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Abstract

The agroecological transition at the territorial level must promote reconnection between the
production of agricultural products, food, goods and waste in the environments where they are
generated, so it is necessary to understand their potential for reintegration into agroecosystems.
In 2023, territories with greater agricultural diversity were identified within the rural development
districts of the state of Veracruz, and the availability of agricultural waste for territorial reintegration
was estimated through the analysis of statistical information and knowledge from key informants.
The rural development districts of Fortin, Coatepec and Martinez de la Torre showed high
agricultural diversity (3.45, 2.83 and 2.53, respectively), associated with a greater variety of
agricultural waste; in contrast, productive diversity (3.05, 2.52 and 2.28) is related to the potential for
agricultural waste production. The rural development districts of Coatepec and Martinez de la Torre
showed greater territorial potential to generate agricultural waste. Estimates of losses in Coatepec
for coffee crops range from 3 to 5%; for its part, Martinez de la Torre showed 1.5-5% agricultural
waste generation in lemon. This methodology represents a first step to identify the potential of
agricultural waste in territories for its reintegration through agroecological practices.
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Introduction

In agricultural systems (AS), diversification, defined as the increase in crops and other productive
components that coexist in the system, is considered a key strategy to improve socioeconomic and
ecological aspects; nevertheless, this increase in crop diversity is associated with greater production
of agricultural waste (AW) generated directly from crops (Gutiérrez-Bricefio et al ., 2025). In 2025,
global AW production exceeds 1.9 million tonnes, whereas in Mexico, more than 286 t of AW are
estimated to be generated annually (Xu et al ., 2025).

Faced with this scenario, the transition from conventional agricultural models to agroecological
models is proposed as an alternative to reintegrate AW into the same AS from which it is
generated, based on the central agroecological principle of recycling (Wezel et al ., 2020).

The agroecological transition at the territorial level requires two structural principles: 1) participation
by farmers and advisors in acquiring agroecological knowledge and techniques in situ; and 2)
territorialization, the reconnection of agricultural production with local food through the integration
of AW (Magrini et al ., 2019). Veracruz represents one of the states with the greatest agricultural
diversity in Mexico (Landeros-Sanchez et al ., 2011).

Therefore, in order to design territorial AW strategies in Veracruz, it is necessary to identify the
territory with the potential for AW generation and, through agroecological practices that promote its
recycling into the soil, to promote its territorial reintegration. This research aimed to identify the rural
development districts (DDRs), by their Spanish initialism, with the greatest agricultural diversity in
the state of Veracruz, through the analysis of official statistical information, and to estimate the
potential for generation and reintegration of AW, through interviews with key informants and the
consultation of secondary sources, as a basis for designing agroecological transition strategies.

Materials and methods

The DDRs, technical-administrative regions, of the Secretariat of Agriculture and Rural
Development (SADER), by its Spanish acronym were considered as the unit of analysis. The
information was obtained from the statistical yearbook of agricultural production of the state of
Veracruz from the Agrifood and Fisheries Information Service (SIAP, 2023); to analyze crop
distribution, the type of report selected was by crop-variety and flower crops were excluded as a
selection criterion.

The variables of planted area (PA, ha) and production (P, t) by DDR were considered without
distinguishing among cycles (cyclical-perennial) or modalities (irrigation + rainfed). The data were
systematized in Excel® (V.18.0): 1) to determine the percentage of statewide distribution of PA and
P; and 2) to use both variables as indicators of agricultural diversity and production by DDR.

This research employed the agricultural diversity index proposed by Gallardo-L6pez et al . (2002) ,
based on Shannon’s model of biological diversity (Shannon and Weaver, 1963). To obtain the
agricultural diversity index of the DDRs, the index is as follows:

H= -Zpilogp,-

To calculate agricultural diversity (AD); ni= planted area by crop; N= total area by district; and for
production diversity (PD); ni= production by crop; N= total production by district. Subsequently, the
AW potential generated by DDR is described.

According to methodologies for global estimation of food losses (Romero et al ., 2020), no
methodology that included the producer’s role in generating AW from their own crops was
identified.

Therefore, two types of key informants (KIs) were interviewed, based on the regions with the
highest AD: 1) district chiefs and SADER technicians from the DDRs of Coatepec and
Martinez de la Torre; and 2) eight producers in the territory (four for each district and for the
crop with the highest production), to identify, based on their knowledge, the percentage of loss
in the links of the value chains (VCs) (primary and agro-industrial production), type of
management and revaluation routes.

elocation-id: e4168 2

—_


https://doi.org/10.29312/remexca.v17i5.4168

- TR

DOI: https://doi.org/10.29312/remexca.v17i5.4168

The information was then analyzed by data triangulation (district chiefs, technicians, producers
and scientific literature) (Page-Reeves et al ., 2025). In this sense, qualitative research, such as
that carried out in this section, is not determined by large sample sizes but by capturing key
information within the territory studied (Gutiérrez-Bricefio et al ., 2025).

Results and discussion

A total of 140 crops were identified, distributed across 12 DDRs; of these, only 10 crops
accounted for more than 80% of the state of Veracruz’'s territory (Table 1). Corn crops account for
the largest planted area, mainly destined for self-consumption (Monroy-Sais et al ., 2024); likewise,
sugarcane registered the highest production, due to its high industrial demand in relation to the
presence of 17 of the 50 sugar mills in the country in Veracruz (Solano et al ., 2023).

Table 1. Planted area (PA) and production (t) of crops in Veracruz, Mexico, reported by SIAP in 2023.
Crop PA (ha) (%) Production (t) (%)
Corn 599 790 38.61 1343 227.67 4.22

Sugarcane 297 713.96 19.4 21288 905.8 67.01

Orange 168 854.02 10.89 2513 999.79 7.91
Coffee 144 670.71 9.2 253 781.12 0.79

Lemon 52 845.31 3.39 864 713.50 2.72

Beans 36 175.92 2.32 28 930.56 0.09
Pineapple 26 045.4 1.67 498 708.01 1.56
Grasses and pastures 13 808.6 151 549 758.33 1.73
Rubber tree 12 600.5 0.99 58 956.62 0.18
Sorghum 10 871 0.96 48 104.57 0.15
Others 170 868.52 11.01 2708 704.69 8.52

Total 1551 139.39 100 31 765 455.99 100

Agricultural diversity (AD)

Regarding AD, the DDRs of Fortin, Coatepec, and Martinez de la Torre showed high crop diversity,
which is associated with a greater variety of AW ( Table 2). In Fortin, sugarcane (34.97%), coffee
(32.38%), corn (23%), beans (2.9%) and lemon (1.58%) predominate, and only 5.13% of the territory
is planted with potatoes, chayote, oats, avocados and other crops.
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Table 2. Agricultural diversity (AD) index and production diversity (PD).
Agricultural Production
diversity (AD) diversity (PD)
District AD (ha) District (PD) t)
Fortin 3.45 239 047.51 Fortin 3.05 6 342 791.75
Coatepec 2.83 115 081.81 Coatepec 2.52 1109 092.56
Martinez 2.53 216 372.15 Martinez 2.28 3542 866.45
de la Torre de la Torre
Jaltipan 2.32 130 326.16 Veracruz 2.15 2 715 343.57
Panuco 2.26 167 856.72 San Andrés Tuxtla 2.04 2408 416.88
Veracruz 2.19 79 330.54 Ciudad Aleman 2.01 6 141 483.09
San Andrés Tuxtla 2.15 126 356.79 Jéltipan 1.82 1170 158.37
Ciudad Aleman 2.05 117 073.11 Las Choapas 1.73 240 459.8
Las Choapas 1.76 99 027.6 Panuco 1.72 3354 976.76
La Antigua 17 63 286 La Antigua 1.57 2 857 246.2
Huayacocotla 1.66 50 379 Tuxpan 1.57 1759 955.59
Tuxpan 1.65 147 002 Huayacocotla 1.42 122 665.11

In the DDR of Martinez de la Torre, corn (29.66%), oranges (25.06%), lemon (16.3%), coffee
(11.17%), dominico bananas (2.65%), grapefruit (2.17%), tangelo (2.13%), plantain (1.31%), and
giant dwarf bananas (1.28%) predominate; the remaining 7.68% comprises tangerine, sugarcane,
beans, pepper, lychee, and watermelon.

In the DDR of Coatepec, the area is distributed as follows: corn (44.87%), coffee (25.08%),
sugarcane (7.19%), broad beans (4.82%), potatoes (3.28%), beans (2.90%), manila mango,
(1.65%), lemon (1.40%) and the remaining 7.59% corresponds to apple, wheat, avocado etc. The
DDRs with low planted AD are La Antigua (1.7), Huayacocotla (1.66), and Tuxpan (1.65), because
most of their territories are concentrated in sugarcane, corn, and orange crops, respectively.

Production diversity (PD

Fortin presented the highest PD (3.05), followed by Coatepec (2.52) and Martinez de la Torre
(2.28). This indicates that DDRs with high PD are associated with a possible diversification in
tonnes of AW (Table 2). In Fortin, 96.81% of its production is concentrated in sugarcane
(87.9%), chayote (2.23%), coffee (1.98%), lilium (1.65%), gladiolus (1.51%) and corn (1.51%). The
productive relevance of Fortin is linked to increased sugarcane production driven by the mills, and
to regional flower markets that supply wholesale markets in other states (Pérez and Aguilar, 2019;
Linares-Gabriel et al., 2021).

In Martinez de la Torre, second in PD, production is concentrated in orange (21.7%),
lemon (17.74%), grapefruit (5.31%) and parlor palm (31.76%), and 19.68% corresponds to
bananas (giant dwarf, dominico and plantain varieties), tangelo, sugarcane, coffee, tangerine,
mandarin and pineapple, among others. This district stands out as Veracruz's largest
producer of lemons and oranges, consolidating its position as the nucleus of national citrus
activity (Franco-Valderrama et al ., 2021).

In the DDR of Coatepec, production is dominated by sugarcane (60%), followed by potatoes
(10.75%), corn (8.24%), coffee (4.44%), agave (2.33%), oats (1.59%), lemon (1.39%), broad beans
(1.2%), cane seeds (1.2%), red tomatoes (1.15%), and bananas (1.02%). The district’s relevance
is associated with coffee growing as a strategic activity, as it integrates production chains and
livelihoods for small producers ( Pérez and Aguilar, 2019 ). The DDRs of Tuxpan (1.57) and
Huayacocotla (1.42) have lower PD indices, with a high concentration of production in a few crops:
citruses in Tuxpan (94.63%) and corn and oranges in Huayacocotla (74.26%).
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The DDRs of Fortin, Coatepec, and Martinez de la Torre are identified as having high AD and PD;
however, Fortin is excluded as a priority district for AW generation because 96.8% of its production
is concentrated in four crops (sugarcane, chayote, coffee and corn) and two flower crops (lilium and
gladiolus). Consequently, Coatepec and Martinez de la Torre have the greatest territorial potential
for the reintegration of AW, based on the AD (variety) and PD (production) of crops.

AW losses in DDRs

Coatepec

According to the district chief of Coatepec, coffee is grown in two areas, Altotonga-Jalacingo and
Coatepec (Figure 1), which differ in processing methods. In Coatepec, coffee is processed as
cherries, with on-farm selection and agroecological management, whereas in the municipalities of
Altotonga-Jalacingo, it is processed as parchment.

Figure 1. Crop distribution by DDR. Coatepec (A) Martinez de la Torre (B).

The technicians indicated that AW is produced at two stages: 1) primary production, pruning waste
(branches and leaves) and fruits (dry, semi-dry and green); and 2) agro-industrial stage, husk
and mucilage residues. The coffee producer from Coatepec pointed out that the management
is mixed; that is, they apply chemical fertilizers and compost processing waste. In this sense,
the management of AW, incorporated into their farms, is highlighted, and their capacity for
territorialization experiences is evidenced (Magrini et al., 2019; Widiastuti et al., 2024).

The coffee producer commented: ‘crop losses are estimated between 3 and 5%, and during the
pulping process, 16 kg of cherry coffee is needed to obtain one kilogram of roasted coffee’. In other
words, more than 90% of waste is generated at the coffee processing stage. This indicates that
coffee has potential for utilization with agroecological practices (Tamilselvan et al ., 2024).

Regarding sugarcane, the technicians reported a decrease in the planted area from the
2022-2023 period, associated with the transition to Persian lime and soil deterioration. This
situation has driven the mill's operational expansion to more distant territories; in this
process, the municipalities of Jalcomulco, Apazapan and Tuzamapan reoriented their land use
toward lemon cultivation (Figure 1).

The district chief indicated that sugarcane is not a representative crop of the district, since its
production is destined to the Mahuixtlan mill, and its management includes burning the crop
to facilitate extraction. The producer from the municipality of Naolinco reported conventional
management, in which the main AW is sugarcane stubble, which is collected by cutters from the
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same mill. The producer also estimated that between 20 and 30% of the foliage is burned to facilitate
cutting; this pattern aligns with reports indicating that stubble and foliage represent 28% of the crop’s
biomass (Asava et al ., 2026).

Likewise, the producer pointed out the absence of information on agro-industrial losses along the
VC and the lack of alternatives for managing AW in the crop. In this context, it is evident that
producers do not reintegrate AW because they act according to the mill's own guidelines (Linares-
Gabriel et al ., 2021).

As for corn, the technicians mentioned that it is used for self-consumption, with two types of
management: 1) long cycle, in the highlands (Ixhuacéan de los Reyes, Ayahualulco, Perote and
Jalacingo), with planting in February and harvesting in November; and 2) short cycle, in the lowlands
(Emiliano Zapata, Jalcomulco and Apazapan) with planting and harvesting in a period of four months
(Figure 1).

A producer from San Isidro Calzontepec reported that the AW from corn is used as forage, as plant
cover for the soil, and for crushing foliage to reintegrate it into the agroecosystem. Regarding crop
management, the producer mentioned mixed fertilization. In estimating the AW generated, none of
the Kls established a specific percentage at any stage of the VC. Castillo-Gonzélez et al . (2021)
estimated that 50% of the production is harvested as grain, and the remaining 50% consists of
residues such as stems, leaves, husks and panicles.

Potato crops. The technicians identified potatoes as one of the crops that has generated the greatest
environmental impact in the DDR of Coatepec, with two management modalities: 1) commercial
and agrochemical-intensive production; and 2) native potatoes for self-consumption. Nonetheless,
they indicated that they did not know the percentage of AW generated.

The producer from the municipality of Perote described a similar context and reported intensive

management with fungicides, insecticides, nematicides and rooting agents to optimize plant growth.

The producer estimated that the AW generated during harvest is less than 5% and is limited to dry

plant residues incorporated into the soil. This estimate contrasts with the literature, which reports a
waste percentage of 12-20% of the total crop volume during harvest (Chauhan et al., 2023).

Itis important to consider that the AW reintegration strategies of producers in the district of Coatepec
(coffee and corn) arise as a response to the protection of their natural resources (Linares-Gabriel
et al., 2021). Unlike other crops (sugarcane and potatoes), producers align their management with
sugar mill standards and market demands.

Martinez de la Torre

In practice, the district chief and technicians highlighted the importance of citrus farming in the DDR,
focused on lemon and orange crops, which predominate in the municipalities of Martinez de la
Torre and Papantla; lemon is the most extensive crop in the municipalities of San Rafael,
Misantla, Tlapacoyan, Atzalan and Espinal. Waste is used for food and non-food applications (De
Medina-Salas et al., 2020).

In the municipalities of Espinal, Coxquihui and Mecatlan, the technicians noted that the
distribution consists of small plots, with intercropped systems of corn and citruses,
conditioned by the accessibility of rural areas. In the municipality of Coyutla, producers
enrolled in the Sowing Life program, which promoted the diversification of crops such as
cinnamon, coconut and pepper in backyard units under agroecological management. In this
way, the relevance of links built around agroecological management by a government program
became visible (Long, 2007; Wezel et al., 2020).

In the Tlapacoyan area, banana-coffee and banana-corn systems are interspersed. In Atzalan,
production is divided into three regions: a region adjacent to Martinez de la Torre with citruses
(tangelo and soursop) and, to a lesser extent, corn; an intermediate zone with bananas (dominico
and dwarf) and coffee; and a lowland zone, where corn is the main crop. The technicians did not
identify crop loss percentages or the types of AW generated in primary production; however, they
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noted that, in citrus farming, waste is minimal because citrus growers optimize their sales by quality
standards: ‘first-grade and second-grade fruits are for international and local sale and third-grade
fruits for agribusiness’.

For lemon, orange, grapefruit and tangelo crops, the four producers from Martinez de la Torre
stated that lemon requires more careful management compared to the other crops, which require
less soil care. The orange producer reported transitioning to agroecological practices, incorporating
compost and mycorrhizal fertilization, aimed at soil regeneration.

Regarding the AW percentage, the lemon producer indicated that, in order to maintain the crop’s
profitability, losses must be kept below 5%. For grapefruit and lemon crops, producers mentioned
that losses are linked to price volatility, which can lead to the product not being harvested or
marketed, even when it is in adequate condition.

This indicates that citrus farmers prioritize the commercial value of their product; according to
Long (2007), an AW reintegration strategy is not a specific problem of the territory, although
there is evidence of experience of AW reintegration in some municipalities.

In the VC of citruses, the district chief, technicians and producers recognized that the greatest
generation of waste occurs at the agro-industrial stage, which aligns with the literature indicating
that about 50% of the fruit's weight is transformed into juice and the other 50% corresponds to
peel and seed (De Medina-Salas et al., 2020). At the plot level, producers estimated losses of 5%,
which contrasts with what has been reported in the literature for primary production (1.5%) due to
harvesting and fruit detachment (Romero et al., 2020).

Conclusions

The research allowed us to identify the DDRs of Coatepec and Martinez de la Torre as
territories with potential for the generation and reintegration of AW, as they presented the
highest AD and PD values.

It is suggested that, in future studies, the role of Kls be considered a key element in gathering
information for designing territorial strategies for the reintegration of AW, along with a more detailed
analysis at the municipal level to integrate direct measurements of AW and to evaluate the technical
feasibility of its agroecological use.
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