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Abstract

This study analyses the experience and response of farmers within a multi-year collaborative research trial
focused on the development of forage-based fallows in eight communities in the central Peruvian Andes.
Quantitative data from a rural household survey were used to characterize farming household socioeconomic
factors, livelihood strategies and soil and crop management practices of community members belonging to four
participation groups with respect to the trials: 1) current participants near the end of the trial; 2.) those who
participated early on, but dropped the trials after the first year; 3) those who participated in meetings but not
directly in experiments; and 4) those who never participated meaningfully in the process. Furthermore, quali-
tative interviews of farmers in the four groups were used to examine trends and questions arising from the
quantitative survey findings. Analysis of this mixed-methods dataset showed that better resource-endowed
households (in terms of human and social capital, more livestock assets, higher levels of farm value production
and income, and farm inputs) tended to be more likely to participate compared to households with lower levels
of these variables. Our findings suggest that the differences in resource endowment among participation group
households may be related to household life cycles, where access to resources change over time, reflecting the
changing demography of a household. It was established that farm households with intermediate-age children,
that is near the middle of a farm life cycle trajectory, are those with the most wherewithal to participate in trials
and likely serve as examples and test cases for other farms with younger parents or older farmers with children
moved away. Follow-up interviews indicated that farming households at either end of the farm life cycle tra-
jectory may be using a ‘wait-and-see’ approach to the trials carried out by their neighbours who have more
labour and other resources to deploy. In light of these findings, we suggest that participatory research should
aim to ensure that the voices, challenges and opportunities of Non-participants are represented in the research
process and experimental design. Additionally, greater consideration should be placed on understanding man-
agement by context issues in order to better target potential farming innovations such as improved fallows, at
multiple levels, from the field to the household and to the community and beyond.

Keywords: Andes; Farm lifecycle; Household survey; Mixed methods; Participatory research

Introduction

Participatory research in rural development contexts places farmers at the centre of research proj-
ects with the aim of creating an innovative collaboration process among local communities, key
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stakeholders and research scientists to develop and adapt technologies and innovations to local
socio-environmental conditions (Barrios et al., 2020; Bezner Kerr et al., 2019; Hauser et al., 2016).
An important learning aspect of this process has been evaluating the utilization of these innova-
tions and the relationship of utilization to various aspects of farmers’ livelihood capitals, inclina-
tion and experience in the collaborative research. Assessing these relationships has important
implications to assess ‘what works for whom and where’ and can also reveal ways to improve
information flow and access of diverse types of farming households to more efficient and produc-
tive soil management strategies.

For example, a number of studies have found that land and animal tenure as well as labour
supply are important economic predictors of whether farmers experiment with and adapt prac-
tices to their own farm contexts (Adimassu et al., 2012; Chikowo et al., 2014). At the same time,
livestock ownership may incentivize forage production and lead to greater interest in livestock-
related innovations, but may discourage participation in practices that propose other uses for land
or resources (e.g. crop residues for soil cover vs. forage) (Corbeels et al., 2014). Furthermore, land,
livestock and labour can serve as proxies for overall wealth, resource endowment and social capital
of a farm, which may enable greater participation in networks of farmer innovators and connec-
tions to extension and development projects that are also a key determinant of utilization of new
practices (Caulfield et al., 2020a; Nahayo et al., 2017; Tenge et al., 2004).

While assets may be an important determinant for experimentation and eventual utilization of
some practices, other studies have found that drivers of adaptation can be quite specific, such that
there are likely key practice-user pairings, where particular strategies may appeal to different gen-
der, age, or livelihood groups (Olarinde et al., 2017; Suvedi et al., 2017). For example, gender is
cited as a determinant of interest in new practices by many studies (de Graaff et al., 2008; Nahayo
etal.,, 2017). Gender differentiation in utilization of practices can sometimes be traced to different
roles of women and men in crop vs. livestock production or field-based practices vs. harvest, seed
keeping and food storage practices (Valdivia et al.,, 2013). Regarding land ownership, a meta-
analysis from West Africa found that while stable land tenure was important in predicting fallow
and tree planting by farmers, it was much less predictive of other innovations such as manure and
fertilizer application practices (Fenske, 2011).

The strategy of implementing innovation and dissemination of practices with farmers also can
make a difference. Posthumus (2005) found that a top-down strategy of terrace construction with
farmers resulted in farmers implementing terracing on degraded land where grazing occurred,
while those in more participatory programmes terraced their less degraded fields to increase agri-
cultural output there. In addition, studies such as Caulfield et al. (2020b); Tittonell et al. (2007),
(2005) and Vanlauwe et al. (2006) probed the on-farm gradients (e.g. in soil fertility) that are likely
to determine where innovations are targeted within farms. There is broad agreement that under-
standing predictive factors of utilization could be used to foster more tailored approaches for dif-
ferent farmer groupings, livelihood strategies and locations within agroecosystems, as well as
improved coordination with farmer information networks through which innovations flow
(Nahayo et al., 2017). Nevertheless, more attention needs to be focused on the factors influencing
farmer involvement (and non-involvement) in participatory research given the critical role par-
ticipants play in both adapting innovations to local needs and sharing results with the broader
community (Hauser et al., 2016).

In view of this gap in the literature, the work described here aims to examine farmer partici-
pation and non-participation in a research project focusing on the co-development of improved
forage-based fallow systems in the Peruvian Andes (Vanek et al., 2020). By better understanding
the reasons for farmer research participation and non-participation in this project, we hoped to
generate insights that will allow us to be more inclusive and actively engage a variety of commu-
nity members moving forward as well as informing future participatory research methodologies.
Specifically, we wished to understand the predictors of participation in the research trials. We
hypothesized that resource endowment level influences farmers’ ability to participate and
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experiment with new practices. Furthermore, we sought to understand whether different stages of
a household’s ‘farm life cycle’ (Barnes et al., 2020; de Sherbinin et al., 2008; Perz and Walker, 2002;
Walker et al., 2002) could explain differences in participation. The concept of a ‘farm life cycle’
argues that over time, as members of a farming households age, farming strategies change, adapt-
ing to the new realities of the households changing access to different resources (human, financial
and social) (Caulfield et al., 2019). It was expected that households in an intermediate position
(midway through the household’s life cycle) would be best positioned to participate in the
research, that is neither the youngest farmers (with young children and unconsolidated farm
enterprises) nor the oldest farmers (with few children to assist in labour and fewer animals to
incentivize forage production).

Materials and methods
Study area

This research took place within the context of a broader investigation regarding improved forage
and fallow options across environmental gradients in the Central Peruvian Andes. Specifically, the
research aimed to assess the potential biomass production of forage-based fallows using grass-
legume mixtures with different combinations of annual and perennial grasses and legumes
(e.g. Vicia Sativa (vetch), Avena sativa (oats), Lupinus mutabilis (Andean lupine), Trifolium pra-
tense (red clover), Medicago sativa (alfalfa), Lolium multiflorum (ryegrass)) and their effect on soil
fertility and subsequent potato yields (Meza et al., 2022; Vanek et al., 2020). In each community, a
meeting was first held in September of 2017 to introduce the aims and objectives of the research
and to solicit interest from community members. Further meetings then took place to design the
different improved fallow treatments to test in each community and discuss the experimental pro-
cedures and logistics to be implemented. Participating farmers agreed to plant between six and
eight treatment plots (5 x 5 m each) in one of their fields with seed provided by the local non-
governmental organization (NGO) and to work with local technicians in maintaining the plots
and evaluating treatment performance over a 3-4 year period. In total, more than 100 trials were
installed in farmers’ fields in October and November of 2017.

The study sites were eight rural Andean communities located in the provinces of Huamanga
(Ayacucho region), Acobamba (Huancavelica region) and Huancayo (Junin region). These com-
munities ranged in elevation from 2700 to 4500 masl and have different agroclimatic zones that
are referred to locally as the ‘low’ (below 3100 masl), ‘middle’ (3100-3700 masl) and ‘high’ (above
3700 masl) zones, with distinct crops and fallow management for each. The climate in this region
has cool average annual temperatures between 9-15°C and annual average precipitation between
700-1200 mm year™’. There is a dry period between May and September and a wet period (typical
growing season), between October and April. Temperatures regularly fall below freezing at higher
elevations. Farming is predominantly small-scale, characterized by mixed livestock-cropping sys-
tems, although a variety of livelihood strategies exist among farming households (Caulfield et al.,
2021). Potato (Solanum tuberosum), corn (Zea mays) barley (Hordeum vulgare), oats (Avena sat-
iva), faba beans (Vicia faba), quinoa (Chenopodium quinoa) and a variety of Andean tubers (Oca
(Oxalis tuberosa), Olluco (Ullucus tuberosus) and Mashua (Tropaeolum tuberosum)) are the dom-
inant crops, which are rotated annually or biannually. Agricultural inputs are usually concentrated
in the potato phase of the rotation. Traditional fallow practices are still employed by many farming
households in the region and are especially prominent at higher elevations. Fallow periods to
renew soils between cropping cycles tend to last around 2-3 years but can last for up to 10 years
at higher elevations. Most households own at least some large livestock such as cattle, sheep, pigs
and llamas. Chickens and, increasingly, guinea pigs are also raised by many households. Meat and
wool production are either consumed by the households or sold to local traders or at local farmer
markets. Cattle are also used for draught power in some households, though mechanical tillage is
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becoming increasingly common in some areas. Significant areas of the high zone are managed
communally both for crop production and for grazing. Access to irrigation is limited to around
30% of rural households according to the survey data. Access to markets is complicated by poor
road infrastructure and irregular transport services, as regional agricultural markets are located up
to 125 km from some of the communities.

Rural household survey

The Rural Household Multi-Indicator Survey (RHoMIS), a standardized farm household survey
used in rural development contexts, was administered in the study sites between February and
March 2018. Consent for participation in the survey and use of data was requested prior to admin-
istering each survey. The surveys addressed topics such as household characteristics, farm man-
agement and production, livelihoods, food security and decision making (Tavenner et al., 2019;
van Wijk et al., 2020). The survey was adapted to the local context and additional details were
included to evaluate aspects of forage and fallow management. In total, 171 household surveys
were collected from the eight communities where the forage-based fallows research was taking
place. Households surveyed were randomly selected from each of the communities and then later
categorized into four groups: 1) Full Participants (P) - those that participated in the research
through the establishment of experimental plots in at least one of their fields; 2) Dropped Out
(D) - farming households that had initially planted the set of experimental plots in one of their
fields, but later dropped out of the study; 3) Only Meetings (A) - farming households that regu-
larly attended community meetings about the research, but never established the experimental
plots; and 4) Non-Participants (N) - households that had neither established the experimental
plots nor attended meetings about the experimental research (Table 1).

Statistical analysis of survey data

Individual mixed error component models including nested random effects for ‘province’ and
‘community’ were used to evaluate the relationship between belonging to a particular participation
group and different variables assessed in the rural household surveys (including human, social,
financial and farm capital, farm economics and farm management variables). Fisher’s least sig-
nificant difference tests (p < 0.05) were then applied to those variables that displayed an overall
significant difference among participation groups at the 10% level of probability. To further char-
acterize the participation groups, a between-class principal component analysis (PCA) was
applied to a subset of the survey variables including age of household heads, household size, edu-
cation level, aid received, food security, dietary diversity, total income, farm income, value farm
produce, livestock holdings and land cultivated. A Monte Carlo between-class PCA test was used
to test for multivariate differences among participation groups. Assumptions of homoscedasticity
and normality were tested for all continuous variables and data transformed as needed for the
mixed error component models and PCA using the log function. Estimated marginal means
and standard errors presented were calculated using untransformed data. All analyses were carried
out within the RStudio environment version 1.2.1335 for R (version 3.6.1) using the ade4, agri-
colae, ImerTest and emmeans packages.

Household participation interviews

In order to confirm our interpretations of the survey data of the survey data and to generate a
more nuanced understanding of the differences among participation groups, a short qualitative
interview was developed. The interview addressed four main topics of discussion: 1) household
stages in the farm ‘life cycle’ and their influence on research participation, 2) reasons for project
engagement (or not), 3) livestock and forage management, and 4) land and fertility management.
While the first two topics were designed to help interpret differences observed among groups and
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Table 1. Absolute number and proportion (in parenthesis) of rural households (HHs) surveyed by community and participation group. Participation groups included four groups: 1) Full
Participants (P) - those that participated in the research through the establishment of experimental plots in at least one of their fields; 2) Dropped Out (D) - farming households that had
initially planted the set of experimental plots in one of their fields, but later dropped out of the study; 3) Only Meetings (O) - farming households that regularly attended community
meetings about the research, but never established the experimental plots; and 4) Non-Participant (N) - households that had neither established the experimental plots nor attended

meetings about the experimental research

Number. farming house-  Number of inhabi- Full Dropped Only Non- Total surveyed (% of HHs from com-
Province Community holds tants Participants Out Meetings Participants munity)
Huamanga Cruzccasa 31 95 10 (32%) 2 (6%) 4 (13%) 4 (13%) 20 (65%)
Jacaspampa 62 152 13 (21%) 0 (0%) 12 (19%) 4 (6%) 29 (47%)
Urubamba 23 113 6 (26%) 1 (4%) 2 (9%) 3 (13%) 12 (52%)
Acobamba Pomavilca 50 190 6 (12%) 3 (6%) 15 (30%) 1 (2%) 25 (50%)
Pacchomolinos 60 210 7 (12%) 7 (12%) 3 (5%) 6 (10%) 23 (38%)
Santa Cruz de 70 300 9 (13%) 2 (3%) 9 (13%) 17 (24%) 37 (53%)
Paccho
Huancayo Huahuanca 22 90 2 (9%) 0 (0%) 8 (36%) 4 (18%) 14 (64%)
Tizo 14 60 10 (71%) 0 (0%) 0 (0%) 1 (7%) 11 (79%)
All sites 332 1210 63 (19%) 15 (5%) 53 (16%) 40 (12%) 171 (52%)
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Figure 1. Age profile of Top) Full Participants and Bottom) Non-Participants.

strategies of engagement with external research actors, the latter two topics were designed to help
understand the relevance of the farming techniques being tested in the participatory research to a
household’s existing farming practices. Interviews were conducted in Quechua or Spanish with
two households in each participation group from each community — one male and one female,
to account for gender-based perspectives on the interview topics. In the community of Tizo, only
participants in the research group were interviewed, as the community was very small and nearly
all inhabitants were participating in the experimental trials. In total, 46 interviews were conducted,
either at the rural households or by cell phone. Interviews were recorded and later transcribed
electronically. Interviews were transcribed into Spanish and were analysed using a grounded the-
ory approach (Tie et al., 2019) with the quantitative data analysis from the RHoMIS surveys pro-
viding the basis for exploration of relationships between rural households and their participation
in the improved fallows participatory research. To achieve this, the interviews were first coded and
annotated by the lead author. The annotated interviews were then further reviewed, and common
key concepts, which were raised frequently by interviewees, were identified in discussion with the
full research team including those who conducted the interviews. These commonly identified pat-
terns and generalizations were used to provide context and more nuanced interpretation of the
survey data results. The summarized findings were then tabulated.

Results
Rural household surveys

When comparing across the different participation groups, Full Participants in the experimental
trials tended to be larger and younger on average than households in the Non-Participant group. It
is noteworthy, however, that the proportion of younger household heads (25-35 years), and the
proportion of older household heads (65-75 years) was higher in the Non-Participant group,
while the proportion of middle-aged household heads (45-55 years) was higher for the Full
Participants group (Figure 1). While not significantly different at the 10% level of probability,
there was also a notable difference among participation groups in education attainment with
Full Participants tending to be better educated than households from the Non-Participant group
(Table 2). No significant differences were observed for household head composition (single vs.
couple) or gender control. Non-Participant households reported that they received less aid (from
non-family organizations such as NGOs) and had a less diverse diet during good seasons (parts of
the year with plentiful production) compared to Full Participants” households. However, it is nota-
ble that Non-Participant households experienced the fewest months of food insecurity (Table 2).
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Table 2. Estimated marginal means of parameters assessing household characteristics for four participation groups in farmer-oriented research trials on improved forage-based fallows in
eight communities in the central Peruvian Andes. P-values of the mixed-effect models are presented with province and community included as nested random effects. Standard errors are
presented to the right of each mean in parentheses by participation groups. In the case that p-values indicate differences at the 10% level of probability, Fisher’s least significant difference
test was applied with different letters to the right of the standard errors denoting differences at the 5% level of significance

Household type

Variable p-value Full Participants Dropped Out Only Meetings Non-Participants
HH members (persons) <0.01 4.77 (0.44)a 4.81 (0.71)a 3.90 (0.48)ab 3.24 (0.51)b
HH head age (years) <0.01 44.3 (1.88)b 51.1 (3.84)ab 51.6 (2.14)a 55.0 (2.48)a
Education level (0-3) 0.14 1.24 (0.11) 1.06 (0.20) 1.06 (0.12) 0.92 (0.13)
Proportion of HH heads that are a couple 0.02 0.87 (0.05)a 1.00 (0.00)a 0.80 (0.07)a 0.70 (0.09)a
Female control (proportion of decisions taken by the female head of HH) 0.86 0.28 (0.02) 0.28 (0.05) 0.27 (0.03) 0.25 (0.03)
Dietary diversity - bad season (scale 0-10) 0.52 5.37 (0.64) 5.51 (0.92) 6.08 (0.67) 5.32 (0.71)
Dietary diversity - good season (scale 0-10) 0.02 7.90 (0.22)a 8.24 (0.48)a 7.92 (0.25)a 7.03 (0.30)b
Months of food insecure (0-12) 0.06 1.2 (0.4)ab 1.7 (0.4)a 1.0 (0.3)b 0.9 (0.3)b
Previous engagement with development agencies (proportion) <0.01 0.71 (0.06)a 0.67 (0.13)ab 0.43 (0.08)b 0.39 (0.09)b
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Full Participant households owned on average nearly five tropical livestock units (4.8 TLUs),
more than half a TLU greater than Non-Participant households (4.2 TLUs). Full Participants con-
sistently owned more livestock of each livestock species than Non-Participant households with the
exception of llamas. No significant differences were observed for the amount of land cultivated or
access to irrigation (Table 3).

Non-Participant households generated around 30-35% less farm income, value of farm pro-
duce and total income, compared to Full Participants’ households (Table 3). Off-farm income
accounted for around 25% of total income in the two groups. While not significantly different,
Non-Participant households also tended to exhibit among the lowest levels of livestock production
value, crop production value, livestock product sales, crop market orientation and crop produc-
tion sales compared to Full Participant and Dropped Out groups. However, in spite of these lower
overall value and earnings measurements for Non-Participant households it is worth noting that
no significant differences were observed among groups for scores on the household progress out of
poverty index (Table 3).

When looking at differences in management practices between groups, no significant differ-
ences were observed for agroecological farming techniques, although it was notable that the
majority of farming households used these techniques (Table 4). Although not significant at
the 10% level of probability, households that dropped out of the experimental trials reported
greater crop diversity than Non-Participant households. A smaller proportion of Non-
Participant households used chemical fertilizers (51%) compared to Full Participant households
(83%) and those from the Only Meetings group (80%; Table 4). Use of pesticides and mechanized
tillage displayed significant amounts of variability, but their use did not differ significantly among
participation groups.

Exploring the ordination and associations among variables describing farm household types,
the between-class PCA indicated significant differences among participation groups (Monte Carlo
test based on 999 replicates, p = 0.002). Principal component 1 (PC1) accounted for 66% of vari-
ance and was associated with variables describing the farm value of production, while principal
component 2 (PC2) accounted for 20% of variance and was associated with food security, dietary
diversity and education level (Figure 2). Full Participant households and Dropped Out households
appeared to diverge in the PCA from Non-Participant households along PC1. Farm value pro-
duction variables (value farm produce and farm income), total income, aid received and house-
hold size were positively associated with Full Participants and Dropped Out households. Age of
household head pulled in the opposite direction along PC1, confirming that age was positively
associated with Non-Participants and negatively associated with Full Participant and Dropped
Out households (Figure 2).

Full Participants and Dropped Out households diverged along PC2. In particular, Dropped Out
households appeared to be associated with lower levels of food insecurity and higher levels of
dietary diversity in the good season. Full Participants, on the other hand, were associated with
a greater number of livestock holdings, higher education levels and more cultivated land.
Meetings Only households did not differ greatly from Non-Participant households with the
majority of the Only Meetings ellipse on the PCA biplot falling within the Non-Participant ellipse
(Figure 2).

Qualitative interviews

An important theme emerging from the qualitative interviews was the way that participation in
the research project was related to differences in household and livelihood characteristics (sup-
plemental material Table S1). Those interviewed often identified household size (an indicator of
household labour access), as a significant factor associated with a household’s ability to participate
in the research. Informants also often noted that younger households with significant off-farm
livelihood activities and young children were less likely to become involved in participatory
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Table 3. Estimated marginal means of parameters assessing land & livestock assets, farm value production, and outcome variables for four participation groups in the forage and fallow
trials in eight communities of the central Peruvian Andes. P-values of the mixed-effect models are presented with province and community included as nested random effects. Standard
errors are presented to the right of each mean in parentheses by participation groups. In the case that p-values indicate differences at the 10% level of probability, Fisher’s least significant
difference test was applied with different letters to the right of the standard errors denoting differences at the 5% level of significance

Household type

Variable type Variable p-value Full Participants Dropped Out Only Meetings Non-Participants
Land & livestock Land cultivated (ha) 0.66 1.63 (0.23) 1.30 (0.49) 1.59 (0.27) 1.10 (0.33)
Land area high zone (ha)* 0.22 1.00 (0.28) 0.98 (0.51) 1.41 (0.29) 0.80 (0.35)
Land area middle zone (ha)* 0.75 0.88 (0.13) 0.36 (0.28) 0.66 (0.18) 0.75 (0.22)
Land area low zone (ha)* 0.46 0.54 (0.21) 0. 97 (0.45) 0.69 (0.22) 0. 44 (0.28)
Access to irrigation (%) 0.42 36 (9) 42 (19) 30 (9) 4 (12)
Livestock heads (TLU) 0.26 4.81 (0.73) 452 (1.12) 4.11 (0.72) 4. 19 (0.83)
Cattle (head) 0.66 1.65 (0.29) 1.42 (0.53) 1.30 (0.32) 1.16 (0.36)
Llama (head) 0.88 5.69 (3.95) 5.76 (4.09) 5.72 (3.96) 5.89 (3.98)
Alpaca (head) 0.98 3.62 (2.21) 3.22 (2.42) 3.18 (2.23) 2.72 (2.26)
Chickens (animal) 0.97 433 (0.83) 6.14 (1.37) 3.84 (0.90) 4.17 (0.97)
Pigs (head) 0.02 2.62 (0.33)a 1.97 (0.70)ab 1.53 (0.37)b 1.58 (0.44)b
Sheep (head) 0.79 15.5 (5.55) 16.5 (6.46) 16.9 (5.65) 13.5 (5.77)
Guinea pigs (head) 0.26 6.23 (1.37) 8.15 (2.35) 6.30 (1.50) 4.05 (1.63)
Farm value production Farm income ($ year?) 0.10 897 (263)a 1687 (558)ab 719 (299)ab 581 (365)b
Value farm produce ($ year?) 0.10 1631 (511)ab 3537 (1084)a 1467 (582)ab 1158 (710)b
Value livestock production ($ year?) 0.69 213 (58.2) 210 (90.1) 185 (62.4) 165 (66.4)
Value crop production ($ year?) 0.10 1124 (201) 998 (419) 850 (228) 795 (267)
Livestock market orientation (% sold) 0.77 22 (4) 14 (7) 19 (5) 19 (5)
Livestock product sales ($ year?) 0.98 312 (53) 358 (160) 326 (64) 309 (74)
Crop market orientation (% sold) 0.24 52 (3) 49 (6) 54 (4) 45 (4)
Crop production sales ($ year?) 0.24 568 (149) 492 (328) 574 (169) 405 (206)
Outcome Total income ($ year?) 0.08 1161 (330)a 1944 (650)a 898 (372)ab 755 (436)b
Progress out of poverty (0-100) 0.91 32 (2)a 32 (3)a 32 (2)a 33 (2)a

*Means calculated excluding households without land in these zones. **Mean calculated excluding households reporting no income
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Table 4. Estimated marginal means of parameters describing farm management techniques for four participation groups in the forage and fallow trials in eight communities of the central
Peruvian Andes. P-values of the mixed-effect models are presented with province and community included as nested random effects. Standard errors are presented to the right of each
mean in parentheses by participation groups. In the case that p-values indicate differences at the 10% level of probability, Fisher’s least significant difference test was applied with
different letters to the right of the standard errors denoting differences at the 5% level of significance

Household type

Variable type Variable p-value Full Participants Dropped Out Only Meetings Non-Participants

Agroecological farming techniques Manure use (prob. %) 0.92 100 (1) 100 (1) 100 (2) 100 (2)
Manure use (Mg ha) 0.79 2.67 (0.5) 2.49 (0.7) 2.32 (0.6) 2.71 (0.6)
Agroforestry use (prob. %) 0.47 62 (9) 76 (12) 54 (10) 55 (11)
Legume rotation techniques for fertility (prob. %) 0.42 65 (9) 52 (16) 75 (8) 63 (11)
Crop diversity (number of crops cultivated) 0.12 6.1 (0.6) 7.3 (1.0) 5.6 (0.7) 5.0 (0.7)

Industrialized farming techniques Pesticide use (prob. %) 0.28 49 (10) a 80 (13) a 51 (10) a 49 (11) a
Fertilizer use (prob. %) 0.03 83 (6) a 72 (14) ab 80 (7) a 51 (10) b

Fertilizer inputs (kg ha'l) 0.07 578 (230)ab 1857 (396)a 518 (252)ab 299 (275)b
Machine tillage use (prob. %) 0.24 22 (29) 32 (40) 17 (24) 10 (16)
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Figure 2. Between-class principal component analysis assessing associations among human, social, farm and financial
capital, farm economics, for forage and fallow trial participation groups. Monte Carlo simulated p-value =0.002, based
on 999 replicates for overall difference among groups (at least one group different from the others) (HH = household).

research. Similarly, older households, whose children had often migrated to urban centres, were
perceived to be less likely to participate in the trials because of a lack of access to labour and gen-
erally less energy and strength to participate in the field activities. Households with lower resource
endowment or that were generally more ‘vulnerable’ were also seen as less likely to participate in
the experimental trials.

Individual personal characteristics were another theme that was raised as an important influ-
ence on household participation in the research. General interest or disinterest in exploring new
farming techniques or knowledge was nearly always raised by interviewees as reasons for house-
holds’ participating (or not) in the experimental fallow trials. This openness for learning and
experimenting with new farming techniques, or a more closed attitude focusing on what already
works well, was not perceived as being a specific attitude towards just the current experimental
trial, but rather as a personality trait that differed among heads of households. It was also noted by
interviewees that certain households might not participate in experimental trials unless they
receive material ‘gifts” or similar incentives. Many interviewees were critical that some households
would only participate in research projects where the work was done for them or where they were
paid. There seemed to be a sense of concern among many interviewees regarding paternalism by
past intervention projects that may have generated a sense of entitlement to donations.

Many interviewees reported that access to resources influenced a household’s ability to partic-
ipate in the research. Land (access and area owned) was often raised as an important factor influ-
encing participation, with those households owning less land being less able to participate. Access
to irrigation water was also mentioned as influencing participation. Counter-intuitively, inter-
viewees explained that access to irrigation water decreased a household’s likelihood for participa-
tion. It was explained that irrigation water tended to drive increased cropping frequency and
intensity, crowding out the opportunities for fallow management, and therefore decreased the
household’s interest in improved fallow techniques. However, other interviewees contradicted this
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notion by suggesting that access to irrigation would be necessary to increase improved fallow bio-
mass production and make it worthwhile.

The relative importance of cropping versus livestock livelihood strategies was raised by many
interviewees. Specifically, it was often noted that households with integrated crop-livestock pro-
duction systems were more likely to participate in the research project, while households with a
greater focus on cropping systems were less likely to participate, as they had a smaller need for
forage production. At the same time, some households with a greater focus on (grazing) livestock
production already had access to, and relied heavily on, permanent pastures to meet their forage
requirements and therefore saw less of a need for forage produced through improved fallow tech-
niques. Therefore, many interviewees noted that those with a medium level of livestock-oriented
livelihoods and mixed systems might be most interested in forage-based fallows. At base, a house-
hold’s ability to overcome the challenge of producing sufficient quantities of forage material
throughout the year was seen as a determining factor for household participation. In a number
of cases, households that were able to purchase forage material off-farm or were already producing
forage using dedicated (and typically irrigated) forage plots explained that they were less engaged
in the research as their forage needs were already met.

Furthermore, interviewees showed a substantial awareness of agroecological practices as dis-
tinct from more industrial or chemical-intensive methods, and the way that this might influence
participation in the trials. Households already practising agroecological methods were perceived
to be more likely to engage in the research project due to their affinity to more sustainable agro-
ecological practices. With regard to more industrialized farming methods such as the use of chem-
ical fertilizers, pesticides and mechanized tillage, their opinion was split as to how this would
influence participation. Some farmers argued that the use of such techniques could lead to a
greater participation in research due to the soil degradation that is often associated with these
practices and therefore a greater perceived need to address soil fertility concerns. On the other
hand, other interviewees argued that households using these more industrialized inputs were
potentially less interested in exploring agroecological techniques. Elevation zones were also noted
to play an important role. The low and the middle zones were noted to be used more intensively,
have easier access, receive greater inputs and thus employed much shorter fallow periods (if at all),
while the high zone fields were seen as more difficult to access, received fewer inputs and
employed relatively long fallow periods. Differences in the proportion of land ownership/access
in the different management zones for each household were therefore mentioned as influencing a
household’s likelihood of participation. The more land a household had in the high zone (and
middle zone to an extent), for example, the more likely the household would be to participate
in the research project.

Several other factors that influence farmer participation also came up during farmer interviews.
For example, it was suggested that households already employing traditional fallow techniques
were more likely to participate in the research project. Also, households with greater numbers
of livestock were seen as more likely to participate due to their increased forage needs.
Keeping guinea pigs is an increasingly popular means of on-farm livelihood diversification,
and it was often noted in interviews that the improved fallows tested in the trials would be quite
suitable in producing the nutrient-dense cut forage that is especially important for guinea pig
production.

Finally, three other main issues were raised by interviewees. Several farmers articulated that
some households may be adopting a ‘wait-and-see’ strategy, such that households would only start
trialling the new techniques on their own fields once they observed successful implementation of
this technique elsewhere in the community. Another two issues that were suggested to influence a
household’s continued engagement in the project were unexpected household shocks of circum-
stance and experimental trial performance. For example, an unexpected household event during
the experimental trials such as a household member falling ill might make it impossible to con-
tinue the trials. In addition, a poor performance of the trial during the first year (for a variety of

https://doi.org/10.1017/50014479722000357 Published online by Cambridge University Press


https://doi.org/10.1017/S0014479722000357

Experimental Agriculture 13

reasons) might translate to a household dropping out if they did not see much production in the
trial plot.

Discussion
Resource endowment determines participation in research

One of the most striking findings emerging from the analysis of the rural household survey data
was that household characteristics closely related to human capital (household size, age of house-
hold heads and education level of household heads) were strongly associated with household par-
ticipation in the improved fallows research (Table 2 and Figure 2). Overall, the households that
participated were larger, younger and better educated that the households that did not participate.
Full Participants were also more likely to have ‘received aid’ in the past, a variable that may indi-
cate social capital, based on the assumption that those households that have the greatest social
networks and are able to engage more easily with rural development agencies are most likely
to benefit from the projects in their communities. Moreover, Full Participants owned the most
livestock and generated greater value of farm produce, farm income and total income annually
than Non-Participant households (Table 3 and Figure 2). The qualitative interviews with farmers
from each of the study sites echoed these findings that better resource-endowed households were
more likely to participate in the participatory research than less resource-endowed households.
Many interviewees asserted that older and smaller households with fewer resources were less likely
to participate in the research due to lack of time, access to land and fewer livestock (supplementary
material Appendix 1). Indeed, as one participating farmer explained, ‘in the case [where the
household is comprised] of an old couple, and that don’t have any children in the community,
participation is more difficult’.

These influences on involvement in participatory research are reflected in other studies in the
literature (Hauser et al.,, 2016; Olarinde et al., 2017). For example, in a recent study in the
Northwestern uplands of Cambodia, the capacity of households to trial new techniques and inno-
vate was strongly linked with their approach to risks and their capacity to manage them, which
was determined by overall resource endowment (Kong and Castella, 2021). In another study from
China, land capital was positively correlated and age of households negatively correlated with
farming households’ participation in a FAO-led project aimed at encouraging more sustainable
natural resource management, strengthening resilience and improving food and nutrition security
(Moucheng et al., 2018).

On the face of it, these findings are somewhat concerning. If it is the case that households with
greater resources benefit by participating in research projects such as the current one, a virtuous
cycle of increased resource generation may occur only for these better-endowed households. By
contrast, more vulnerable households may face the opposite prospect so that their lack of partici-
pation reinforces existing disparities in resource levels. However, our findings regarding farming
household resource endowment and involvement in participatory research may reveal a more
complex reality. While participation may be undertaken by better resource-endowed households,
this might not mean that less resource-endowed households are not engaged with the project.
Instead, these less resource-endowed households may be opting for a ‘wait-and-see’ strategy,
whereby they let the higher resource-endowed household trial the proposed innovations before
deciding whether to employ the practice themselves. Indeed, this possibility was alluded to a num-
ber of times in the qualitative interviews (Appendix 1). For example, one farmer explained that
while her less resource-endowed neighbours ‘were not participating in the research, they were
closely following the progress of the [experimental] plots’. Another claimed that while he did
not have enough time to participate directly in the research, he was ‘waiting with interest to under-
stand the results of the project and the final evaluations. .. I want to see the productivity of these
[improved] fallows’.
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Underpinning these patterns of association between household resource endowment and par-
ticipation in the research may be the phenomenon of rural household life cycles, where farming
practices change along the course of a household life cycle due to the changing needs, motivations
and resources of the rural household (de Sherbinin et al., 2008; Perz and Walker, 2002). While it is
true that on average the household heads of the non-participation group were significantly older
than the participating group (Table 2), the age profile of the household heads of these groups was
also different (Figure 1). For the Full Participants group, the households head age profile peaked at
between 45 and 55 years, while the age profile of the household heads for the Non-Participants
was relatively flat, with therefore proportionally more households with older household heads
(65-75 years) and also proportionally slightly more younger household heads (25-35 years).
The qualitative interviews provided further evidence for this interpretation based on a household’s
life cycle. As one interviewee explained ‘The fact of having small children at home requires more
work. .. however, children over 10 years old are more independent which allows not only the
husband to attend community meetings [about the participatory research], but the wife too.
For households [comprised of] an older couple, active participation in the project and communal
activities becomes difficult’.

These findings support our hypothesis that participation in participatory research is not simply
a binary decision influenced by variables associated with resource endowment but reflects more a
strategic decision for these households about how best to engage with the project given the current
household needs and constraints. In this respect, Kong and Castella (2021) suggest that the stage at
which a rural household finds itself within the overall rural household life cycle strongly influences
the judgement whether to participate actively or to opt for a more risk-averse strategy allowing
better-placed neighbours to engage more actively and ‘waiting to see’ the results before deciding to
make any change to their farming systems.

From a practical perspective, these results are important as they indicate that non-participation
is necessarily not due to lack of interest. Instead, the lack of participation may be a result of the
current circumstances in which the household finds itself, but which prevent them for participat-
ing due to lack of resources. This has two important implications for participatory research. First,
it suggests that it is imperative to find methods of engagement that will enable Non-Participants,
to input and even help shape research design providing greater insight into the opportunities and
limitations of the least resource-endowed households in a community. Moreover, it will be par-
ticularly important to recognize that the group of Non-Participants will probably represent an
even greater diversity of households than the participating group given that they will often be
comprised of proportionally both the younger and older households of the community. A failure
to recognize this heterogeneity of Non-Participants may mean that research design continues to
be skewed toward exploring solutions for the more resource-endowed and possibly more homog-
enous group of households of a community. Secondly, special attention must be paid to continual
engagement with Non-Participants throughout the research as well as ex-post dissemination of
research results with the broader community, or even neighbouring communities, and not just
with participating households as argued by Hauser et al. (2016). Without such engagement
and dissemination strategies, households with greater resources will continue to benefit dispro-
portionately, leaving lower resource-endowed households in the role of ‘outsiders looking in” with-
out the ability to influence or benefit fully from the development of participatory research.

Suitability of improved fallow techniques and rural household heterogeneity

Clearly, the decision to participate in the research is not solely driven by resource endowment and
the stage at which a rural household finds itself in its household life cycle. Suitability of the farming
technique for the farming households will also play an important role in whether a household
decides to allocate precious resources into participating in the research. This understanding
can also provide deeper insight into how improved fallow techniques, in this case, may or

https://doi.org/10.1017/50014479722000357 Published online by Cambridge University Press


https://doi.org/10.1017/S0014479722000357

Experimental Agriculture 15

may not fit into the current farming systems in the research sites or other similar contexts. A
striking common theme arising in the qualitative interviews was that access to irrigation water
was negatively associated with participation in the research project (Appendix 1). As one farmer
explained ‘many families that have fields with access to irrigation nearly fully dedicate themselves
to agricultural production in these spaces, and [as a result] rarely use fallowing techniques [such as
those trialled in the project] in their fields’. Another echoed this reasoning ‘having access to irri-
gation water [means that farmers] produce more and therefore don’t use fallows’. This reflects
previous studies in the area that have found a close relationship between access to irrigation
and agricultural management (Bentley et al., 2007; de Valenga et al., 2017). However, it is impor-
tant to note that these differences were not observed in the household survey data where no sig-
nificant differences were observed in access to irrigation between Full Participants and Non-
Participants (Table 2). Part of the reason why we may see this dichotomy in the results is that
while farmers that have access to irrigation tend to increase land-use intensity and therefore have
fewer options for fallow; on the other hand, many farmers also believed that in order to cultivate
forage crops under improved fallows there was an increased need for irrigation. As an interviewee
explained ‘in order to rear cattle, you need fields with access to irrigation [to cultivate perennial
forages]’.

In addition to access to irrigation water and land-use intensity, the issue of accessibility to fields
was also raised in the qualitative interviews as an important determinant of participation in the
improved fallows research project (Appendix 1). With many homesteads located in the middle
zone of the communities and walking times to fields in the upper zone being sometimes more
than an hour, it is understandable that farmers may not be as motivated to begin an experimental
trial that they must visit regularly in locations farm from their homes. This corroborates the find-
ings of Olarinde et al. (2017), who also found that shorter distances to the experimental plots
increased participation in their participatory research project.

The important role of access to irrigation, land-use intensity and overall accessibility demon-
strates the importance of management by context, whereby farmers manage their fields which are
spread out across a particular landscape depending on the location of the fields. As shown in a
number of studies now, both biophysical landscape patterns such as variations in soil fertility and
human factors such as distance from homestead drive important differences in agricultural man-
agement (Caulfield et al., 2020¢; Caulfield et al., 2020d; Van Apeldoorn et al., 2013). Coupled with
a number of socio-ecological trends in the Andes such as enhanced transport infrastructure,
migration, land-use change and climate change among others (Curatola Fernandez et al,
2015; de Valenga et al., 2017; Fonte et al., 2012), this raises a number of important questions
regarding the potential role of these improved fallow techniques in the rural Andes in the future.
From one perspective, their role in highland systems, where land at higher elevations is becoming
increasingly more accessible due to improved transport infrastructure, and potentially more pro-
ductive due to rising temperatures (though with greater exposure to climate risk in future climate
scenarios for high elevations) (Urrutia and Vuille, 2009), techniques such as improved fallows
could become ever more important. On the other hand, improved access to irrigation in the future
may also bring about greater land-use intensity and therefore a decrease in the use of fallow tech-
niques as described in the qualitative interviews. However, it is also important to acknowledge that
interviewees also noted the importance of irrigation for the cultivation of perennial forages and
managed fallow strategies. Further research to explore the potential evolving role of improved
fallows in the future considering these factors could therefore prove particularly useful as a com-
plement to this broader research project

Another revealing finding from the qualitative interviews was that households employing inte-
grated crop-livestock systems were more likely to participate in the improved fallow trials than
those households focusing either on livestock or crop production (Appendix 1). This provides a
more nuanced insight to the potentially simplistic assumption that farmers with more animals will
always be more interested in the forage provided by a forage-based fallow. This observation is also
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consistent with the association between managed fallows and guinea pig rearing in both the
RHoMIS and qualitative interviews (Tables 2 and Appendix 1), suggesting it may be an important
strategy for livelihood diversification that pays agroecological dividends for soils in the rural
households in the Peruvian Andes. These findings reinforce the socio-ecological niche concept
that argues that the agroecological, socio-cultural, economic and institutional context across mul-
tiple levels of granularity must be considered when assessing the suitability of a farming technique
innovation. This approach of ‘options by context’ may help to reduce risk and increase chances of
successful participatory research (Coe et al., 2019; Descheemaeker et al., 2016; Ojiem et al., 2006).
These findings, the influence of resource endowment and socio-ecological context, may also help
explain why participation in some communities was greater than in others (Table 1). While we
were unable to explore this question in detail in this paper, we recommend that further research be
conducted in this regard.

Conclusion

The insights provided by linking the rural household survey dataset with focused qualitative inter-
views enabled us to develop a deeper understanding of the motivations and underlying factors that
influenced a households’ decision to participate in a research project assessing the potential ben-
efits of improved fallow techniques. Overall, the better resource-endowed households (in terms of
human and social capital, more livestock, higher levels of farm value production and income, and
farm inputs) tended to be more likely to participate compared to households with lower levels of
these variables. This pattern appeared to have important links to a households’ life cycle, where a
household’s access to resources changes over time as the household demography changes.
Nevertheless, this might not mean that less resource-endowed households are not engaged with
the research project. On the contrary, we found evidence to suggest that non-participating house-
holds may be opting for a ‘wait-and-see’ strategy, whereby they let the higher resource-endowed
households trial the proposed innovations before deciding whether to employ the practice them-
selves. We also found evidence to suggest that a number of different contextual factors will influ-
ence the suitability of improved fallows for a particular household or agricultural field and
therefore a household’s willingness to participate in the research project, such as access to irriga-
tion, location of fields, livestock ownership and farming system approach. These findings under-
lined some critical learnings. Fundamentally, participatory research should not aim to ensure that
as many potential ‘Non-Participants’ participate, as formal ‘enrolment’ in participatory trials may
not be the most appropriate use of their resources. Instead, more should be done to consider these
‘Non-Participants’ via indirect means, including lower-investment knowledge-sharing activities
and through existing informal information networks within communities. More should also be
done to ensure that their specific set of opportunities and challenges are also reflected in the exper-
imental design and that they have a strong voice in the iterative development of the project itself.
Moreover, greater consideration should be placed on understanding management by context
issues in order to better target potential improved farming techniques such as improved fallows,
at multiple levels, from the field to the household and to the community and beyond. The co-
development of this enhanced understanding of management by context in partnership with
the farming households will increase the likelihood of more successful participatory research
projects.

Supplementary material. For supplementary material for this article, please visit https://doi.org/10.1017/
50014479722000357
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