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ABSTRACT

The milpa system is the foundation of traditional agriculture in Mesoamerica. It is characterized
by the polyculture of maize (Zea mays L.), beans (Phaseolus spp.), and squash (Cucurbita spp.), and
is associated with a wide diversity of crops and wild species. In Oaxaca, this crop-growing system is
closely linked to backyard livestock farming, as its products and by-products serve as an essential
source of animal feed. The objective of this study was to evaluate the diversity and quantity of milpa-
derived products and by-products used for domestic animal feed in the municipalities of Santo
Domingo Yanhuitlan and San Martin Huameldalpam, Mixtec region, Oaxaca, Mexico. The study
used a qualitative approach, supported by site visits, interviews, field trips, and semi-structured
surveys conducted with 194 household heads in the two municipalities. The results showed that,
among products derived from the milpa system for animal feed, 68.5% of the surveyed households
used maize seed and 4.2% used squash. Among by-products, 46.9% used maize stover, while 34.02%
combined maize stover with grasses and weeds. Most milpa-derived feed lasted four to six months,
after which animals were supplemented with forage species, primarily alfalfa (17%), along with
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grazing and/or purchased feed. The main animal species reared in the surveyed households included
sheep, goats, poultry, pigs, rabbits, and large livestock. This study highlights the central role of
the milpa system in supporting both household livestock production and family subsistence in the

Mixtec region, Mexico.

Keywords: forage species, animal species, milpa system.

INTRODUCTION

In Mexico, a significant portion of the
population lives under conditions of poverty and
marginalization (CONEVAL, 2022). Within these
contexts, agriculture and livestock farming are
the primary economic activities and constitute
the foundation of family self-sufficiency (Solis-
Vazquez et al., 2023; Cisneros-Saguilan et al,,
2024). These activities are typically carried
out in small spaces, commonly backyards or
family production units (Gonzalez et al., 2014).
Globally, more than 500 million family-based
production systems provide approximately
70% of the food consumed in the basic diet
(FAO, 2014; Viesca-Gonzalez et al., 2022). Each
of the units is considered an ‘agroecosystem’,
a productive space in which the active
involvement of the family is essential for food
production, whether through crop cultivation or
livestock management (Gonzalez et al., 2014).

The milpa system is one of the most
traditional agroecosystems, characterized by
its high diversity of cultivated crops, alongside
other complementary plants (Collin, 2021). In
this system, intercropping of maize (Zea mays
L.), beans (Phaseolus spp.), and squash (Cucurbita
spp.) not only enhances biodiversity but also
improves productivity and supports family self-
sufficiency (Ramirez-Maces et al., 2023), while
cultivated crops contribute approximately 25%
of the global food supply (Altieri et al., 2012;
Heindorf et al., 2021). Family production units,
closely linked the milpa system, trace their
origins to Mesoamerican traditions and are vital
for rural food security, providing an estimated
63.7% of household food needs (Mariscal et al.,
2019).

Beyond direct human consumption, the
milpa system also generates a wide variety of
by-products that serve as valuable inputs for
animal feed (Naranjo-Pifiera et al., 2013; Mateos-
Maces et al.,, 2020). In this context, domestic
animals constitute an integral component of
the agrobiodiversity within family production
units, accounting for a significant proportion
of livestock production (approximately 71%)
(Garcia and Guzman, 2014). Commonly reared
species in backyard systems include cattle,
sheep, goats, and poultry (chickens, turkeys,

and ducks), as well as pigs, rabbits, and even
working animals (Garcia-Navarro et al., 2022).
These species are typically kept in rural facilities
or directly in the field under management
conditions that require minimal or no sanitary
interventions  (Alayén, 2015). Their diet
primarily relies on locally available resources, as
well as on products and by-products generated
within the production units themselves (Garcia-
Navarro et al., 2022).

The rearing of animal species in communities
not only strengthens household economies and
provides nutrient-rich food for self-consumption,
but also represents an important socioeconomic
and cultural contribution (Gonzalez et al., 2014).
A portion of this production is sold locally,
either through direct sales or by means of
barter/exchange, enabling families to generate
additional income to build and maintain savings
to handle unexpected expenses (Garcia and
Guzman, 2014). In this way, family production
units play a critical role in ensuring food security
of indigenous peasant households, while also
serving as an important source of income (FAQ,
2014; Balcazar-Quinones et al., 2020).

Recognizing the significance of the milpa
system is essential, as in many rural communities
theresourcesobtained from thissystem constitute
the primary source of animal feed (Jimenez et
al., 2019). These resources are critical for animal
nutrition and, consequently, for the livelihoods
of the families that rely on these production
units. However, there is the lack of systematic
information on milpa-derived products and by-
products that are used to feed backyard animals
(Collin, 2021). Moreover, despite the challenges
faced by family production units and their vital
role in sustaining household livelihoods, there
are currently no targeted programs or initiatives
that specifically support animal production
and breeding within these units, particularly
with respect to enhancing food security and
increasing family income.

The objective of this study was to quantify the
milpa-derived products and by-products used
for animal feed and to assess the contribution
of these animals to household income in the
municipalities of Santo Domingo Yanhuitlan
and San Martin Huamelulpam, Mixtec region,
Oaxaca, Mexico.
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MATERIALS AND METHODS

Study area

This study was conducted in the Mixtec
region, Oaxaca State, Mexico, specifically in
the communities of San Martin Huameltlpam
(Tlaxiaco area) and Santo Domingo Yanhuitlan
(Nochixtlan area). The study sites are located
between the coordinates 17°20” 07” and 17°31” LN,
97°20" to 97°38’ LO, at altitudes ranging from 2,140
to 2,200 meters above sea level, and temperatures
ranging from 3 to 36°C. Furthermore, there is a
frost season from December to February, and the
area is characterized by a temperate subhumid
climate with summer rainfall. Cultivated soils
include Lithosols, Regosols, and Cambisols, with
slopes ranging from 10 to 40% (INEGI, 2018). A
common feature across the municipalities is the
high prevalence of families growing crops under
the milpa system and rearing backyard animals.

Study type and survey application

The study used a qualitative approach to
identify products and by-products generated
using the milpa system. Data were collected
through semi-structure surveys, field visits,
and interviews with municipal authorities and
farmers from both communities. For the semi-
structured surveys, a 100% sampling of the
household heads in both municipalities was
considered, focusing on those who grow crops
using the milpa system, rear backyard animals,
and were willing to participate in the study. The
questionnaire consisted of 13 questions divided
into two sections: (i) diversity and number of
animals in the household, ranch, milpa area, or
crop area; and (ii) direct contribution of domestic
animals to the household, specifically the type
and quantity of milpa-derived products and by-
products used for animal feed. Additional items
addressed the sociodemographic characteristics
of the surveyed households. In total, surveys were
conducted with 194 household heads between
January and February 2022.

Statistical analysis

Based on the information obtained from the
194 surveys, an Excel database was compiled with
the individual responses of each household head.
The data were subjected to descriptive statistical
analyses, using means and totals, to determine
the number of animal species, the quantity of
milpa-derived products and by-products, and
the distribution of animals across municipalities.

A correlation analysis was also used to
identify significant relationships among selected
variables. In addition, a principal component
analysis (PCA) was performed on the quantitative

variables to describe the variation in responses,
and a multiple correspondence analysis (MCA)
was performed to identify the variables with the
highest descriptive value in relation to the survey
questions and responses.

RESULTS AND DISCUSSION

According to  the  sociodemographic
characteristics of the surveyed households (Table
1), arelatively even age distribution was observed,
ranging from under 25 years to over 75 years in
both municipalities. With respect to education,
approximately 20.1% of respondents in each
municipality had completed primary education,
while 11.34% had completed secondary education.
High school completion was reported by 7.22%
of respondents in both municipalities, whereas
less than 3.09% had pursed studies at the higher
education level. Notably, 7.22% of respondents in
Santo Domingo Yanhuitlan reported no formal
education, compared to 3.09% in San Martin
Huameltalpam. Gender distribution was also
relatively balanced across the municipalities.
Of the 194 participants, 47.47% were men and
52.57% were women, most of whom engaged in
both crop cultivation under the milpa system and
rearing of backyard animals.

Species distribution and contribution to
households

Table 2 presents the number of animals by
species. The same species were found in the
two municipalities: cattle, horses, sheep, goats,
chickens, and turkeys, pigs, and rabbits. Of the
194 households surveyed, 32.9% reported owning
large livestock (cattle and horses), which are
primarily used for fieldwork, land preparation
(for growing typical milpa crops and forage
species such as oats, wheat, and alfalfa), as well as
for carrying load. These findings align with those
reported by Martinez et al., (2023) in communities
of Chiapas and Tabasco, Mexico, where animals
contribute to household nutrition and family
economy, with poultry being the most commonly
reared backyard animals due to their provision of
protein and income, alongside medicinal plants,
fruit trees, and some ornamental species.

With respect to sheep and goats, 73% of
households reported rearing these species,
primarily for consumption in family events or
festivities. They are also sold as barbecue in local
markets. In both municipalities, the presence of
poultry predominated in 79% of the surveyed
households, with chickens and turkeys being
the most important species for egg and meat
production for either consumption or sale.
Their significance is also linked to their protein



Importance of the milpa system in animal feed 233

Table 1. Sociodemographic characteristics of the household heads surveyed (n=194) from the
municipalities of Santo Domingo Yanhuitlan and San Martin Huamelalpam, Mixtec region,
Oaxaca, Mexico.

Variables Santo Domingo Yanhuitlan San Martin Huameltalpam
Age (years)
<2 1(0.52) 6 (3.09)
25-3 2 (1.03) 4 (2.06)
30-3 4 (2.06) 6 (3.09)
35-40 12 (6.19) 7 (3.61)
40-45 6 (3.09) 9 (4.64)
45-50 14 (7.22) 12 (6.19)
50-55 9 (4.64) 14 (7.22)
55-6 12 (6.19) 8 (4.12)
60-65 9 (4.64) 8 (4.12)
65-70 9 (4.64) 9 (4.64)
70 -75 5 (2.58) 6 (3.09)
>75 afios 13 (6.7) 9 (4.64)
Education
Primary 41 (21.13) 39 (20.1)
Secundary 22 (11.34) 33 (17.01)
High school 14 (7.22) 14 (7.22)
Bachelor’s degree 5 (2.58) 6 (3.09)
No formal education 14 (7.22) 6 (3.09)
Gender
Female 51 (26.29) 41 (21.13)
Male 45 (23.2) 57 (29.38)

Table 2. Average values, standard deviation, and total number of animals per species in the
municipalities Santo Domingo Yanhuitlan and San Martin Huameltulpam, Mixtec region,

Mexico.
Standard

Species Average Total Deviation
Santo Domingo Yanhuitlan

Years of animal rearing 24.82 1to70

Number of animals per household 25.75 2472 20.55

Large livestock 2.10 82 1.36

Sheep and goats 14.75 1121 15.13

Poultry 13.56 1153 12.74

Pigs and rabbits 6.11 116 3.34
San Martin Huamelalpam

Years of animal rearing 20.63 1-60

Number of animals per household 28.80 2822 26.34

Large livestock 3.56 89 2.41

Sheep and goats 22.62 1493 22.87

Poultry 16.90 1166 16.08

Pigs and rabbits 3.22 74 2.36
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contribution to the diet of rural families, as
observed with the Araucana hen (Rodriguez et
al., 2023). Pigs and rabbits were less common,
occurring in only 21% of households, with
San Martin Huameltlpam exhibiting the
highest number of animals, except for pigs and
rabbits. Within these production systems, the
diversity of animals is considerable. Alayon-
Gamboa (2015) notes that poultry are the most
numerous and important species due to their
contribution to the family production unit and
ease of management. In fact, several studies
have indicated that backyard poultry farming
is an important activity in rural areas of Mexico
(Cuca-Garcia, 2018; Martinez et al., 2023).
Additionally, Gonzalez et al. (2014) reported
that 71.4% of the farms reared poultry, including
hens, chickens, ducks, and turkeys, followed by
pigs (47.6%), cattle (19%), rabbits (9.5%), sheep
(4.8%), and horses (3.2%).

Table 3 presents the milpa-derived products
and by-products used for animal feed in the
two Mixtec municipalities under study. The
area dedicated to crop cultivation using the
milpa system is noteworthy: on average, 53%
of participants cultivate between 0.5 and 1 ha,
followed byl16% who plant 1 and 2 ha, and
another 16% who cultivate more than 2 ha. These
areas are representative of the milpa system in
both localities. Erenstein et al. (2012) indicated
that, in these production units, it is essential to
consider the area planted with maize to ensure
an adequate supply of animal feed.

With respect to milpa-derived products, maize
is the most important, accounting for 68.5%,
followed by squash-maize intercropping, which
represents 15.6%. These products are mainly
used to feed poultry, pigs, rabbits and, in some
cases, sheep and goats, depending on the harvest
yield. Regarding milpa-derived by-products, the

Table 3. Milpa-derived products and by-products for animal feed in the municipalities of Santo
Domingo Yanhuitlan and San Martin Huamelualpam, Mixtec region, Mexico.

Santo Domingo

San Martin

Variables Yanhuitlan Huamelulpam Total (%)
Milpa area (ha) (X*=9.6156, P<0.05)
<05 17 (8.76) 10 (5.15) 27 (13.91)
0.5 to 0.75 32 (16.49) 22 (11.34) 54 (27.83)
0.75 to 1.0 22 (11.34) 27 (13.92) 49 (25.25)
1.0to 1.5 5 (2.58) 15 (7.73) 20 (10.30)
1.5t0 2.0 5 (2.58) 7 (3.61) 12 (6.18)
>2.0 15 (7.73) 17 (8.76) 32 (16.49)
Milpa products (X*=9.1909, P<0.05)
Maize seeds 73 (37.63) 60 (30.93) 133(68.55)
Squash 3 (1.55) 5 (2.58) 8(4.12)
Maize and squash seeds 12 (6.19) 10 (5.15) 22(11.34)
No use of milpa-derived products 8 (4.12) 23 (11.86) 31(15.97)
Milpa by-products (X*=7.3917, P<0.05)
Maize stover 49 (25.26) 42 (21.65) 91 (46.90)
Fresh grasses and weeds 3 (1.55) 5 (2.58) 8 (4.12)
Combinations 36 (18.56) 30 (15.46) 66 (34.02)
No use of milpa-derived by-products 8 (4.12) 21 (10.82) 29 (14.94)
Animal forage crops (X=15.6765, P<0.05)
Alfalfa 15(7.73) 18(9.28) 33(17.01)
Oats 2(1.03) 17(8.76) 19(9.79)
Wheat 2(1.03) 2(1.03) 4(2.06)
Alfalfa/Oat 5(2.58) 5(2.58) 10(5.15)
Alfalfa/Wheat 1(0.52) 1(0.52) 2(1.03)
Oat/Wheat 2(1.03) 0(0) 2(1.03)
No forage 69(35.57) 55(28.35) 124(63.91)
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most important is maize stover (46.9%), followed
by a combination of maize stover with fresh
grasses and weeds (34.02%). These by-products
are primarily used to feed large livestock, sheep,
and goats. The surveyed household heads
reported that current harvests no longer yield
the quantities obtained in the past, which limits
their capacity to rear more animals, as most
livestock depend on milpa-derived products and
by-products. Consequently, some participants
cultivate additional forage species such as alfalfa
(17%), oats, or wheat, either alone or intercropped,
while others allow animals to graze after harvest
to take advantage of the milpa-derived residues
or remaining maize stover (Caballero et al., 2017).
These findings are consistent with those of Hellin
et al. (2013) in three regions of Mexico, who
reported that maize stover was the predominant
feed, exceeding 70%. This finding underscores
the importance of maize stover in meeting
livestock fodder requirement (Borja-Bravo et al.,
2016; Salinas-Vargas et al., 2022).

The correlation analysis revealed highly
significant relationships between the number of
animals in the household and several variables,
including the number of sheep and goats, the
number of poultry, the weekly amount of maize
seed used for feed, and the quantity of maize stover
supplied to animals (Table 4). These associations
reflect the livelihood strategies of local farmers,
who rely on both milpa-derived resources and
grazing. This confirms that agricultural activities
constitute an important source of supplementary
feed for livestock species (Vargas-Lopez et al.,
2017). Maize seed and stover emerged as the
most important products and by-products of the
milpa system for animal feeding, respectively.
In both municipalities, most households reared
sheep, goats, and poultry, which benefited most
from these resources. According to Jiménez et al.
(2019), 91.5% of production units in Oaxaca rear
these species, while peasant families complement
livestock feeding by planting grasses and
legumes and allocating 35.8% of their harvest
products and by-products to animal feed.

The number and use of these species showed
a significant relationship with both family
self-consumption and household income.
Specifically, the number of animals was
significantly associated with the number of
sheep and goats destined for consumption and
sale. This pattern is consistent with the findings
of Mariscal et al. (2019) in the Central Valleys
region of Oaxaca, where backyard livestock
farming represents an important source of
both food and income. Moreover, backyard
animal husbandry provides temporary access
to products for household consumption, family
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celebrations, barter/exchange, and sale.

The PCA of quantitative variables (Table 5)
revealed that the first four principal components
accounted for 92% of the variability in the
responses from the surveyed household heads.
The first component (PC1) was primarily driven
by the total quantity of maize stover produced
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Table 5. Vectors and eigenvalues of the principal component analysis (PCA) for the variables

with the highest descriptive value.

Variables CP1 CP2 CP3 CP4
Total number of animals in the household 0.0249 -0.0084 0.1332 0.0889
Heads of sheep and goats 0.0196 -0.0139 0.1899 0.1202
Years of animal rearing 0.0115 0.0368 0.0356 0.0502
Maize stover for large livestock 0.0871 0.6137 -0.4374 0.6487
Maize stover for sheep and goats 0.0637 0.0250 0.8074 0.5130
Grasses and weeds as fodder 0.0223 0.7839 0.3175 -0.5324
Area of milpa cultivation (Local measurement) 0.0356 0.0325 -0.0087 0.0250
Amount of stover produced 0.9927 -0.0741 -0.0277 -0.0839
Eigenvalue 766.70 38.42 31.49 23.12
Proportion of explained variance 0.885 0.044 0.036 0.027
Proportion of cumulative explained variance 0.885 0.929 0.966 0.992

using the milpa system by the farmers. The
second component (PC2) was associated with the
amount of fresh grasses and weeds obtained from
the system, as well as the maize stover used for
the feeding of large livestock.

Figure 1 illustrates the behavior of the
quantitative ~ variables = with the highest
descriptive value, specifically the number of
years of livestock rearing and the duration (in
months) of the feed resources obtained from
the milpa system for animal nutrition. The PCA
revealed that the first four principal components
(PC1, PC2, PC3, and PC4) explained 99.2% of
the variation in respondents’ responses. The
first principal component (PCl) was primarily
driven by the amount of maize stover for animal
feed, whereas the second component (PC2) was
mainly associated with the variables ‘amount of
maize stover obtained’ and ‘quantity of grasses
and weeds’ collected from the milpa system for
animal feed, thereby confirming that 60-80% of
maize stover is effectively utilized (Hellin et al.,
2013; Caballero et al., 2017). The dispersion of
the respondents is shown in the plane defined by
the first two principal components. Regarding the
number of years of livestock rearing, the majority
of respondents fall within the 40-50 year-range,
while for duration (in months) that feed obtained
from the milpa sustains animals, the predominant
pattern is 4 to 6 months.

Figure 2 shows the dispersion of respondents
in relation to their responses, in the plane defined
by the two dimensions obtained from the multiple
correspondence analysis of qualitative variables. It
was determined that the sixth dimension explains
83.01% of the variability of the respondents’
answers regarding animal species reared in their

backyards. This dimension had an eigenvalue
of 0.140 and X>=142.61. The analysis revealed
that, in the first dimension, the most descriptive
variables were the types of animals kept in the
household and the milpa-derived products used
as animal feed, while the remaining variables were
of lesser relevance. In the second dimension, the
most descriptive variables were the sown forage
species, and the pests and diseases that primarily
affect poultry. This finding is noteworthy, as
poultry are the most commonly reared species
in household settings. Within family production
units, poultry contribute substantially to both
household consumption and the family economy
(Cuca-Garcia, 2018; FAQO, 2014).

CONCLUSIONS

The results underscore the importance of
milpa-derived products and by-products for
animal feed in the two Mixtec municipalities.
Notably, 53% of the surveyed household heads
grow crops using this ancient agricultural
system, predominantly on plots of 0.5 to 1 ha.

The most commonly reared animal species
were poultry, sheep, goats, pigs, rabbits, and
some large livestock species. Sheep, goats, and
poultry, which are reared for both sale and
household consumption, were particularly
prominent.

The milpa-derived products used for animal
feed are primarily maize (68.55%), which is
mainly used to feed poultry, pigs, rabbits,
and, in some cases, sheep and goats. Maize
is intercropped with squash in 15.6% of the
surveyed households.

The milpa-derived by-products for animal
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Fig. 1. Dispersion of the respondents’ answers based on the plane defined by the first two dimensions
of the principal component analysis: a) years of livestock rearing, and b) number of months
that feed obtained from the milpa system lasts for feeding animals.

feed include maize stover (46.9%) and the
combination of maize stover with grasses and
weeds (34.02%).
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Fig. 2. Dispersion of respondents’ answers regarding the animal species reared in household
backyards, based on the plane defined by the first two dimensions of the multiple

correspondence analysis.

SG: sheep and goats; P: poultry; LL/SG: large livestock and sheep and goats; SG/P: sheep and goats, and poultry; P/R/Pi:
poultry, rabbits, and pigs; LL/SG/P: large livestock, sheep and goats, and poultry; SG/P/R/Pi: sheep and goats, poultry,
rabbits, and pigs; LL/SG/P/R/Pi large livestock, sheep and goats, poultry, rabbits, and pigs.
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