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Abstract

Rice is a staple food in the Mexican diet; however, in recent decades, the culti-
vated area has diminished substantially and the production is so low that it is
compulsory to import more than 1 million t of rice annually. Faced with the need
to strengthen rice production, without compromising the ecosystems, the Mexi-
can government launched the Campeche Plan as part of the 2025-2030 National
Development Plan. This initiative is looking forward to enhance rice production
in Campeche through sustainable agricultural practices, ensuring quality, and
food self-sufficiency. Therefore, the objective of this research was to identify ar-
eas, in the state of Campeche, with high productive potential under rainfed con-
ditions. The altitude, temperature, precipitation, light intensity, and soil require-
ments for rice were considered by consulting databases, bibliographies, and crop
experts. QGIS 3.22.14 Batioweiza software was used to determine potential areas.
The databases used were the INEGI digital elevation models, and the WorldClim
version 2.0 related to the average temperature, precipitation and soil models with
a scale of 1: 250,000. It has 26,414 ha of high productive potential for rice pro-
duction, Carmen, Palizada, Escércega, Candelaria, and Champotén being the
5, out of 11 municipalities, with the higher potential areas. Carmen, Palizada
and Escarcega showed to be the largest areas with 9,470.00, 8,000.00 and 5,000.00
has, respectively for rainfed production.
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1. Introduction

Rice is a traditional crop in the tropical regions of Mexico, where three agro-cli-
matic zones have been identified: humid tropics, sub-humid tropics, and dry trop-
ics [1]. In the humid tropics, it is mainly grown under rainfed conditions with
auxiliary irrigation, covering an area of 34,307 ha, which represents 57% of the
country’s rice-growing areas [2].

On the other hand, in the dry tropics, the crop is established under irrigation,
by direct sowing or transplanting, in an area of 26,464 ha, equivalent to 43% of
the national area dedicated to this crop [2]. According to Favila Tello and Herrera
Corral (2023) [3], rice production in Mexico is based on three main cultivation
systems: transplanting under irrigation (predominant in the central and southern
parts of the country); direct sowing under irrigation (common in the north and
west); and sowing under rainfed conditions in the southeast. Currently, rice cul-
tivation is concentrated mainly in the states of Nayarit, Campeche, Michoacan,
Veracruz, Colima, Jalisco, Tabasco and Morelos [4].

In 2019, the average rice yield in Mexico was 6.37 tons per hectare. The irrigated
cultivated area reached 32,084.95 ha between the fall-winter and spring-summer
cycles, representing 78% of the total planted nationwide. Approximately 9,000 ha
were planted under rainfed conditions [5]. By 2021, the planted area increased to
40,841.11 ha, with a total production of 257,041.44 tons and an average yield of
6.38 tons per hectare.

Campeche located, in the Mexican tropic, had the largest producing area with
15,165 ha, followed by Nayarit, in the northwest, with 7,360.75 ha. However, in
terms of yield per unit area, the state of Morelos, in central Mexico, stood out with
10.46 tons per hectare, followed by Michoacan with 8.6 tons per hectare [6] whilst
Campeche produced 5.0 t ha™.

The Mexican government launched in 2024 the so called Campeche Plan ac-
cording to the National Development Plan (NDP) 2025-2030. The plan pretends
to strengthen rice production without increasing deforestation, promoting sus-
tainable agricultural practices, improving rice quality and enhance the country’s
food self-sufficiency.

Therefore, the objective of this work was to identify the most suitable munici-
palities for rice cultivation and their corresponding classification into optimal and

suboptimal productive potential areas under rainfed conditions.

2. Materials and Methods
2.1. Geographic Information and Map Algebra

A geographic information system and map algebra were used. Map algebra was a
tool combining different territorial layers or variables in order to obtain alterna-
tive maps linked to specific characteristics of the territory [7]. In this case, map
algebra was applied to locate the most suitable areas for rice production under
rainfed conditions.

It was considered an ecological criterion combining, as a whole, the climatic,
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soil, slope and altitude cartography.

With the help of symbols, the most suitable areas were distinguished as high-
potential ones, and the Jeast suitable ones as unsuitable ones. In this study, three
fundamental stages (Figure 1) were considered to define the grade of potentiality:
1) To identify altitude, temperature, precipitation and soil requirements for rice
cultivation; 2) locate databases of agro-climatic conditions for the state of Cam-

peche; and 3) data processing.

| Literature review | Consult experts
4| Agroecological requeriments of Oryza sativa L. |—
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Figure 1. Methodological model used to determine productive potential.

2.2. Determining Agroecological Needs for Rice

The variables used were the agro-climatic requirements of rice in Campeche [8],
specifically average temperature, altitude, precipitation, light and soil (Table 1).
Agro-climatic information was taken from bibliographic sources [8]-[10] and da-
tabases from Ecocrop, which identified more than two thousand plant species.
The opinions of some rice experts were also considered.

Database of agro-climatic and Geographic conditions of Mexico were also con-
sulted. For soil conditions, the World Reference Base for Soil Resources [11] was
considered in vector format [12] at a scale of 1:250,000. The tool used for the clima-
tological data was WorldClim version 2.0 [13], specifically for average temperature
and precipitation. From the National Institute of Statistics and Geography, the
Digital Elevation Model with three-second data of altitude values was acquired [14].

From the National Commission for the Knowledge and Use of Biodiversity,
through its Geoportal, the maps of slopes, mangroves, urban areas, water bodies
and rural areas of Mexico were obtained, as well as the maps of protected natural

areas in vector format with a resolution of 1:1,000,000 [15].

2.3. Database Processing

The procedure consisted on classifying the climatic and soil attributes required
under rainfed conditions for rice. The vector format was used to perform analysis,

interpolations, cuts and intersections. In this format data were obtained (entities
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associated with each attribute) with its own spatial characteristics and the geometry
of the attribute.

This vector data geometry was implemented through the intersection of the
edaphic and climatic layers; and the mangrove, protected areas and urban and
rural settlements were eliminated. All the information was processed and reclas-
sified using the QGIS 3.22.14 Batioweiza software [16]. The potential zones were
classified into high potential zones, where all the agro-climatic variables consid-
ered are combined to achieve optimal crop conditions; Medium potential zones,
where more than one climate and soil variable presents a suboptimal condition
(the range is less than optimal but greater than unsuitable), and unsuitable zones,
where all conditions are limiting for crop development and not recommended for
rice cultivation. With this information, maps of temperature, precipitation, light

intensity, soils, and potential areas were drawn up.

Table 1. Agroecological requirements of rice under rainfed conditions.

Variable Unit Optimal Suboptimal Not suitable
Average Annual . 20-25 Less than 20
C 25-30
Temperature 30-35 Over 35
Altitude masl 0-500 1500 - 2000 Over 2000
Average Annual 1000 - 1500 Less than1000
oF 4 mm 1500-2500
Precipitation 2500 - 3500 Over 3000
Fluvisoles Solonchaks
Luvisol Leptosol
‘ ll.V.ISO es Cambisoles eptosoles
Soil Type Nitisoles Arenosoles
. Phaeozems )
Vertisoles Calcisoles
Gleysoles Regosoles
H t H d
Texture Type eav.y © Medium anY an
Medium Light
Depth m Over 1 0.5to1 Less than 0.5
. 5.5t06.5 <de5.5
pH Indjcator 6.5t07.0
7.0t0 7.5 >de7.5
Ligth hours per
gt P Hours Over 3000 2500 to 3000 Less than 2500
year
Moderatel
Drainage Type Bf ﬁcienty Efficient Very efficient
3. Results

3.1. High Potential Areas

The distribution of areas with different potentialities are being shown in Figure
2. Campeche has a total of 26,414 hectares available for cultivation under rainfed
conditions.

The municipalities with the greatest productive potential for rice cultivation
are: Carmen, Palizada, Escdrcega, Candelaria, and Champotén. In particular,
Carmen, Palizada, and Escarcega account for more than 50% of the land area
with high potentiality (Figure 2).
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Carmen, being the municipality with the largest high potential surface (9,476 hec-
tares) and the unique region where, in nowadays, farmers are planting rice in both
agricultural cycles: spring-summer and fall-winter. However, despite its extensive
high productive potential, only 780 hectares are actually planted, which indicates a
significant opportunity to expand production and strengthen rice self-sufficiency.

On the other hand, Palizada with an estimated 8,016 suitable hectares for rice
production (Figure 2) only 1,500 hectares are currently planted. In Escarcega, the
high productive potential of 5,167.00 hectares was found (Figure 3). This area also

represents a significant opportunity to strengthen rice production in the region.
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Figure 2. Distribution of high-potential areas in Campeche, Mexico, under rainfed condi-

tions.

Champoton,
590.00 Ha

Figure 3. Municipalities of Campeche with high potential areas (ha) for rice production.

4. Discussion

The high potential areas (26,414 has) for rice cultivation, in Campeche Mexico,
far exceed the surface currently planted (3,710 has) according to SIAP (2023) [17],
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concentrated in five municipalities. These findings highlight the great possibility
of successfully expanding rice cultivation.

It is not surprising that the municipality of Carmen, showed to have the largest
high potential surface. Historically speaking, rice was cultivated since the 1970s.
However, in the 1980s, the proliferation of Johnson grass (Sorghum halepense),
as an aggressive invasive weed, and the and the lack of government subsidies led
to the abandonment of rice fields [18].

However, rice cultivation continued in other regions of the state, where various
mechanisms were implemented to improve production such as: the introduction
of improved varieties, use of herbicides, insecticides and inorganic fertilizers,
which significantly increased yield, positioning the state at the top of the national
list in rice production [19].

It is worth noting that rainfed rice production is only carried out in the state of
Campeche; in the rest of the Mexican states rice is mainly produced under irriga-
tion conditions and rainfed areas are very scarce [20].

Rice demands a high volume of water during its biological cycle and is the only
commercial cereal cultivated in water-saturated soils, where the plants can remain
partially or totally submerged in in water. Therefore, an adequate water supply is
the key factor for its yield [21].

The success of rice cultivation in Campeche is due, in large part, to the favora-
ble climate of the region and the abundance of surface streams in the south-south-
west portion of the state. There are several basins converge in this area, the largest
being the Grijalva-Usumacinta rivers system, followed by those of the Cande-
laria, Chumpén, and Mamantel rivers. The Palizada River is the most abundant
branch of the Usumacinta river, which crosses an alluvial plain and flows into the
Eastern Lagoon, where it receives contributions from other currents before flow-
ing into the Términos Lagoon, thus favoring the availability of water for rice [22].

With an average annual temperature of 26 - 27°C, this region provides an ideal
environment for rice growth and development. Furthermore, local conditions
meet the thermal requirements for crop germination, ranging from 30 to 35°C,
favoring its establishment and optimal production [23].

In addition to the favorable climate and abundant water availability, the soils of
Campeche play a key role in the success of rice cultivation. Their high-water re-
tention capacity and rich organic composition create an optimal environment for
healthy development of the plant [23].

Rice-producing areas are located in Gleysol soils, which are characterized by
prolonged saturation of water, poor drainage with some top soil rich in organic
matter mainly in the west part of Campeche [24].

The Vertisols are another type of suitable clayey soils for rice cultivation located
in the lowest parts of the landscape, mainly found in the central-southern region
of Campeche, in karst cumulative plains [24]. These soils are very fertile due to
their high organic matter contents.

With an average yield of 6.0 t ha™ [5] for high potential areas, a production cost
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of $44,000 Mexican pesos and the current price per ton of $9,080 Mexican pesos,
the gross income is of about $54,480 pesos per hectare and a net profit of $10,480
pesos.

When considering the whole high potential area of 26,000 hectares the total net
income is of $272,480,000 pesos.

Furthermore, it is of utmost importance that future studies include an assess-
ment of the potential impacts of climate change on rice production in the state
and provide sufficient information to ensure sustainable technological, social and

economic management for rice production.

5. Conclusions

Rice is considered a staple food in Mexico. However, in recent decades, the culti-
vated area has diminished substantially so there is a need to import more than 1
million tons of rice annually. Worry for this problem, the Mexican government
launched the Campeche Plan looking forward to enhancing rice production in
Campeche through sustainable agricultural practices, ensuring quality and food
self-sufficiency.

Keeping in mind the foregoing, this research aimed to identify areas, in the state
of Campeche, with high productive potential under rainfed conditions. At the
same time, the purpose was to discard any areas with very low productive poten-
tial and low economic feasibility.

It was found that there are optimal agroecological conditions to produce rice
under rainfed conditions. High production potential areas are located in 5 of the
11 municipalities that make up the state. The municipalities with the largest areas
suitable for rainfed rice production are Carmen, Palizada, Escércega, Candelaria,
and Champot6n which cover more than 50% of the 26,414 hectares identified as
high potential ones.
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