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ABSTRACT

Effective extension systems are vital to smallholder agriculture. Education on
sustainable management involves complex interactions and communication flows
among information providers and practitioners. Farmer practice is often
overlooked within extension knowledge systems, resulting in incompatible
recommendations and barriers to sustainable agriculture. This study investigates
the diversity of smallholder agricultural practices, with a focus on maize-legume
systems in Tanzania, including seasonal cropping patterns and management, as
well as linkages to extension recommendations and information flows. We used a
mixed methods approach to assess the state of extension and farmer practice
around maize-legume production in Tanzania. Household and plot-level survey
data (n=220) and focus group discussions (n=5) and extension information was
ascertained through interviews with key stakeholders (n=12) and a survey of
village-based extension advisors (n=193). We found legume management
practices were highly local. In the Southern Highlands for example, farmers
produced from one to three bean crops per year, using a range of planting
arrangements. Further, extension recommendations often did not take into
account the varieties, fertilizer or plant spacing used by farmers. This
comprehensive study of extension knowledge systems in Tanzania highlights the
persistent disconnects that occur at multiple levels, acting as a barrier to
sustainable intensification of smallholder farming.

Introduction . . N )
conditions is essential in sub-Saharan Africa where

Extension of sustainable agricultural practices is a key
component to achieving sustainable intensification
(SI) of smallholder cropping systems, but there are
many barriers to achieving effective extension
(Pretty et al., 2011). This can be seen in disconnects
between support provided by extension and farmer
practices, whereby extension provides information
and services that may be incompatible with current
farming systems (Meijer et al., 2015). In order to ident-
ify and disseminate sustainable practices, local
farming systems and conditions must be understood.
Contextualizing practices and understanding local

most agricultural production is undertaken by small-
holder farmers spanning diverse land, climatic, and
cultural conditions (Aune et al., 2017). As such, local
adaptation of farmer practices is key, and requires
flexible extension systems facilitating local knowledge
exchange.

Local farmer knowledge, including practices and
priorities, has commonly been overlooked in exten-
sion knowledge systems (Biggs, 1990; Scott, 1998).
Linear dissemination of input-oriented solutions and
technologies has until recently been a dominant
agricultural extension mode (Koutsouris, 2018;
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Leeuwis, 2004). This model addresses farmers as a
homogenous entity, overlooking the diversity of
needs and priorities of farmers. This has served to
marginalize farmer knowledge, particulary ignoring
the conditions of women, who account for a large
portion of smallholder farming labour (Farnworth
et al, 2015). Participatory research approaches
attempting to counteract this historical approach
and prioritize farmer knowledge have received con-
siderable attention, and are a key component for
developing sustainable agriculture (Nerbonne &
Lentz, 2003; Pretty et al, 2011; Snapp et al.,, 2002a).
Despite this, a linear technology transfer model still
dominates (Neef & Neubert, 2011). The ineffectiveness
of this form of extension is often framed as insufficient
knowledge transfer from extension to farmer (Lukuyu
et al,, 2012; Niu & Ragasa, 2018; Sekiya et al., 2015).
This approach assumes that the technology being
promoted would be effective if all information and
resources were received by the farmer, rather than
allowing for adaptation of practices to farmers’ local
conditions and needs.

Reviews of farming systems research and exten-
sion show that local farming context and farmer prac-
tice largely continue to be disregarded (Salembier
et al, 2018). While the value of local farming knowl-
edge has been promoted in participatory research,
there have been limited attempts to systematically
incorporate this knowledge source into research and
extension systems (Glover, 2007; Snapp et al., 2003).
The consequences of excluding farmer knowledge
from agricultural research is demonstrated by Schind-
ler et al. (2016) which evaluated farmer and researcher
knowledge for a project on improved agricultural
practices in central Tanzania. The authors found that
farmers reported potential negative effects, risks and
incompatibilities of practices, which had not been
previously identified by researchers.

Strengthening extension systems for sustainable
agriculture requires critical examination of current
information pathways. Extension systems include
many actors, ranging from government, research,
NGOs, to industry (Agbamu, 2000). Given this diversity
of information providers, there is need for under-
standing the interaction among these groups and
identifying their knowledge sources. This is especially
important in countries where public extension
funding is limited, with high reliance on private exten-
sion sources (Coutts et al., 2019; Lowder et al.,, 2012).
While attention has been given to increasing public-
private linkages in agriculture, there are concerns for

how these linkages occur, and if they are supportive
of sustainable agriculture. In order to be effective in
supporting agricultural production, partner insti-
tutions must be complementary and transparent,
honest brokers in facilitating knowledge exchange
(Davis et al., 2018; Glover, 2007; Hall, 2006). This war-
rants an examination of current knowledge exchange
to ensure effective functioning of extension systems.

An additional challenge for extension systems that
address Sl are the limitations in technical content and
lack of hyper local advice that address the complexity
of smallholder farming systems (Giller et al., 2011;
Ronner et al., 2019). This is especially true of knowl-
edge around the production of legumes within
cereal based rainfed production, one of the pillars of
SI. Legumes are widely grown by smallholder
farmers and incorporating them with cereals pro-
duction is a means to enhance biological nutrient
cycling, resilient production, and family nutrition
(Pretty et al., 2011; Snapp et al., 2018). A recent
country-wide survey in Tanzania highlighted SI
benefits including child nutrition gains associated
specifically with maize-legume cropping systems
(Kim et al., 2019). However, legume crop production
is a knowledge-intensive, complex aspect of small-
holder farming systems, often influenced by gender
and resource constraints and therefore may not be
well served by hierarchical extension systems (Fergu-
son, 1994; Waldman et al., 2016). As such, there has
been limited extension support that acknowledges
the complex cropping systems within which
legumes are produced (Giller et al., 2011; Muoni
et al, 2019). A key Sl gap to translating research into
practice is thus understanding how extension
systems function in relation to smallholder grain
legume intensification on smallholder farms.

In Tanzania, the government extension system
operates under a hierarchical structure whereby
research generated by institutes under the Ministry
of Agriculture is reported to regional level govern-
ment officials responsible for disseminating the infor-
mation down to extension workers who operate at
the village level (Mattee, 1994). In addition to the gov-
ernment, NGOs and private companies are also
involved in the generation and dissemination of agri-
cultural knowledge, partly as a response to insufficient
reach by poorly resourced government extension
(Birner et al., 2009). NGO and agro-industry extension
services in Tanzania, however, are not formally inte-
grated into the public sector, and it is unclear how
they are influencing local extension and farming
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practices (Rutatora & Mattee, 2001). In a review of
agricultural extension research globally, characteriz-
ing advisory services within a particular country has
been identified as a priority area for research (Faure
et al, 2012).

To understand disconnects and connections
across research, extension and farmer practices, mul-
tiple levels must be considered, from farmer practice
to extension recommendations, including the
sources of such recommendations. This study con-
siders the extension system in Tanzania, in relation
to farming practices and extension recommen-
dations around maize-legume cropping systems.
Specifically, we focus on the two main legumes
grown in rainfed cropping systems of Tanzania,
common bean (Phaseolus vulgaris) and pigeonpea
(Cajanus cajan). The objectives of this study were
to: (1) understand the diversity of smallholder agri-
cultural systems in Tanzania through identifying sea-
sonal cropping patterns and practices on legume
and maize-legume plots; (2) document extension
knowledge systems and information sources in Tan-
zania, specifically for the Southern Highlands, and (3)
elucidate extension recommendations and farmer
practices to better understand connections and dis-
connects as they relate to legume production
within maize-based systems.

Materials and methods
Research area

This study is focused on the regions of Tanzania domi-
nated by rainfed maize-leqgume cropping systems
(Mnenwa & Maliti, 2010). Administratively, Tanzania
is divided into regions which are further divided into
districts made up of wards, each one representing
several villages (Figure 1). Agricultural extension is
divided into eight zones in the country, each of
which includes several regions and thus hundreds of
wards (Tanzania, 2012). The main areas of research
in this study focus on legume agricultural activities
within maize-legume cropping systems in the North
and Southern Highlands agroecological zones.
Within each zone is an agricultural research centre,
being a constituent of the Tanzania Agricultural
Research Institute (TARI) that is responsible for con-
ducting research related to the agricultural needs
across the country. TARI-Uyole is the research centre
responsible for covering the Southern Highlands
zone and TARI-Selian represents the North zone.

Data collection methods

The mixed methods study conducted in Tanzania
involved primary and secondary data sources to
capture farmer cropping systems, management prac-
tices, extension information sources, and extension
recommendations. Data collection on farmer manage-
ment included a survey carried out by the Taking
Maize to Scale in Africa Project (TAMASA) during the
main 2017 maize harvest season within the North
and Southern Highlands agroecological zones of Tan-
zania and farmer focus group discussions in two dis-
tricts (Mbeya and Mbozi) of the Southern Highlands.
Extension recommendations were obtained through
interviews with extension officers in both the North
and Southern Highlands zones conducted between
June-July 2016, a survey in February 2019 in the
Southern Highlands zone with village-based agricul-
tural advisors (VBAAs), and printed material supplied
by the Ministry of Agriculture (Figure 2). Printed
material included a book published by the Depart-
ment of Research and Training under the Ministry of
Agriculture which provides detailed extension rec-
ommendations for all major agricultural crops
grown in Tanzania (Kanyeka et al., 2007). The research
in this study was granted an exemption by the Michi-
gan State University (MSU) Institutional Review Board
(IRB# x16-362¢) for human subjects research.

Farmer practice — survey

A country-wide survey to generate data on household
socio-economic factors and on focal plot manage-
ment was conducted by the International Maize and
Wheat Improvement Center (CIMMYT) under the
Taking Maize to Scale in Africa (TAMASA) project
with support from the Sustainable Intensification
Innovation Lab (SIIL). The survey targeted the main
maize producing areas in Tanzania with the goal of
identifying detailed management practices on small-
holder maize production. A stratified spatial sampling
frame was used to identify the survey areas selecting
major maize production areas across a range of soil
types and diverse agro-ecologies. A detailed descrip-
tion of this sampling frame has been previously
described in Andrade et al. (2019). From this sampling
frame 75 1 x 1 km grid locations, with 3 grids per dis-
trict (25 districts total), were randomly chosen for
identifying survey households. Within each grid a
list of all households actively farming land was col-
lected, and 8 households randomly selected to be
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Ministry of Agriculture (MoA)
Responsible for policy, technical support,
and national coordination

Semi-autonomous body under MoA
consisting of 8 agricultural research centers
and 10 sub-centers located in respective
zones

Regional Agricultural Office
31 regions in Tanzania, each with an
agricultural department

District Extension Officers
169 districts in Tanzania, each with a district
agricultural extension officer responsible for
overseeing local extension services

Ward/Village Extension Officer
Each ward consists of several villages. An
extension officer may be assigned at the
ward or village level. There is roughly 1
extension officer per 700 households

0 200400 km
——

TARI s Selian
Northern Zone

Ministry of
Agriculture
(Dodoma)’

So [
Uthern H/ghlano’s Zone

TARI A Uyole
Namtumbo

Ruvuma region

Figure 1. Extension diagram demonstrating different levels of public extension organization in Tanzania. Order of oversight starts with the
Ministry of Agriculture, which oversees the Department of Research and Training under which is the Tanzania Agricultural Research institute
(TARI), a semi-autonomous body with 8 centres and 10 sub-centres throughout the country. Regions (e.g. Ruvuma) are administrative units
which comprise of several districts (e.g. Namtumbo) within which are wards made up of several villages.

surveyed. The household member interviewed for the
survey identified a focal plot in the first year of the
project (2016), defined as the maize plot most impor-
tant to a household’s maize production, from which
detailed plot management information and plant
samples were collected. The same focal plots were
revisited in 2017 with the same management ques-
tions covered regardless of whether maize was the
primary crop that year. This allowed for capturing
detailed management practices around legume pro-
duction, with pigeonpea and common bean being
the two most common legumes grown on the focal
plots. The survey was conducted in May-July 2017
during the main maize harvesting period, a time
when pigeonpea is still present in the plot. As such
pigeonpea plant measurements were also taken on
the focal plots where pigeonpea was present, allow-
ing for measurements to be recorded on plant
spacing and density. Survey responses resulted in
557 focal plots with crop management information,

with 220 (46%) of these including legumes, the
majority being common bean or pigeonpea. From
the 220 plots, management practices were summar-
ized by the cropping system in which the legumes
were grown and by zone (North vs. Southern High-
lands). Pigeonpea was always grown as an intercrop
with maize, and so the pigeonpea system refers to
intercropping of pigeonpea with maize. Common
bean was found to be grown as both a sole crop
(rotated with maize across years) and intercropped
with maize, and plots were delineated as such (sole
bean vs. maize-bean) for descriptive analysis.

Farmer practice - focus group discussions

To capture detailed legume management information,
focusing on common bean in particular, and expanding
upon information collected through the TAMASA
survey, five farmer focus group discussions were con-
ducted in 2016 in the Southern Highlands, across five
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Village Based Agriculture Advisors
(VBAA) Recommendation

VBAA Survey (161 VBAA bean recommendations; 5
pigeonpea recommendations)

7 districts in Southern Highlands
Extension Recommendation

Interviews with Extension Officers (7 Extension
Officers in the North zone; 5 interview groups with 2-
3 extension officers per group in the Southern
Highlands zone)

Ministry of Agriculture Recommendation
Printed book (Kanyeka, Kamala & Kasuga 2007)

Recommendations for entire country, delineated by
zone 0

Northern
Zone

100 200
L

Figure 2. Diagram illustrating information sources used for bean and pigeonpea farmer management and recommendations in this study. Each
source represents a different level at which information was collected, ranging from the highly local farmer practice (1a & b) to country-wide

Ministry of Agriculture (4).

wards that were visited in the TAMASA survey and are
known to be major bean producing areas. These five
wards covered two different districts representing two
regions in the Southern Highlands. They are Magamba
and ltumpi wards in Mbozi district, Songwe region and
Mapinduzi, ltawa, and Mshewe wards in Mbeya Rural dis-
trict, Mbeya region. Focus groups included 10-12
farmers representing multiple villages within the ward.
The ward agricultural officer selected farmers who pri-
marily grew beans to be participants, including both
men and women farmers in each group. Focus group
questions focused on bean management practices
within the ward, including questions concerning the util-
ization of bean across harvests, family food sources, and
food security. Given that beans are planted multiple
times throughout the growing season in each ward,
bean management questions included identifying the
timing of the main bean management practices such
as land preparation, planting, weeding, and harvest for
each of the bean plantings.

Agricultural extension - interviews

Extension recommendation information was col-
lected through a total of 12 semi-structured

interviews in 2016 from village, ward and district
level government extension officers as well as from
one researcher at the Tanzania Agricultural Research
Institute in Uyole (TARI-Uyole). In the Southern High-
lands zone five interviews were conducted across
five wards with groups of 2-3 ward and village
level agricultural extension officers. In the North
zone five ward level extension officers were inter-
viewed individually. Respondents were asked to
detail the recommendations for beans in the
Souther Highlands zone and pigeonpea in the
North zone with a focus on varieties, spacing, fertili-
zer type and amount, method and timing of fertilizer
application. Questions also included how the
legumes are typically grown by farmers, if farmers
follow the recommendations mentioned, source of
information for extension recommendations and
whether farmers ever provide feedback on rec-
ommendations. The same set of questions were
asked in interviews conducted with three district
level extension in Mbeya district in the Southern
Highlands and two extension staff in the Babati dis-
trict in the North zone. For these respondents
additional questions were asked concerning how
recommendations were compiled.
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Agricultural extension - survey

In addition to government extension officers, rec-
ommendations were documented for village-based
agricultural advisors (VBAAs) of the non-profit
organization Farm Inputs Promotions-Africa (FIPS-
Africa). The purpose of using VBAA recommen-
dations as an extension source was to gain a
better understanding of field level recommen-
dations provided to farmers from a public-private
entity and to see if this source differs from tra-
ditional extension knowledge sources. The VBAA
extension approach is a new model being promoted
as a scalable support system that supplements gov-
ernment extension by providing training to farmers
to act as local extension advisors. Public-private lin-
kages are created through this model, as VBAAs are
trained to be village-based agricultural input provi-
ders. VBAAs are selected by their communities and
trained in good agricultural practices and
entrepreneurship.

VBAAs' primary activities involve setting up
‘mother demos’ and distributing free small packs of
improved seed varieties or inputs (e.g. fertilizer or
seed treatments) to farmers in their communities.
The demonstration plots highlight improved varieties,
efficient application of inputs and good agricultural
management practices being promoted. Distributing
small packs allows for farmers to experiment with
the inputs being promoted on the mother demos
on their own farms. Similar to mother and baby
trials, this participatory approach aims to improve
farmer learning and engagement around the man-
agement practices (Snapp et al,, 2002a). In 2017, 216
VBAAs from six regions in the Southern Highlands
area received additional bean agronomy training
highlighting improved bean varieties and the use of
the fungicide-insecticide seed treatment ApronStar.
Prior to receiving training, an initial baseline survey
of VBAAs was conducted and responses on bean rec-
ommendations, specifically recommended bean var-
ieties, were used for this study. In 2019, 193 of these
VBAAs were reached for a follow-up survey to assess
their activities as VBAAs and the recommendations
that they provided to farmers in the previous
growing season. From these responses, VBAA rec-
ommendations on bean and pigeonpea were sum-
marized and compared to legume recommendations
from government extension and farmer practice
(Figure 2).

Results

Farmer practice of maize-legume cropping
systems

The TAMASA survey recorded maize-legume cropping
systems in focal study plots where a wide range of
cropping systems were observed, with marked differ-
ences between the North and Southern Highlands
zones (Table 1). Common bean and pigeonpea were
the most common legumes present, with pigeonpea
plots always grown as an intercrop with maize and
common bean grown either as an intercrop or in
rotation with maize (sole bean). Household
members involved in the decision making of plot
management did not differ across cropping system
or area. Decision making was split between either
solely the head of the house, usually the husband,
or shared jointly between husband and wife (44% of
focal plots). Female headed households were rare,
accounting for only 9% of the households included
in this study.

Pigeonpea plots were found in both the North and
Southern Highlands, with the majority (87 out of 114)
in the North zone (Table 1). Pigeonpea plots in the
North had the highest average plot size (1 ha) com-
pared to the plots in the Southern Highlands
(0.69 ha), and all bean plots in the North and Southern
Highlands zones ranged from 0.49 to 0.65 ha. Planting
characteristics also differed in pigeonpea plots in the
North versus Southern Highlands, with pigeonpea in
the North planted at a much higher density
(18,800 plants ha™") than in the Southern Highlands
(8400 plants ha™').  Pigeonpea was  broadcast
planted around maize in about half of the plots, and
in rows for the remainder (Table 1). In the North,
pigeonpea tended to be planted between maize
rows (33 out of 46) whereas in the Southern Highlands
pigeonpea planting occurred within maize rows in all
14 plots. Seed types were mainly local seed varieties
at all locations, with only five plots in the North and
one in the Southern Highlands reporting use of
improved pigeonpea seeds. Recycled seeds domi-
nated, with only 13 out of 87 plots reporting use of
purchased seed. Fertilizer was applied widely to
pigeonpea, particularly for Southern Highlands plots
(74%), which had high application rates
(141 kg ha™") compared to Northern plots (18% use,
111 kg ha™" average urea application). In both areas
the majority of inorganic fertilizer applied was urea,
suggesting fertilizer use was targeted to maize. The
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Table 1. Farmer practice of pigeonpea and bean cropping systems collected from TAMASA survey focal plots.

North Southern Highlands
Maize-bean Maize-bean
intercrop Sole bean Pigeonpea intercrop Sole bean Pigeonpea
Ntocal plots 51 4 87 13 38 27
Focal plot size (ha) 0.57 0.65 1.0 0.49 0.61 0.69
Focal plot decision
making (n = # plots) 26 (7 Female) 4 (0 42 (6 Female) 8 (3 Female) 16 (2 Female) 13 (1 Female)
Head only 23 Female) 40 4 21
Male Head + Spouse 2 0 5 1 1 5
Other 0
Seed types®
% Local 39 (95%) 4 (100%) 62 (93%) 10 (100%) 31 (82%) 19 (95%)
% Improved 2 (5%) 0 5 (7%) 0 7 (18%) 1 (5%)
Legume plant spacinglD - - 78 cm X 57 cm - - 103 cm X 106 cm
Maize plant spacing 85 cm X - 80 cm x 46 cm 79 cm X - 86 cm x 45 cm
51 cm 46 cm
Plant density - - 18,800 - - 8400
(plants ha_1)b
Fertilizer Use (Organic/ 17 (33%) 0 16 (18%) 5 (38%) 21 (55%) 20 (74%)
Inorganic)
Type Urea (14); N/A Manure (7); Urea (6); Urea (4); DAP DAP (20); Yara Urea (16); SA (13);
(n=number of plots)  Manure (4); Compost (2); SA(1) (2); CAN (2) (2); Urea (1) CAN (2); Yara (1)
DAP (2)
Inorganic Fertilizer Urea N/A Urea Urea DAP Urea
Rate®
Average (kg ha™) 180 111 32 161 141
Range (kg ha™") 54-558 4.9-195 15-69 37-417 20-333
Pesticide (Insecticide, 1 (2%) 0 2 (2%) 0 6 (16%) 0

Herbicide, etc)

Notes: Pigeonpea systems refer to pigeonpea intercropped with maize, but for simplicity are referenced as pigeonpea.
20f reported seed types - not all respondents reported source of seed, therefore number of responses do not sum to number of plots in each

cropping system.

Legume plant spacing and density reported for pigeonpea only due to common bean being already harvested at time of data collection.

“Of most reported inorganic fertilizer.

main fertility amendment applied in North pigeonpea
plots was manure, reflective of high manure use in the
North zone in general.

Common bean plots were characterized as either
maize-bean intercrop or sole bean (Table 1). Sole
bean plots were mostly found in the Southern High-
lands area (n=38), where they were continually
rotated with maize as indicated by the reported
five-year land use history of the plots. North zone
sole bean plots were few (n = 4) and were less consist-
ently rotated with maize and more commonly
included other crops in the previous growing
seasons. Instead, common bean plots in the North
were more often intercropped with maize (n=51)
than in the Southern Highlands. Similar to pigeonpea,
common bean seed varieties used were mostly local
and recycled. Sole bean plots in the Southern High-
lands had the highest use of improved varieties (n =
7), but even these were mostly recycled (4 out of 7).
Fertilizer use differed between maize-bean plots and
sole bean plots, with 31% of maize-bean plots
having fertilizer applied of which most was urea. In

contrast, 55% of sole bean plots (not including the 4
North plots) had fertilizer applied, most of which
was diammonium phosphate (DAP) (20 out of 21). Fer-
tilizer rates varied, with the largest range found
amongst urea application on maize-bean plots in
the North (54-558 kg ha™"), averaging 180 kg ha™".
Maize-bean plots in the Southern Highlands in con-
trast had an average of 32 kg fertilizer ha™"' with a
range of 15-69 kg ha™'. DAP application on sole
bean plots in the Southern Highlands had the
second highest application rate, at 161 kg ha™" per
plot and range of 37-417 kg ha™'. Pesticide use,
including herbicides and insecticides, was overall
low (0-16% of plots across cropping system), with
the highest occurrence in sole bean plots in the
Southern Highlands.

Common bean systems in Southern Highlands

A crop calendar was constructed from the Southern
Highlands focus groups displaying the different man-
agement practices across the year for each common
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Figure 3. Calendar detailing the main bean crop activities of land preparation (light blue), planting (dark blue), weeding (light green), and
harvesting (green) across five wards in the Southern Highlands zone for each bean planting (delineated by symbols) that occurred in the
ward throughout the year. Line colour and symbol identify crop activity for a specific bean planting with length of line showing months
that activity typically occur (e.g. In Magamba ward blue diamond line denotes land preparation for 1st bean planting occurring from
October to mid-November). Solid black line indicates typical food-scarcity months (‘hunger months’) in the ward to demonstrate overlap
of hunger months with bean crop activities. Data collected from interviews with farmers in these wards.

bean planting that commonly occurred in a ward
(Figure 3). Many areas within the Southern Highlands
have multiple plantings of common beans (four out of
five wards), and number of plantings and timing of
plantings varies widely. Within wards where multiple
plantings of beans were common, some farmers did
not plant multiple times. For some, if the first bean
planting is delayed, the harvest will not occur early
enough to plant the second bean crop before the
rains end. Low soil moisture was a main reason cited
for not supporting multiple bean plantings. This
could be due to insufficient rainfall or due to local
soil conditions that did not retain a sufficient level
of moisture to support an additional bean crop.
Overall, there were four bean planting patterns
that varied due to local rainfall distribution and soil
moisture (Figure 3). The first pattern, commonly
seen in Mbozi district, involved planting beans at
the start of the rainy season followed by a second
bean planting around the time of the first planting’s
harvest, which corresponded with the last two

months of seasonal rainfall. Another pattern included
delaying the first bean planting until the middle of the
rainy season, followed by a second planting during
the dry season. This system depended on sufficient
residual soil moisture and occurred in areas where
rainfall in the beginning of the season was of high
intensity thus preventing a successful early bean
crop (e.g. Mapinduzi ward). A third pattern, observed
in Mshewe ward, included three bean planting times:
one at the beginning of the rainy season, a second
after that harvest, and a third carrying over into the
first planting of the following rainy season. Interest-
ingly, an area with just one bean planting during a
growing season is located in the same region as the
ward with three bean plantings demonstrating the
highly local nature of bean cropping patterns in
areas such as the Southern Highlands where local
topography creates highly differentiated
microclimates.

Bean crop management sometimes differed by
planting period, with less labour and inputs
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commonly given to the second bean planting. One
ward (Magamba) noted that the first bean planting
was expected to produce higher yields than the
second. Most often respondents noted that the
second bean planting was weeded less or not at all
and land preparation was often not done at all in com-
parison to the first. Herbicides were used by at least
some farmers at all locations. When used in areas
where farmers planted multiple bean plantings, herbi-
cides were generally applied during the first bean
planting, and not necessarily at the second planting.
Insecticides were commonly noted as being applied
around the time of weeding.

In addition to bean production activities, respon-
dents identified the months when food security is
an issue, and coping strategies used. While periods
of food insufficiency and bean cropping varied,
within each area hunger periods commonly occurred
just before bean harvests and sometimes after (Figure
3). The alignment of food insecure periods with bean
harvests highlight the potential contribution of gains
in bean production to directly address household
food insecurity. Coping strategies mentioned by
respondents also included borrowing food to be
repaid with future harvests and selling cash crops
such as beans. Generally, utilization of bean harvests

Similarly, for bean varieties grown, generally there
was no preference for planting certain varieties
during one planting time versus another. Some
bean varieties were seen as desirable based on early
maturity, which allowed for planting multiple times.
The first bean harvest was often used as seed for
the second, which has important sustainable intensifi-
cation implications given the key role that informal
seed systems play in Africa.

Local extension recommendations (VBAAs)

Extension advice by VBAAs to farmers in the Southern
Highlands is reported based on the VBAA survey
(Table 2). The recommendations primarily focused
on bean production (161 out of 193 VBAAs), with a
few VBAAs (n=5) additionally making recommen-
dations on pigeonpea (Table 2). Advice included rec-
ommendations on spacing, fertilizer use, seed
varieties, and other inputs, with some VBAAs provid-
ing recommendations for all topics and others for
just a few. Of the VBAAs providing spacing rec-
ommendations, all recommended planting beans in
rows but recommended row spacing distance
varied. The majority (54%) of VBAAs recommended
a spacing of 50 cm between rows and 10 cm within

was for both home consumption and market. row, while 16% of respondents recommended
Table 2. Village-based agricultural advisors (VBAA) recommendations from VBAA survey.
Pigeonpea Nygaas Providing recommendations 5
Recommended planting sole cropped 100%
Spacing 75 cm x 30 cm (1)
75 cm x 60 cm (1)
80cm x30cm (1)
80 cm x40 cm (1)
Fertilizer DAP (2)
Seed Local, white variety (2)
Common Bean Nygaas Providing spacing recommendations 161
Recommended planting in rows 100%

Bean spacing

Bean fertilizer - Recommend (Y/N)

Bean fertilizer - Types®
Bean fertilizer — Rate
Bean varieties

(183 respondents)

Bean seed treatment (Y/N)

Bean insecticide/ fungicide (Y/N)

50 cm x 10 cm (86) 54%
30 cm x 10 cm (26) 16%
Others (49) 30%

Y - (156) 81%

DAP - (115) 74%

Yara — (44) 28%

Others - (19) 12%

50 kg/acre — (103) 66%
5 gm/hole - (19) 12%
Uyole 96 - (150) 82%
Njano Uyole - (145) 79%
Calima - (47) 26%
Wanja - (39) 21%

Y - (147) 76%

Y - (149) 77%

Notes: Values in parentheses represent number of respondents. Total Nygaas = 193.
“Respondents reported recommending multiple fertilizer types, therefore numbers do not add to total VBAAs providing recommendations.
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30 cm between rows instead (Table 2). The remaining
30% of respondents recommended another spacing
combination other than 30 or 50 cm by 10 cm. The
majority of VBAAs (81%) recommended fertilizer
application for beans, 63% of which recommen-
dations were for DAP only. In addition to DAP alone,
another 10% of VBAAs provided recommendations
for DAP as well as other fertilizer types (primarily the
Yara Cereal NPK (23-10-5) fertilizer type). Fertilizer
rates were most commonly recommended in kg per
acre, and specifically in the amount of 50 kg/acre
(66% of recommendations). A few respondents
reported rates in grams per planting hole instead,
with 12% of recommendations recommending
5 grams/hole (Table 2). Specific bean varieties were
also recommended, most commonly the varieties
Uyole 96 (recommended by 82% of VBAAs), Njano
Uyole (79% of VBAAs), Calima (26% of VBAAs) and
Wanja (21% of VBAAs) (Table 2). Many VBAAs also rec-
ommended a number of other inputs for beans, such
as seed treatments (76%) and insecticide/fungicides
(77%).

While pigeonpea recommendations were few,
those recorded provide key insights (Table 2). All
five of the VBAAs who provided recommendations
on pigeonpea recommended that it be sole cropped
instead of intercropped with maize (as grown by
farmers). Four out of five of the VBAAs recommended
spacing for pigeonpea, although each noted a
different spacing arrangement. This ranged from 75
to 80 cm between rows and 30-60 cm within row.
Only two VBAAs recommended fertilizer application
to pigeonpea, as well as a specific, local variety of
pigeonpea.

Extension legume recommendations across
multiple levels compared to farmer practice

Farmer practice for growing bean and pigeonpea was
compared to extension recommendations at three
levels, village level VBAAs, district level extension
officers, and country level Tanzania Ministry of Agri-
culture published recommendations. A Venn
diagram listing practices versus recommendations
demonstrates areas of overlap and disconnect
among the sources (Figures 4 and 5).

For bean management, few of the farmer practices
overlapped with extension recommendations (Figure
4). All sources of recommendations (VBAAs, extension,
and Ministry of Agriculture) recommended a spacing
of 50 cm x 10 cm. This is in contrast to farmer practice,

as reported by local extension, which either followed
a sole crop planting system commonly achieved
through broadcast planting (common in Southern
Highlands) or as an intercrop with maize (North). In
the case of intercropping with maize, maize row
spacing was the major determinant of spacing
(Table 1). Additionally, all sources recommended
applying insecticide and herbicides in bean pro-
duction, but there was limited evidence of farmers
using insecticides (a few applied to sole bean plots)
and almost nil herbicide use.

Fertilizer use in bean was the one area where some
synchrony was observed between recommendations
and farmer practice. A wide range of farmer fertilizer
application rates was observed, and VBAA recommen-
dations for fertilizer rates varied as well; however,
there was overlap. For example, DAP fertilizer for
bean recommendation rates ranged from 50 to
100 kg/acre (124-247 kg/ha). Farmer practice in the
Southern Highlands for DAP applied to sole bean
cropping systems varied, but an average rate of
those who applied fertilizer (161 kg/ha) was within
the recommended range. Yara fertilizer brand (NPK
fertilizer type) was recommended by both VBAAs
and extension staff at a rate of 50 kg/acre, but this fer-
tilizer brand was not an observed farmer practice. Fer-
tilizer rates in general were reported in hectares by
the Ministry (Kanyeka et al., 2007), which also listed
recommendations by nutrient (e.g. amount N),
whereas extension reported rates as kg per acre and
by fertilizer type (not the nutrient content of the
fertilizer).

Interestingly, farmers adjusted their management
practices to reflect distinct bean cropping systems
(intercropped vs sole cropped), whereas this variation
was rarely acknowledged by extension sources, and
not accounted for in any recommendation. The Minis-
try of Agriculture publication divided some rec-
ommendations by extension zone (e.g. North vs
Southern Highlands). Additionally, the Ministry of
Agriculture recommendations did not overlap in any
way with farmer practice (Figures 4 and 5). Earlier pub-
lications by the Ministry of Agriculture have deli-
neated multiple agroecologies with tremendous
diversity of systems and farmer practices, but these
historical records were not taken into account in
current materials (De Pauw, 1984).

Farmers mostly used local recycled seeds, with sole
bean systems in the Southern Highlands having the
highest use of improved varieties at 18%. In contrast,
the Ministry recommended 14 improved varieties that
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Figure 4. Venn diagram of farmer practice and extension recommendations for common bean management. Farmer practice determined by
survey 1 focal plot responses (n = 106). Extension recommendations compared across three different levels, with VBAA recommendations (n =
193), government extension officers (n =5), and an official Ministry of Agriculture publication (Kanyeka et al., 2007).

have been developed in various agricultural research
institutes across the country. Extension officers listed
ten improved varieties that were common in the
Southern Highlands, of which only two overlapped
with the Ministry list. There were only four common
varieties promoted by VBAAs, of which two were
also mentioned by extension and one was listed in
the Ministry booklet.

Pigeonpea management generally had few rec-
ommendations, and almost none that were matched
to farmer practice, despite the prevalence of this
crop in study focal plots. One extension officer inter-
viewed in the North noted that pigeonpea production
recommendations are not a priority, as their focus was
on maize. An example disconnect is that all farmers
produced pigeonpea as an intercrop with maize,
whereas recommendations were almost all for sole
pigeonpea (Figure 4). Ministry recommendations
specified that sole cropping should be used for
short duration varieties, whereas medium to long
term duration varieties could be intercropped. No

other recommendation source differentiated variety
types. There were also planting arrangement differ-
ences between farm plots in the North and Southern
Highlands. Recommendations, however, were not site
specific, and focused on intensive spacing and chemi-
cal input use. Inorganic fertilizer application by
farmers occurred in only 26% of pigeonpea plots
and the types of fertilizer applied were high in nitro-
gen content (urea, SA) which suggests the target
was maize production, as maize is a nitrogen respon-
sive cereal.

Extension sources of information

An information flow diagram was constructed to
provide an overview of sources of agricultural rec-
ommendations and information as it is received by
extension officers at the ward level (Figure 6). While
this diagram is not an exhaustive list of all sources
and flows of information to farmers and extension, it
provides a summary of information sources from the
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VBAA

(Recommendation)

Spacing 75-80 cm x 35-60 cm

DAP fertilizer

inistry of Agriculture
Publication
(Recommendation)

Foliar fertilizer Short duration:
Insecticide  Spacing 50-75 cm x 20 cm
Spacing 50-120 cm x 25-50 cm Improved 133,000-200,000 plantzha
Varlotios Sole cropped
Medium-Long duration:
Spacing 90 x 60 cm
A 37,000 plants/ha
Extension Intercropping with cereal
(Recommendation)

Figure 5. Venn diagram of farmer practice and extension recommendations for pigeonpea management. Farmer practice determined by
survey 1 focal plot responses (n = 114). Extension recommendations compared across three different levels, with VBAA recommendations
(n=5), government extension officers (n =5), and an official Ministry of Agriculture publication (Kanyeka et al., 2007).

perspective of key informants interviewed to gain an
understanding of agricultural knowledge transfer as
it is being currently applied amongst actors. Five
extension officers in the Southern Highlands area
were interviewed, with those located in Mbeya district
shown in Figure 6 to illustrate the flow of information.
The diagram illustrates where information most fre-
quently comes from (solid arrows with three widths,
increasing size representing frequency of infor-
mation), where feedback is delivered (dashed
arrow), and the discrepancies in access to information
across areas. The most common sources of infor-
mation that extension officers used for their rec-
ommendations were TARI-Uyole research, NGOs, and
their formal (certificate or higher degree programme)
education from training institutes. Extension officers
at the ward level reported that both TARI-Uyole
researchers and NGOs regularly set up demo plots in
their area and held other activities such as farmer
field schools, ward level trials, and trainings for both
farmers and extension. District level extension
officers also noted the role of TARI-Uyole researchers
and NGOs in providing recommendations, as well as
the Ministry of Agriculture as a source of information
at the district level. The district level officers noted

that many NGOs were focused on fertilizer and seed
inputs and contributed to recommendations. Fertili-
zer and seed companies also had a large presence
in the area, with companies regularly hosting demo
plots on-farm, to promote their products. While no
ward level extension officer directly mentioned
private companies as a source of their recommen-
dations, one reported regularly bringing farmer feed-
back to companies and noted that negative farmer
feedback was not well received. On occasion this
negative feedback resulted in threats being made
by the company towards extension. Extension
officers in some areas reported only receiving infor-
mation from a few sources (TARI-Uyole or NGOs),
but reported frequent delivery of this information.
Others mentioned their formal education training as
a major source of information for recommendations,
a source of information which could become out-
dated.

The main flows of feedback from extension officers
to other areas of government extension were from
ward extension officers to the district, and district
feedback to TARI-Uyole and Ministry of Agriculture
(Figure 6). Feedback from extension officers was
often in the form of a written report: ward extension
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Figure 6. Diagram illustrating flow of information to ward level government extension officers as reported by ward extension officers (n = 3),
district agricultural extension officers (n = 3), and a researcher at TARI-Uyole. Solid lines denote sources of information and width of line cor-
responds to frequency of information delivered to extension officers. Dotted lines show which entities receive feedback from extension officers.

Arrows indicate direction of information flow.

officers are instructed to report their activities and
challenges that they've encountered on a monthly,
quarterly, and yearly basis. The district addresses
such challenges either directly, through advice from
the agricultural department, or these issues are
raised with researchers, NGOs, or the Ministry.

Discussion
Smallholder field management

This is the first study we know of detailing legume
production practices as they relate to extension rec-
ommendations. Generalizations and assumptions
about farmer practice have often been a limitation
of reports on extension effectiveness (Scoones,
2009). This could be an important knowledge gap,

given the key role that legumes play in SI of crop pro-
duction. Farmer practice differed across the North and
Southern Highlands regions, and by cropping system.
Hyper local variations were observed in intercropping,
sole cropping, and planting periods, reflecting farmer
adaptation to local conditions. Pigeonpea was always
grown with maize, whereas common bean was grown
either as a sole crop or intercropped with maize. Sole
cropped plots included multiple sequential plantings
of common bean within a season. Yet recommen-
dations often presumed that sole cropping was the
dominant production system, for all crop species.
Pigeonpea systems in particular reflect the inade-
quacy of current extension, and opportunities to
improve recommendations. Literature on pigeonpea
production in Tanzania often focuses on the main pro-
duction areas in the North where it is grown primarily
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as a cash crop sold for export (Amare et al., 2012). This
commercial importance is reflected in the two-fold
higher plant densities measured in the Northern
plots (18,800 plants ha™') compared to the Southern
Highlands (8,400 plants ha™"). Planting arrangements
also differed; pigeonpea in the North was planted
between maize rows whereas in the Southern High-
lands it was planted within maize rows. These man-
agement differences between regions have
implications for the type of extension support
needed in each, as placement and doses of inputs
should be adjusted accordingly.

Pigeonpea production studies in Tanzania have
focused on improved seed use over planting arrange-
ments, and have found a major constraint to yield
gains is the lack of access to quality seed (Amare
et al., 2012; Simtowe et al., 2011). Simtowe et al.
(2011) surveyed farmers in the North and found use
of improved pigeonpea varieties was around 19%.
We found lower levels of use, as improved varieties
were planted in 7% of pigeonpea plots in the North
and in only one plot in the Southern Highlands.
Additionally, seeds, both local and improved, are
often recycled from the previous year, which is in
accord with a comprehensive assessment of seed
systems on smallholder farms (McGuire & Sperling,
2016). This reduces the incentive of the private
sector for delivery of improved varieties, and thus pro-
vision is highly dependent on public institutions. Rusi-
namhodzi et al. (2017) addressed this seed quality
issue by testing ratooning effects on pigeonpea as a
way to reduce the financial burden of buying
improved seeds every year. Ratooning involves
cutting back the pigeonpea plant at the end of the
first harvest, leaving behind a stem base from which
the plant can re-sprout; this has been found to be a
cost-effective strategy which did not reduce the pro-
ductivity of maize-pigeonpea intercrops (Rusinam-
hodzi et al., 2017). Despite the persistence of ratoon
management by some smallholders in East Africa,
this practice was not mentioned in any Tanzania
extension recommendation (Rogé et al.,, 2016).

Pigeonpea yields on farms are currently well below
potential yields, as shown here and as observed
earlier in value chain asssements (Mponda et al,
2014). Yet, there is a wide range of environmental ser-
vices that can be derived from this species, as well as
intensification opportunities (Snapp et al, 2018).
Surveys have reported high potential for pigeonpea
intensification in the Southern areas, as demand is
increasing and a pigeonpea market exists through

its proximity to northern Mozambique (Mponda
et al., 2014). Pigeonpea cultivation in this area has
the potential to be intensified, and a ratooning
system may fit with the current low population
density, an opportunity that has been overlooked to
date (Rogé et al., 2016; Rusinamhodzi et al., 2017).

Farmer practice around bean management
showed many variations. In the North it was inter-
cropped with maize whereas sole cropping with mul-
tiple planting periods was common in the Southern
Highlands. Plots in the Southern Highlands also had
higher input use than the North, but low use of
improved seeds was found across all systems and
regions. Previous characterization of bean production
in Tanzania using national panel survey data found
that across the country 85% of bean plots are inter-
cropped, and that the North and Southern Highlands
zones have some of the highest proportions of house-
holds growing beans, with 40% and 52% respectively
(Stahley et al., 2012). This national panel data also
found that few plots (2%) used improved seed but,
in contrast, inorganic fertilizer use was relatively
high (18%), which is a similar input use pattern
found in our study.

Lack of use of improved seeds is often identified as
the main cause of low legume production in the litera-
ture. Studies have highlighted extensive efforts in
bean breeding, especially in Eastern Africa, to
produce high yielding varieties with disease resist-
ance and desirable market traits (Hillocks et al.,
2006; Letaa et al., 2015). Despite the development
and dissemination efforts for improved varieties,
adoption rates are still low as shown here. Previous
studies have shown that high seed cost, low aware-
ness and access all contribute to low uptake of
improved legume seed generally, and specifically for
beans in the region (McGuire & Sperling, 2016)
(Snapp et al.,, 2002b). We observed here that multiple
plantings of bean is used to multiply a desired seed
type, which may be an overlooked practice that influ-
ences adoption of SI technologies.

The importance of considering the whole cropping
system is reflected through an observation in our
study, consistent with one earlier study (Stahley
et al, 2012), that application of inorganic fertilizer
was much more frequent than improved seeds. This
is consistent with maize production being a high pri-
ority, and maize being a fertilizer responsive crop,
where bean fertility enhancement is a secondary
benefit in a maize-bean intercrop system. An early
on-farm study of bean nutrition in Malawi found
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that phosphorus fertilizer application to a maize-bean
intercrop was a profitable and farmer preferred tech-
nology (Snapp et al,, 1998). This is suggestive that Sl
recommendations should take into account the com-
plexity of multiple cropping systems.

Previous bean production studies in Tanzania have
addressed total bean production over a season, which
obscures the complex bean management patterns
found in this study (Letaa et al., 2015; Piikki et al.,
2017; Silvestri et al., 2020; Stahley et al., 2012). Rec-
ommendations need to take into account planting
sequences, household member involvement, and pro-
duction objectives. Interestingly, a finding here was
that while legume production is often reported as a
‘woman’s crop’, the majority of plots in this study
were managed by men (Monyo & Varshney, 2016).
Focus group discussions also reflected complex, gen-
dered use of bean as both a food and market crop.
Taken together, there was evidence of a changing
culture of legumes, from a food security crop to one
with market value. Male household heads may be
increasingly making decisions for bean production
as market orientation rises. While this study was
unable to directly test gender differences in legume
production, this mix of men and women as joint man-
agers in bean production has implications for legume
management practices and potential marginalization
of women farmers (Acosta et al, 2020). Limited
decision making by women in bean production has
possible negative consequences. Local knowledge of
legumes is often held with women, and thus is at
risk of being lost if women become less involved (Fer-
guson, 1994).

Interaction of extension knowledge sources for
improved agriculture recommendations

A key result from this study is that extension sources
of information are few and are based on inconsistent
input from research, with almost no input from
farmers. The limited sources of extension information
are also from separate institutions, ranging from gov-
ernment to NGOs, with no coordination of extension
messages. This is evident in the large disconnects
we found between extension levels, and with farmer
practice. It is consistent with no discernable progress
having been made towards participatory extension,
and weak linkages among actors (Aflakpui, 2007). A
failure to address researcher-extension-farmer discon-
nects has been found previously (Schindler et al.,
2016; van Crowder & Anderson, 1997). Rees et al.

(2000) examined extension systems in Kenya and simi-
larly found inadequate information being provided by
government extension, yet at the same time this was
a major source of information for farmers.

A surprising finding is that the structural organiz-
ation of Tanzania’s extension system has remained
remarkably stable for a quarter of a century. As
reported by Mattee (1994), the Tanzanian extension
system in the early 1990s had an organization struc-
ture with the same number of levels and many of
the same information flows we report here. Overall,
it has not changed functionly, despite investments
to increase the number of extension officers assigned
to rural areas (United Republic of Tanzania, 2013).
Mattee highlights similar challenges to those high-
lighted here, such as the issue of providing quality
support to extension officers and the need to
improve flow of information. He argues that the hier-
achical structure of this system is a major barrier to
extension knowledge system function, an argument
that has been reiterated in other African countries
(Aflakpui, 2007).

Although the hierachical structure of extension has
not appeared to change, we identified new actors,
specifically NGOs and private industries, that also
serve as knowledge sources. The expanding role of
non-government entities within agricultural exten-
sion in Tanzania comes amidst increasing emphasis
upon private-public partnerships in agricultural
investments (Sulle, 2020). Despite this policy empha-
sis on such partnerships, information provided from
non-government entities as of yet are not well inte-
grated within the current extension structure. Our
results highlight the potentially negative conse-
quences of public-private partnerships that others
have warned of, namely potential for bias in rec-
ommendations towards products sold (Glover, 2007;
Hall, 2006). Improved integration of public and
private actors, in a manner that supports farmer invol-
vement, education and vetting of recommendations,
could well improve the ability of extension to
engage farmers with up to date information.

Post-secondary agricultural education institutes
could play an important role in overcomming discon-
nections within the extension system. Most extension
officers in our study mentioned their education at
Ministry agricultural training institutes (MATIs) as
major sources of information. As Spielman et al.
(2008) note in their assessment of agricultural edu-
cation training institutes in sub-Saharan Africa, these
institutions often follow a top-down structure to
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education and are isolated from understanding local
demand for agricultural knowledge. Reforms of
these institutes show potential for capacity building,
and to improve the connections among researchers,
extension and farmers. Reform has been proposed
that connects Tanzania research insitutes with
MATIs, to support up-to-date training courses for
lead farmers and extension (Sekiya et al, 2015). A
pilot was implemented by Sekiya and colleagues,
and interviews with over 900 farmers found evidence
for improved connection between research and
farmers; however, quality of technical recommen-
dations still needed improvement. The technologies
being promoted often lacked relevance, as we
found here; suggesting that extension-farmer feed-
back mechanisms to assess technologies remain
inadequate (Spielman et al., 2008).

Improving agricultural knowledge transfer for
sustainable intensification

Previous literature cites poor access to extension as a
factor in low legume productivity (Muoni et al., 2019;
Silvestri et al., 2020). Our study, however, highlights
that farmers need legume extension advice that
accounts for the biophysical conditions of their area,
and the complexity of maize-legume systems that
exist (Giller et al., 2011). Additionally, farmers,
especially women, need access to resources they
have identified rather than technologies promoted
through a supply push pathway (Roling, 2009). The
future of extension has recently been promoted as
involving information communication technologies
(ICT), particularly smart-phone based communi-
cations, yet many such projects further a linear trans-
fer of technology approach (Dodson et al, 2012;
Silvestri et al., 2020; Steinke et al, 2020). This
despite the large body of literature that calls for
systems-based participatory research and extension
(Simmonds, 1986; Snapp et al, 2018). To support
innovation for Sl, institutions must be linked to produ-
cers and accomodate farmer knowledge and
demands through client-oriented approaches (Wit-
combe et al., 2005). This is especially needed for sup-
porting women farmers, whose extension needs and
preferences for communication with extension may
differ from men (McCormack, 2018). While ICTs may
have a high potential for filling in communication
gaps, our study highlights that tools are needed
that allow two-way communication and incorporation

of site-specific conditions and practices to support the
full diversity of smallholder farmers.

Conclusion

Improved agricultural knowledge transfer is a key
pathway for promoting gains in smallholder pro-
ductivity through sustainable intensification that
enhances the natural resource base by diversifying
monocrop cereals with legumunious species. Our
study documented the complex management prac-
tices observed in the main maize-legume cropping
system regions of Tanzania and the disconnects
with extension systems supporting them. The incom-
patibility of extension support to current farming
systems found in our study bring to light the over-
looked barriers to achieving SI within smallholder
farming. The hierarchal structure of extension
systems in Tanzania have been resistant to change,
highlighting the need for integration of government,
non-government, and private sector agricultural advi-
sory services, and close attention to farmer priorities
and practices. Given large inter- and intra- regional
differences in legume production systems, future
research and extension systems need to take into
account hyper-local context, and support farmer
adaptation. Innovations in ICT and in extension organ-
ization can either reinforce business as usual, or
support the widespread reform needed for gains in
extension relevance and researcher-extension-farmer
linkages, thus enabling sustainable agriculture.
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