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ARTICLE INFO ABSTRACT

Keywords: A common avenue to enable adoption of technologies and practices by small-scale producers is by means of
Shrimp farming farmer clusters. These are achieved by building networks and partnerships between farmers and other actors
Viem?{m within the supply chain. This paper examines the role that farmer clusters play in the adoption of practices and
?i:’;“o“ technologies by shrimp farmers in Vietnam. Understanding the decisions that lead to adoption is important

because these have a key impact on sustainable land use in aquaculture. We report on two complementary
studies that test the role of farmer clusters in accessing different sources of knowledge and the trust associated
with each of the knowledge sources. First, a survey (N = 193) tested the relationship between cluster mem-
bership and adoption, and showed that shrimp farmers who are members of farmer clusters are more likely to
adopt three types of pond management practices (i.e. water quality management, feed input, and disease control
practices). Furthermore, frequency of interaction with, and trust related to, key stakeholder actors could partly
explain this relationship. Second, focus group discussions further zoomed into the dynamics that underlie the
adoption of technologies and practices by cluster farmers and non-cluster farmers, respectively. We found that
input retailers, buyers and hatcheries were only valued for their input on specific products and issues, but not
trusted, as the information always needed being verified through testing by, amongst others, neighbors.
Consequently, trust relations with these actors can be described as strongly calculative. Farmer clusters increase
trust and tighten relationships between members. As a result, members trust each other when verifying in-
formation or sharing knowledge acquired from less trusted sources. On the basis of these results, we argue that
reliance on existing farmer networks (i.e. clusters) is a viable tool to improve adoption of sustainable technol-
ogies and achieve land use planning objectives. Further implications for research and policy are discussed.

Group farming
Farmer clusters

1. Introduction

Aquaculture is projected to continue to grow by reaching a pro-
duction of 187 million tons by 2030 (World Bank, 2013), and become
the primary source of fish for human consumption. Recent research on
the future of aquaculture development highlighted the diversity and
magnitude of the risks faced by the sector and associated negative social
and environmental outcomes generated by this rapid growth (FAIRR,
2019). The aquaculture sector is geographically centered in Asia where
90% of the global production happens (FAO, 2018) — dominated by
emerging small and medium scale commercial enterprises that have

gradually been intensifying their production since the late eighties
(Belton et al., 2017).

With increasing risk for producers and mounting competition for
natural resources, planning aquaculture development is a priority for
main producing countries in order to sustain sector growth and sus-
tainable land use. As such, the development of shrimp farming in
coastal zones has become a key example of land use transformation and
need for regulation (Bush et al., 2010; Le et al., 2018; Tran et al., 2018).
Attempts to steer the aquaculture sector toward more sustainable
practices, organized at the landscape level to mitigate negative impact
and integrate producers within the landscape, has met with limited

* Corresponding author at: Strategic Communication Group, Sub-department Communication, Philosophy, and Technology, Wageningen University, P.O. Box 8130,

6700 EW Wageningen, the Netherlands.
E-mail address: marijn.poortvliet@wur.nl (P.M. Poortvliet).

https://doi.org/10.1016/j.aquaculture.2020.735181

Received 28 October 2019; Received in revised form 25 February 2020; Accepted 27 February 2020

Available online 29 February 2020

0044-8486/ © 2020 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).


http://www.sciencedirect.com/science/journal/00448486
https://www.elsevier.com/locate/aquaculture
https://doi.org/10.1016/j.aquaculture.2020.735181
https://doi.org/10.1016/j.aquaculture.2020.735181
mailto:marijn.poortvliet@wur.nl
https://doi.org/10.1016/j.aquaculture.2020.735181
http://crossmark.crossref.org/dialog/?doi=10.1016/j.aquaculture.2020.735181&domain=pdf

O.M. Joffre, et al.

success (Ha et al., 2013; Bottema et al., 2018; Nguyen et al., 2019).
However, in Asia, adoption of technologies, standards and practices by
small and medium scale farmers often translate in bottlenecks for mi-
tigating negative impacts and safeguarding landscape values (Blythe
et al., 2017; Diedrich et al., 2019).

Technology and practice adoption research has recently become
popular within the field of aquaculture studies that look at adoption of
aquaculture technologies and practices from various angles. The most
dominant strands of research explains adoption by analyzing farm
characteristics (e.g., Diedrich et al., 2019; Engle et al., 2017; Ngoc
et al., 2016), by integrating social dynamics (Blythe et al., 2017;
Brugere et al., 2017) and risk perceptions (Lebel et al., 2016; Joffre
et al.,, 2018). These approaches suggests that adoption of improved
aquaculture technologies and practices requires an understanding of
farmers' decision making, and should take into account the socio-eco-
nomic context in which farmers operate and introduce innovations
(Bush et al., 2013; Bottema et al., 2018). These strands of research also
recognize that the process of adoption is not a discrete event only, but
as a continuous process of adaptation and learning and highlights the
potential of collective action, such as farmer clusters, for adoption and
of technologies and practices (Joffre et al., 2019; Bottema, 2019).

This strand of research follows the approach promoted by govern-
ments and development agencies to enable adoption and adaptation of
technologies and practices by small-scale producers through supporting
the creation of agricultural clusters in which there is a strong emphasis
on building networks and partnerships between farmers and other
supply chain actors (Umesh et al., 2008; Ha et al., 2013; Ramirez et al.,
2018; Van der Lee et al., 2018). Clusters can be defined as “...a geo-
graphically proximate group of interconnected companies and asso-
ciated institutions in a particular field, linked by commonalities and
complementarities...” (Porter, 2000, p. 16). This definition allows for a
wide range of diversity in terms of structure and organization, and
types of interaction between actors, which may also include geo-
graphical proximity and concentration. Clusters are diverse and their
structure and composition affects the outcomes of the cluster (Matous,
2015). Examples of spontaneous and accretive organized clusters (Hu
et al., 2019) or more formally organized organizations (Ha et al., 2013)
exist in the aquaculture sector. Clusters diversify the type and range of
relationships between producers and other actors within the value
chain (Van der Lee et al., 2018; Hu et al., 2019) and optimize the flow
of knowledge technology and support services in order to innovate
(Chan et al., 2010). These clusters are different from knowledge net-
works as they can deliver not only technical upgrading, but also value
chain and institutional upgrading with, for example, more sophisticated
input and output service arrangements or facilitate the establishment of
quality standards for products (Van der Lee et al., 2018).

Such clusters should enable vertical and horizontal coordination be-
tween actors of the value chain. Linkages with different segments and
actors of the value chain are comprised under vertical coordination
(Dirven, 2001; Molema et al., 2016; Kilelu et al., 2017a), in order, for
instance, to provide inputs and services to farmers and to buy, trade and
process products from farmers. Collective action between producers
who aim to reduce costs is comprised under horizontal coordination
(Mohan and De Silva, 2010; Kassam et al., 2011; Ha et al., 2013), such
as by forming cooperatives or joint input purchases, or by organizing
group-learning events around technical topics.

Hence, in this study we distinguish between farmers acting in-
dividually with other actors of the value chain and supporting actors,
and farmers that are part of organized as a group to foster interactions
with other value chain segments. We call the latter ‘farmer cluster’ (see
also Fig. 1 below). It has been argued widely that farmer clusters have
benefits for farmers as they enable collective action and joint learning
and improve farmer's bargaining position and offer possibilities to
lower costs based on scale (Brunori and Rossi, 2000; Devaux et al.,
2009; Kilelu et al., 2017a: Zhong et al., 2018), but the degree of vertical
integration, types of governance arrangements, and collective action in

Aquaculture 523 (2020) 735181

terms of inclusiveness and fostering trust between farmers) (Bijman and
Wijers, 2019; Kilelu et al., 2017b) varies greatly.

In aquaculture, this diversity which influences the performance of
the farmer clusters has been analyzed within the shrimp industry in
Vietnam (Ha et al., 2013; Joffre et al., 2019). However, the underlying
mechanisms that drive adoption of technologies by aquaculture farmer
clusters are still not well understood. This is especially true with regards
to the degree by which relevant actors interacting with farmer clusters
influence adoption of technologies and practices. This is an important
question, as it has been shown that farmers mobilize different sources of
knowledge for specific adoption decisions (Aguilar-Gallegos et al.,
2015; Cofré-Bravo et al., 2019; Kuehne et al., 2017; Lambrecht et al.,
2014), in which the nature of the relationships primarily depends on
the actors and the decisions they take. Some actors, such as fellow
farmers, may hold close social proximity and high trust relationships,
while other actors may hold more distant relationships and a lower
degree of trust (Cofré-Bravo et al., 2019; Agyekumhene et al., 2018).

Therefore our research sets out to answer the question: In which
ways do aquaculture farmer clusters facilitate access to, and foster trust
in, specific sources of knowledge and ultimately enable adoption of
technologies and practices? In order to answer this question we employ
a mixed-methods approach and report on two complementary studies.
The first is a survey to establish the relationship between clustering,
quality and quantity of farmer interactions, and adoption of farming
practices; the second consists of a focus group procedure to more fully
understand how farmers maintain relations with, and to what degree
their decision making is influenced by, relevant network partners.

The current study considers the case of shrimp farming in the
Mekong Delta to investigate the role of aquaculture farmer clusters in
determining access to knowledge and influencing adoption of agri-
cultural practices. In Section 2 of this paper, we present our analytical
framework (Section 2.1), followed by the research context (Section
2.2). Sections 3 and 4 describe the method and results of the quanti-
tative approach taken in Study 1, and the method and results of the
qualitative approach of Study 2, respectively. Section 5 discusses the
main findings of our mixed-methods approach, before offering a con-
clusion in Section 6.

2. Methodology
2.1. Analytical framework

Several dimensions and drivers influence adoption of aquaculture
technology. Economic and social factors and technical characteristics of
technologies influencing adoption are well studied (Blythe et al., 2017;
Kumar et al., 2018; Diedrich et al., 2019). However, little is known,
within the aquaculture sector, about access to knowledge and trust
related to the knowledge source throughout the adoption process
(Aguilar-Gallegos et al., 2015). Therefore, we focus our analysis on
access to knowledge and the perceived quality of the knowledge ac-
quired by farmers with a specific focus on the role played by trust, that
we define as a positive expectation about the thoughts, behavior and
decisions of others for oneself based on past experiences (Lewicki and
Bunker, 1996). In addition, we look at the role farmer clusters might
have in fostering relationships of knowledge exchange.

In agricultural research literature, frequency of relationships and
trust associated with the knowledge source are analyzed as determi-
nants of adoption of technologies and practices. Frequency of interac-
tion with relevant network partners is one of the factors influencing
adoption of technologies and practices. In addition to frequency, the
quality or character of the relationship with these partners is often also
considered important in the sharing of knowledge (Reed, 2008; De
Vries et al.,, 2017). Various authors have argued that trust plays an
essential role in these contexts. More specifically, knowledge-sharing
and learning literature generally describes trust as a smoother of in-
formation-sharing and learning (Reed, 2008; Leeuwis, 2000), helpful in
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Fig. 1. Conceptual model describing the adoption of aquaculture practices, distinguishing between a) non-cluster farmers and b) cluster farmers.

dealing with uncertainty and change that are inherently part of these
processes (Pahl-Wostl, 2009), a key determinant for success (Berkes,
2009) or an objective in its own (Fazey et al., 2012).

We propose an analytical framework that explores the causal re-
lationship between farmer clusters, how these affect the frequency of
interaction with different sources of knowledge and the trust associated
with each of these sources of knowledge to ultimately facilitate adop-
tion of aquaculture technology and practices (Fig. 1). We expect that
both types of relational features — the quantity (interaction frequency)
and the quality (trust) — can act as informational resources: farmers are
influenced by those they meet frequently and by those they trust. This
can explain why cluster farmers adopt more farm management prac-
tices as a result of better-developed and more formalized networks (see
Fig. 1).

Based on field observation and Joffre et al. (2019), we used 5 dif-
ferent type of sources of knowledge for shrimp farmers: i) extension
services; ii) shrimp buyers; iii) hatcheries and nurseries; iv) input re-
tailers and v) neighbors — other shrimp farmers and tested our model on
three groups of aquaculture technologies and practices: i) water man-
agement; ii) feed inputs and iii) disease control.

2.2. Research context and research approach

The Mekong Delta is one of the planet's fastest-transforming

agricultural landscapes of the last decades (Le et al., 2018). Beginning
in the 1990s the landscape has undergone rice intensification, diversi-
fication of agriculture, and the boom of aquaculture — both in fresh-
water and coastal areas. Institutional and legal reforms, innovation in
agriculture and aquaculture, and investments in infrastructure enabled
the transformation (Drogoul et al., 2016). Previously the poorest in the
Mekong Delta, the coastal area was converted into a shrimp aqua-
culture landscape in the 1990s at the expense of mangrove and rice
fields. Since then the area devoted to shrimp aquaculture has remained
stable, encompassing an area of 650,000 ha in 2016 (GSO, 2016).
Compared to the shrimp industry in neighboring Thailand, which was
heavily affected by disease outbreak leading to farm bankruptcy and
abandoned ponds (FAO, 2019; Piamsomboon et al., 2015), Mekong
Delta's shrimp producers managed to mitigate disease risk while in-
tensifying their production system.

In sharp contrast to the Mekong Delta's pangasius sector, which
gradually excluded smallholder producers (Bush and Belton, 2012), the
shrimp sector is still dominated by smallholding farmers. Smallholders
operate most of the shrimp cultivated area and contribute significantly
to the volume of shrimp produced and exported (World Bank, 2014).
Innovation and adoption of techniques by smallholders allowed a rapid
increase in production, from about 70,000 tons in the 1990s to over
500,000 tons in 2016. Farmers have continuously been adopting new
technologies and a wide range of systems aimed at intensifying
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production, which can be found throughout the coastal landscape (Boyd
and Engle, 2017; Joffre and Bosma, 2009). Since 2012, the cultivation
of both Penaeus vannamei and P. monodon has allowed producers to
diversify their strategies.

Due to the multitude of smallholding farmers operating in the area,
and the fact that they share a common resource (water), governmental
and non-governmental parties alike promote adoption of technology
through farmer clusters. The government and non-government organi-
zation developed farmer clusters as a strategy to upscale production to
upscale production and to improve the quality and environmental
performance of shrimp farms by using them as an entry point for ex-
tension services, NGOs and projects to transfer knowledge, upgrade
production, access market (Ha et al., 2013), and enforce water man-
agement and disease prevention regulation (Dung et al., 2017).

In the Mekong Delta, farmer clusters are an organized group of
producers. Farmer clusters aim at promoting exchanges and interac-
tions between farmers and with private sector parties (e.g. feed com-
panies or hatcheries). Compared to traditional “cooperatives”, farmer
clusters have limited legal obligations and no collectivization of assets
(Cooperative law 2003). As mentioned by Ha et al. (2013), a farmer
cluster is a simplified form of a cooperative with no self-responsibility
for financial obligations within the scope of charter or accumulated
capital. Vietnamese shrimp farmer clusters are heterogeneous, diverse
in their form, size and linkages with the private sector (Joffre et al.,
2019), and combine different characteristics of agricultural clusters
found in the literature, such as types of vertical and horizontal co-
ordination.

This study is comprised of two consecutive phases for which an
explanatory sequential mixed-method design was used (Creswell,
2014). Such a design was chosen to test the role of farmer clusters in
accessing different knowledge sources and the trust associated with
each of the sources. The first study consisted of a survey design, aimed
at understanding the influence of farmer clusters on the frequency of
interaction with, and trust related to, different sources of knowledge
and the extent to which these variables influenced adoption of aqua-
culture technologies The second study was carried out to further ex-
plore the underlying links between farmer clusters and adoption of
technology and was comprised of focus group discussions (FGDs). The
focus of the FDGs was based on the results of Study 1, and the FGDs
discussed knowledge exchange in relation to the key-stakeholders
(buyers, retailers, extension service, hatcheries, neighbors).

3. Study 1
3.1. Method

3.1.1. Sample and procedure

The survey was conducted in January 2019 in 5 districts of Soc
Trang and Bac Lieu provinces in the Mekong Delta (Fig. 2). In total, 193
shrimp farmers were interviewed, 104 of whom belonged to a farmer
cluster. In total 14 farmer clusters were included in the sample. Survey
sites were selected in collaboration with the provincial Department of
Agriculture and Rural Development in order to cover a wide range of
farming intensity from extensive to intensive shrimp farming. Survey
sites corresponded to a Commune and included both members and non-
member of a farmer cluster. Within each area, surveyed hamlets were
selected based on accessibility while farms were selected randomly.

Farmer clusters varied in size (5 to 39 members). All clusters sur-
veyed were more than 7 years old, with one formed in 1994 (25 years of
existence). The majority of the clusters (63%) had specific arrange-
ments with feed companies (or their feed distributors) for bulk purchase
(with specific discount prices and technical support from company
technicians), but less then (37%) were contracted by processing com-
panies to secure market prices.

The survey was composed of several sets of questions, including
farm characteristics (farmed area, number of ponds, stocking density of
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the two shrimp species), membership in a farm cluster, the frequency of
interaction with different sources of knowledge within the farmer's
network, the perceived trust in those information sources, and the
adoption of 17 aquaculture practices (the full list of survey items is
provided in the supplementary materials). Trust in information sources
was measured with six items per network partner (Schoorman et al.,
2007). Aquaculture practices included water quality management
practices, feed inputs-related practices, and disease control practices.
Selection of the 17 aquaculture practices was based on a consultation
with local experts and previous field research (Joffre et al., 2019). The
experts were asked to identify the most important practices used in
shrimp farming in the Mekong Delta. The sources of knowledge ex-
plored were related to public sector actors that included extension
services, input retailers, hatchery and nursery managers, shrimp buyers,
and neighbors. Questions related to adoption, frequency of interaction
with knowledge sources, and perceptions of trust were framed ac-
cording to Likert-type scales (e.g. to assess level of trust, 1 = disagree
strongly; 5 = strongly agree).

3.1.2. Analysis

For the analysis, we used farm characteristics as control variables.
We assessed frequency of interaction with five different sources of
knowledge within the farmer's network, and the perceived trust in those
five information sources (each trust score was a composite score of the
six underlying items). Aquaculture practices were grouped into 3 ca-
tegories related to i) water quality management (6 items: use of pro-
biotics to improve water quality; use of carbohydrates; water treatment
pond; stocking of tilapia in treatment pond; use of quality test kit; use of
minerals), ii) feed input (4 items: use of probiotics to improve digestion
and shrimp gut health; high quality feed; use of vitamins and minerals;
use of feed additives); and iii) disease control practices (7 items: use of
pathogen-free PLs; high quality post larvae; deployment of biosecurity
measure to prevent access of pathogens; use of antibiotics, line pond
bottom, monitor vibrio concentration during the culture period; in-
dependent pathogen tests on purchased PLs). The level of adoption of
the new variables was computed by averaging the adoption level of the
different practices making up this new variable.

In order to test our research model (Fig. 1), we first performed a
series of hierarchical regression analyses, after which we performed a
formal test of mediation to see whether the interaction frequency and
perceived trust (middle blocks in Fig. 1) could explain the association
between farm clustering and the adoption of farming practices. The
model aims at exploring what drives the adoption of three types of
aquaculture practices: (1) water quality management, (2) feed inputs,
and (3) disease control. To analyze these adoption processes, a series of
three separate hierarchical regression analyses were performed, each
focusing on one of the dependent variables. Each hierarchical regres-
sion analysis included four steps. In Step 1 control variables were en-
tered: size of the farm in hectares, number of ponds, and densities of the
two shrimp species; in step 2 our main independent variable — clus-
tering — was included; by performing this step we wanted to establish
whether clustering could predict the dependent variables beyond the
farm characteristics (i.e. the control variables). Finally, in Step 3 fre-
quency of interaction and levels of trust were added. These steps were
aimed at establishing whether the association between clustering and
farming practices would statistically decrease (i.e. their regression
weights becoming smaller or insignificant) upon entering the hy-
pothesized mediators: frequency of interaction and perceptions of trust.

Finally, to formally test for mediation, a series of bootstrap analyses
(Preacher and Hayes, 2004) was employed to test the reduction in the
direct effect between clustering and the three different types of farming
practices of interest. This approach involves computing 95% confidence
intervals (CIs; 5000 bootstrap resamples) around indirect effects;
mediation is indicated by CIs that do not contain zero.



O.M. Joffre, et al.

Ho£207,

Agriculture

Shrimp Aquaculture
- Mangrove - Shrimp

- Mangrove
. Survey Site

Aquaculture 523 (2020) 735181

CHINA

BURMA
LAOS

THAILAND

Gulr or
Tonkin

VIETNAM

Gurt or ¥
Thaitana

0 15 30 ' 60 90 120

Fig. 2. Study area and survey sites (indicated by red dots) in Bac Lieu and Soc Trang provinces in the Mekong Delta. (For interpretation of the references to colour in

this figure legend, the reader is referred to the web version of this article.)

3.2. Results

3.2.1. Descriptive statistics

Means and standard deviations of the study variables are reported in
Table 1. Participants reported having frequent interactions with
neighbors, and less frequent interaction with buyers. Perceived trust
was highest for extension services and neighbors, and lowest for buyers.
Average scores for current adoption of water quality management and

Table 1

input feed inputs were slightly above the scale midpoint, while the
average score for disease control practices was a bit below the mea-
surement scale's midpoint, with plausible variations in the responses.
This indicates that our sample represents an adequate range of adop-
tion. We also explored differences between farmers who are part of a
cluster, and non-cluster farmers. Relative to non-cluster farmers, cluster
farmers tend to have a higher number of ponds, a higher stocking
density of vannamei shrimp, and more frequent interactions with

Means and standard deviations of the study variables for the whole sample, for both non-cluster and cluster farmers.

Total sample

Non-cluster farmers Cluster farmers

M SD M SD M SD
Farm size 1.77 2.69 1.78 3.72 1.77 1.28
Number of ponds 3.72 2.68 3.09 2.77 4.26 2.49
Stocking density P. vannamei 30.81 28.08 23.71 23.94 36.88 29.99
Stocking density P. monodon 8.08 9.29 7.82 10.76 8.31 7.86
Extension service interactions 3.60 1.09 3.30 1.03 3.85 1.09
Input retailers interactions 2.98 1.31 2.92 1.12 3.04 1.45
Hatchery and nursery interactions 2.74 1.22 2.38 1.06 3.04 1.28
Buyers interactions 2.15 1.16 2.08 0.96 2.20 1.30
Neighbors interactions 4.02 0.095 3.92 0.79 4.10 1.07
Extension service trust 4.07 0.55 3.92 0.51 4.21 0.55
Input retailers trust 3.33 1.11 3.37 0.82 3.29 1.31
Hatchery and nursery trust 3.48 0.88 3.31 0.76 3.62 0.96
Buyers trust 2.80 0.94 2.78 0.73 2.81 1.10
Neighbors trust 4.27 0.59 4.13 0.45 4.38 0.67
Water quality management practices 3.54 0.96 3.22 1.00 3.82 0.82
Feed input practices 3.61 1.25 3.21 1.38 3.96 1.02
Disease control input practices 2.40 0.54 2.29 0.56 2.49 0.51

Note. M = mean. SD = standard deviation. Significant different means between cluster and non-cluster farmers are indicated by bold typeface (all Fs > 5.74, all

ps < .05).
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Table 2
Results of hierarchical regression analyses on water quality management
practices.

Step and variables 1 2 3

1. Farm size -0.11 -0.09 —0.05
Number of ponds 0.43 0.38 0.32
Stocking density P. vannamei 0.23 0.20 0.16
Stocking density P. monodon 0.04 0.05 0.04
2. Cluster 0.18 0.08
3. Extension service interactions 0.15
Input retailers interactions 0.19
Hatchery and nursery interactions 0.03
Buyers interactions —0.14
Neighbor interactions 0.02
Extension service trust 0.01
Input retailers trust —0.06
Hatchery and nursery trust 0.09
Buyer trust 0.05
Neighbor trust 0.25
AR? 0.29 0.03 0.15
Corrected R* 0.28 0.30 0.43

Note. Standardized regression coefficients are being reported.
*p < .05.
= p < .01
we p < .001.

extension services, hatcheries and nurseries Furthermore, they also
reported higher levels of trust in extension services, hatchery, and
neighbors. Finally, cluster farmers adopt more practices related to
water quality management, feed input, and disease control. In all, we
observed considerable differences between both types of farmers re-
lated to their structural, perceptual, and behavioral characteristics.

3.2.2. Regression results

This study set out to investigate what drives three types of aqua-
culture practices, (1) water quality management, (2) feed inputs, and
(3) disease control. Hence, a series of three separate hierarchical re-
gression analyses were performed, each focusing on one of the depen-
dent variables. As discussed, in Step 1 we entered farm characteristics
as control variables: size of the farm in hectares, number of ponds, and
densities of the two shrimp species; in step 2 the independent variable
of clustering was included; in Step 3, frequency of interaction with
different sources of knowledge within the farmer's network and the
perceived trust in those information actors were entered. The first
analysis regressed water quality management practices on the predictor
variables as described above (see Table 2). Step 1 controlled for farm
characteristics; it showed that adoption of water quality management
practices is significantly related to increased farming intensity of P.
vannamei and the number of ponds in the farm. Step 2 showed that
clustering positively predicted water quality practices. Upon entering
frequency of interaction and levels of trust, clustering was no longer
significant, suggesting that the frequency of interaction and levels of
trust could explain the association. Specifically, interactions with ex-
tension services and input retailers positively predicted adoption of
water quality practices, while those with buyers had a negative re-
lationship. Also, trust in neighbors was positively associated with water
quality-related farmers' practices.

The second analysis regressed feed input practices on the predictor
variables (see Table 3). As in the first regression analysis, we controlled
for farm characteristics in Step 1 and this indicated that stocking den-
sity of P. vannamei and P. monodon predicted adoption of feed input
practices, as well as the number of ponds. Then, Step 2 showed that
clustering positively predicted feed input practices. Upon entering fre-
quency of interaction and levels of trust, clustering was no longer sig-
nificant, suggesting that frequency of interaction and levels of trust
could explain the association. Specifically, frequency of interaction
with input retailers positively predicted feed input practices, as well as
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Table 3

Results of hierarchical regression analyses on feed input practices.
Step and variables 1 2 3
1. Farm size -0.13' -0.10 -0.11
Number of ponds 0.32 0.28 0.23
Stocking density P. vannamei 0.37 0.35 0.32
Stocking density P. monodon 0.17 0.18 0.18
2. Cluster 0.15 0.07
3. Extension service interactions 0.08
Input retailers interactions 0.28
Hatchery and nursery interactions 0.05
Buyers interactions —0.02
Neighbor interactions —-0.03
Extension service trust —0.05
Input retailers trust -0.14
Hatchery and nursery trust 0.14
Buyers trust 0.00
Neighbor trust 0.15
AR? 0.40 0.02 0.11
Corrected R* 0.38 0.40 0.49

Note. Standardized regression coefficients are being reported.
Tp < .10.
*p < .05.
= p < .01.
=+ p < .001.

Table 4

Results of hierarchical regression analyses on disease control practices.
Step and variables 1 2 3
1. Farm size -0.13' -0.12 -0.13'
Number of ponds 0.23 0.22 0.16"
Stocking density P. vannamei 0.47 0.47 0.46
Stocking density P. monodon 0.09 0.09 0.07
2. Cluster 0.02 —0.02
3. Extension service interactions 0.21
Input retailers interactions 0.15'
Hatchery and nursery interactions —0.05
Buyers interactions 0.07
Neighbor interactions 0.07
Extension service trust —0.07
Input retailers trust —0.04
Hatchery and nursery trust 0.09
Buyers trust —0.02
Neighbor trust 0.02
AR? 0.37 0.00 0.09
Corrected R? 0.36 0.36 0.41

Note. Standardized regression coefficients are being reported.
Tp < .10.
* p < .01.
= p < .001.

trust in hatchery while neighbors positively predicted feed input prac-
tices.

The final regression analysis regressed disease control practices on
the predictor variables (see Table 4). Step 1 controlled for farm char-
acteristics and showed that adoption of disease control practices is
significantly related to increased farming intensity of P. vannamei and
the number of ponds in the farm. Step 2 did not show a relationship
between clustering and predicted disease control practices. Upon en-
tering frequency of interaction and levels of trust in Step 3, results
showed that interactions with extension services were positively related
to disease control practices.

3.2.3. Mediation analyses

Mediation is indicated when the relationship between an in-
dependent variable and a dependent one runs via a mediating variable —
see Fig. 1 for the research model that describes how clustering leads to
the three types of farming practices via frequency of interaction and
levels of trust. Hence, mediation means that the independent variable
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Table 5
Bootstrap analyses of indirect relationships.
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Mediator Water quality practices Feed input practices Disease control input practices
Indirect effect SE  95% CI for indirect effect Indirect effect SE  95% CI for indirect effect Indirect effect SE  95% CI for indirect effect
Lower Upper Lower Upper Lower Upper

Ext. service interactions .06 .04 .00 .16 .04 .04 -.02 .15 .05 .02 .01 .11
Input retailers interactions .00 .03 -.05 .08 .01 .05 -.09 12 .00 .01 -.02 .03
Hatchery interactions .01 .03 -.05 .08 .03 .04 -.04 13 -.01 .02 -.08 .02
Buyers interactions -.01 .02 -.08 .02 .00 .01 -.05 .01 .00 .01 -.01 .04
Neighbors interactions .00 .01 -.01 .04 .00 .01 -.04 .01 .00 .01 -.01 .03
Extension service trust .00 .03 -.06 .07 -.02 .04 -13 .04 -.02 .02 -.06 .01
Input retailers trust .01 .02 -.01 .08 .03 .03 -.01 .14 .00 .01 -.01 .04
Hatchery trust .03 .02 -.00 .10 .05 .04 -.01 .15 .01 .02 -.01 .05
Buyers trust .00 .01 -.03 .03 .00 .01 -.03 .03 .00 .01 -.01 .01
Neighbors trust .09 .04 .01 .19 .07 .04 .01 .18 .00 .01 -.02 .04

Note. SE = standard error; CI = confidence interval. Significant indirect effects (p < .05) are displayed in bold.

influences one or more mediating variables (the mediators), which in
turn influence the dependent variable (Baron and Kenny, 1986).
Therefore, the mediator provides insight into the underlying process of
the relation between the independent and the dependent variables.

The results from the bootstrap analyses for indirect effects are
presented in Table 5. The mediation analysis shows the two mediators
that can be identified and that can explain the relation between clus-
tering and adoption of water quality management practices — as the
value 0 was not included in the respective 95% confidence intervals:
interaction frequency with extension service, and trust in neighbors.
The other mediators tested were not found to explain the relationship
between clustering and adoption of water management practices.

The second bootstrap analysis tested possible indirect pathways
between clustering and feed input practices. One mediator indicated
that trust in neighbors explains the relation between clustering and feed
input practices. However, the other mediators were not found to ex-
plain this relationship.

Finally, the third and last bootstrap analysis tested possible indirect
pathways between clustering and disease control practices. The results
indicated that interactions with extension services formed an indirect
pathway between clustering and disease control practices; the other
mediators were not found to be significant.

4. Study 2

The results of Study 1 demonstrate that membership in a farmer
cluster influences adoption of aquaculture practices by increasing the
number of interactions with extension services and input retailers.
Farmer cluster membership does not affect trust in external knowledge
sources, but mediation analyses show that adoption of feed and water
quality technologies is influenced by experienced trust in neighbors.
The results show that cluster membership is essential for being exposed
to new technologies and knowledge and for establishing trust with
peers. However, our understanding of the quality of the relationship
with external knowledge sources and with other members of the cluster
is limited at best. For example, it is challenging to explain why in-
creased interactions are not automatically linked to increased trust, or
why increased trust between peers leads to adoption of aquaculture
technology. In order to get more in-depth understanding of the com-
plexity of relationships within and outside farmer clusters, we designed
and conducted a second study with a qualitative methodology.

4.1. Method
From March 20th to March 23rd 2019, the research team facilitated

15 focus group discussions (FGDs), including 8 with farmer cluster
members and 7 with shrimp farmers not belonging to any farmer

cluster. The survey sites were selected randomly within the survey site
of Study 1. Focus group discussions were organized with 5 to 8 farmer
cluster's representatives and members selected by the provincial
Department of Agriculture and Rural Development. A similar selection
process was followed for FGDs with non-cluster farmers. FDGs were
conducted in Vietnamese, and covered themes regarding interactions
with different sources of knowledge, adoption of technology and factors
influencing adoption behaviors. The discussion also covered themes
related to trust and the type of trust associated with different sources of
knowledge and adoption of technology.

Notes were taken throughout the 15 FGDs, and for every FDG a
summarizing report was written. Data from the FGDs was analyzed
using AtlasTI 8.4. Listed coding (or topic coding) was used to analyze
the different sources of information (stakeholders), how they were
viewed in terms of trust, value of information provided and general
relationship with the source of information. Following study 1, the
codes used were: buyer, retailer, neighbor, extension services, hatch-
eries, trust and institutional trust. Quotes for these codes were classified
in two groups: non-cluster farmers, and farmers who were members of a
cluster. Based on this first round of coding, two codes were added:
media and learning, as these were both regularly referred to as keepers
and diffusers of information. Coded data was analyzed per group.

4.2. Results

The different focus group discussions across the Mekong Delta in-
dicated that relations with the different sources of knowledge vary in
intensity of interaction and vary in character influencing trust relations
and the uptake of practices and technologies. Following our FGDs we
can broadly identify three groups: (1) retailers, hatcheries & buyers; (2)
extension services; (3) neighbors.

4.2.1. Retailers, hatcheries & buyers

The first group of sources of knowledge was made up of buyers,
hatcheries and retailers. For all shrimp farmers, these stakeholders are
important sources of specific sets of knowledge. The buyers are seen as
an important source of knowledge regarding market prices, the hatch-
eries about when to start the crop and the retailers for feed and aqua-
culture techniques. However, for other issues, information or insights,
these stakeholders are labeled as “not knowing”, “they know nothing
about [shrimp] cultures”, and not cooperative “from the buyers we do not
get any recommendations.” as farmers stated when referring to buyers.
Moreover, the information received is met with reluctance and parti-
cipants indicate that information needs to be verified. As one farmer
illustrated: “We all follow the recommendation from [...] at the hatcheries
but the results depend on luck!” and: “Our trust is based on experience with
the retailers, on listening, testing and evaluating the results. If these are good,
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we trust him; if not, we do not”. Other shrimp farmers are in charge of
testing and evaluating. This shows that the interaction with these
sources of knowledge is characterized by product information, and that
trust in these sources is strongly calculative based upon evaluating new
techniques, products and practices with peers.

The participants rated the frequency of interaction with this first
group as not very high. However, here we see a difference between
farmer cluster members and non-cluster farmers. Farmer cluster mem-
bers tend to have less frequent contacts with these stakeholders, while
non- cluster farmers have more frequent contacts and more long-
standing relations. As one of them explained: “With the retailers the re-
lationship is long, more than 20 years”. This difference is explained by the
finding that non-cluster farmers have ample contact with extension
services. As such, they rely more heavily on other sources of knowledge,
such as, in this this case, mostly the retailers.

4.2.2. Extension services

The second group centered on the interactions between shrimp
farmers and extension services. The different members of farmer cluster
interviewed valued extension services highly “We believe the extension
service and aquaculture department are scientists, we trust their knowledge”,
although they were also critical of the information provided and stated
that new methods still needed to be tested to verify whether they would
work in local context “The extension service provides information about
general situation, not contextualized. So we need to select the technology
that fits our context and situation. We make the selection by ourselves and
some people adapt the technology to their investment capacity”. According
to our participants, the stronger relation can be explained by three main
aspects: 1) by the high level of interaction, varying from several times a
year to 2 times per month (depending on the group) in which there is a
lot of room for questions and discussion; 2) because of the type of
knowledge shared whereby buyers only provide information about
markets, retailers about products or of a more technical nature, and
finally extension services about broader topics such as climate, disease
prevention and development etc.; 3) different groups also expressed
trusting the extension services because the representatives are school-
educated “Extension people [...] we believe them because they have a deep
knowledge of shrimp farming that they learned in school”. This does not
apply to farmers that are not part of a farmer cluster, as extension
services mainly focus on farmer clusters. Information from extension
services in fact does reach non-cluster farmers mainly through word-of-
mouth or when non-cluster farmers discretely visit information ses-
sions. As a result, members of farmer clusters receive knowledge earlier
and through more structured interactions than non-cluster farmers.
Despite the general trust in knowledge provided by extension services,
this creates a delay in the uptake of new techniques and practices
amongst non-cluster farmers.

4.2.3. Neighbors

The third group consisted of interactions between shrimp farmers
and their neighbors. According to the participants, both members and
non-member of a farmer cluster, this third group is very important and
had frequent interactions: “we have been learning from our own experience
for the last 20 years. We have been meeting every month to share knowledge
in the community house.” Within a farmer cluster, members are each
other's key-informant concerning techniques, information and prac-
tices. Farmers not belonging to a cluster, on the other hand, rely on
their neighbors. The interactions consist of discussing new techniques
or products suggested by retailers, buyers or extension services. In ad-
dition, interactions also consist of discussing the results of testing new
techniques and practices. As a result, the farmer cluster, or neighboring
farmers in the case of non-cluster farmer, form communities of practice
through which they share and learn. Farmers indicated that these
communities allow for room to fail when trying out new practices,
which benefit all farmers. In addition, the interactions are characterized
by strong collective identity and mutual trust, or as one of the farmers
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said “we are farmers, we trust each other”. This characteristic of the in-
teractions positively influences the uptake of techniques and practices,
which can be viewed as a two-stage process. First, farmers receive
knowledge from buyers, extension services, retailers and hatcheries
critically. Second, they discuss and test it at the farm level in farmer
communities.

5. Discussion
5.1. Overview of findings

This study explored the processes whereby aquaculture farmer
clusters facilitate access to, and foster, trust in specific sources of
knowledge, which ultimately enable adoption of technology and prac-
tices. We show that shrimp farmers who are members of farmer clus-
ters, relative to those who are not, are more likely to adopt three types
of pond management practices (i.e. water quality management, feed
input, and disease control practices). The results furthermore show that
frequency of interaction with, and trust in, network partners underlie
the relationship between clustering and adoption practices; more spe-
cifically, interactions with extension services, and trust in neighbors
were important in explaining this relationship. Other mediators were
not found to be significant, which can be explained by the nature of the
interactions and the lack of trust identified during FDGs. More speci-
fically, input retailers, buyers and hatcheries were only valued for their
input on specific products and issues, but not trusted as this information
always needed being verified through testing (by, amongst others, the
neighbors). Consequently, the trust relation with these actors can be
described as strongly calculative.

An important observation was that trust in neighbors and extension
services was significantly higher for cluster farmers than for non-cluster
farmers (Study 1) and the same observation was made during FGDs
(Study 2). The FGDs revealed that higher trust in extension services
might be explained by the observation that extension services specifi-
cally prioritize farmers who are part of clusters over non-cluster
farmers. Furthermore, the FGDs also revealed that interactions with
neighbors within clusters were more structured, leading to higher re-
liability and thus trust. The uptake of pond management practices is
indeed slower for farmers who do not belong to a cluster because they
are more dependent on knowledge sources as a replacement for re-
sources that could have been offered by extension services.

5.2. Theoretical and practical implications

5.2.1. On the importance of trust during the adoption process

Adoption of aquaculture technology and practices is facilitated by
effective knowledge transfer from the source of the technology to the
users (Brown and Ratna, 2013). Like several other cases (Thompson
et al., 2006; Wandji et al., 2012; Dey et al., 2005), we found that ex-
tension services are central in conveying knowledge to farmers. How-
ever, we show that looking only at interactions with different sources of
knowledge is not enough to understand the adoption process, as both
the quality and nature of interactions and type of knowledge in relation
to the actors are also important determinants. As such we found that
trust related to the source of knowledge and type of knowledge plays a
key role in the adoption of technology and practice.

Looking at the literature on the adoption of new technologies and
practices, it is clear that the role of trust is frequently highlighted
(Carolan, 2006). Our two studies underline these findings and show the
importance of the role of trust, as both results show the dynamics for
adoption both when trust is absent and when it is present. More spe-
cifically, our study indicates that both calculative and relational trust
play a role (Lewicki et al., 2006). It shows that trust plays a role based
on calculative arguments and behavior with actors more at a distance
and in relation to specific product information, while trust based on
shared identity and relatedness plays a role with actors who are closer
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and provide a wider variety of information to the shrimp farmers who
have more frequent and organized interactions with the knowledge
source. In relation to adaptation of practices, our study underlines the
need to be more specific when discussing trust, as it is especially rela-
tional trust between actors that fosters the adaptation of new agri-
cultural practices, while calculative trust plays a key role in evaluating
specific product information.

5.2.2. Implications for better value chain coordination

Within farmer clusters, ties and connections between farmers and
with other sector actors seem to be more effective than for non-cluster
farmers. Both type of interactions play a significant role in the adoption
process. Hence, farmer clusters facilitate both vertical and horizontal
coordination to enable innovation (Kilelu et al., 2017a, 2017b). Our
findings are in line with previous studies (Omta, 2002; Pittaway et al.,
2004; Aguilar-Gallegos et al., 2015), showing that diverse sources of
knowledge and higher frequency of interaction increase adoption of
new technology. The importance of peers within these networks for
adoption is often highlighted (Gielen et al., 2003; Oreszczyn et al.,
2010; Cofré-Bravo et al., 2019). In our case, the farmer cluster plays the
role of a “closed network” (Cofré-Bravo et al., 2019) for mutual
learning and confirming/infirming information received from external
(and less trusted) sources. This type of network is characterized by
strong ties and trust, as opposed to the “open network”, which is ex-
ternal to the farmer cluster and made of diverse types of stakeholders
but with limited trust. As such, our study provides additional insight
into the adoption process within farmer clusters by showing not only
the importance of diversity of sources of knowledge (Aguilar-Gallegos
et al., 2015; Ramirez et al., 2018), but linking this with the trust as-
sociated with the knowledge source and the role played by clusters in
building trusted relationships.

However, our study provides limited information regarding vertical
coordination efficiency, as described in Ha et al. (2013) in the Mekong
Delta. Additionally, although we found a clear farmer effect on hor-
izontal coordination, we did not explore the farmer cluster effect on
collective action to mitigate disease risk (Bottema, 2019). Moreover,
farmer cluster organization and diversity was not explored in detail in
this study. That is, the role of relationships, complexity of intra-cluster
relationships, and diversity of farmer clusters in their management and
collective action was not investigated. The analysis does not allow for
identifying the diversity in cluster collective management and their
associated outcomes, nor the role of specific individual in the perfor-
mance of farmer clusters as mentioned by Ha et al., 2013.

The analytical framework use to investigate the research questions
has some limitations. First, we limited the number of sources of
knowledge, not including media such as TV or radio unless it was
brought up by focus group participants in study 2. Second, we did not
include other drivers of innovation or influencing the update of in-
novation, such as regulatory framework and policies. Finally, the ana-
lysis does not allow intra-cluster analysis, as well as to take into account
the organization and regulation the different clusters and their di-
versity.

5.2.3. Implications for planners and policy makers

For planners and local authorities, using existing farmer networks to
facilitate adoption could be another tool to improve adoption of sus-
tainable technologies and achieve land use planning objectives. A si-
milar approach found in the area-based management of aquaculture
supports adoption of quality standards and manages production and
financial risks (Bottema et al., 2018; Bottema, 2019). While this re-
search focused on risk management, our findings aligned with their
implications to design approaches to convey knowledge and informa-
tion to farmers in order to further sustainable development of the
aquaculture sector in the Mekong Delta's coastal zone. To support
adoption of sustainable practices and steer the sector toward sustain-
able intensification, the private and public sectors should intervene
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within existing networks of farmers, as a first entry point.

In addition, within the Vietnamese context, farmer clusters can be
used as an entry point to a more participatory approach to extension.
Literature about aquaculture technologies and practices adoption shows
that participatory approaches are more successful than traditional top-
down Transfer of Technology approaches (Murshed-E-Jahan et al.,
2008; Thompson et al., 2006; Nandeesha et al., 2012). Based on our
results we argue that — within the context of Vietnam, where the top-
down extension service is still the dominant model (Minh et al., 2010) —
using a farmer cluster to create group-based learning can be not only an
effective method, but also culturally appropriate within a top-down
managing tradition (Schad et al., 2011). State traditions (in this case
top-down implementation) are often difficult to change, therefore lo-
calized approaches are important, (Friederichsen et al., 2013). Minh
et al. (2014) showed that extension workers roles in Vietnam could be
fine-tuned to respond to the needs of farmers and facilitate innovation
of sustainable practices within groups of farmers.

Although grouping farmers in clusters is a priority of the Vietnamese
government, only a limited number of farmers are part of a cluster,
leaving the majority of farmers outside the cluster structure and thus
less influenced by extension service and other knowledge sources.
Therefore, in order to reach more farmers the existing clusters could be
used to i) directly integrate outside farmers and/or ii) used as a plat-
form for extension services and access to other source of knowledge.
Both options will require new policies and support to either i) support
the growth of the existing clusters or ii) diversify the role and function
of the cluster as more accessible “platforms” for exchange and knowl-
edge.

Finally, we found that perception of information quality is related to
the trust associated with the source of information. Hence, enabling
adoption of new technology and practices requires also improved trust
between private sector and farmers. From a policy recommendation
perspective, updating the regulatory framework (and its enforcement)
to improve quality of inputs (post larvae, feed) and their certification
mechanisms to fit the farmers' requirements could help to (re)build
trust between parties and facilitate adoption.

6. Conclusion

Through this study, we were able to establish that membership in
farmer clusters increases interactions with different sources of knowl-
edge, and influences trust in specific sources of knowledge, ultimately
increasing the adoption rate of both technology and aquaculture prac-
tices. We found that knowledge from private sector partners often needs
being verified and that farmer clusters play a key role in such “peer-led
validation or verification”. Farmer clusters supported trusting extension
services and the knowledge they provide. Furthermore, by helping to
structure relationships they also facilitated the development of trust in,
and knowledge-sharing between, fellow members. Those findings led to
three main policy recommendations:

e Enabling the adoption of sustainable practices will require creating
trust in inputs quality. Building trust in input quality will require a
reform of the regulatory framework and its enforcement.

e Farmer clusters are key organizational platforms to adoption and
dissemination of sustainable aquaculture practices, both for private
and public extension services;

® Group learning within farmer clusters is culturally appropriate in
the Vietnamese context;

Although farmer clusters were at the center of the study, the orga-
nizational governance and underlying mechanisms that facilitate ver-
tical coordination between farmer networks and the broader value
chain were not explored in detail. For example, Ha et al. (2013) high-
lighted the social and political status of farmer cluster's leaders in the
performance of the cluster and its capacity to effectively organize with
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actors of the value chain. Organization, size of the cluster and its dy-
namics might also play a role in the type and quality of interactions
both within the cluster and with actors external to the cluster and
partially explain the adoption process. Nonetheless this study demon-
strates that farmer clusters can be instrumental in steering smallholding
farmers toward sustainable practices by tightening relationships within
the farmer cluster and outside of the sector and (re)building trust. Ul-
timately, these geographical units could be further analyzed to assess
their potential for an enhanced horizontal coordination to better miti-
gate disease risk, one of the major constraints in the aquaculture sector.
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