gunny bags were the main form of packaging used to

Pest/diseases

carry all produce as noted by over 97% of the farmers, but also observed
by the different key informants. Less than 2% of farmers used other
packaging options such as baskets or crates. Additionally, traders and
transporters interviewed as key informants noted post-farm loss due to
spoilage as a key challenge. This was due to a combination of factors
including poor roads and, especially during the rainy season and
mechanical breakdowns of vehicles that caused delays. One pointed
out that the lack of refrigerated trucks in this context resulted in
spoilage of produce that needs to be transported over long distances.

3.3.2 Markets and marketing dynamics

Most of the farmers in the area are commercially oriented with
(99%) indicating that most of what they produced was sold. Most of
these farmers relied on middlemen or brokers as their main buyers
selling at farm gate, with some differences between men (88%) and
(79%) women as shown in Figure 6. Farmers noted that their
preference for such spot marketing was to avoid transactions costs
such as transportation and market search. There were few farmers

7

) 16
Retail traders -
16

13
Aggregators (cooperative/group)
3 I Female
41 Il Male
Local Consumers 25
Processors ‘42
I 0
Institutions I 2
T T T T T T
0 20 40 60 80 100
column percent (base: cases)
Source: Cold chain need assessment survey- 2023 (n=457)

FIGURE 6
Farmers’ market outlets.
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that sold their produce directly to other outlets such as wholesaler
markets or retail traders. Majority farmers (64%) noted that they
used motorbike as the main mode of transporting the produce from
the farms, followed by donkey carts (23%), motor vehicles (15%)
and bicycles (4%).

Middlemen or brokers play a crucial role in the food supply
chain aggregating and delivering food produce to other supply
actors such as wholesalers and retailers thus ensuring that the food
reaches diverse and distant markets. Many aggregators dealing with
horticultural produce were involved in trading with distant markets
across the country. Notable market destinations included Nairobi
(40km), Mombasa (524), Kilifi (580km), Malindi (639km), Kisumu
(306km), and Garissa (406km). The distribution and marketing
chain thus form a comprehensive network, with farmers, brokers,
aggregators, playing distinct roles seamlessly to ensure supply of
horticultural produce to both local and distant markets as one
aggregator noted below.

“There are retailers and wholesalers. We sell to markets in ...
Mombasa, Voi, Kisumu and Eldoret. There are around five
lorries that go to Mombasa daily, carrying potatoes, carrots,
Sukuma, and cabbages.” Vegetable aggregator.

3.3.2.1 Market outlets, Pricing structure, aggregation and
value distribution

Selling at farm gate which is the main outlet for most farmers
attracted the least price for their produce. As the farmers noted, at this
point they were price takers. The price offered to farmers increased as
you move away from spot farmgate selling. As Figure 7 shows, for
each of the produce where pricing data was available, it can be noted

10.3389/fhort.2024.1474056

that formal markets like supermarkets, specialized grocery stores and
institutions such as hospitals offered the highest prices, peaking at the
retail price in supermarket for the end consumer.

As noted in section 3.2.1 seasonality shapes horticultural produce
availability. This affects prices. According to KII with market actors,
the price of different commodities fluctuated according to seasons. For
example, cabbage and kale prices ranged from 0.08USD to 0.19USD
per kg whereas carrot prices fluctuated from 0.6 to 0.62USD during
glut and scarce periods respectively. Furthermore, interviews with
various market actors including specialized grocery stores,
supermarkets and aggregators selling to supermarkets and other
clients including restaurants, revealed that their target customers are
increasingly quality conscious and concerned with food safety. Driven
by these demands, the markets are restructuring their procurement
process and supply chains to ensure quality assurance which results in
high prices. This context is stimulating investments in cold chain
infrastructure, though many smallholder producers are not being
reached hence the gap persists. The study assessed farmers willingness
to pay for cold chain services to maintain the quality of their produce
from farm to the market. The results indicate that farmers are willing
to utilize cooling services, however, willingness to pay was only
considered by most when the cost is almost negligible. This may be
linked to the low value that farmers get from selling their produce.

Analysis of price data from the survey and the interviews with
KIIs showed that for most horticultural produce, farmers capture
below 30% of the value, since they sell mainly at farm gate (Figure 8).
Farmers targeting markets other than brokers generally received
slightly higher average prices for most of the produce.

However, t-tests results as summarized in Table 4 comparing the
mean prices farmers get of the five most grown and sold horticultural
crops at farm gate and when marketing beyond the gate, shows no
significant differences (p=0.05), except for Kales. The average Kale
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FIGURE 7
Farmers price distribution across the value chain.
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price at farmgate was M=7.9, SD=4.8, while beyond the farmgate it
was M=9.3, and SD=5.1 indicating significant difference, t (188)
=2.07, p<0.05, and a Satterthwaite’s degrees of freedom of 187.99.

Even though farmers felt exploited by brokers they persisted in
selling their produce at farm gate owed to the fact that brokers paid
them on delivery and the fact they provided a ready market for their
produce thus saving them from the hustle of searching for markets.
Most of the farmers indicated that they engaged with markets
individually, with no structured relations with buyers. This was
confirmed by the findings that showed that only less than 1% of the
farmers were involved in any form of contract farming, as a model
that can better structure their marketing and relations with buyers.
This can mitigate market fluctuations, uncertainty and price
volatility hence stabilize incomes.

Most of the key market actors indicated that they didn’t have
any agreed contracts but only informal mutual agreements with
farmers. Findings show that only 11% of the farmers belonged to a

TABLE 4 T-test of market prices of 5 major vegetables grown.

farmer group or cooperative, indicating limited aggregation or
collective marketing of horticultural produce. About 25% of the
farmers indicated that some factors they considered as key
motivator in joining a farmer group or cooperative is effective
leadership and management characterized by qualities like honesty,
transparency, trustworthiness, inclusivity, and accountability. Some
farmers (26%) expressed interest in joining a cooperative if it could
offer better market opportunities possibly enabled by cold storage
coupled with new knowlegde sharing and market information.
According to one of the aggregators, the horticultural value
chains are dynamic with comprehensive distribution and marketing
networks of farmers, brokers, aggregators, and farmers’ groups
playing distinct roles in catering to both local and distant markets.
However, as some of the key informants noted, lack of storage
and aggregation points and access to cold chain affects seamless
operations of horticultural value chains that results in significant
losses. Farmers expressed a desire to engage with markets that would

Crop Market point n Mean price Std. Dev. t p
Kales Farmgate 172 7.9 4.8 2.068** 0.02
Beyond farm gate 96 9.3 5.1
Spinach Farmgate 116 114 6.1 0.713 0.24
Beyond farm gate 24 12.5 7
Cabbage Farmgate 95 4.2 1.9 -0.732 0.75
Beyond farm gate 5 3.7 1.6
Carrots Farmgate 49 18.5 11 0.813 0.236
Beyond farm gate 4 25.8 17.8
Irish Potatoes Farmgate 119 25.7 10.1 -0.08 0.532
Beyond farm gate 14 254 12
©p<0.05.
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offer them better prices (Figure 9). Approximately 36% of the farmers
interviewed indicated a preference for selling directly to wet markets
in the country's major cities. Another 30% expressed an interest to
sell to institutional markets, including hospitals, hotels and hospitals,
as shown in Figure 9. Interestingly, supermarkets and export markets
were not mentioned as highly desired by many farmers. Discussions
with key informants showed that this was linked to the terms of
payment offered by the institutional markets and the stringent
requirements for accessing the supermarkets and export markets.

3.4 Diversification to high value
horticultural crops

The sampled farmers were asked to list crops they considered as
high value, in terms of economic return, that they were currently
not growing but would be willing to grow (Figure 10). The crops
mentioned were broccoli (24%) courgetti (15%), cabbage (12%),
and onions and potatoes (10%). Other crops mentioned by less than
10% of the farmers included carrots, herbs and spices, lettuce,
colored capsicum and fruits such as strawberries and tree tomato.

Farmers identified several factors that hindered their ability to
cultivate high-value crops. The main hindrance was the high cost of
production attributed to the high cost of inputs including seeds,
fertilizers, pesticides and other agricultural inputs. Water scarcity,
particularly for irrigation, was another key factor influencing the
production of high-value crops, as noted by 18% of respondents.
Land availability and marketing were also quoted as other factors
restricting the expansion of the production of high-value crops by
12% and 6% of the respondents respectively.

As some key informants noted, a key challenge for farmers is
that their production is not always guided by market demand. A
supply driven approach to production is a driver of postharvest loss,
especially when the farmers produce the same thing resulting in a
glut especially during high seasons. Limited access to cold storage
was mentioned to hinder production of some of the high value
crops which are temperature sensitive and highly perishable. The

Retail (wet) markets

10.3389/fhort.2024.1474056

informants noted that some of the product target niche markets that
would require careful handling.

4 Discussion

4.1 Significance of PHL in smallholder
horticultural value chains

The study confirmed that horticulture value chain is a key
economic activity and a source of livelihood for many smallholder
households and a wide network of value chain actors in Kiambu
County. The value chain comprises a variety of horticultural crops
cultivated in small sized farms. The susceptibility of horticultural
crops to PHL reported at farm level was further confirmed by the
findings of other researchers (Ambuko and Owino, 2023; Sibanda
and Workneh, 2020). PHL as value loss is a significant challenge
demonstrated by the fact that 65% of the farmers reported having
experienced postharvest losses. Despite PHL being a challenge in the
study area, the majority (96%) of farmers reported that they had not
taken any postharvest management measure to avert the PHL, a
factor which further aggravates the problem. This is mainly due to the
fact that farmers sell at the market gate, where the brokers played a
big role in harvesting, and are not always careful in the process. This
is also linked to limited extension support offered to farmers as was
noted in the study findings. The study further provided analysis to
demonstrate the differences in PHL by produce. While the challenge
of such self-reported data is acknowledged (Kitinoja and Fonseca,
2018), it shows the complexity and diversity of the horticultural value
chain that should inform how to structure solutions including cold
chain that factor these differences. Further considerations are needed
as the producing regions are experiencing climate change risks
including erratic rainfall patterns, temperature variability with
increasingly high temperatures leading to even quicker
deterioration and adverse effects on the product quality and
increase losses. The occurrence of pests and disease was cited as a
major contributor to PHL which compounded with other factors
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such as poor farming practices including use of poor-quality seeds,
poor soils, coupled with pre-mature harvesting exposes produce to
the risk of quality deterioration. This thus calls for the need to adopt
sustainable good agricultural practices which are a prerequisite to a
shift towards high-value crops that present an opportunity for
enhanced incomes amongst smallholder farmers. Effective training
programs and services are crucial for disseminating knowledge,
providing technical assistance, and supporting farmers in adopting
best practices to reduce losses. Low access rate of such services
highlights a significant gap in support to smallholder farmers,
which has a ripple effect along the value chains. The bias of
delivering extension services mainly toward productions issues has
resulted in limited investment in PHL extension (Kitinoja and
Fonseca, 2018). Thus, enhancing farmers’ capacity on good
agricultural practices, PHL coupled with technology access and
adoption by smallholder farmers is needed.

4.2 Understanding PHL through
market structures

The findings show that PHL is a factor in how markets function
and are structured, influenced by limited investment in the requisite
infrastructure especially at the domestic level. Access to reliable
infrastructure such as roads, cold chain including storage and
transportation is critical to getting produce from farm to the markets
in an efficient way thus minimizing loss and related impacts. Results of
the study show that such infrastructure is not within the reach of the
smallholder farmers, and they mostly depend on third parties for these
kinds of services. This prevents farmers and other value chain actors
from capturing value from the farm produce. Only 17% of the farmers
interviewed had access to storage facilities. This is a key driver for
farmers selling their produce immediately after harvest at the farm gate
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to brokers. Typically, harvesting occurs when these buyers are present
on the farm. In most cases the horticultural produce that is ready for
harvest can spoil if the buyers don’t show up at the right time or at all,
especially in periods of glut production, and especially when farmers
lack other alternative market options. In cases where the buyers don't
show up, some farmers opt to leave the produce on farm for as long as
they can, and others opt to use it as animal feed. The implications are
high losses in volumes and quality in these supply chains. These losses
are discounted from the farm-gate prices offered by the off-takers.
Thus, the lack of required infrastructure is a direct contributor to PHL
and loss of incomes for farmers.

Thus, PHL is both a factor and an effect of how smallholder
farmers engage with the market dynamics. Results from the study
showed that most farmers (85%) attributed PHL to market related
challenges and dynamics. Whereas aggregation and transport
facilities at the farm gate are key to expanding the market reach,
most of the farmers indicated that they relied on the capacity of the
brokers/middlemen to offer market linkages of their produce by
buying at farm gate. However, the farmers indicated that the
brokers offered low prices which limits their potential to reap full
benefits and profitability of their farm enterprises.

This lack of significant price variation can be attributed to the
informal market structures in Lari sub-county, which do not show
substantial price differences between selling at the farm gate and
beyond. This situation is exacerbated by individual marketing
practices, which diminish farmers” bargaining power, even when
they transport their produce to farther markets. Additionally, the
lack of a cold chain means that farmers are often forced to accept
the prices offered at the market, even if they are not better than
those at the farm gate. As other studies have shown, the supply
chain inefficiencies are passed on to the farmer (Roy, 2015). The
dominance of an informal horticultural value chain is characterized
by low integration of quality and safety standards that shape
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practices around production, harvesting, handling, and marketing
which are key drivers of PHL. Scholars (Mvumi and Stathers, 2020;
Islam et al., 2022) note the challenge of most smallholder
horticultural farmers inability to adhere to local and global
standards (e.g. GlobalGap) in the horticultural value chains is tied
to the informality in their operations and transactions, coupled with
lack of requisite infrastructure such as storage and transportation
that contributes to high PHL.

On the other hand, membership to producer organizations
gives farmers bargaining power that can facilitate efficient
marketing and reduced exploitation by middlemen. Results
indicate that only 11% of the farmers belonged to a farmer group
or cooperative, which clearly depicts that there is limited
aggregation or collective marketing which further exposes the
farmers to exploitation by middlemen. This justifies the report by
(UNEP and FAO, 2022) which indicates that to enhance
productivity, and profitability of smallholder farming enterprises
calls for development of aggregation facilities near farms with
transport services which would facilitate farmers’ market
connectivity and direct access to far and high-end markets which
offer better prices.

4.3 Investment in cold chain to address
PHL and value creation

Although farmers reported that most of the PHLs are
experienced at farm level during harvesting, significant losses
occur due to inefficient arrangements across the entire value-
chain including lack of postharvest technologies such as cold
chain facilities. There is need to integrate cold chain storage
solutions across the entire postharvest processes including sorting,
grading and packing, transportation, and marketing. Enhancing
access to the cold chain is key to supporting farmers and other agro-
entrepreneurs to reduce PHL and increase product shelf-life which
would eventually facilitate better and higher prices.

Investments in cold chain can potentially improve the distribution
of temperature sensitive horticultural produce to smaller and distance
markets whilst enhancing farmer benefits. The findings confirm that
there is need for investment in cold chain for smallholder driven
horticultural value chains targeted as a way of structuring the
domestic market supply chains to become more efficient. This
needs to be considered especially because of consumption gaps of
vegetables and even fruits in Kenya, with a skew against regions with
limitations in production and certain urban populations (Holdsworth
et al.,, 20205 Li et al., 2024). There is a need to stimulate investment in
cold chains for domestic markets as an important element in
improving the effective handling and marketing of the horticulture
value chains to reduce losses that will also affect prices. This can
improve on the retaining of nutritive value and food safety while
increasing availability, access and affordability of the horticultural
produce for the local populations (Holdsworth et al., 2020; Kitinoja
and Njie, 2021). The investment in such infrastructure should be
driven by the goal of linking the smallholders to well-paying markets.
As Islam et al. (2022) have noted, cold chain not only reduces the
economic and opportunity costs of food loss but supports in
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positioning farmers in markets. In addition, enabling the
restructuring of the currently fragmented and inefficient domestic
focused horticultural supply chain, which is the focus form most
smallholder farmers. Therefore, cold chain access can unlock the
discriminatory prices farmers are getting for their produce and may be
enabled through access to structured markets. However, the guiding
principle for considering such investments is the opportunities
presented for inclusive business models that will make cold chain
accessible to all smallholder producers and enterprises, including for
marginalized groups such as women and youth but also enable them
to derive the value from such infrastructure.

5 Conclusion

The study took a needs assessment approach to understand
postharvest challenges facing smallholder farmers engaged in
diverse horticultural value chains as a combination of many
factors that relate to value preservation and value capture. The
temperature sensitive nature of horticultural produce makes them
highly perishable, resulting in high losses. While there are some
differences between different crops, the points of loss are similar and
occur during harvest, marketing, transporting and storage. For
many smallholder farmers, a combination of limited knowledge
and extension support and gaps in access to necessary technology
including cold chain are key drivers. This is affecting the availability
of horticultural produce that affects food and nutrition security and
the resultant loss of income for farmers. However, important
drivers for high PHLs in horticulture are the market dynamics
and the inefficiencies along the supply chain. The findings highlight
drivers including insufficient logistics and limited infrastructure
including cold chain as critical gaps in the horticultural value chain
that have disadvantaged many smallholder farmers in Kenya.

The focus therefore is beyond cold storage that has been the
dominant area of focus of research and investment. However, the cost
of cold chain infrastructure is notably high which has been a
constraint for government investments. As the findings of this
study, there are various drivers that are presenting more
opportunities in evolving domestic markets and expansion into
export for the private sector to invest. However, given the
magnitude of the needs, including the imperative to reduce food
loss to address food and nutrition challenges and the opportunity to
enhance livelihoods of smallholders and other small agro-enterprises,
public-private partnership (PPP) business models may present viable
options for enabling investment at scale. There is need to develop
these models and test how they contribute to bringing the
smallholder dominated horticultural sector in developing countries
like Kenya into a systematic supply chain that can enable value
preservation and capture for its growth and development.

The study points to areas for further research. These include
exploring the types of models needed to deliver knowledge, capacity
support coupled with the requisite cold chain infrastructure and
market connectivity to address food loss through efficient horticulture
supply chains. There are knowledge gaps in understanding the
opportunities presented by aggregation and collective action of
smallholder farmers. Additionally, there is still limited
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understanding of some of the gender equity and social inclusion
considerations to enable inclusive business models for market-led
PHL reduction. There is need to interrogate the role of policies as
enablers for accelerating investments in restructuring the horticulture
supply chains that consider value preservation and creation, and the
price effects on horticultural products that are especially important
for nutrition. Further, there is need to understand the influence of the
food environment, especially the dynamics and the spatial
distribution of markets and the effect on food loss. This can inform
how best to strategically plan for and invest in cold chain deployment
including integration of inclusive business models that can work best
for smallholder-dominated horticultural value chains.
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