Atmosfera 40, 35-73 (2026)
https://doi.org/10.20937/ATM.53497

Climate change adaptation measures in a highly productive maize area
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RESUMEN

Como centro de origen y diversificacion del maiz, México depende en gran medida de su produccion, por
lo que los impactos del cambio climatico representan un riesgo significativo para la seguridad alimentaria.
Para evaluar las perspectivas de los agricultores sobre el cambio climatico y la alineacion entre las medidas
de adaptacion implementadas, las propuestas desde la ciencia y las politicas publicas, realizamos 30 en-
trevistas semiestructuradas en una zona altamente productiva de México (entre agosto de 2022 y enero de
2023), donde coexisten la agricultura de riego y la de temporal (La Piedad). También revisamos la literatura
cientifica y todas las politicas aplicables al area. Los agricultores reconocen el cambio climatico como una
amenaza importante e implementan medidas de forma empirica. Lo que se recomienda desde la ciencia o
la politica publica rara vez se aplica. En cambio, se ven obligados a rentar sus tierras, lo que representa una
mala adaptacion que los aleja de su identidad. La estrategia mas comun para conservar la humedad es dejar
los residuos de cosecha, pero requiere apoyo técnico para evitar plagas. E1 87 % de los agricultores no tiene
acceso a informacion climatica confiable ni a alertas tempranas sobre eventos extremos como La Nifia. Esta
diferencia entre lo que se recomienda desde la ciencia y la politica y las practicas agricolas, evidencia la falta
de implementacion de medidas basadas en evidencia cientifica.

ABSTRACT

As the center of origin and diversification of maize, Mexico heavily depends on its production, making climate
change a significant risk to food security. Implementing adaptive measures is essential to mitigate production
losses. To evaluate farmers’ perspectives on climate change and the alignment between adaptive measures in
practice, those proposed in scientific literature, and public policy, we conducted 30 semi-structured interviews
in a highly productive area in Mexico (between August 2022 and January 2023) where rainfed and irrigated
agriculture coexist (La Piedad). We then reviewed the scientific literature and analyzed all applicable policy
instruments for the area. Our findings indicate that farmers recognize climate change as a significant threat
and implement adaptive measures empirically. While scientific literature and public policies promote specific
strategies, these are rarely implemented. Instead, practices such as leasing land to agave producers (which is
not a good climate change adaptation measure) are becoming more common. The most widespread practice
to retain moisture is leaving crop residues, though some farmers have abandoned it due to a lack of technical
support. Despite acknowledging climate change, 87% of farmers lack access to reliable climate information
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or early warnings for extreme events like La Nifia. This difference between practices highlights the need for
vigorous efforts to bridge scientific recommendations with on-field practices. In conclusion, while farmers
perceive climate change as a risk, effective implementation of science-based adaptation measures requires
substantial support through policy and technical assistance.

Keywords: food security, center of origin and diversification, climate-smart agriculture.

1. Introduction

Agriculture is highly vulnerable to climate change, as it
relies directly on environmental conditions to achieve
specific production levels and quality standards (FAO,
2016). According to the Intergovernmental Panel on
Climate Change (IPCC), rising temperatures will
adversely affect food production (FAO, 2016; IPCC,
2022a). Mexico, traditionally an agrarian country—
possessing approximately 30 million hectares of
potentially cultivable land (Arreguin-Cortés et al.,
2015)—can face food insecurity due to changes in
climate (FAO-SAGARPA, 2012; IPCC, 2022a) and
important economic losses given that primary sector
activities, such as agriculture, contribute to ~4% of the
national gross domestic product (World Bank, 2024).
The most important cultivar in Mexico is maize, eco-
nomically, socially, and culturally (Soto-Aguilar, 2004;
Bellon etal., 2021). Mexico is the center of origin and
diversification of maize, a diversity that is strategically
vital for mitigating potential climate change impacts in
Mexico, and globally, it is the cornerstone of natural
and artificial selection (Bellon et al., 2011; Mercer et
al., 2012). Until now, climate change studies related to
Mexican maize have mainly been focused on impacts
and risk assessments (Conde et al., 1997, 2006; Mon-
terroso etal., 2011; Ureta et al., 2012, 2020; Nelson et
al., 2014; Murray-Tortarolo et al., 2018; Arce-Romero
et al., 2020; Haro et al., 2021), but the transition to
studies about adaptation measures is needed. Adap-
tation measures in the context of climate change are
initiatives aimed at reducing the risk to natural and
human systems from the actual or expected effects of
climate change (IPCC, 2022a).

In Mexico, between 2010 and 2022, the harvested
maize agricultural area covered 77 168 463 hectares.
Of this area, 20% corresponds to irrigated agricul-
ture, while 80% is rainfed (SIAP, 2025). Rainfed
agriculture is widespread and plays a critical role
in conserving in situ agrobiodiversity (Govaerts et
al., 2019). Most of this rainfed area has maize as the

subsistence crop (Conde et al., 2006), helping farmers
achieve food self-sufficiency while providing food
security to their communities through surplus sales
(Cruz-Herrera et al., 2021).

Conversely, the cultivated area under irrigation is
significantly smaller than that of rainfed agriculture,
but its productivity, expressed in $/ha, is 300% higher
(Arreguin etal., 2015). The majority of maize produc-
tion in Mexico comes from a few municipalities with
extensive areas and high yields on an international
scale (Govaerts et al., 2019). However, even with
irrigation, climate change remains a significant threat
to maize (Arreguin et al., 2015; Ureta et al., 2020).
It is evident that both forms of agriculture are very
important for the country’s food security, not only
for the conservation of agrobiodiversity but also to
maintain and increase production.

One of the geographic regions with the highest
irrigated yields, which also has a rainfed agricul-
tural area, is the Bajio region in Mexico. In this
region, the irrigation district called La Piedad (087)
(CONAGUA, 2025) (Fig. 1) spans across two states,
Michoacan and Guanajuato, both of which belong to
the group of states with the greatest maize production
in the country, along with Sinaloa, Jalisco, and the
State of Mexico (SIAP, 2025).

Within this module, there are both internationally
competitive irrigated agriculture producers (yielding
up to 19 t/ha) and rainfed farmers with smaller plots
(< 5 ha). Although races such as Celaya, Zamorano
Amarillo, Pepitilla, Tuxpefio, and Elotes Occidental-
es have been documented in the municipalities that
make up La Piedad and its surrounding areas (CON-
ABIO, 2017), it has been observed that most farmers
in the study site—both irrigated and rainfed—grow
mostly hybrid varieties for their commercialization
(field observation). The module operates under a
decree and is managed by users through civil associa-
tions, as most modules do. Users in each module that
have access to irrigation pay fees for maintenance,
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Fig. 1. Study site.

electricity, infrastructure, machinery, and irrigation
water from the Lerma-Chapala basin to their plots. In
contrast, rainfed plots are located away from irriga-
tion channels and lack infrastructure to convey water
from the river. This district frequently experiences
droughts and flooding events (CENAPRED, 2023),
which are expected to become more frequent and
intense due to climate change (IPCC, 2022b).

Consequently, effective adaptation measures are
needed in areas such as La Piedad. This locality is a
good case study because different types of farmers co-
exist, each with distinct needs. Empirically, successful
adaptation measures have been implemented in some
areas worldwide, significantly reducing climate-relat-
ed damage (IPCC, 2022b). We also know that scientific
information suggests specific adaptation measures (A),
and that the Mexican government has instruments to
promote them for agricultural systems (Tables I and SI
[in the supplementary material]). However, it remains
unknown whether scientific knowledge aligns with
policy instruments, and whether these correspond to
farmers’ practices in the field.

Adaptation solutions need to consider the unique
and complex context of each region, and, conse-
quently, people need to be involved in co-producing
knowledge (New et al., 2022).

Also, given the importance of gender in the
context of climate change—as women and girls are
known to be more vulnerable to its impacts—we
included this topic in our interviews (Aguilar-Reve-
lo, 2021). This pioneer study aims to (1) document

farmers’ perception of climate change and measures
currently being implemented in the study area; and
(2) compare them with those mentioned in scientific
literature and public policy instruments. Increasing
understanding of people’s needs for coping with
climate change can help align these needs with gov-
ernmental efforts.

2. Materials and methods

2.1 Interviews

A qualitative research study was conducted through
semi-structured interviews with farmers from the La
Piedad irrigation module between August 2022 and
January 2023. The objective was to gather informa-
tion on farmers’ perceptions of climate change and
extreme weather events linked to phenomena such
as El Nifio and La Nifia, and the adaptation measures
they are implementing to address these events, which
are already affecting their crops.

Four categories and 21 interview questions were
defined: (1) climate and agriculture, (2) adaptation and
agroecological strategies, (3) risk, vulnerability, and
support provided, and (4) gender (Table Slla-e). The
interviews were designed based on the methodology
of Bogdan and Taylor (1987) and Diaz-Bravo (2013),
who recommend creating a guide with key topics and
categories, allowing interviewees to describe their
experiences in detail through open-ended questions
and dialogue while seeking to address the research
question. Questions considered the importance
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Table I. Comparison between adaptative measures in the agricultural sector of La Piedad*.

Adaptation measures to climate change mentioned in the scientific literature Political La Piedad

instruments (37%)
(70%)

Improvement of drought-tolerant native seeds and their promotion X

Use of improved (hybrid) seeds for higher yields X

Modernization of infrastructure for efficient irrigation and water conservation X X

Technological innovation for precision agriculture (software programs, climate models, X

scenario design)

Agroecological strategies (use of microorganisms to optimize fertilizer, integrated pest X X

management)

Climate-smart agriculture (CSA)

Strengthening farmers’ technical capacities (training) X

Projects for fair trade, value chains, export markets, and business models X

Fertilization techniques for increased yields X X

Adjusting planting dates based on updated climate patterns X

Rituals of petition and gratitude X

Using shorter-cycle seeds X

Soil improvement strategies X X

Crop rotation and diversification, polyculture, cover crops X

Decarbonization of the agricultural sector X

Climatic information services X

Perception studies and methods of farmer participation and linkage with academia and X

government

Agroforestry X

Design of public policies for adaptation in the agricultural sector X

Mulching (mulch practices)

Rainwater harvesting X

Biotechnology and the use of genetically modified varieties

Gender equality mesures X

*Reported coincidence between adaptation measures to climate change mentioned by the scientific literature for the
agricultural sector, political instruments, and those implemented in the fields. Political instruments align with the
scientific literature at about 70%, while implementation in fields aligns at 37%.

of'the distinctions between weather and climate con-
cepts. With these semi-structured interviews, we got
both quantitative and qualitative information.

The identification and selection of key informants
were conducted in the field by seeking out individuals
and using a list of communities and ejidos (communal
land) provided by the irrigation module’s administra-
tive office. Interviews were conducted with at least
30 individuals (Garcia-Garcia et al., 2013), covering
12 communities within the irrigation module. In
quantitative research, a minimum sample size of
30 is generally recommended to achieve adequate
statistical power (Ellis, 2010; Cohen et al., 2013).

In contrast, qualitative studies using interviews rely
on the concept of saturation, which occurs when no
new information or themes emerge (Guest et al.,
2006; Cobern and Adams, 2020). Saturation has been
suggested to occur with as few as 12 participants in
homogeneous populations, or around 30 in more
heterogeneous populations, such as ours (Guest et
al., 2006; Cobern and Adams, 2020). More recent re-
search indicates that it depends strongly on the study
type and objective, but proposes numbers between
five and 30 (Ahmed, 2025).

The experimental design helped us ensure repre-
sentation across the diversity of producers (including
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large internationally competitive producers, small
rainfed producers, and diversity in terms of age and
gender). We first divided communities/ejidos into
deciles based on cultivated area. Three communities/
ejidos were randomly selected from each decile, and,
through personal communication with the module’s
administrative office, these initial selections were
further filtered to include communities that were
more accessible, less prone to security issues, and
with a higher number of female producers. The
interviewed individuals provided verbal consent for
the interview in the field and written consent. Only
one individual declined to be recorded; the rest ac-
cepted, and we have the original recordings (link to
audio files). Upon completion of the interviews, they
were transcribed to create a comprehensive database
of responses (following Bodgan and Taylor, 1987;
Coffey and Atkinson, 2003) (Table Slla-e).

2.2 Scientific literature review

A review of scientific articles was conducted using
search engines such as Scopus, Google Scholar, and
Springer Science. Chapters from books, articles, and

agricultural journals were also examined. Information
on maize cultivation and climate change adaptation
in agriculture was selected (Table SI). Measures and
strategies for climate change adaptation implemented
in other maize cultivation areas worldwide were doc-
umented to compare them with national and state-lev-
el public policies and the practices observed in our
study area (Tables I and II). This information was then
compiled into a database, where the adaptation mea-
sures found in scientific literature were synthesized
and categorized into 24 categories. Additionally, a
review of public policy instruments was conducted
to understand the adaptation strategies promoted by
the government (Table SIIla-d). Adaptation measures
taken by maize producers, those implemented in
other regions of Mexico and the world, and those
advocated in regional public policies were recorded
and compared.

3. Results
Farmers at the study site perceive climate change
and have taken adaptation measures empirically,

Table I1. Adaptative measures to climate change applied by La Piedad farmers.

Measure

Irrigation  Rainfed

Emergency irrigation

Leaving crop residue from the previous harvest
Choosing moisture-tolerant seed varieties

Agricultural insurance

Applying manure to the soil

Planting shorter-cycle hybrid crops
Leaving rocks from the hill in the field
Changing planting dates

Letting the land rest in winter
Ceremonial rituals for requesting rain
Buying water from private wells
Vertical tillage (loosening the soil)
Comprehensive and buried fertility

Use of native seeds for drought tolerance

Changing crops (sorghum and agave)

Making tortillas and feeding cattle with sorghum
Reseed when seedlings are lost or do not germinate
Dams for flooding due to river overflow

Parcel leveling
Drainage

X
X X
X X
X
X
X X
X X
X X
X X
X X
X
X X
X X
X
X X
X
X X
X
X
X X

Renting land to tequila companies for agave cultivation X
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which have not always resulted in positive outcomes.
Further, there is quite a significant alignment between
scientific knowledge about adaptation measures in
agriculture in the context of climate change and the
political instruments evaluated. However, most of
these measures are not being implemented in the
field. Both rainfed and irrigated farmers mentioned
the need for agricultural insurance, fair prices for the
sale of their crops, access to climate information, and
training with technical support to implement proper
adaptation strategies (Table Slla-e).

3.1 Maize farmers’ demographic characteristics
and their perceptions about climate

Most of the interviewed farmers (70%) had access to ir-
rigation water from Rio Lerma, while 30% owned rain-
fed parcels only, and 17% cultivated agricultural plots
using both irrigation and rainfed systems (Table Slla).
Of the individuals interviewed, 63% were men and
37% were women; ages ranged from 26 to 90 years,
with 67% being over 50 years old.

Agricultural activities in the region are primarily
the responsibility of men in families, except in the
community of El Triunfo, Michoacan, where, due to
migration, these activities are predominantly carried
out by women who stayed behind. Of the 11women
interviewed engaged in agriculture, five mentioned
that they perceive limitations in their agricultural
tasks due to gender discrimination. Notably, 55% of
the interviewed women do not own the lands they
work on, despite being responsible for all agricultural
activities, including weeding, pesticide application,
administration, and hiring laborers (Table Slle).

Almost all interviewees (97%) reported that they
had observed changes in the weather over the past
10-30 years; the most noticeable change was an in-
crease in temperature, particularly in the last 10-15
years (link to audio files). In the cultivated fields, the
temperature rise has led to thermal stress on plants
and, consequently, a reduction on crop yields. The
interviewees also mentioned that this temperature in-
crease has led to higher populations of certain maize
pests, such as red spider mites and corn earworms.
Overall, they noted that the region has experienced
prolonged drought and erratic rainfall, making it
difficult to determine optimal planting dates. Drought
was identified as the most feared meteorological
event (Table SIId).

Regarding access to climate information, 87% of
the farmers reported not having access to this type of
information during each agricultural cycle, and 97%
reported not receiving early warnings of extreme
weather events. Only those with internet access
check weather forecasts, such as information from
the National Meteorological Service of the National
Water Commission. People over 50 years old report
difficulty using technology to obtain weather infor-
mation. Most farmers expressed a lack of confidence
in the climatic forecasts they have easy access to.
Occasionally, climate information for each cycle
is provided by hybrid seed and agricultural input
companies through technical conferences for both
irrigated and rainfed farmers (Table SII).

In terms of traditional knowledge, farmers men-
tioned that in the past they used observations of the
moon and clouds, and their movements over nearby
hills. They relied on “cabafiuelas” (early rains of the
year) or the “canicula” (midsummer drought) to proj-
ect whether there would be a good rainy season. They
also used the Galvan calendar, an almanac published in
Mexico since 1826, which contains saints’ days, lunar
phases, astronomical events, and recommended maize
planting dates. Another way to determine planting time
was to use the specific dates of patron saint celebra-
tions or festivals, which were traditionally associated
with certain weather patterns. For example, the feast
of Santiago Apostol on July 25th was associated with
guaranteed heavy rainfall. They mentioned that due to
changes in rainfall patterns, they can no longer plan
plantings as they did before (link to audio files).

All farmers mentioned that both traditional
techniques for weather forecasting and maize pro-
duction no longer work for them. They believe that
the climate has changed significantly and is now
unpredictable. As a result, they expressed the need for
new agricultural techniques that ensure good yields
under high temperatures and extended drought (link
to audio files).

Regarding extreme weather events that have im-
pacted the area, interviewees mentioned the years 1957
to 2022 as critical (Fig. 2). Some individuals did not
recall these years precisely or how they coped with
them. Comparing critical years with El Nifio-Southern
Oscillation (ENSO) variability, a clear relationship
was found with the negative phase (La Nifia) and the
presence of extreme precipitation events (Fig. 2).
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Fig. 2. History of extreme meteorological events related to ENSO that were remembered by interviewed farmers.

3.2 Adaptation measures implemented in the field
Farmers are already implementing measures to adapt
to climate change, with the most commonly used
measures aimed at coping with drought. One of the
traditional practices for conserving soil moisture that
farmers continue to use is the maintenance and burial
of agricultural residues (crop residues) (Table II).
Irrigation is used partially or fully by 70% of the
farmers interviewed, and although they do not con-
sider it a climate change adaptation measure, it is
indeed part of the solution to water scarcity.

The implementation of agroecological measures
has been reported in scientific literature as optimal
for increasing agroecosystem resilience and reduc-
ing vulnerability (Nicholls et al., 2015; FAO, 2023).
However, most farmers interviewed (70%) do not
even recognize the concept of agroecology (link to
audio files). Some farmers mentioned applying cer-
tain measures, including (a) maintaining agricultural
residues (43%), (b) using compost and increasing
biodiversity in their plots (3%), and (c) reclaiming

mesquite groves/reforestation (3%) (Table Sllc).
Another measure they are implementing, not tradi-
tionally promoted as agroecological techniques, is
using seeds with different life cycle durations: short
(early) and long (late). Finally, although farmers did
not recognize growing native maize as an adaptation
strategy, those who cultivate it on a small portion of
their fields for self-consumption (field observation)
reported being aware that these varieties are more
drought-resistant (link to audio files).

All the people interviewed mentioned that they are
open to changing some practices to adapt to climate
change conditions, but they also commented that they
need proper training and technical assistance through-
out implementation, for example, in managing residues
(Table SII). Without technical support and guidance,
some issues arising from moisture, such as increased
pest infestations and plant damage, appear, and farmers
do not know what to do. Farmers who use agroecologi-
cal practices face challenges that discourage them from
continuing without technical support (Table SlIb, c).
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None of the interviewed individuals feels capable
of'adapting to drought or any other extreme weather
event. At the same time, almost all of them recognize
climate factors (drought, abnormal rainfall) as the
highest risk to their agricultural activities. Another
significant percentage of interviewees mentioned that
they need fair prices for their crops (33%) (Table SIId).
Without fair prices, farmers may rent their plots to
tequila companies for agave cultivation.

Most farmers interviewed do not have agricultural
insurance because they find the cost too high ($2000-
4100 MXN per hectare (~$100-200 USD per hectare)
and do not trust insurers (link to audio files). Rainfed
farmers, who are the most dependent on climate, do
not even have the option of insurance because the
service is not provided to them.

3.3 Adaptation measures to climate change repor-
ted in scientific literature and promoted by public
policies instruments

A total of 42 scientific articles published from 2008
to 2022 from 15 different countries were reviewed.
The literature on maize is primarily focused on Af-
rica and Mexico (Table SI). In Africa, the countries
with more studies are Kenya, Ethiopia, and Nigeria.
The adaptation measures to climate change identi-
fied in this review were synthesized and classified
into 24 adaptive measures encompassing various

recommendations (Table Slla-e). The most frequently
mentioned measure is the technification of infrastruc-
ture for efficient irrigation and water conservation
(Fig. 3).

It is important to highlight that in the study area
a set of measures is applied, rather than a single one.
Therefore, it is recommended that the design and
implementation of adaptation measures integrate ac-
tions across multiple dimensions, including technical
(agronomic), economic, and governance aspects.

Atapublic political level, areview of 18 federal and
state-level instruments focused on climate change ad-
aptation of the agricultural sector was also conducted
(Table SIIT a-d). It included political instruments
from the states of Guanajuato, Michoacan, and at a
national scale. It was confirmed that the actions de-
scribed in the public policy instruments align with the
adaptation measures described in scientific literature
but have limited alignment with the measures being
implemented in the study area (Table I).

There are federal programs that primarily target
small-scale producers, such as the Ley de Desarrollo
Rural Sustentable (Sustainable Rural Development
Law [SAGARPA, 2001]), and various actions and pro-
grams by the Secretaria de Agricultura y Desarrollo Ru-
ral (Secretariat of Agriculture and Rural Development
[SADER, 2023]). In the case of Guanajuato, policies
are geared toward high-yield farmers (SDAyR, 2023).

Infrastructure modernization for water conservation and efficiency

Crop rotation, diversification, polyculture, and cover cropping

Climate-smart agriculture

Improvement of drought-tolerant native seeds and their promotion

Soil improvement strategies

Design of public policies for adaptation in the agricultural sector

Conservation agriculture

Fertilization techniques for increased yields

Adjusting planting dates based on updated climate patterns

Others

0 2 4 6 8 10 12 14
Number of times mentioned

Fig. 3. Most mentioned adaptation strategies found in the scientific literature. Forty-two
scientific papers were reviewed from different geographic areas across the world. The
keywords used were climate change adaptation, maize, and agriculture.
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For Michoacan, the only public policy instrument
related to climate change adaptation is directed at both
types of producers (SADER Michoacén, 2023). So far,
the Plan Estratégico de Cambio Climatico del Sector
Agroalimentario (Strategic Plan for Climate Change in
the Agri-food Sector, PLECCA) is the most important
national-level public policy instrument for agriculture
and climate change, but it was published in 2022 and
has not yet been implemented (SADER, 2022). This
instrument includes specific actions to address climate
change in the agricultural sector, including deadlines
and responsible entities.

There are various instruments that address differ-
ent aspects within the agricultural sector. For exam-
ple, the Programa Nacional de Semillas (National
Seed Program) stimulates research, innovation, pro-
duction, and certification of high-quality seeds. This
program is expected to serve as a foundation for the
improvement and promotion of national seeds that
can help farmers achieve high yields, enabling them
to market their products and sustain their livelihoods
without the excessive cost of purchasing seeds from
multinational companies (SADER, 2020).

One very important action mentioned in the Ley
General de Cambio Climatico (General Law on Cli-
mate Change) is the improvement of early warning
systems for extreme weather events. However, in the
interviews, farmers mentioned that they do not have
access to early warning systems or climate informa-
tion either before or during the agricultural cycle.

4. Discussion

All the interviewed farmers stated they do not feel
capable of adapting to a changing climate, despite
already implementing some measures (Table SIId).
This study gave us insight into farmers’ perceptions
of climate change, what they are doing on their fields
to address these changes, and how this compares
with the climatic knowledge generated by science
and promoted by public institutions.

4.1 Adaptation measures to climate change in the
study area

One of the adaptation measures in the field is the
rental of land to tequila producers for agave culti-
vation (Tables II and SII; link to audio files). This
measure leads to farmers feeling sadness, nostalgia,

and a loss of identity, as they no longer perceive the
land as their own: “It makes me sad because I feel
like it’s no longer my land; we don’t even visit the
plot anymore. I wish the climate would improve so |
could grow maize again because that’s what my father
taught me” (Martha Pérez, 52 years old).

Mexican farmers, as in other parts of the world,
need their cultural identity to sustain their existence
(Table SII). Climate change in these agricultural ar-
eas is not only affecting yields and production—and
the corresponding consequences for food security
and sovereignty—but also culture (Adger et al.,
2013). Further, measures that are considered useful
for enhancing agroecosystem resilience according
to scientific literature, such as incorporating com-
post or using heirloom seeds, are not regarded as
good measures by the local farmers. They believe
these practices attract pests and result in low yields.
Both land rental for agave cultivation and the use
of compost or native seeds can be considered as
maladaptations for the local farmers (IPCC, 2022a).
Maladaptation refers to measures that can help adapt
to climate change but carry the risk of adverse out-
comes in other aspects. In another context, in Spain,
there was a maladaptation in maize cultivation, as
a large-scale irrigation adaptation project led small
and medium-sized farmers to sell or rent their land
to those who could afford the project’s inputs. This
adaptation measure increased inequality, reduced
crop diversity, and now a private company covers
the costs of large-scale irrigation (IPCC, 2022a).
To avoid these maladaptations at our study site, La
Piedad, and in other municipalities, it is important to
support farmers who are open to modifying certain
practices, provided there is technical and scientific
support and that these changes do not result in sig-
nificant economic losses or counterproductive risks.

One of the most commonly used and recommend-
ed adaptation measures to climate change in interna-
tional scientific literature is modernizing irrigation for
more efficient water use (Fig. 3). Mexico is facing an
important hydric crisis on over 60% of its territory
(CONAGUA, 2023, 2024), similar to other regions
across the world (Carvalho, 2019). Also, the hydric
extraction in the studied area strongly exceeds natural
recharge (Cruz-Ayala and Megdal, 2020). According
to our interviews, the weather event that farmers fear
the most is drought (Table SIIb), and the study area is
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represented by municipalities with a high number of
disaster declarations due to extreme weather events
(CENAPRED, 2023): “There is something left after
the water, but after the drought, nothing remains”
(German Garcia, 58 years old); “It is better to die
drowned than to die dry” (Margarita Barron, 80 years
old). This hydric crisis complicates the viability of
some traditional practices that are also being recom-
mended in the scientific literature (Table I).

Measures to address water scarcity implemented
in the field focus on preserving soil moisture or se-
curing water by purchasing it, building embankments,
or replanting. Still, these measures are emergency
measures and are unsatisfactory to farmers due to
their associated high costs. There is a strong need
for well-planned infrastructure investments to im-
prove water storage and distribution, including the
construction of dams and efficient irrigation systems,
as well as the modernization of supply networks to
reduce leakage losses. Efforts have been made to
seek assistance from the state government to build
a pump station that facilitates the extraction of river
water through channel piping, but interviews indicate
these measures have not been sufficient. Finally,
educating the population on responsible water use
is also an essential aspect of resource management
(Attari, 2014).

Today, we know that many of the claims made
by farmers have been to preserve not only their land
but also the natural resources it holds. In the farming
world, the land, its resources, and its inhabitants are
seen as a whole. The environment possesses for farm-
ers areligious and therefore sacred quality: based on
territorial characteristics, people connect with their
relatives and ancestors, with their community, and
reproduce what we call a cultural tradition (Arrioja,
2011). In La Piedad, small stakeholders have their
own land, but water resources are inefficiently and
inequitably distributed. Based on field observations,
rainfed farmers are excluded from efficient irrigation
measures because their plots are too far from irriga-
tion canals. This result implies that individuals in this
group, especially women and the elderly, should be
considered a priority for support when implementing
government programs related to water resources.

The La Nifia phenomenon has the greatest impact
in the study area, as extreme weather events cause
disasters (Fig. 2). Providing climate information as an

adaptation measure and alerting farmers specifically
in La Nifia years is crucial. This data can also serve as
a basis for future climatological research in the area
and foster collaboration in co-producing knowledge
projects between the government and academia to
implement early warnings.

The use of improved seeds with late or short
cycles is also mentioned in scientific literature as an
adaptation measure. Responses from farmers empha-
size that both types of cycles have advantages and
disadvantages. A longer cycle is not favorable when
irrigation is unavailable. On the other hand, a shorter
cycle, also known as an early cycle, reduces yield,
making it unfavorable in terms of production. In this
context, scientific literature has long suggested im-
proving and prioritizing the promotion of native and
resilient seeds (Fig. 3) (Bellon etal., 2011; Mercer et
al., 2012; Hellin et al., 2014). However, farmers in
the study area view this practice negatively, stating
that there is no market for native seeds that yield
poorly. They are primarily used for subsistence in a
few cases in a small portion of rainfed plots. How-
ever, they acknowledge that native varieties are more
drought-resistant than hybrids, which is one of their
greatest climatic concerns (Table SlIIb, d). Also, there
are options to improve yields in native maize, for ex-
ample, through participatory improvement (Gomez,
2019). In other regions, participatory improvement
programs have been implemented to maintain the
characteristics of native seeds preferred by farmers,
including their resistance to adverse weather condi-
tions, while using scientific support to enhance yields
through genetic improvement (Gémez, 2019). Such
programs can be promoted as a means to increase
agrobiodiversity and reduce dependence on seeds
from transnational companies, given that in this
area maize is cultivated primarily for commercial
purposes and rarely for subsistence. Furthermore, it
is necessary to expand the market for native maize in
the area or to establish stronger connections between
producers and consumers in regions where native
maize could be more valued.

Agroecological measures mentioned in scientific
literature, such as integrated pest management, soil
conservation, the use of microorganisms, organic
fertilizers, agroforestry, mulching, and crop rotation,
can be good measures for the study area. Howev-
er, despite farmers’ awareness of these measures
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and their implementation through campaigns and
demonstration plots (Govaerts et al., 2019), they
are afraid of implementing them due to a lack of
technical and economic support (Table SII; link
to audio files in the supplementary material). We
recommend government-funded programs to imple-
ment demonstration plots with long-term technical
and scientific support, monitoring, and evaluation.
With these conditions in place, it is easier to assist
farmers in their transition.

In the review of scientific literature, we observed
that the adaptation approach does not focus on a sin-
gle measure but rather on a combination of measures
across different domains that can lead to successful
climate change adaptation (Kirina et al., 2022). This
set of measures includes training (farmer schools),
market analysis and export, value chains, as well as
technical agricultural measures like climate-smart
agriculture and governance projects (Table SIII).

We noticed that public policy instruments align
with adaptation measures promoted in other countries
(Table I). However, these practices are not being im-
plemented in the field. This situation may result from
a lack of access to information, limited promotion of
adaptation measures, and, primarily, a lack of execu-
tion and allocated budgets for implementation. The
study of the existing challenges to bridge scientific
information with farmers’ practices through political
instruments needs further research. We suggest gov-
ernment funding to promote and implement measures
ensuring long-term technical support.

Despite the existence of national and state subsi-
dies (SADER, 2023; SDAyR 2023), there is a lack of
climate change adaptation-focused measures in the
area. Federal subsidies primarily target small-scale
farmers, but we believe there should also be budget
allocations for medium and large-scale farmers, as
the states with the highest maize production are also
the states facing the most significant challenges due
to organized crime: Sinaloa, Jalisco, Michoacan,
and Guanajuato (IEP, 2023). Therefore, large-scale
farmers whose crops are not profitable may resort
to adaptation measures that could have conse-
quences for national security. Climate change has a
multidimensional impact, affecting not only yields
and production but also culture, traditions, and securi-
ty. Despite the existence of public policy instruments
emphasizing the protection of traditional knowledge

and the exchange of experiences (SADER, 2020,
2022), culture and traditions are being lost in the field.

4.2 Perceptions, vulnerability, and climate change
In the study area, the identity and cultural heritage
of the local population are closely linked to maize
production. However, traditional knowledge and
practices have been affected by climate change and
the high production costs of unprofitable crops.
This particularly affects rainfed farmers: “As rain-
fed farmers, each season we go relying solely on
God’s will” (Carlos Herrera, 79 years old). Farmers
in the region do not express an interest in returning
to past agricultural practices, even if they are more
agroecological, as they associate these practices
with poverty, low crop yields, and intensive physical
work without machinery Table SIIb-d; link to audio
files); “We used to wear cotton shorts, we didn’t go
to school, we were very poor, and farming kept us
in the fields from sunrise to sunset” (Carlos Herrera
Vargas, 79 years old).

Among the interviewed individuals, three vulner-
able groups were identified: women, farmers aged
50 or older, and rainfed farmers. Women farmers, in
particular, expressed a desire to be actively involved
in all aspects of farming but acknowledged the limita-
tions they face due to their gender. It is worth noting
that nearly half of the interviewed women recognized
gender discrimination in their agricultural roles. Some
women may not perceive this discrimination due to
societal norms or fear of repercussions, while others,
in certain communities, have taken on agricultural
responsibilities due to widowhood, lack of male rela-
tives, or their husbands’ migration to the United States.
However, only 45% of these women own land. These
findings underscore the importance of incorporating
a gender perspective into climate change adaptation
measures, considering the additional unpaid labor and
responsibilities women bear. It also highlights the need
for gender-sensitive training for women farmers, as
well as government and independent agricultural agen-
cies that provide guidance on agricultural practices.
Gender vulnerability to climate change has already
been recognized by the [IPCC (IPCC, 2022a) and the
Sustainable Development Goals (UN, 2023).

Farmers aged 50 and older also constitute a
more vulnerable group because they are hesitant
to adopt new farming methods and may struggle to
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adopt technology (Table Slla-d). In contrast, younger
farmers express enthusiasm for innovation and adopt-
ing new strategies to adapt to a changing climate.
Both younger and older farmers exhibit dedication
and passion for agriculture, rooted in their cultural
identity and the historical significance of maize
in their communities. Maize has been considered
a sacred plant representing Mexican culture since
pre-Hispanic times (SAGARPA, 2017).

A third vulnerable group comprises rainfed
farmers, who are more dependent on rainfall and
lack access to agricultural insurance options (Mur-
ray-Tortarolo et al., 2018). According to the scien-
tific literature, efficient irrigation is among the most
commonly recommended strategies for climate
change adaptation. However, rainfed farmers lack
access to irrigation and rely solely on rainfall for
maize production. This lack of access to both water
resources and insurance makes them particularly
vulnerable. Thus, a woman with rainfed land may be
more vulnerable than a woman who belongs to only
one vulnerable group. This underscores the concept
of multidimensional vulnerability, as described by the
IPCC, in which climate variability is interconnected
with social, economic, age, and gender-related fac-
tors (IPCC, 2022a). To take into account all social,
economic, and environmental aspects of each locality
and ensure the efficient implementation of climate
change adaptation measures, there is a need for
co-producing knowledge (New et al., 2022).

5. Conclusions
There is congruence between climate change adap-
tation strategies in the scientific literature and those
promoted in state and federal public policies. How-
ever, this information does not reach the agricultural
field effectively. Some adaptation strategies are im-
plemented in the field, with the most common being
leaving or burying crop residues. Rainfed farmers are
the ones who implement the most adaptation strate-
gies because they depend more on climate conditions.
Individuals in this group, especially women produc-
ers and those over 50 years old, should be considered
a priority group for state government programs.
The lack of climate information is considered
a significant obstacle to farmers’ adaptive capaci-
ties. The dissemination of this information can be

implemented in the short term through collaboration
between academia and the irrigation module admin-
istration. Other requirements suggested by farmers
include agricultural insurance, fair prices, access to
water, and subsidies when necessary. The design of
climate change adaptation strategies in La Piedad,
as well as other similar study sites, especially in
the developing world, should encompass a set of
measures that include efficient and equitable water
resource management, integration of farmers’ needs
by co-production of knowledge (New et al., 2022),
and a specific focus on vulnerable groups. This should
involve improving drought-tolerant native seeds,
technological innovation, agroecological techniques,
and access to climate information.

It is essential to generate locally tailored climate
change adaptation strategies, as recommended by the
IPCC (2022a, b). This study serves as a diagnostic
tool that confirms that, although political policies
are based on scientific literature on agriculture and
climate change, the adaptation measures are not being
implemented in the field. It is suggested to continue
with local studies that give a voice to farmers. This
approach allows us to understand what farmers are
already doing to address the impacts of climate
change, their perceptions, and their actual support
needs from the government and academia.
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Global
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2022
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Los impactos del
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sobre las comunidades
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tradicionales y sus
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view/95471

18

Evaluating risk and
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Agricultura colombiana:
adaptacion al cambio
climatico

Colombia

Lau et al.

2013

https://cgspace.cgiar.org/items/81291d3f-
4€25-4d93-8602-2d409¢170e29

20

A systematic review
on farmers’ adaptation
strategies in Pakistan
toward climate change

Pakistan

Saddique et
al.

2022

https://doi.org/10.3390/atmos 13081280

21

Simulating the climate
change impacts and
evaluating potential
adaptation strategies
for irrigated corn
production in northern
high plains of Texas

USA

Kothari et al.

2022

https://doi.org/10.1016/j.crm.2022.100446

22

Agriculture and water
resources: UNFCCC
influence on Peruvian
adaptation regulations
to increase resilience
against climate change

Peru

Ruedas et al.

2022

https://doi.org/10.17268/sci.
agropecu.2022.020

23

Agricultural innovation
and adaptation to
climate change: Insights
from US maize

USA

Seungki Lee
et al.

2022

https://doi.org/10.1002/jaa2.20

24

Sustainable agriculture
and food security

Ethiopia,
Mexico,
Bangladesh,

Walter Leal
Filho et al.

2022

https://doi.org/10.1007/978-3-030-98617-
9

25

Género, cadenas de
valor agroalimentarias
y agricultura resiliente
al clima en pequefios
estados insulares en
desarrollo

Caribbean,
Pacific, Atlantic,
and China

Percy et al.

2022

https://doi.org/10.4060/cb9989¢s

26

Climate-resilient
agri-fisheries (CRA).
Assessment, targeting
and prioritization for
the adaptation and
mitigation initiative for
Tarlac province

Philippines

Lilibeth et al.

2022

https://doi.org/10.1063/5.0094762

27

Climate change and
climate variability
impacts on rainfed
agricultural activities
and possible adaptation
measures. A Mexican
case study

Mexico

Conde et al.

2006

https://www.scielo.org.
mx/scielo.php?pid=S0187-
62362006000300003 &script=sci_
abstract&tlng=pt
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28

Maize landraces and
adaptation to climate
change in Mexico

Mexico

Hellin et al.

2014

https://doi.org/10.1080/15427528.2014.9
21800

29

Social identity,
perception and
motivation in adaptation
to climate risk in the
coffee sector of Chiapas,
Mexico

Mexico

Frank et al.

2010

https://doi.org/10.1016/j.
gloenvcha.2010.11.001

30

Climate change and the
transgenic adaptation
strategy: Smallholder
livelihoods, climate
justice, and maize
landraces in Mexico

Mexico

Mercer et al.

2012

https://doi.org/10.1016/j.
gloenvcha.2012.01.003

31

Predicting maize (Zea
mays) productivity
under projected

climate change with
management options in
Ambhara region, Ethiopia

Ethiopia

Mohammed
et al.

2022

https://doi.org/10.1016/j.
indic.2022.100185

32

Response of dryland
crops to climate change
and drought-resistant
and water-suitable
planting technology for
spring maize

China

Fan et al.

2022

https://doi.org/10.1016/j.jia.2022.08.044

33

The effect of
smallholder maize
farmers’ perceptions of
climate change on their
adaptation strategies:
The case of two agro-
ecological zones in
Ghana

Ghana

Colecraft et
al.

2021

https://doi.org/10.1016/j.heliyon.2021.
¢08307

34

Understanding the
determinants of climate
change adaptation
strategies among
smallholder maize
farmers in southwest
Nigeria

Nigeria

Adeagbo

2021

https://doi.org/10.1016/j.heliyon.2021.
€06231

35

Saberes tradicionales
locales y el cambio
climatico global

Mexico

Cruz
Hernandez
et al.

2020

https://doi.org/10.29312/remexca.
v11i8.2748
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Study site Author
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DOI or web page

36

Response to climate
change in a rainfed crop
production system:
Insights from maize
farmers of western
Kenya

Kenia Kipkemboi
Kogo et al.

2022

https://doi.org/10.1007/s11027-022-
10023-8

37

La agricultura espafiola
y el cambio climatico

Spain Picazo et al.

2011

https://oa.upm.es/12061/

38

Improving the
water-use eficiency
and the agricultural
productivity: An
application case in a
modernized semiarid
region in north-central
Mexico

Mexico Gobnzalez-
Trinidad et
al.

2020

https://doi.org/10.3390/su12198122

39

Climate change and
climate variability
impacts on rainfed
agricultural activities
and possible adaptation
measures.

A Mexican case study

Mexico Conde et al.

2006

https://www.scielo.org.
mx/scielo.php?pid=S0187-
62362006000300003 &script=sci_
abstract&tlng=pt

40

Climate smart
sgriculture governing
the sustainable
development goals in
sub-Saharan Africa
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Table SIIa. Answers from the semi-structured
interviews. General data.

No. Age Sex Rainfed/irrigation
1 26 M I
2 42 M I
3 65 M I
4 64 M R/
5 45 M R/
6 68 M I
7 64 M I
8 48 F I
9 55 F I
10 65 F I
11 40 M R/
12 90 M R
13 43 M I
14 28 M R/1
15 47 M I
16 73 M I
17 58 M I
18 63 F I
19 88 F I

20 80 F I
21 52 F R
22 79 M R
23 73 M R
24 42 M R/1
25 56 M R
26 60 F R
27 73 M R
28 71 F R
29 52 F I
30 28 F R
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Table SIIb. Answers from the semi-structured interviews. Climate.

Have you received alerts about extreme weather events? If yes, was it before, during, or after the event? Do
you trust available weather services?

No. There is no trust in weather information

2 No, no alerts at all

3 No. They are never warned in advance. They are told to evacuate in the exact moment. They monitor the
river themselves because they live nearby and observe it daily. No trust in weather information

4 No. When an extreme event happens, the communal farmers (ejidatarios) take care of it. They only observe
the river

5 No, no alerts, even in areas close to the river

6  No, they just check the forecast from CONAGUA or the local module. Trusts CONAGUA more, but it’s
not always accurate

7  No, unless they see it on TV or the internet. There’s not much trust in weather forecasts

8  No, everything was lost

9  No, the lagoon merged with the river, and they were evacuated

10 No, nothing

11 No

12 No, only on television. Trusts it

13 No, nothing

14 No. Checks the phone

15 No

16  No, but they use a cane to measure the river’s water level

17  No, but they receive some information from seed companies

18 No, and there is no trust in weather information

19 No

20 No

21 Yes, the municipal government warns houses near the river to evacuate because the community is close to
it. There is little trust in the media

22 No, nothing

23 No

24 No, nothing, and no trust in forecasts

25 No, not much trust, but they still check the weather regularly

26  No, nothing, they don’t check forecasts because they are not accurate

27 No

28 No, nothing

29 No

30 No
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Table Sllc. Answers from the semi-structured interviews. Ecology.

No. What past agricultural techniques ~ What Which ones have you implemented Would you
do you think could help deal with  agroecological and why? Which have you not be willing to
current climate conditions? strategies do implemented and why? change certain

you know? practices to
(Please specify adapt to climate
which ones) change?

1 Not burning crop residues Conservation  Sometimes it is applied, depending Of course,

tillage on the crop if there is
machinery
available

2 Not burning crop residues Conservation  Burying crop residues requires special ~ Yes

agriculture machinery and is expensive. There is a
lack of machinery to promote it

3 There were no specific techniques,  Not burning Incorporating crop residues into  Yes, if there
just avoiding burns the soil. But government support are supports

is needed. Sometimes pheromones to implement
are used, but it’s expensive, and  them, yes

all the farmers need to use them

for them to work. There should be

information to promote new practices,

and people dedicated to agriculture

should promote them

4 Planting trees, not burning crop  Agroecological Conservation agriculture, no longer  Yes, but they

residues pest doing deep plowing, pheromones, would need to
management,  fungi guarantee good
conservation performance.
agriculture As long as there
is moisture, it’s
the best

5 Making hay bales I don’t know None, burning because there’s a lot  Yes. As long

what it is of trash left, and it cannot be planted as they support
with machinery
or funding to
buy it

6 Using fewer chemicals I don’t know,  Still burning because the crop residues  Yes

not burning absorb a lot of fertilizer. There’s a lack
of information and environmental
awareness

7 I don’t think those techniques Idon’t It’s said not to burn the crop residues, Yes, if it
would help much now becausethe  recognize them but we don’t have machinerytoshred improves
climate back then was different, them. It’s been tried, but if too much  production,
and yields were lower residue is left, the planting doesn’t go  takes care of the

well and it doesn’t produce as much  environment,

because it gets in the way. More is
produced when there’s no residue

and doesn’t
generate too
much cost
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No. What past agricultural techniques ~ What Which ones have you implemented Would you
do you think could help deal with  agroecological and why? Which have you not be willing to
current climate conditions? strategies do implemented and why? change certain

you know? practices to
(Please specify adapt to climate
which ones) change?

8 Leaving crop waste No. Don’t burn, Not burning. But the trash takes time, It depends
but sometimes  and it needs to be cleared for planting on who is
neighbors burn promoting
and it affects us them

9 Not burning and leaving crop  Don’t burn, Not burning Yes
waste leave trash, and

retain moisture

10  Burning was avoided, and crop  Don’t burn, Not burning, but we prefer to sell the  Yes, as long as
residues were used as livestock  but recently crop residues. Pests are only controlled it doesn’t cost
feed we have been  with a lot of chemicals too much

selling the crop
residues

11 I don’t think those techniques No, don’tburn Three years ago, I started buryingthe Yes. They
would help now; hybrid seeds crop residues, the soil becomes softer should be
yield better, but some are less and more humid cheap, and
climate-tolerant I need all the

necessary
machinery

12 Leaving stones in the field, Idon’tknow Not burning Yes
changing planting dates,
fallowing, letting the land rest,
and leaving crop residues for the
soil and livestock

13 Idon’tthink they would be useful I don’t know Not burning, but not always, because  Yes
now we don’t have machinery, and we rush

to prepare the land. It helps retain
moisture

14 Contour plowing; I think Vertical tillage, Leaving crop residues, applying  Yes
combining past techniques with  leave crop pheromones. Not all are applied
modern technology is better residues, don’t  because now agriculture is seen only

plow, increase  as a business
biodiversity,

recover

mesquite areas,

and crops on

embankments

15  Idon’t think any would work I don’t know.  Notburning corn residues, pheromones  Yes. Machinery
Don’t burn seem expensive support is

crop residues

needed
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Table Sllc. Answers from the semi-structured interviews. Ecology.

No. What past agricultural techniques ~ What Which ones have you implemented Would you
do you think could help deal with  agroecological and why? Which have you not be willing to
current climate conditions? strategies do implemented and why? change certain

you know? practices to
(Please specify adapt to climate
which ones) change?

16  Leaving crop residues, preparing I don’tknow  Not burning, but sometimes when too  Yes

the soil

much trash is left, it doesn’t germinate.
It’s better to leave it unshredded
because if it’s shredded, there are
germination problems

17 None from the past would help I don’t know Leaving crop residues caused fungi  Yes, but more
with today’s climate due to the humidity, it attracts fusarium  research is
which burns maize and wheat needed on
managing
crop residues
and moisture.
Changing crops
18  Keeping trees and not burning I don’t know Making bales (with crop residues) Yes
the term
19  In the past, people knew the rain I don’t know Making bales (with crop residues) Yes, as long as
cycles, which helped, but now it doesn’t cost
everything has changed. Maybe too much
weeding helps control invasive
plants. Now, the soil is exhausted
from too many chemicals, and
past techniques are no longer
effective
20  Thereused to be wells and natural I don’t know Making bales and still burning because ~ Yes, as long as
springs, which helped during there’s no machinery to bury the crop  there is support
droughts residues, and they say leaving it causes  and it’s not too
fungi expensive
21 Manure could provide moisture, I don’t know It used to be burned due to a lack of  Yes, to be able
and the manure quality has machinery to plant maize
improved again
22 Manure for moisture, stones I don’t know Not burning and leaving crop residues  Yes
the term
23 Idon’tthink they help muchnow I don’t know Leaving crop residues, but there was  Yes
because it’s too much work, and a chicken disease due to the humidity,
the result is the same. Manure and I stopped doing it
helps retain moisture, and the
corn looks healthier
24 1 don’t think any techniques Idon’t know Conservation tillage and not burning  Yes

would work because the land and
climate are very different now

so that the soil doesn’t get damaged, it
gives me yields of 12 tons in dryland
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No. What past agricultural techniques ~ What Which ones have you implemented Would you
do you think could help deal with  agroecological and why? Which have you not be willing to
current climate conditions? strategies do implemented and why? change certain

you know? practices to
(Please specify adapt to climate
which ones) change?

25 I don’t think they help much  Yes, don’t None, because they are too expensive  Yes
because they were too labor-  burn, bury crop
intensive. Plowing and deep  residues
tillage help retain moisture

26  Tilling the soil and plowing Yes, compost Idon’tdo it because we buy fertilizer  Yes
helped retain moisture, as did for convenience. I burn because if |
leaving crop residues leave the crop residues, the tractor

doesn’t pass well, and the seeds don’t
germinate properly. Also, I don’t leave
it so that seeds from the previous cycle
don’t sprout

27  Thelandis already exhausted and I don’t know Leaving crop residues sometimes Yes
doesn’t produce without fertilizer.
In the past, manure was used, and
fields were left to rest by planting
chickpeas

28 I feel the land was worked better I don’t know I don’t burn; we make bales and sell ~ Yes
before and retained moisture, but the crop residues
now it’s depleted. Leaving crop
residues helps retain moisture

29  Leaving small amounts of crop  Idon’t know Leaving crop residues, the amount  Yes
residues the term must be monitored because sometimes

it doesn’t germinate
30  Leaving crop residues I don’t know None Yes

the term
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Table Slle. Answers from the semi-structured interviews. Gender.

No. Women’s participation in the ejido
10% of the ejido and meetings are women, and sometimes they are the ones who discuss the most

2 There is no participation from women, even though they are owners; they pay for the work to be done.
Sometimes it’s due to age, or they simply don’t get involved. In meetings, they participate, but not in fieldwork

3 There were more women working in the fields before, and they were even harderworking than men. Nowadays,
it seems they are embarrassed to be seen working among only men
Yes, there are women working in the fields, particularly in the repela (sorting). 10% of the ejido are women

5 In vegetable cultivation, there are more women, and in greenhouse work, while maize cultivation is dominated
by men, women rarely take charge

6 Women are now much more involved, especially in greenhouse work. There are very few in the ejido

7 Nowadays, e¢jido women attend meetings

8 Those who own land often transfer it to others

9 When women grow older, they no longer work the land

10 There are very few women, with only about 10% in the ejido

11 My wife has always helped me with agricultural activities

12 Women do not attend meetings because they are not comfortable discussing matters with men, but they are
participating more in fieldwork

13 It is dangerous for women; very few get involved, and there is machismo in Cerritos

14 There are very few women in this area

15 There aren’t many women in this community. They do not participate much, and it is considered better that
they don’t, to avoid gossip

16 There is very little participation from women in this ejido. However, women are listened to when they speak

17

18

19 Less than 5%

20 Less than 10%

21

22 Few women own land; they used to struggle a lot because they worked both in the field and at home. Today,
it is easier because tortillas are bought ready-made, but women continue working, mostly in greenhouses,
not on their own plots

23 Only widows own land. My wife helps me with everything, from removing stones to working in the field

24 Most women in the village work in greenhouses, but they do not get involved in corn cultivation

25 In El Triunfo, women participate a lot, and there is not much machismo. They work on the land and in rainfed
plots

26

27 In this area, all women participate

28

29

30
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Table SIIla. Adaptation. Summary of adaptation measures implemented by producers.
Adaptation measure Description Irrigation  Rainfed
Auxiliary irrigation Irrigation after the corn has sprouted, with X
water coming from the river
Leaving crop residue from the previous harvest Leaving crop residue from the previous X X
harvest on the soil after making bales or rolls
to retain moisture
Choosing seed varieties tolerant to moisture Purchasing seeds advertised as drought- X X
tolerant
Agricultural insurance Buying insurance for damages from extreme X
weather events through financial companies
or banks
Applying manure to the soil Using manure from cattle on the field X
Planting hybrids with shorter cycles Purchasing hybrid seeds with short cycles X X
Leaving rocks from the hill in the plot Using porous rocks in the soil X X
Changing planting dates Planting at different times than traditional X X
ones, depending on the first rains or access to
irrigation from the river
Letting the land rest in winter Not planting between November and March X X
Ceremonial rituals for requesting rain Catholic masses and prayers, especially to X X
ask for rain
Buying water from private wells Buying water from producers who have wells X
for the autumn-winter cycle
Vertical breaking A technique that involves mechanically X X
loosening the soil to improve water infiltration
Integral and buried fertility Smart use of fertilizers based on technology X X
that determines what nutrients the soil and
plant require. Applying fertilizers with
machinery that buries them in the soil for
better absorption
Using native seeds for drought tolerance Production of native maize from traditional X
seeds with more drought tolerance than
hybrid ones
Changing crops (sorghum and agave) Planting another cereal besides maize X X
Making sorghum tortillas and feeding livestock In cases of extreme drought and maize X
with prickly pear production failure, sorghum is used for
livestock feed
Replanting when seedlings are lost or don’t If the plants do not sprout due to drought or X X
sprout flooding, more seeds are bought and replanted
in areas where the crops did not grow
Building embankments for flooding from river Construction of embankments in case of X
overflow flooding
Leveling the plot Removing soil from the higher parts of the X
plot to create a flat surface makes agricultural
tasks, irrigation, and drainage easier
Draining systems Building channels to allow excess water to X X
flow off the plot into canals
Renting land to tequila companies for agave Rentingagricultural land to tequila companies X

planting

to plant agave, with the owner receiving a fee
in exchange, no longer planting maize
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Table SIIIb. Adptation. Challenges of the implemented agroecological strategies.

Strategy Disadvantages Irrigation Rainfed
Leaving crop residues from the Excess moisture attracts pests like gallina X X
previous harvest ciega; leaving wheat residues led to its
proliferation
Agricultural insurance Rainfed farmers do not have access and X
lack trust in the system
Application of manure as fertilizer ~ Attracts gallina ciega X
Planting short-cycle hybrids Low yield X
Letting the land rest in winter They would be unable to plant wheat, X
affecting the economy
Buying well water from private Excessive cost X X
owners
Vertical tillage (loosening the soil)  Technical advice and follow-up are X X
necessary, but not available
Integrated and deep soil fertility Requires technical support, follow-up, and X X
management machinery, which are not available
Use of native seeds for drought Lacks a market and has very low yield. X X
tolerance Farmers show little interest in growing
native seeds for commercial purposes
Leasing farmland to tequila Farmers experience a sense of loss and X

companies for agave cultivation

nostalgia
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Table SIIIc. Adaptation. Summary of adaptation measures found in the scientific literature.

No. Adaptation measures Description
1 Improvement and promotion of the use of drought-  Promotion of drought-tolerant native seeds and
tolerant native seeds improvement of native seeds
2 Use of improved (hybrid) seeds for higher yields Use of improved or commercial hybrid seeds that
guarantee higher yields
3 Technification of infrastructure for efficient irrigation ~ Reduction of irrigation needs, piping channels to reduce
and water conservation evapotranspiration, drip irrigation, designing water
usage regulations, adjusting water usage volumes, soil
studies, and promoting water conservation
4 Technological innovation for precision agriculture ~ Climate scenario modeling, use of technology for
(software programs, climate models, scenario design) ~ precision agriculture, climate information services
using technology
5 Agroecological strategies Use of organic fertilizers, use of microorganisms to
optimize fertilizers, intercropping, integrated pest
management
6 Climate-smart agriculture (CSA) Sustainably increasing agricultural productivity and
improving farmers’ incomes; enhancing farmers’
resilience to climate change and helping them find
ways to adapt; and reducing greenhouse gas emissions
7 Strengthening of farmers’ technical capacities  Farmers’ schools, technical and trade training
(training)
8 Projects for fair trade, value chains, export markets,  Support and fair trade policies
and business models
9 Fertilization techniques for increased yields Buried fertilization, precision agriculture for
fertilization, increased use of fertilizers
10 Changing planting dates according to updated climate =~ Modification of planting dates according to new rainfall
patterns patterns
11 Rituals for requesting and giving thanks Rain blessings, petitions for a good season, blessing
of tools
12 Use of short-cycle (early) seeds
13 Soil improvement strategies Mixing organic and inorganic fertilizers, minerals, and
conservation works such as ditches and vertical tillage
14 Crop rotation, intercropping, diversifying crops Intercropping
15  Decarbonization of the agricultural sector Designing low-carbon measures for mitigating
greenhouse gas emissions
16  Climate information services Promotion of climate information every cycle, maps,
risk atlases, and water availability
17  Perception studies and methods of farmers’ Dialogues with farmers, participatory workshops,
participation, linking with academia and government ~ perception studies, and social identity
18  Agroforestry Reforestation with native species
19  Conservation agriculture Minimal mechanical soil disturbance with plant matter

(zero tillage) and crop diversification
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Table Sllic. Adaptation. Summary of adaptation measures found in the scientific literature.

No. Adaptation measures Description
20  Design of public policies for adaptation in the Inclusion of adaptation measures in public policies
agricultural sector and promotion of the implementation
of adaptation measures through policy
21 Mulching Cover crops or straw to reduce radiation and heat levels
on newly planted surfaces, inhibiting moisture loss and
absorbinenergy
22 Rainwater harvesting Designing rainwater harvesting systems for dryland
farming
23 Biotechnology and use of genetically modified  Genetically modified organisms
varieties
24 Gender equality practices Access to agricultural services and resources for

women, reducing household work burdens so they can
participate more actively in agriculture
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Table SIIId. Adaptation. Instruments of public policy.
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No. Public policy instrument Level
1 Ley General de Cambio Climatico Federal
2 Plan Estratégico de Cambio Climatico del Sector Agroalimentario (PLECCA) Federal
3 Programa Sectorial de Agricultura y Desarrollo Rural Federal
4 Programa Especial de Cambio Climatico Federal
5 Programa Especial Concurrente para el Desarrollo Rural Sustentable 2020-2024 Federal
6 Programa Nacional de Semillas Federal
7 Ley de Desarrollo Rural Sustentable Federal
8 Estrategia Nacional de Suelo para la Agricultura Federal
9 Programa Institucional 2020-2024 de la Comision Nacional de Zonas Aridas Federal
10 Primera Comunicacion sobre Adaptacion Federal
11 Estrategia Nacional de Polinizadores Federal
12 Programa de Gobierno del estado de Guanajuato 2018-2024 State
13 Programa Sectorial Desarrollo Ordenado y Sostenible 2019-2024 del estado de Guanajuato State
14 Actualizacion de la Ley de cambio climatico del estado de Guanajuato State
15 Presupuesto Transversal de Cambio Climatico establecido en la Ley de Egresos State
16  Ley de Cambio Climatico del Estado de Michoacan de Ocampo State
17 Programa Estatal de Cambio Climatico del Estado de Michoacan de Ocampo 2014 State
18 Reglamento de la Ley de Cambio Climatico del Estado de Michoacan de Ocampo State




