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Abstract 
The sustainability of milpa agriculture, a traditional 
Mayan farming system in southern Belize, is uncer-
tain. For centuries, the milpa has been a sustainable 
agriculture system. The slash-and-burn aspect of 
milpa farming, however, has become less reliable 
and less sustainable over the last 50 years due to 
several factors, including forest loss, climate 
change, population growth, and other factors. The 
traditional milpa practices of slash-and-mulch and 
soil nutrient enrichment (nutrient cycling) are 
agroecological practices that produce food in a 
more sustainable way. Agriculture extension, a gov-
ernment service in Belize, can promote additional 
agroecological practices to address food and liveli-

hood insecurities in milpa communities. This study 
examines perceptions of these practices from milpa 
farmers and agricultural extension officers in Belize 
using a socio-ecological systems (SES) framework. 
SES considers multidisciplinary linkages, including 
social, economic, environmental, cultural, and 
other factors in the agroecological system. The 
study finds several of these SES linkages between 
agroecological practices—specifically slash-and-
mulch and soil nutrient enrichment—and the sus-
tainability of the milpa farming system in southern 
Belize. Milpa communities are part of the broader 
SES and therefore are affected by changes to it. 
Milpa communities can also be enabled and partici-
pate in solution-finding. The findings imply that in-
creasing the use of agroecology practices in milpa 
communities is needed and that government in-
volvement and action, particularly from agriculture 
extension services, can facilitate a more sustainable 
milpa farming system and therefore more food and 
livelihood security in milpa communities in Belize. 
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Introduction 
The sustainability of milpa agriculture, a traditional 
Mayan farming system in southern Belize, is uncer-
tain. A milpa is a small-scale subsistence farming 
system of shifting cultivation (Downey, 2009; Nigh 
& Diemont, 2013), which traditionally involves 
slash-and-burn or slash-and-mulch techniques 
(Johnston, 2003; Thurston 1997). The milpa is a 
significant aspect of Maya culture; Maya identity, 
ceremony, community, and livelihood are all 
rooted in the milpa (De Frece & Poole, 2008; 
Falkowski, Chankin, Diemont, & Pedian, 2019). 
For centuries, the milpa has been a sustainable agri-
culture system (Altieri & Toledo, 2011; Benitez, 
Fornoni, Garcıa-Barrios, & López, 2014; Ford & 
Nigh, 2016; Nigh & Diemont, 2013) by allowing 
areas to regenerate, creating a mosaic of forest suc-
cession stages and crop diversity, and providing 
major food sources and livelihoods for Maya milpa 
farmers (Daniels, Painter, & Southworth, 2008; 
Isakson, 2007; Mt. Pleasant, 2016; Shal, 2002). 
 The slash-and-burn aspect of milpa farming, 
however, has become less reliable and less sustaina-
ble in the last 50 years due to forest loss, soil degra-
dation, climate change, population growth, land 
tenure, poverty, and other factors (De Frece & 
Poole, 2008; Levasseur & Olivier, 2000; Lozada, 
2014; New Agriculturist, 2005; Shal, 2002; Stein-
berg, 1998). Due to this uncertainty, milpa farmers 
who exclusively practice slash-and-burn in Belize 
may be more vulnerable to livelihood and food in-
security (Lozada, 2014; Okumu, 2013). Food secu-
rity is the ability to provide present and future 
generations with a reliable food supply; it considers 
multiple factors and depends upon reliable crop 
production while sustaining a healthy ecological 
balance in a farming system (ESRI, 2008; Food and 
Agriculture Organization of the United Nations 
[FAO], n.d.; Mazumdar, 2008; Rao, Waits, & 
Neilsen, 2000).  
 The milpa practices of slash-and-mulch (versus 
slash-and-burn) and soil nutrient enrichment (nu-
trient cycling) may be more sustainable in Belize. 
Slash-and-mulch (i.e., cutting and mulching vegeta-

tion on-site) involves shorter fallow periods and 
can restore soil nutrients and stabilize yields; soil 
nutrient enrichment involves farming inputs that 
improve the soil conditions for production (John-
ston, 2003; Mkhize, 2016; Thurston, 1997). Both 
slash-and-mulch and soil nutrient cycling are agroe-
cological practices. As a science, practice, and 
movement of producing food in a more sustainable 
way (Altieri & Toledo, 2011), agroecology involves 
multidisciplinary factors and a participatory and ac-
tion-oriented approach to sustainable and just food 
systems (Méndez, Bacon, & Cohen, 2013; Rivera-
Ferre, 2018; Wezel et al., 2009).  
 Promoting agroecological practices may be 
necessary to facilitate food and livelihood security 
in milpa communities. Agriculture extension, a 
government service in Belize, is in an effective po-
sition to enable an increase in agroecological prac-
tices in Maya milpa communities (Drexler, 2019). 
In Belize, extension officers can work within the 
cultural traditions of the milpa system to facilitate 
support for increased agroecological practices (e.g., 
slash-and-mulch) while including farmers as part-
ners in the process. This study examines percep-
tions of agroecological practices from milpa 
farmers and agricultural extension officers in Belize 
using an SES framework. SES considers transdisci-
plinary factors and linkages, including social, eco-
nomic, environmental, cultural, governance, and 
other factors in the agroecological system.  

Background and Literature Review 

The Milpa Farming System in Belize  
A milpa is a small-scale traditional Maya farming 
system of shifting cultivation. It involves clearing 
areas of forest to plant primarily corn, beans, and 
squash on nutrient-rich soil (Emch, 2003; Mt. 
Pleasant, 2016) for subsistence and selling at local 
markets (Downey, 2009; Nigh & Diemont, 2013). 
Milpa farmers traditionally use slash-and-burn 
and/or slash-and-mulch practices (Johnston, 2003; 
Thurston, 1997). As a polycrop practice, the milpa 
is a “diverse and complex agroecosystem that, 
given its ample diversification and adaptation to lo-
cal conditions, provides an excellent model system 
for agroecology” (Benitez et al., 2014, p. 1). The 
crop diversity of the milpa system can sustainably 
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“increase the agroecosystem’s productive capacity 
and resilience” and can therefore promote food se-
curity and food sovereignty, the “right to healthy 
and culturally appropriate foods” (Falkowski et al., 
2019, p. 396). 
 The milpa is a significant aspect of Maya 
culture and livelihood. In Belize, the milpa system 
meets most of a family’s need for food, wood, and 
income (Emch, 2003; Levasseur & Olivier, 2000). 
Traditional ecological knowledge of the milpa “is 
important to the cultural integrity of Maya com-
munities and the ecological integrity of tropical 
[and subtropical] lowland ecosystems” (Falkowski 
et al., 2019, p. 400). The milpa has been a sustain-
able agriculture system; as a forest mosaic of 
disturbance, there is “long-term carbon sequestra-
tion and an increasingly fertile anthrosol and 
enriched woodland vegetation” (Nigh & Diemont, 
2013, p. 45). However, the milpa system is “not 
indefinitely resilient, particularly in an era of global 
economic and environmental change” (Lozada, 
2014, p. 75).  
 Slash-and-burn. As a traditional milpa prac-
tice, the slash-and-burn aspect of milpa farming 
(clearing and burning small areas of forests for 
crop rotation each year) has been misunderstood as 
having large-scale impacts on forests. This practice 
has been sustainable for centuries and has only re-
cently (in the last 50 years) begun to be unsustaina-
ble in combination with climate change, forest loss, 
soil degradation, population growth, and other fac-
tors (De Frece & Poole, 2008; Levasseur & Olivier, 
2000; Lozada, 2014; New Agriculturist, 2005; Shal, 
2002; Steinberg, 1998). The burning aspect of mil-
pa farming reduces carbon stocks, and the intense 
heat during burning can destroy critical root and 
seed banks (Uhl, 1987). Also, the practice of burn-
ing means fewer nutrients are returned to the soil, 
water-holding and nutrient status declines, and 
“risks of accelerated erosion, water runoff, and 
crop failure in times of below normal rainfall” 
(Kidd & Pimental, 2012, p. 112) dramatically in-
crease. Degraded natural resources negatively affect 
the rural poor (John & Firth, 2005), which “has 
major impacts [on] the ecology, economy, food se-
curity and public health of the [Belizean milpa] 
communities” (Chicas, Omine, & Ford, 2016).  
 Slash-and-mulch. Slash-and-mulch, practiced 

by about half the milpa farmers in the Toledo Dis-
trict (Drexler, 2019), is a traditional milpa practice 
where vegetation is cut and left to decompose. 
Mulch practice has been found to be far more ben-
eficial in tropical regions by restoring degraded 
soils, providing shorter fallow periods, stabilizing 
crop yields (Johnston, 2003; Mkhize, 2016; 
Thurston 1997), and having similar planting and 
harvest timing, although tillage may be slower com-
pared to slash-and-burn (Erenstein, 2003).  
 There may be disadvantages to slash-and-
mulch practice, including a possible increase in 
snakes or animal vectors. Also, there may be a need 
for fertilization inputs in mulch systems, although 
that is debated in the literature. For example, one 
study states, “Fertilization is essential to obtain ac-
ceptable yields under fire-free land preparation” 
(Denich, Vlek, de Abreu Sá, Vielhauer, & Lücke, 
2005, p. 51), but the study suggests the increased 
yields will compensate for fertilizer costs. Another 
study finds that external fertilizer inputs (as well as 
weeds and runoff) were avoided with mulching, 
and “increased SOM [soil organic matter] and wa-
ter holding capacity were also achieved” (Lozada, 
2014, p. 62). In other studies, mulching was found 
to improve soil nutrients and regulate surface tem-
peratures (thus improving moisture and germina-
tion) as well as other benefits for crop productivity 
(Johnston, 2003; Mkhize, 2016; Thurston 1997).  

Agroecological Practices in Belize 
In Belize, “mixed intercropping, organic nutrient 
recycling processes, crop rotations, and irrigation 
facilities” (Government of Belize [GOB], 2003, p. 
53) help to decrease pressure on deforestation 
while simultaneously increasing domestic produc-
tion. Other methods of agroecology in farming sys-
tems include polycultures, agroforestry, using 
native seeds, and “encouraging natural enemies of 
pests, and using composts and green manure to en-
hance soil organic matter thus improving soil bio-
logical activity and water retention capacity” 
(Altieri & Toledo, 2011, p. 588). A diversified 
agroecological system promotes sustainability and 
resilience through biological interactions, soil fertil-
ity regeneration, crop productivity and protection, 
and recycling nutrients and energy on a farm rather 
than using external inputs (Altieri & Toledo, 2011). 
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Promoting agroecological practices can facilitate 
food security while maintaining the health of eco-
systems (FAO, n.d.).  

Socio-ecological Systems (SES) in Belize 
This study uses an SES framework to examine per-
ceptions of agroecological practices from milpa 
farmers and agricultural extension officers in 
southern Belize. SES considers multidisciplinary 
linkages, including social, economic, environmen-
tal, cultural, and other factors in the agroecological 
system. The SES framework is an effective lens 
through which to study the complex and multidis-
ciplinary issue of sustainable agroecological prac-
tices in milpa communities.  
 An SES is a linked network where an impact 
on one part of the system—loss or degradation of 
soil, for example—can affect human systems such 
as food security and farmer livelihoods (Lal, 2008; 
Levasseur & Olivier, 2000; Molnar & Molnar, 
2000). Understanding each factor, as well as how it 
functions in the “complex whole” (Koutsouris, 
2008, p. 269), is important.  
 Milpa communities are part of the broader 
SES and therefore are affected by changes to it; 
they experience system impacts and can be more 
vulnerable to increasing resource loss and degrada-
tion (Drexler, 2017; Flint, 2015; Okumu, 2013; C. 
A. Young, 2008). For example, as milpas expand 
deeper into forests, the ecosystem on which milpa 
farmers depend for their basic needs is affected 
(Lozada, 2014). With resource loss, there are impli-
cations for food and livelihood insecurity for milpa 
communities. That said, as part of the broader 
SESs, milpa communities can also be enabled and 
participate in solution-finding.  
 Dr. Elinor Ostrom is widely considered to be 
the foremost researcher on SES. Ostrom’s concep-
tual framework uses a multilevel and multiperspec-
tival examination of SES (e.g., social, economic, 
political) drivers, interactions, and outcomes. 
Ostrom’s framework also involves adaptive re-
source management, coordinating with multiple 
stakeholders, collective action, self-organizing, and 
bottom-up (community-based) application of re-
source planning and management (Olsson, Folke, 
& Berkes, 2004; Ostrom, 2009; Parrott, Chion, 
Gonzalés, & Latombe, 2012).  

 SES challenges associated with milpa farming 
system sustainability can be described as “wicked” 
problems. Wicked problems are difficult to solve 
and are often complex, multidimensional, dynamic, 
difficult to recognize and find causality for, and 
connected within other problems (Hanstedt, 2012; 
Rittel & Webber, 1973). Systemic issues such as 
food security and agriculture sustainability necessi-
tate inclusive and “wicked” approaches (i.e., com-
munity-based, multiperspectival, and flexible 
system frameworks) to address problems.  

Agriculture Extension in Belize 
In Belize and elsewhere, one of the most effective 
ways to promote an increase in sustainable agroe-
cological practices is through agriculture extension 
services. Extension has a strong institutional expec-
tation as a conduit of informing, educating, and fa-
cilitating best practices for farmers (Seevers & 
Graham, 2012). Extension programs can build re-
silience in milpa systems through multidisciplinary 
capacity-building and farmer participation (Ministry 
of Agriculture, Fisheries, Forestry, the Environ-
ment, Sustainable Development and Immigration, 
Government of Belize [MAFFESDI], n.d.) using 
“site-specific technologies [which] should include 
intensified water management strategies, slash-and-
mulch technologies, grain-based intercropping and, 
agroforestry techniques to increase and stabilize 
yields” (Lozada, 2014, p. 81). To improve agroeco-
logical sustainability, extension can promote “more 
resilient farming systems and practices, as well as 
sound coordination, exchange of information, 
methodologies, and tools between experts and in-
stitutions” (FAO, 2010, para. 12). Also, extension 
can “generate better social and environmental ben-
efits” (Tandon, 2014, p. 8) and facilitate resource 
sustainability, a more sustainable milpa farming 
system, and food and livelihood security in Belize 
(Benitezet al., 2014).  
 The director of extension in Belize stated that 
farmer field schools (FFS) are one of the most ef-
fective extension collaboration models used in Be-
lize, providing “empowerment and facilitation for 
[farmers] to [learn how to] solve their own prob-
lems” (B. Esquivel, personal communication, Sep-
tember 26, 2017). FFS is a participatory approach 
conducted in the farming community to “increase 
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agricultural production and improve livelihoods in 
a way that is adapted to local contexts” (FAO, 
2015, para. 11). One officer explained that both ex-
tension officers and farmers work side by side to 
solve problems in real time; when a problem is 
found, everyone participates as partners, “adapts,” 
and “finds a solution” (V. Kuk, personal communi-
cation, January 14, 2019).  

Applied Research Methods 
This qualitative study uses phenomenology and 
semistructured interviews to describe the common 
lived experience of milpa farming sustainability 
from the perceptions of milpa farmers and exten-
sion officers. Phenomenology recognizes patterns, 
categories, and themes that emerge from the data 
collected in interviews (Creswell, 2013; Gall, Gall, 

& Borg, 2007; Ravitch & Carl, 2016). The Ameri-
can Public University System Institutional Review 
Board (IRB) approved all study protocols and in-
terview questions; all interviews followed a volun-
tary and informed consent procedure.  

Setting of the Study 
Semistructured interviews were conducted of five 
milpa farmers and three extension officers in the 
Toledo District. Toledo District is the southern-
most district in Belize; its population is nearly 50% 
Q’eqchi’ (Kekchi) Maya, 20% Mestizo, and 17% 
Mopan Maya. There are also Garifuna, Creole, East 
Indian, and Mennonite populations (Statistical In-
stitute of Belize [SIB], 2018). Farmers in two milpa 
villages in Toledo District, Pueblo Viejo and Indian 
Creek, were interviewed (Figure 1).  

Figure 1. Map of Belize Showing Study Sites

Sources: At Ease in Bellize Ltd., n.d.; Google Map of Pueblo Viejo (left) and Indian Creek (right) villages (2019). 



Journal of Agriculture, Food Systems, and Community Development 
ISSN: 2152-0801 online 

https://www.foodsystemsjournal.org 

90 Volume 9, Issue 3 / Spring 2020 

 In milpa farming communities, households 
were selected using a stratified random design in 
each village. Sampling was purposive using the sub-
population of ‘primary (head) milpa farmer’ for 
each selected household. The subpopulation was 
intentional to elicit the perspective of farmers who 
have the most direct knowledge of local forests, 
soils, and agriculture systems. Two of the farmers 
randomly selected were Maya cultural and political 
leaders in their villages; they spoke to the im-
portance of the milpa as part of their cultural prac-
tice. In-depth interviews of extension officers were 
also conducted in both office and field settings; 
three (of the four total) extension officers in the 
Toledo District in southern Belize were inter-
viewed. Interviews for both groups included ques-
tions on the sustainability of farming practices and 
SES impacts in milpa farming communities.  

Data Analysis 
A series of open (analytical), axial (reduction and 
clustering of categories), and selective coding (the 
intersection or integration of categories) processes 
were used (Creswell, 2013; LeCompte, 2000; Pe-
reira, 2007; Ravitch & Carl, 2016; Strauss & 
Corbin, 1994). The SES dynamics regarding sus-
tainability in the slash-and-mulch and soil nutrient 
enrichment practices of traditional milpa farmers 
were examined. Emergent dominant themes were 
found to intersect with several multiperspectival 
SES indicators.  

Results 
Results from the qualitative approach include per-
ception data from semistructured interviews of five 
milpa farmers and three extension officers. Two 
emergent thematic categories (codes) linked to the 
sustainability of the milpa farming system were 
identified: (1) Slash-and-mulch, and (2) soil nutrient 
enrichment practices. These agroecological prac-
tices were expressed by both milpa farmers and ex-
tension officers as having (a) economic, (b) 
environmental, and (c) cultural linkages to sustaina-
ble agroecological practices in milpa communities 
of southern Belize. 

Milpa Farmer Perspectives 
All milpa farmers interviewed for this study de-

scribed their farming system as including slash-and-
burn farming. Some farmers also use slash-and-
mulch and soil enrichment practices. Slash-and-
mulch with no burning was considered by inter-
view participants as a “new” farming technology, 
although mulching has been a traditional practice 
of milpa farming for centuries (Thurston, 1997). 
Slash-and-mulch milpa farming involves cutting 
trees and other vegetation for farm plots, but in-
stead of burning the debris, farmers allow a decay 
or mulching process to occur. Mulching and soil 
enrichment were identified by extension officers 
and two farmers interviewed for this study as hav-
ing a positive effect on soil and crop sustainability. 
Soil enrichment restores health and nutrients to the 
soil, which are primary needs for milpa farmers to 
increase productivity sustainably (Ong & Kho, 
2015). In the interviews, milpa farmers perceived 
environmental, economic, and cultural impacts of 
slash-and-mulch and soil nutrient enrichment prac-
tices in the SES. 
 Environmental perspectives. From an envi-
ronmental perspective, milpa farmers traditionally 
cut trees and bushes (referred to locally as “chop 
bush”) to plant on nutrient-rich “black” soil. Milpa 
farmers then choose to either burn the chopped 
debris (slash-and-burn) or leave it to decay (slash-
and-mulch). Two farmers interviewed for this 
study explained the use of fire and crop rotation: “I 
will soon start to chop bush, and then it dries, and 
then [I] burn it, and then plant it. You chop more 
bush to plant more [crops].” Milpa farmers inter-
viewed for this study need to rotate on black soil 
due to the nutrient depletion in the soil over time. 
One farmer stated that they need soil enrichment 
assistance if they are to avoid cutting more forest. 
A farmer who already practices slash-and-mulch 
explained that he prefers the slash-and-mulch over 
burning:  

… Not to burn it … leave it there. Just leave it 
there, and it’ll get rotten, right, and leave the 
stump right there, because the stump, it holds 
a lot of soil; when it’s raining, it won’t flush 
off. So, just leave the stump right there until it 
gets rotten.  

 Economic perspectives. From an economic 
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perspective, slash-and-mulch and soil nutrient en-
richment practices can improve the production and 
livelihoods of milpa farmers. To reduce costs, 
some farmers avoid fertilizers through crop rota-
tion. One farmer explained why he rotates crops to 
use nutrient-rich black soil and how this is sustain-
able financially because black soil does not require 
fertilizer input. He explained they chop vegetation 
for the soil; otherwise, the soil gets too dry and 
hard, “but, if we change every year, it doesn’t need 
fertilizer. Yah, just normal planting—or-
ganic…That’s why we maintain for [sic] we forest.” 
One study, however, suggested that using fertilizers 
increases yields enough to more than compensate 
for fertilizer costs (Denich et al., 2005).  
 Soil enrichment involves fertilizer inputs 
(chemical or nonchemical); all farmers interviewed 
stated they buy and/or use fertilizer inputs. How-
ever, adding nonchemical enrichment can be low 
to no cost. One farmer explained that keeping for-
ests intact is important for his village’s economic 
development and tourism industry:  

We understand the slash and burn is [bad]—
sometimes for humans, for us and also for a 
wildlife—and, so, we are trying to avoid that 
now. We are working very closely with the vil-
lage leaders … because we need to take care of 
our forest, including creeks, rivers, and 
streams, and so forth.  

 Cultural perspectives. As part of the Maya 
culture and tradition, milpa farmers are taught by 
family how and when to plant and harvest milpa 
crops, usually related to rain and moon cycles. In 
this way, many aspects of the agroecological system 
are passed down from generation to generation. 
Some farmers were not interested in learning soil 
enrichment technology. One farmer stated: “Black 
soil is better [to farm]. I would chop because that’s 
what, you know, works for [us] versus using the 
technology to put nutrients in the soil.” One 
farmer described going further and further into the 
forest each year to farm. Two farmers were inter-
ested in learning new technologies and adapting 
their practice. For example, one farmer expressed 
being interested in effective microorganisms (EM) 
for soil enrichment:  

It would be interesting to bring something 
with the soil and mix it up—and put plants 
there like tomatoes. You could plant when you 
mix up the soil… the [plants] come very good. 
And, with corn too… Yes, yes – that would be 
interesting …interesting. You bring some soil, 
you just mix it up, and plant some there. 

 Another stated that exclusively using slash-
and-burn, a traditional form of agriculture in south-
ern Belize Maya villages, is not culturally sustaina-
ble. He stated: 

The only way we could damage [the milpa 
farming culture] for us is if we continue to 
slash and burn, and burn, and slash and 
burn—and, we believe that one day our crop 
will never come out good again because the 
fertile[ity] of the ground is washed off, so eve-
rything goes in the creeks, in the river; and, the 
land becomes poor and poor and poor and 
poor—and, so, now, we don’t want to practice 
that because we understand the situation there. 
So, we believe that to maintain the soil, to treat 
the soil in a proper way…not to cut down the 
trees or not to burn it—even though if you 
want to fall something – but, leave it there—
just, leave it there, and it’ll get rotten. 

 Cultural factors are linked to economic and en-
vironmental factors. To some farmers, slash-and-
mulch can improve the sustainability of the agricul-
ture system (i.e., increasing production, income, 
and resource sustainability).  

Extension Officer Perspectives 
The main mission of extension is to promote new 
agriculture practices, technologies, and innovations 
(Seevers & Graham, 2012; U.S. Department of Ag-
riculture, National Institute of Food and Agricul-
ture [USDA NIFA], 2019); for southern Belize 
milpa communities, this includes slash-and-mulch 
and nutrient enrichment practices. Extension offic-
ers interviewed for this study commonly perceived 
slash-and-mulch farming and soil nutrient enrich-
ment as beneficial to sustainable agroecology prac-
tices. Extension officers perceived the 
environmental, economic, and cultural effects of 
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these two practices. However, extension officers 
recognized that there are institutional barriers, in-
cluding lack of training in new technologies and 
lack of support from the central extension office. 
Currently, there are four extension staff responsi-
ble for a largely rural district of 52 communities. 
 Environmental perspectives. One extension 
officer interviewed for this study stated that mulch-
ing instead of burning is “climate-smart” because 
mulching keeps more moisture and nutrients in the 
soil, which benefits farmers, whereas burning 
would expose and heat up the soil, causing nutrient 
loss. Another officer explained the benefits of leav-
ing the grasses to rot in the mulching process; the 
grass “covers the soil [and] … there’s a little mois-
ture by the roots of the plant … it will keep the soil 
cool instead of in the hot sun … so it does work. It 
does work.” He explained, “The advantage [of 
slash-and-mulch] is that it improves the soil fertil-
ity, but the disadvantage is that it’s too bushy and 
people don’t want to go in there … because it at-
tracts maybe snakes and other things.” One exten-
sion officer explained that they “need to do a little 
bit more public awareness in terms of the negative 
effects [of burning]” due to air pollution, global 
warming, and other effects, and to show the proof 
that alternatives (i.e., mulching) work.  
 Regarding soil nutrient enrichment, extension 
officers commonly perceived that soil nutrient en-
richment and ground cover could be beneficial for 
farmers. One extension officer interviewed was try-
ing to educate and promote effective microorgan-
isms (EM). He stated, “A lot of farmers, they are 
starting to use organic material—meaning chicken 
manure. They are using a lot of EM agriculture to 
build up the soil fertility.” The same officer also ex-
plained the benefits of mucuna beans for nutrient 
enrichment:  

We have some farmers that benefit from the 
training as well, because, at some point, we in-
troduce some types of fertilizer that you incor-
porate in the soil … [for example] mucuna 
beans: the Mennonites [presuming he means 
the less mechanized Amish community] use it 
a lot, you know; they don’t use a lot of syn-
thetic fertilizer, they only use these types of 
mucuna beans.  

 Another extension officer explained the bene-
fits of arachis (Arachis glabrata), a wild peanut per-
ennial. Arachis is useful for milpa farmers as an 
effective ground and soil cover and as a nitrogen-
fixing plant. Agroecological practices mimic or rep-
licate the nutrient cycling in forest ecosystems 
while allowing for sustainable production of agri-
culture (Kidd & Pimental, 2012); extension officers 
can promote nutrient cycling with increased slash-
and-mulch and adding fertility (soil nutrient enrich-
ment) to reduce the need for forest clearing for 
black soil.  
 Economic perspectives. There are economic 
linkages to environmental and cultural factors in 
promoting sustainable agroecological practices in 
milpa communities. Extension officers need more 
support, technical training, and human resources 
allocated from the central extension office in the 
capital of Belmopan to prioritize sustainable agroe-
cological practices. One officer noted, “We need 
support from them, because we cannot do it 
alone … We need to prioritize [climate-smart] top-
ics because everything now is climate change … 
Everything is focused around climate change and 
resilience.” To cope with the low numbers of staff, 
extension officers interviewed for the study need to 
collaborate with other government agencies and 
nongovernmental organizations to carry out some 
aspects of their extension duties.  
 Cultural perspectives. When asked if the 
milpa farming system is sustainable, one extension 
officer answered “no” due to the lack of youth in-
volvement. Another answered “yes” due to cultural 
traditions and knowledge passed down through 
generations. The same officer also stated the milpa 
system would only be sustainable if farmers adapt 
(i.e., stopped burning). He promoted slash-and-
mulch, where farmers “just have to chop and leave 
it into dry … and they don’t have to burn.” An ex-
tension supervisor in Belmopan suggested that ex-
tension officers can work within the cultural 
traditions of the milpa system to promote effective 
technologies:  

[We need] a way to demonstrate to [the 
farmer] a way to adequately compensate for 
what they are moving … we need to look at in-
jecting proportionate technology in the milpa 
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system, and then look at how the farmers react 
to that injection. It’s a learning process, not to 
challenge traditional [farming methods, but try 
to promote] a few [effective] agricultural prac-
tices like soil conservation, irrigation systems, 
and integrated pest management. (G. Ramirez, 
personal communications, September 26, 
2017) 

Discussion 
There are positive system impacts from the agroe-
cological practices of slash-and-mulch and soil nu-
trient enrichment on Maya milpa farming 
communities. Slash-and-mulch practice (leaving de-
bris to decay on site) has the benefits of soil cover 
and adding nutrients to the soil. Soil enrichment 
practice can include adding chemical or nonchemi-
cal fertilizers (e.g., chicken manure, mucuna beans, 
arachis), and integrating effective microorganisms 
(EM) to break down slashed debris faster and build 
soil fertility. In interviews, both milpa farmers and 
agriculture extension officers perceived environ-
mental, economic, and cultural linkages to agroeco-

logical practices. Increasing these practices can ena-
ble farmers to achieve food and livelihood security 
in milpa communities of southern Belize. 
 Using SES theory, common themes and link-
ages were interwoven with slash-and-mulch and 
soil enrichment practices. Both agroecological 
practices were perceived by milpa farmers and ex-
tension officers as conduits for sustainable agricul-
ture in southern Belize. Adapted from Ostrom’s 
model, an SES map (Figure 2), using responses 
from this study, demonstrates the common 
themes, linkages, and intersections of environmen-
tal, economic, and cultural perceptions of the 
agroecological practices of slash-and-mulch and 
soil nutrient enrichment. Implications of increasing 
the agroecological practices of slash-and-mulch and 
soil nutrient enrichment practices could foster 
higher crop production with resource and culture 
sustainability in a sustainable SES; in turn, this is 
linked to food and livelihood security for milpa 
farmers in southern Belize.  
 The SES model (Figure 2) is intended to be a 
small picture of an otherwise larger and more com-

Figure 2. A Variation of Ostrom’s Socio-Ecological Systems Model, Adapted Using this Study’s 
Perception Data on Environmental, Economic, and Cultural Linkages to Slash-and-Burn and Soil 
Enrichment Practices in the Milpa Farming System in Southern Belize 
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plex milpa agroecological system. Other SES link-
ages could be investigated, including factors such 
as forest and biodiversity sustainability, climate reg-
ulation, health and nutrition of families, inclusion 
of farmers as partners in the process, encourage-
ment of youth farmers, collective action, steward-
ship, adaptation, and multiple other system factors.  
 Agriculture extension is an effective position 
to promote sustainable agroecological practices in 
southern Belize because it has a strong institutional 
expectation as a conduit of informing, educating, 
and demonstrating best practices for the public. 
One effective extension method in Belize is the 
Farmer Field School (Esquivel, 2017); working 
within milpa cultural traditions, extension can in-
clude milpa farmers as partners in the problem-
solving process (Drexler, 2019). In this way, exten-
sion officers can promote agroecological prac-
tices—particularly, slash-and-mulch and soil 
nutrient enrichment—and address food and liveli-
hood insecurities in milpa communities in southern 
Belize (Drexler, 2019).  

Conclusion 
There are positive SES effects from the agroeco-
logical practices of slash-and-mulch and soil nutri-
ent enrichment on Maya milpa farming 
communities in southern Belize. Although slash-
and-burn milpa farming has been sustainably prac-
ticed for centuries, factors such as climate change, 
population growth (i.e., increased pressures on for-
ests soils, and crop production), and poverty have 
made slash-and-burn less sustainable in the last 
half-century. Traditional milpa practices of slash-

and-mulch and soil nutrient enrichment, however, 
are perceived to have positive environmental, eco-
nomic, and cultural SES linkages. Extension offic-
ers can promote the increased adoption of the 
agroecological practices of slash-and-mulch and 
soil nutrient enrichment to benefit milpa farmers.  
 The findings of this study suggest that increas-
ing the use of agroecology practices in milpa com-
munities, specifically slash-and-mulch and soil 
nutrient enrichment, is needed. Further, increasing 
agroecology practices necessitates government 
involvement and action—particularly from agri-
culture extension—to facilitate a more sustainable 
milpa farming system. Therefore, extension and 
agroecological practices can positively affect food 
and livelihood security in milpa communities in 
Belize. 

Recommendations for Research and Practice 
Future qualitative, quantitative, and mixed-method 
studies are recommended. Important recommenda-
tions for extension practice include (1) An increase 
in support for extension services promoting slash-
and-mulch and soil nutrient enrichment and other 
nonchemical technologies (e.g., effective microor-
ganisms, mucuna beans); (2) An increase in exten-
sion using a more holistic and SES approach in 
promoting agroecology practices to include milpa 
farmers and village leaders as partners; and (3) An 
increase in farmer field schools (FFS) and youth in-
volvement programs, working within milpa cultural 
traditions to include milpa farmers as partners in 
the problem-solving process.  
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