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a b s t r a c t

Parasitic weeds in smallholder rice production systems, of which Striga asiatica, Striga hermonthica and
Rhamphicarpa fistulosa are the main representatives, form an increasing problem for food and income
security in sub-Saharan Africa (SSA). The objective of this paper is to identify institutional and political
constraints and opportunities for innovation to address parasitic weed problems in rice. Constraints and
opportunities for innovation were studied across three nested systems: the parasitic weed control sys-
tem, the crop protection system, and the agricultural system.

Multi-stakeholder workshops, interviews and surveys were held to gather data on key constraints
faced by different stakeholder groups across three parasitic weed infested study sites in both Tanzania
and Benin. The results demonstrate that in both countries, the majority of institutional and political
constraints relate to the functioning of the broader crop protection and agricultural systems and not
specifically to parasitic weeds. Although differences were observed between the two countries and the
different stakeholder groups, the majority of constraints perceived by the stakeholders were caused by a
lack of capabilities and resources and a limited access to credit. Awareness raising of parasitic weed
problems among farmers, extension and crop protection officers at the local level, combined with
improved input and service supply and enhanced agricultural education and training curricula at the
national level, were identified as important elements for improvement. More structural collaboration
between key stakeholder groups is expected to contribute to a better recognition of agricultural prob-
lems, like that of parasitic weeds in rice, and a more timely identification of feasible solutions.

© 2015 Elsevier Ltd. All rights reserved.
1. Introduction

Parasitic weeds in cereal production systems form a growing
threat to local and regional food security and income generation for
smallholders in sub-Saharan Africa (SSA) (Parker, 2012; Rodenburg
et al., 2010; Scholes and Press, 2008). Parasitic weeds are increas-
ingly encountered in rice (Rodenburg et al., 2015), which is the
fastest growing cereal commodity in SSA (Seck et al., 2010). Yield
reductions between 40 and 100% in parasitic weed infested rice
Tropical Agriculture (IITA),
, Bujumbura, Burundi.
iar.org (M. Schut).
fields have been reported (Gb�ehounou and Assigb�e, 2003;
Rodenburg et al., 2011c). The weeds are wide spread in SSA and
while accurate and precise figures on their economic importance
are lacking, a recent desk-top study estimate the combined annual
damage for rice production in SSA to range from 60 to 700 million
US dollars (Rodenburg et al., 2014). Despite this threat, there is
limited attention for, and awareness of, parasitic weed problems in
rice as compared to other cereal crops such as maize or sorghum,
both in the scientific literature (Rodenburg et al., 2010), as well as
among practitioners in some of the countries where parasitic
weeds are eminent (e.g. Schut et al., 2015b). For rice, Striga her-
monthica and Striga aspera dominate in West Africa, S. hermonthica
is the most important in east and central Africa (around lake

Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
mailto:marc.schut@wur.nl
mailto:m.schut@cgiar.org
http://crossmark.crossref.org/dialog/?doi=10.1016/j.cropro.2015.04.011&domain=pdf
www.sciencedirect.com/science/journal/02612194
http://www.elsevier.com/locate/cropro
http://dx.doi.org/10.1016/j.cropro.2015.04.011
http://dx.doi.org/10.1016/j.cropro.2015.04.011
http://dx.doi.org/10.1016/j.cropro.2015.04.011


M. Schut et al. / Crop Protection 74 (2015) 158e170 159
Victoria), while Striga asiatica is the dominant species in southern
parts of East Africa (Rodenburg et al., 2010). Rhamphicarpa fistulosa
is found across sub-Saharan Africa (Rodenburg et al., 2015).

Parasitic weeds can be considered a complex agricultural
problem. Complex agricultural problems are defined as problems
that have multiple dimensions (e.g. biophysical, technological,
social-cultural, economic, institutional and political) that are
embedded in interactions across different integration levels (in-
ternational, national, regional, district, village, farm, field).
Furthermore, complex agricultural problems are characterised by
uncertainty, and affect a multitude of stakeholders and organisa-
tions (Schut et al., 2014c). To support integrated analyses of com-
plex crop protection problems, and to explore innovations to
address them, systems approaches have been proposed (e.g. Birch
et al., 2011; Kropff et al., 2001; Savary et al., 2012). A recent sys-
tematic review of systems approaches to innovation in crop pro-
tection concluded that: (1) there is little attention for the
institutional and political1 dimensions of innovation in crop pro-
tection systems, and (2) the active involvement of stakeholder
groups in research that explores systems approaches to crop pro-
tection innovation is limited (Schut et al., 2014b). The above find-
ings resonate with the existing body of scientific literature on
parasitic weeds in rice, that mainly focuses on understanding the
biology, ecology and distribution of parasitic weeds, and on the
development, testing, adoption and impact of technologies for
parasitic weed management at farm level (Rodenburg et al., 2010).
To a lesser extent, the socio-cultural dimension (e.g. Vissoh et al.,
2007) and economic impact of parasitic weeds (De Groote, 2007;
Debrah, 1994; N'cho et al., 2014) are addressed. The institutional
and political dimensions of parasitic weeds and innovations to
address them do not receive structural attention. While farmers
frequently participate in parasitic weeds research on rice and other
crops (Abang et al., 2007; Emechebe et al., 2004; Kamara et al.,
2008; Schulz et al., 2003), above-farm level actors such as the
private sector, civil society organisations, and government are less
often involved. The objective of this paper is to identify institutional
and political constraints and opportunities for innovation to
address parasitic weed problems in rice as perceived by different
stakeholder groups. As parasitic weed affected areas are expected
and reported to increase (Rodenburg et al., 2011a, 2015), identifying
and addressing institutional and political constraints that hinder
innovation is essential for the development of integrated and
coherent research, development and policy strategies for parasitic
weed control in SSA.
2. Concepts and methods

2.1. Key-concepts

Innovation is defined as a co-evolving process of technological
(e.g. cultivars, fertilizer, agronomic practices) and socio-
organisational (e.g. land tenure arrangements and stakeholder
collaboration) changes (Hall and Clark, 2010; Hounkonnou et al.,
2012; Leeuwis, 2004). Such changes occur across different levels,
and are shaped by interactions between stakeholders and organi-
sations inside and outside the agricultural sector (Kilelu et al., 2013;
Klerkx et al., 2010). In this study, constraints and opportunities for
innovation are studied across three nested systems: the parasitic
weeds control system, the crop protection system, and the
1 In this paper the term ‘political’ refers to the power-play between different
stakeholders or stakeholder groups. This includes politics related to the governance
and public affairs of a country, but can also include organizational politics, or
household politics.
agricultural system. The parasitic weed control system is embedded
in the crop protection system, which, in turn, forms part of the
larger agricultural system. We use a definition by Spedding (1988)
to delineate these systems as the operational units including all
actors and organisations involved in parasitic weed control, crop
protection and broader agricultural production, processing and
commercialization activities. The institutional dimension of prob-
lems or innovations comprises the formal (e.g. policies) and
informal (e.g. values) ‘rules of the game’ (Hounkonnou et al., 2012).
The political dimension includes the mutual dependencies and
power dynamics between individual stakeholders or stakeholder
groups and their collaboration in terms of tackling problems.
Stakeholders are those actors or actor groups with a stake in the
problem or in the innovations that can lead to their resolution
(McNie, 2007).

2.2. Study sites

Data for this study were gathered in Tanzania and Benin.
Tanzania and Benin were selected as case study countries for a
number of reasons. First, in both countries rice is predominantly
grown under rainfed conditions (Table 1) e either upland or low-
lande by smallholder farmers, i.e. conditions where parasitic weed
problems are most eminent (Rodenburg et al., 2010). Second,
Tanzania and Benin represent different institutional and political
contexts in terms of how parasitic weed control, crop protection,
and the broader agricultural systems are structured. In Tanzania, for
example, there is a policy on parasitic weeds (‘Striga Rules’ that
form part of Tanzania's Crop Protection Act), whereas such a spe-
cific policy is absent in Benin. Third, the choice for an East African
and a West African country allows us to capture some degree of
within-country and between-country heterogeneity that can pro-
vide a starting point to explore more generic parasitic weed man-
agement strategies across SSA.

For both Tanzania and Benin, three study sites in rice producing
regions with known parasitic weed problems were identified. In
Tanzania, Kyela (Mbeya region), Songea Rural (Ruvuma region) and
Morogoro Rural (Morogoro region) districts were selected. These
regions represent 34% of the total rice area planted and 37% of the
domestic production in Tanzania (United Republic of Tanzania,
2012). In Benin, Dassa-Zoum�e (Collines region), Kandi (Alibori re-
gion) and Tangui�eta (Atacora region) districts were selected (Fig. 1).
These regions account for 80% of the rice area and 85% of domestic
rice production in Benin (DPP/MAEP, 2009; N'cho et al., 2014).

2.3. Data collection

Data were collected between April and November 2012 in
Tanzania, and between July and August 2013 in Benin. To gather and
analyse data in collaboration with different stakeholder groups, a
participatory diagnostic tool for the Rapid Appraisal of Agricultural
Innovation Systems (RAAIS) was used (Schut et al., 2015a). At the
core of RAAIS are multi-stakeholder workshops that each took one
day, and were held at the six study sites. Starting point of the
workshops was for each individual participant to identify five
constraints that could be specifically related to parasitic weeds, or
to crop protection or agriculture in a more general sense. A sub-
sequent step was to develop a stakeholder group top 5 that was
used throughout the rest of the workshop. The stakeholder group
top 5 was based on stakeholder group consensus on the five most
important constraints faced by that group. Two types of constraints
were identified and prioritised by stakeholder groups: (1) con-
straints experienced by the specific group that directly influence
their ability to achieve their objectives, and (2) constraints faced by
other stakeholder groups that indirectly influence their ability to



Table 1
Characteristics of the rice production in Tanzania and Benin.

Tanzania Benin

Total area under rice production
(ha) in 2012

799,361 65,729

Percentage under rainfed production
(% of total area under rice production)

93% 88%

Average rice yields between 1992 and
2012 (t/ha)

1.8 2.3

Average annual rice yield increase between
1992 and 2012

1.7% 4.5%

Key constraints for rice farmers Diseases, pests and weeds; poor soil
fertility; lack of irrigation; poor seed
distribution; labour and land shortage;
unavailability of fertilizers; unfavourable
weather

Access to credits and inputs;
poor infrastructure; weeds;
drought; low soil fertility;
diseases

Source(s) (FAOSTAT, 2012; Mghase et al., 2010;
Raes et al., 2007; United Republic of
Tanzania, 2012)

(Diagne et al., 2013; FAOSTAT,
2012; Totin et al., 2012)

Fig. 1. Study sites in Tanzania (left) and Benin (right).
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achieve their objectives (e.g. low literacy levels among farmers
complicating the work of NGOs and development organisations).
Each workshop could accommodate a maximum of 25 participants,
which determined the sample size (Table 2). A facilitation and note
taking protocol guided consistent execution and recording of the
Table 2
Overview of methods of data collection, their key objectives, sampling strategy, the type o

Method of data
collection

Key objective Sampling strategy Countr

Multi-stakeholder
workshops

Participatory analysis of constraints
and opportunities for innovation

Stratified snowball
sampling

Tanzan
Benin

Semi-structured
interviews

Insights in stakeholder constraints
and opportunities identified during
the workshops

Stratified snowball
sampling

Tanzan
Benin

Survey Identify opportunities and constraints
to innovation in the country's public
extension system

Stratified random
sampling

Tanzan
workshops.
Semi-structured interviews provided more insights in the root-

causes of parasitic weed control, crop protection and broader
agricultural systems constraints identified during the workshops.
Other than the workshops, which took place at district level,
f analysis conducted, the stakeholder groups that were targeted and the sample size.

y Stakeholder groups targeted (sample size)

Farmers NGO/civil society Private sector Government Research
and training

Total

ia 16 13 10 16 13 68
13 16 11 16 10 66

ia 4 4 2 22 10 42
5 10 4 26 20 65

ia 120 30 150



Table 3
Analytical framework.

Analytical dimensions Categories

A: Types of institutional and political constraints Policy (e.g. crop protection policies); research (e.g. natural and
social science related to weeds and rice); education and training
(e.g. of extension officers or at universities); extension (e.g. how service
delivery is organised); markets (e.g. rice prices, input prices); politics
(e.g. multi-stakeholder power-play)

B: Embedding of constraints in different systems Parasitic weed control system; crop protection system; agricultural system;
beyond agricultural system

C: Structural conditions that can cause constraints to innovation Physical and knowledge infrastructure and assets; institutions such as policies
and regulatory frameworks; interaction and collaboration between stakeholders;
capabilities and access to resources

D: Value chain segments Credit; inputs and services (I&S); production; post-harvest; trade; transport;
marketing; retail; consumption; export

E: Integration levels International; national; regional; district; ward; village; household
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interviewees also represented regional and national level, which
explains the relative strong presence of government and research
and training representatives. Total sample size was based on the
concept of ‘saturation’; the point at which no new information or
themes are observed in the interview data (Guest et al., 2006).
Several of the interviewees also participated in the workshops. In
Tanzania, a farmer and extensionist survey was held across the
three study sites. The survey captured institutional and political
constraints and opportunities for innovation in the country's public
extension system, including, amongst others, frequency and quality
of interaction between farmers and extension officers, and back-
stopping of extension officers (see: Daniel, 2013). Complementary
information was gathered from secondary data that included
revision of national agricultural policies, regional research prior-
ities, agricultural education and training curricula, and extension
guides from Tanzania and Benin.
2.4. Data analysis

We follow an analytical framework composed of 5 dimensions
(Table 3) to analyse the workshop and interview data: (A) we
subdivide between six institutional and political subcategories, and
(B) analyse how different constraints and opportunities experi-
enced by stakeholders are embedded in three nested systems.
Subsequently, (C) causes for stakeholder constraints are analysed
using structural conditions for innovation as identified by Klein
Woolthuis et al. (2005). Moreover, we analyse how (D) con-
straints and opportunities are related to different segments of
agricultural value chains following Thitinunsomboon et al. (2008)
and (E) different integration levels following Douthwaite et al.
(2003).

Quantitative workshop data were analysed for constraints and
opportunities across the two countries, study sites and stakeholder
groups. Microsoft Excel® software supported descriptive statistical
analysis that was guided by the analytical dimensions of Table 3. A
similar approach was used to analyse the farmer and extensionist
survey, although the focus here was on revealing similarities and
differences across the Tanzania study sites. Qualitative interviews
data were transcribed and analysed electronically in Adobe
Acrobat™ using keywords (e.g. parasitic weeds, extension, policy,
etc.). In the analysis, we focussed on identifying root causes and
explanations of constraints identified in the workshops. Further-
more, the analysis of the qualitative interview data provided insight
in sensitive political issues that were more freely discussed in the
individual interviews as compared to the multi-stakeholder
workshop setting. Secondary data were analysed on their rele-
vance to parasitic weeds or crop protection problems, or agricul-
tural innovation more generally.
3. Results

Following the objectives of this paper, we first present results
per stakeholder group (Section 3.1). Analytical dimensions A, B, C
and D are visualised in figures, and E is described in the text. This is
followed by results that show the interrelatedness of constraints
faced by different stakeholder groups (Section 3.2). Subsequently
opportunities for innovations are explored (Section 3.3).
3.1. Constraints of different stakeholder groups

3.1.1. Farmers
Farmer workshop participants across the study sites in Tanzania

and Benin indicated that a substantial proportion of their con-
straints are extension-related (23% and 30%, resp.) (Fig. 2A). In both
countries, they mentioned insufficient support from extension
services to address crop protection problems and the untimely
supply of agricultural inputs (e.g. provision of seed and fertilizer
through a government voucher system). Interviews and secondary
data revealed that in Tanzania and Benin the number of extension
officers has increased over the past years. Survey results showed
however that this did not directly benefit the frequency of inter-
action between farmers and extensionists. For example, Songea has
a higher number of extension officers per agricultural household
(1:470) as compared to Kyela and Morogoro (1:617 and 1:1320,
resp.). However, the average contact between extension officers
and farmers was much lower in Songea (2.4 times per year) than in
Kyela and Morogoro (3.7 and 3.6 times per year, resp.). Interviews
with extension officers demonstrated that capacity development of
extensionist is lacking, resulting in inefficiencies in terms of
providing support to farmers. Only farmers from Tanzania identi-
fied constraints directly linked to parasitic weed control (18%).
Between 13 and 18% of the farmers' constraints were related to crop
protection problems in Benin and Tanzania respectively, although
the vast majority were related to broader challenges in the agri-
cultural system (Fig. 2B). Constraints identified by farmers in
Tanzania were principally related to the lack or poorly functioning
of institutions (31%) (Fig. 2C). As example, interviewed farmer
representatives mentioned the government's input voucher sys-
tem. Vouchers to purchase inputs arrive too late and inputs are
insufficient to fulfil farmers' needs. In Benin, constraints are mainly
caused by a lack of capabilities and resources (47%), such as access
to equipment, knowledge on water and weed management, and
credits. The majority of constraints of farmers in both Tanzania and
Benin (60% and 31% resp.) are related to production (Fig. 2D). Ac-
cording to farmers in both countries, addressing their constraints
mainly requires interventions at the district level (22% in Tanzania,
47% in Benin).



Fig. 2. Percentage of type of constraints (A), embedding of constraints (B), cause of constraints (C), and how constraints related to different segments of the value chain (D)
mentioned by farmer workshop participants in Tanzania (grey bars) and Benin (white bars).

M. Schut et al. / Crop Protection 74 (2015) 158e170162
3.1.2. NGOs and civil society organisations
For both countries, NGO and civil society stakeholders perceive

the majority of their constraints related to education and training
(24% in Tanzania, 21% in Benin) (Fig. 3A). Concrete examples include
low literacy levels among farmers, difficult collaboration with
farmers or other project beneficiaries, and poor agribusiness skills
of farmers. Constraints are not related to parasitic weeds specif-
ically, although in both countries 13% were related to more generic
crop protection problems (Fig 3B). The majority of constraints,
however, are associated with broader challenges in the agricultural
system. A lack of capabilities and resources available (42% in
Tanzania) or lack of interaction and collaboration between stake-
holders in the agricultural sector (30% in Benin) form the largest
category of constraint causes (Fig. 3C). In Tanzania, the lack of
continuity in project implementation and capacity building for
farmers was mentioned. Interviewees in Benin expressed limited
coordinated action between stakeholders in the agricultural sector
and difficult collaboration with the government. Furthermore, they
stressed that collaboration is mainly ad-hoc and project-based,
rather than structural and ongoing. Looking at the value chain,
NGO and civil society perceived constraints appear to be mainly
related to input and services (e.g. access to seed, fertiliser and
knowledge; henceforth abbreviated as I&S) (Fig. 3D). According to
the stakeholder group, addressing these constraints would mainly
require interventions at the national level (20% in Tanzania, 33% in
Benin).
3.1.3. Private sector
In both countries, a large proportion of constraints perceived by

the private sector are related to policy, closely followed by educa-
tion and training in Tanzania, and politics in Benin (Fig. 4A). In-
terviews revealed how the absence or malfunctioning of
institutions for quality control of agricultural inputs lead to a situ-
ation where adulterated or low quality inputs dominate the formal
and informal markets in Tanzania and Benin. The largest proportion
of constraints is related to broader problems in the agricultural
system (53% in Tanzania, 100% in Benin). Constraints related to crop
protection were only mentioned by private sector in Tanzania,
although none of the constraints were specifically related to para-
sitic weeds (Fig. 4B). Categorization of constraints demonstrates
that workshop participants consider a lack of capabilities and re-
sources as a major cause (e.g. lack of access to stable sources of
electricity) (Fig. 4C). The distribution along the value chain shows
that, in Tanzania, the largest share of private sector constraints is



Fig. 3. Percentage of type of constraints (A), embedding of constraints (B), cause of constraints (C), and how constraints related to different segments of the value chain (D)
mentioned by civil society and NGO workshop participants in Tanzania (grey bars) and Benin (white bars).
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associated with input and service supply (47%) (Fig. 4D). In Benin,
constraints are mainly related to lack of post-harvest process and
storage equipment (31%) and access to credit for themselves as well
as for farmers (25%). According the private sector, addressing their
constraints wouldmainly require interventions at the national level
(32% in Tanzania, 80% in Benin).

3.1.4. Government
In both countries the majority of constraints identified by gov-

ernment representatives were related to policy (24% in Tanzania,
32% in Benin) (Fig. 5A). Examples include poor implementation of
national agricultural policies (Benin) and frequent policy changes
(Tanzania). The majority of constraints are associated with broader
problems in the agricultural system. Crop protection problems
reflect 38% of the constraints perceived by government officials in
Tanzania and 7% in Benin (Fig 5B). Government representatives did
not explicitly mention parasitic weeds. Interviews revealed that
government crop protection is curative (rather than preventive)
with a strong focus on chemical pest and disease control. The poor
functioning of institutions, or even absence of them, and limited
capabilities and resources to implement agricultural programmes
cause a large share of government constraints in Tanzania and
Benin (Fig. 5C). Examples are insufficient number of agricultural
(extension) officers and their low level of technical expertise and
backstopping. Of surveyed government extension officers in Songea
(Tanzania), 30% indicated to have no means of transport to visit
farmers. Tanzania's national rules for Striga control, that form part
of the country's Crop Protection Act, were not implemented due to
limited resources to sensitise regional and district extension offi-
cers and farmers. Interviews confirmed that extension officers in
both Tanzania and Benin have a very limited awareness of (prob-
lems related to) parasitic weeds in rice. In Tanzania, for example,
none of the regional government officials, responsible for crop
protection in the three study sites, had ever heard of R. fistulosa. In
terms of value chain segments, constraints are mainly associated
with post-harvest in Tanzania (29%) and input and service supply in
Benin (22%) (Fig. 5D). Addressing the majority of government
constraints require interventions at the national level (27% in
Tanzania, 53% in Benin).

3.1.5. Researchers and trainers
The biggest proportion of constraints faced by researchers and



Fig. 4. Percentage of type of constraints (A), embedding of constraints (B), cause of constraints (C), and how constraints related to different segments of the value chain (D)
mentioned by private sector workshop participants in Tanzania (grey bars) and Benin (white bars).
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trainers are policy-related (31% in Tanzania and 39% in Benin)
(Fig. 6A). The absence of policies to facilitate coordination between
researchers, trainers, extension officers and farmers were
mentioned during the workshops and interviews. The vast majority
of constraints for this stakeholder group relate to broader problems
in the agricultural sector, rather than to crop protection or parasitic
weed problems specifically (Fig. 6B). A large proportion of the
constraints faced by researchers and trainers is related to insuffi-
cient capabilities and resources to attain a high standard of
research, education and training (Fig. 6C). Interviews demonstrated
that in both countries the number of weed researchers in the na-
tional agricultural research and education systems is limited.
Weeds in general and parasitic weed in particular receive little
attention in research, education and training. Secondary data
analysis showed that, in Tanzania, weed control activities are not
prioritised in the National and Zonal Agricultural Research Prior-
ities for the sites included in this study. In Benin, guides for pest and
disease control in food and cash crops are available, but an equiv-
alent for weed control does not exist. Interviews showed that in
both countries, parasitic weeds are addressed in research and
teaching at agricultural universities. However, limited interaction
between research and training institutes forms an obstacle for
translating research findings into training materials according to
interview respondents. Evaluated across different segments of the
value chain, researchers and trainers felt that the biggest propor-
tion of constraints is related to production (26% in Tanzania, 18% in
Benin) (Fig. 6D). Alleviating constraints would mainly require in-
terventions at the national level (27% in Tanzania, 53% in Benin).

3.2. Direct and indirect relations between constraints of different
stakeholder groups

During the workshops, stakeholder groups identified relations
between their constraints and those faced by other stakeholder
groups (Table 4).

Farmers' constraints are mainly related to government's con-
straints (e.g. inability to respond to regular pest infestations) and
private sector constraints (e.g. quality control problems of inputs)
in Tanzania, and to NGO/civil society (e.g. no credit for agriculture)
and private sector constraints (e.g. no storage facilities) in Benin.
NGOs and civil society organisations' constraints are mainly related
to private sector constraints (e.g. poorly developed infrastructure)



Fig. 5. Percentage of type of constraints (A), embedding of constraints (B), cause of constraints (C), and how constraints related to different segments of the value chain (D)
mentioned by government workshop participants in Tanzania (grey bars) and Benin (white bars).
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in Tanzania, and farmer constraints (e.g. insufficient agricultural
equipment) and government constraints (e.g. absence of a stake-
holder platform for agriculture) in Benin. Private sector constraints
are mainly associated with constraints faced by farmers in both
countries. ‘Access to inputs to improve soil fertility’, for example,
were directly related to farmer constraints such as ‘no timely arrival
of inputs’ and ‘problems with managing weeds’. Constraints faced
by government officials are mainly linked to farmer constraints in
Tanzania and researcher and trainer constraints in Benin. Across
both countries, the majority of constraints faced by researchers and
trainers are related to government constraints although the dif-
ferences between categories were less pronounced for Tanzania,
compared to Benin.

As for the more indirect relationships between stakeholder
constraints, the workshops revealed interesting results. Farmers'
weed problems, for example, relate to numerous constraints faced
by other stakeholder groups. These include the lack of physical
infrastructure for input supply, poor collaboration between stake-
holders in the agricultural system, inadequate education on mod-
ern agricultural practices and political interference in agricultural
programmes (Fig. 7). Consequently, addressing farmer constraints
needs to be complemented by addressing interrelated constraints
faced by other stakeholder groups.

Interviewees from both countries mentioned a lack of coordi-
nation and collaboration between government, development pro-
jects, and (international) research institutes in addressing their
interrelated problems. According to several respondents this re-
sults in the spread of contradictory messages to farmers. One
specific example that was mentioned in Tanzania was conflict of
interest between a government cocoa project that promoted the
use of inputs, and a donor cocoa project that promoted conserva-
tion agriculture. The later had negative advice on the use of fertil-
isers that led to farmers abandoning the use of fertiliser, also in
other cropping systems than just cocoa.

3.3. Opportunities for innovation perceived by different stakeholder
groups

During eachmulti-stakeholder workshop in Tanzania and Benin,
participants identified the five constraints with highest priority. A
number of crosscutting themes were identified among the priori-
tised constraints (Table 5).



Fig. 6. Percentage of type of constraints (A), embedding of constraints (B), cause of constraints (C), and how constraints related to different segments of the value chain (D)
mentioned by research and training workshop participants in Tanzania (grey bars) and Benin (white bars).

Table 4
Relative proportion of direct relations between constraints faced by different stakeholder groups in Tanzania and Benin.a

Country Stakeholder group Farmers NGO/civil society Private sector Government Researchers and trainers Total

Tanzania Farmers X 12 32 35 22 100
NGO/civil society 17 X 33 26 24 100
Private sector 32 24 X 25 19 100
Government 34 18 24 X 24 100
Researchers and trainers 27 20 22 31 X 100

Benin Farmers X 37 33 23 7 100
NGO/civil society 44 X 14 36 6 100
Private sector 48 17 X 31 3 100
Government 20 26 18 X 36 100
Researchers and trainers 13 8 4 75 X 100

a Table should be read horizontally. For example, in Tanzania, 12% of constraints identified by farmer representatives relate directly to constraints identified by NGO/civil
society representatives.
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The largest number of priorities is related to agricultural edu-
cation, training and extension. Examples of opportunities for
innovation identified by workshop participants include (a) updat-
ing the agricultural education and training curricula to the reality of
the field, (b) capacity development of technical and communication
competences for extension officers, (c) more attention for the
development of agribusiness skills, and (d) farmer participatory
technology development for, for example, weed management. The



Fig. 7. Schematic representation of direct and indirect linkages between constraints associated with ‘weed infestation’ as experienced by stakeholders in Songea, Tanzania.
Constraints that are in the same rectangle box, were identified by workshop participants as overlapping. Arrows were drawn by workshop participants and indicate linkages
between constraints, not necessary causal relationships.

Table 5
Crosscutting themes reflecting the prioritisation of constraints, and opportunities for innovation identified by workshop participants in Tanzania and Benin.

Crosscutting themes Number of constraints prioritised per
country and (percentage of) total

Opportunities for innovation as identified by
workshop participants in Tanzania and Benin

Tanzania Benin Total (%)-

Training, education and extension 3 6 9 (30%) - Updating of education and training curricula
- Capacity development for extension officers
- Development of agribusiness skills
- Farmer participatory technology development

Stakeholders collaboration 2 2 4 (13%) - Establish and institutionalise multi-stakeholder platforms
Access to credit 1 3 4 (13%) - Support to farmer organisations in managing funds/credits/subsidies

- Timely access to credit
- Assessment of the real financial needs for agricultural research and training
- Committed donors

Value chain linkages/market access 2 1 3 (10%) - Policies that enhance domestic market access for farmers
- Improved farmers' bargaining power

Policy implementation 1 1 2 (7%) - Harmonisation of government and donor activities
- Government commitment to implement and enforce agricultural policies

Timely access to quality inputs 1 1 2 (7%) - Support farmers in assessing required farm inputs
- Ensuring that inputs are timely and sufficiently available
- Private sector development

Climate change 2 0 2 (7%) - Identify early maturing and drought tolerant varieties
Other 3 1 4 (12%) N/a
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second largest groups of priorities were related to stakeholder
collaboration and access to credit (both 13%). Opportunities for
improved stakeholder collaboration include the development and
institutionalisation of multi-stakeholder platforms for the key
value chains, including rice. According to workshop participants,
better access to credit and financial resources would result from (a)
support to farmer organisations in managing funds/credits/sub-
sidies, (b) an improved business environment to timely access
credit, (c) an objective assessment of the real financial needs for
agricultural research and training, and (d) identification of a
committed donor to support that. Constraints related to improved
value chain linkages and market access accounted for 10% of the
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priorities. In this respect, opportunities identified are (a) the
development of policies to strengthen the domestic markets, and
(b) improved farmers' bargaining power to access these markets.
Opportunities for improved policy implementation and supervision
(7%), and timely access to high quality agricultural inputs (7%) were
prioritised in both countries. Examples provided by workshop
participants regarding the former include (a) improved harmo-
nisation of government and donor activities in the agricultural
sector to reduce the spread of contradictory messages by different
types of public and private service providers, and (b) enhanced
government commitment to implement and enforce agricultural
policies. With regard to the latter, workshop participants proposed
(a) improved support to farmers in making a proper estimate of
required farm inputs, (b) ensuring that subsidised inputs are
available for farmers in a timely manner and in sufficient quantity
and quality, and (c) private sector development. Climate change
was identified across two study sites in Tanzania as an increasingly
important problem. It was concluded that researchers should
invest more resources in identifying early maturing varieties and
drought tolerant varieties to support farmers in coping with the
impacts of climate change.

In terms of addressing constraints, farmers perceived them-
selves as the most dependent stakeholder group. Farmers in
Tanzania and Benin indicated that for resolving respectively 87%
and 100% of their constraints, actions by other stakeholder groups
would be required. Government and researchers and trainers
perceived themselves as the least dependent stakeholder group,
although addressing respectively 67% and 70% of their constraints
would still require actions by other stakeholder groups.

4. Discussion

4.1. Institutional and political constraints and opportunities in
nested parasitic weed control, crop protection and agricultural
systems

Our results show that the limited attention for the institutional
and political constraints and opportunities for innovation in para-
sitic weeds and crop protection research is not justified. Many of
the constraints and opportunities for innovation identified by
different stakeholder groups are of institutional or political nature,
and are directly or indirectly related to parasitic weed problems.
The vast majority of constraints identified by stakeholders were
generic and related to the functioning of the crop protection or
agricultural systems, rather than to the functioning of the parasitic
weed control system specifically (see Figs. 2Be6B). Nevertheless,
these systems are nested, which means that generic constraints in
crop protection or agricultural systems are often directly or indi-
rectly related to specific constraints in the parasitic weed control
system. Hence, addressing specific constraints related to parasitic
weed control is unlikely to be successful, as long as related generic
bottlenecks in the crop protection and agricultural systems are not
addressed simultaneously. This points at the importance of ana-
lysing specific complex agricultural problems in the context of the
broader, generic system(s) in which they are embedded (see also:
Hall and Clark, 2010; Hounkonnou et al., 2012; Spielman et al.,
2008). Our data contain various examples to illustrate this. In
both countries, crop protection is curative, with a focus on chemical
control of pest and disease outbreaks, rather than on weed pre-
vention. Prevention strategies are particularly important for para-
sitic weed management, because once the weeds are introduced in
a particular environment, they are difficult to eradicate as also
indicated by Eplee (1992) and Parker (2012). Furthermore, there is
relative limited attention for weeds, and parasitic weeds in
particular, in agricultural research, policy and training, which
explains the low awareness among extension and crop protection
officers of parasitic weeds in rice, in particular with respect to
R. fistulosa. With the spread and impact of parasitic weeds in
rainfed rice farming becoming increasingly clear (Rodenburg et al.,
2015), this requires immediate action. Another example of the
relation between constraints in the broader agricultural system and
parasitic weed control is provided by N'cho et al. (2014). They
demonstrated that the adoption of control or prevention strategies
for parasitic weeds is strongly correlated with farmers' access to
credit, information and training; the same constraints that were
prioritised by stakeholders in this study. Additionally, there is
broad-based evidence showing that parasitic weed problems are a
direct consequence of poor soil fertility (Kabiri et al., 2015; Parker,
2009), which directly relates to constraints such as untimely access
to high quality inputs identified in this study. Following Klerkx et al.
(2012), addressing such generic constraints is likely to have a spill-
over effect on dealing with complex agricultural problems other
than parasitic weeds.

Clearly, stakeholders did not mention a number of institutional
and political constraints. Land tenure agreements, for instance,
were not explicitly singled-out as a constraint while they form an
institutional dimension related to parasitic weed problems. Para-
sitic weeds are particularly problematic on land characterised by
poor soil fertility and water management (Kabiri et al., 2015). Such
marginal land is often allocated to socio-economically disadvan-
taged groups such as women. Consequently, rice fields managed by
women farmers may show a higher parasitic weed infestation rate
or severity (N'cho et al., 2014). Stakeholder groups also seem to
have limited attention for constraints at the international level.
Climate change related constraints formed the exception to this, as
theywere identified across sites in Tanzania. This corroborates with
expectations and reports on possible direct and indirect effects of
climate variability on parasitic weed affected areas (Rodenburg
et al., 2011a, 2015). Other international constraints of parasitic
weeds, such as possible trade and export limitations, were not
mentioned. This is particularly remarkable for stakeholders in
affected areas in Tanzania, growing or trading local varieties that
are highly valued and demanded at markets in surrounding regions
and countries. We have clear indications that parasitic weeds
negatively affect important grain quality characteristics that may
have implications on the market and trade value of the rice.
Consequently, exploring opportunities for innovations at suprana-
tional level should be explored further.

Acknowledging the importance of the institutional and political
dimensions directly or indirectly related to parasitic weed prob-
lems has several implications. First, addressing the majority of the
institutional and political constraints raised by stakeholders in this
study requires interventions beyond the farm level. It shows that
weed problems at plant or field level, cannot be solved in a durable
way if at higher integration levels the enabling environment for
that weed problem, or a disabling environment for its control, is not
changed simultaneously (Rodenburg et al., under review). This
finding highlights the importance of understanding multi-level
interactions for fostering coherent agricultural innovation strate-
gies, which is increasingly recognised in the agricultural innovation
literature (Hounkonnou et al., 2012). Second, it requires a redefi-
nition of crop protection innovation. Crop protection innovation is
often described as the successful development and transfer of
(chemical) crop protection technologies from researchers to
farmers (Schut et al., 2014b). However, the success of such tech-
nological innovations is strongly correlated with institutional and
political innovations, such as improved farmers' access to credit,
inputs, information and training, as also shown elsewhere
(Amankwah et al., 2012; Totin et al., 2012).
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4.2. Stakeholder perceptions, dependencies and collaboration in
exploring parasitic weed control innovations

Different groups of stakeholders experience different types of
constraints related to parasitic weed control, crop protection and
the generic functioning of the agricultural system. Nevertheless,
our analysis demonstrates that stakeholder constraints are inter-
related (see Table 4 and Fig. 7). Participatory research efforts on
parasitic weeds, crop protection, and agricultural innovation in
general have mainly focussed on involving farmers, and to some
extent extension officers as key stakeholders (Neef and Neubert,
2011; Rodenburg et al., 2010; Schut et al., 2014b). The emphasis
on farmer participation may explain the focus on productivity-
oriented research at the farm level. It can also explain the
continued focus on strengthening the agricultural extension sys-
tems to support farmer decision making to tackle crop protection
issues (reflecting the characteristics of constraints identified by
farmers in this study in Fig. 2) despite the many reforms that
extension systems have already undergone (Rivera and Sulaiman,
2009). Although addressing productivity- and extension-related
constraints is important, research, development and policy strate-
gies should pay similar attention to how these relate to institutional
and political constraints at higher system levels, where the ma-
jority of challenges faced by other stakeholder groups are situated.

To address complex agricultural problems, continuous stake-
holder participation in describing and explaining problems, and
exploring, designing and implementing solutions has been pro-
posed (Douthwaite et al., 2009; Neef and Neubert, 2011). Involve-
ment of stakeholders is essential for three reasons. First, different
stakeholder groups provide insights about the technological,
institutional and political dimensions of the problem across
different levels, and what type of solutions are economically and
institutionally viable, and social-culturally and politically accept-
able (Schut et al., 2014c). Similar to biophysical diversity of parasitic
weeds and the need to adapt management strategies and tech-
nologies accordingly (Kabiri et al., 2015), success of socio-
organisational innovations that address institutional and political
constraints depends on the specific context and the needs and in-
terests of different stakeholders involved (e.g. Hounkonnou et al.,
2012; Sumberg, 2005). Second, stakeholder groups become aware
of their fundamental interdependencies and the need for concerted
action to address their constraints and reach their objectives
(Leeuwis, 2000). Third, stakeholder groups are more likely to
support specific solutions when they have been part of the
decision-making or innovation process (Faysse, 2006). The insti-
tutionalisation of multi-stakeholder collaboration, for example in
multi-stakeholder platforms, as was suggested by workshop par-
ticipants in both Tanzania and Benin, provides an interesting and
promising entry point for continuous stakeholder interaction,
collaboration and collective action (e.g. Kilelu et al., 2013; Schut
et al., 2014a). Whether platforms or other kinds of stakeholder
collaborations should be set up specifically around parasitic weeds
is questionable, because awareness and perceived importance of
parasitic weed problems for different stakeholder groups is rather
low. It could be more effective to address parasitic weed problems
as part of a broader focus on innovation in the crop protection
system, as this appears to link more strongly to needs and interests
of different stakeholder groups (e.g. Togb�e et al., 2012).

5. Conclusions

This study demonstrates that the majority of institutional and
political constraints for innovation to address parasitic weeds are
related to the functioning of the broader crop protection system
and agricultural system, rather than to parasitic weeds control
system specifically. However, many of these more generic con-
straints (e.g. timely access to high quality inputs, access to credit,
information and training) relate directly or indirectly to parasitic
weed problems, and consequently form a bottleneck for developing
effective parasitic weed prevention and control strategies. Such
insights can provide a basis for the development of innovations for
parasitic weed prevention and control strategies that are integrated
(i.e. that address both technological and socio-organisational di-
mensions), coherent (i.e. coordinated interventions across different
levels), and acceptable for different types of stakeholder groups.
Such strategies should be tailored to the institutional and political
realities of regions and countries where parasitic weeds in rice are
causing problems.

Stakeholders experience different types of constraints related to
the general functioning of the parasitic weed control, crop protec-
tion and agricultural systems. Overall, the majority of constraints
are related to policy (e.g. poor harmonisation of donor and gov-
ernment policies), associated with a lack of capabilities and re-
sources (and limited access to credit), and require interventions at
the national level geared towards improved input and service
supply and crop productivity. Despite the differences across
different stakeholder groups, there exists a high degree of aware-
ness of direct and indirect relations between their constraints, and
a notion that addressing them effectively would require
collaboration.

Opportunities for innovation that were identified by stake-
holders include awareness raising of parasitic weed problems in
rice among farmers, and extension and crop protection officers at
the local level. Such efforts need to be accompanied by more
structural interventions in terms of frequent updates of the agri-
cultural training curricula, and implementation and enforcement of
crop protection policies at higher systems levels in order to achieve
long term and structural impacts. Improved and continuous
collaboration between key stakeholder groups across different
levels can contribute to a better understanding of problems and
feasible solutions for parasitic weed control, as well as for other
complex agricultural problems.
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