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Abstract:

In a single study in the Yucatan Peninsula, yield and physicochemical soil properties of a traditional slash-and-burn system, milpa,
were compared to a fire-free fallow management consisting in the superficial incorporation of fallow residues. In both treatments,
corn, beans, and squash were associated. While corn and bean yields were equal, squash showed higher output with slash-and-
burn management. Burning decreased the soil content of organic matter and plant-available N, while it increased the reserves of
exchangeable K, Ca and Mg, the salinity, and the bulk density. The alternative fallow management increased the N and the organic
matter reservoir in the soil. The results demonstrated that a fire-free milpa requires an additional fertilization from the first year on.
Keywords: shifting agriculture, traditional agriculture, fallow management, nutrient dynamics.

Resumen:

En un estudio anual en la Península de Yucatán, se compararon el rendimiento y las propiedades fisicoquímicas del suelo de una
milpa tradicional (asociación de maíz, frijol y calabaza) con roza, tumba y quema (RTQ) con un manejo sin quema basado en
la incorporación superficial de residuos de barbecho. El rendimiento de maíz y frijol fue idéntico, pero se produjo más calabaza
con RTQ. La quema disminuyó el contenido del suelo de materia orgánica y de N asimilable, pero las reservas de K, Ca y Mg, la
salinidad y la densidad aparente incrementaron. El manejo alternativo aumentó el contenido del suelo de N y de materia orgánica.
Una milpa sin quema requiere de una fertilización adicional desde el primer año.
Palabras clave: agricultura rotativa, agricultura tradicional, manejo de barbecho, dinámica de nutrientes.

Introduction

Agroforestry, the spatial and temporal arrangement of trees and crops (Young, 1985), is still common in
traditional polycropping-systems, which provide 20 percent of the global food supply (Altieri, 2009). In
Mesoamerica, milpa is the most relevant agroforestry system. Since pre-Columbian times, it stands out
for inter- and intraspecific diversity (Altieri, 2009): Maize (usually different landraces at the same time) is
associated with diverse legumes (Phaseolus vulgaris L., Phaseolus lunatus L., Vigna unguiculata [L.] Walp.),
squash (Cucurbita maxima Duchesne) and a number of other crops; their interaction increases the yield of
each crop compared to when grown alone (Altieri et al., 2011). Additionally, milpa counts with nutrient-
enriching plants, insect predators, pollinators, nitrogen-fixing, and nitrogen-decomposing bacteria. Yet,
milpa is more than a production system: it is intrinsically related with Maya culture (Ebel & Castillo Cocom,
2012) and thanks to its agrobiodiversity, milpa can adapt to differing climates (Altieri & Koohafkan, 2008).

In Mexico, this agrobiodiversity started to decrease fifty years ago, when the widespread adoption of
fertilizer-responsive, high-yielding hybrids marked the beginning of the Green Revolution (Gregersen,
2003). Recently, Mexico is making an effort to get economically closer to the industrialized world by
exploiting natural resources, emphasizing on agricultural exports (Altieri, 2009). A considerable part of this
expansion occurs in high-biodiversity regions (Bellard et al., 2012), such as the Yucatan Peninsula. There,
particularly cattle farming is causing a conversion of agroforestry used land to pastures (Chargoy-Zamora,
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1999). Livestock breeding and an increasing demographic pressure are generating a deforestation rate in the 
Maya area of Quintana Roo of 0.1 % per annum (Dupuy-Rada et al., 2007).

Central to milpa is slash-and-burn-farming (Gliessman, 2014). This variant of shifting cultivation is 
characterized by a mixed farming and forest system, with a short cropping-season and an extended fallow 
period (Mariaca, 2011). A plot of jungle is cut, allowed to dry, and then burned. The length of the fallow 
period can last from two to over fifty years (Fujisaka & Escobar, 1997). This creates a landscape with plots of 
secondary vegetation of different ages of abandonment (Saenz-Pedroza, 2015) (table 1). Burning increases 
the nutrient availability; decreases the soil C:N-ratio; eliminates weeds and parasitic arthropods; creates 
conditions that disfavor pathogen fungi and bacteria as well as prepares the field for seeding. Finally, fire is the 
cheapest and fastest available tool for peasants (Gliessman, 2014). Through burning, nutrients are removed 
and soil organic matter decreases; during fallow, a recirculation of minerals between soil and plants causes a 
renewal of organic matter (Mariaca, 2011).

TABLE 1
Stages (in Maya language) of ecological succession after slashing-and-burning of a secondary

dry forest used for milpa farming, following Saenz-Pedroza (2015) and González-Cruz
et al. (2014), enriched with information from peasants from the Yucatan Peninsula

Slash-and-burn agricultural systems have received a growing attention given their alleged role in tropical
deforestation (Fujisaka et al., 1996). Burning (among other impacts) increases nutrient mobilization
(Young, 1985) and alters soils. According to a study implemented in Campeche, Mexico, during a period
of 30 years, plots with maize under slash-and-burn farming were compared with unburned jungle: In the
burned soils, a (not always continuous) decrease of contents of organic matter, Mg and interchangeable Ca
was observed; while the contents of P, interchangeable K, Na, Fe, Cu and Zn in the long term were higher
than in the unburned plots (Medina-Méndez et al., 2009). In a similar experiment in the state of Jalisco, it
was observed that combustion also alters the soil structure where micro-aggregates increase (Castellanos et
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al., 2001). Furthermore, biomass burning reduces biodiversity by harming living conditions for wild animals
and plants (Morales, 2011). There is also a continuous risk of causing wildfires (Brady, 1996).

Another argument against burning is climate change. Due to this phenomenon, the total agricultural
production in Central America could fall up to 24 % (Cline, 2007), while grain production might decrease
even 30 % (Gutiérrez & Espinoza, 2010), in such a way that many farmers will search their fortune out
of agriculture (ETC Group, 2009). Soils make up the World’s third largest C-pool (after the ocean and
rocks). The transfer of atmospheric CO2 into the soil carbon pools is seen as a key strategy to mitigate climate
change. It involves diversified and resources-efficient farming systems (Food and Agriculture Organization
of the United Nations, 2015). Consequently, emitting C through burning, instead of fixing it, seems a
counterproductive strategy for easing climate change.

Finally, burned soils need time to recover. On the Yucatan Peninsula, fallow periods in milpa traditionally
lasted at least 30 years. Now, they last sixteen years at most (Castillo-Caamal et al., 1998). This tendency is
mainly attributed to political and economic changes, especially to an ongoing debilitation of the prevailing
land grant mechanism, the ejido system (Eastmond, 1991).

No wonder there is an ongoing search for alternatives to burning in traditional farming. So far, it has
brought ambiguous results, since it involves positive experience in terms of increasing biodiversity (Denevan
& Padoch, 1987); however, this does not compensate for the quick mineralization and conversion of jungle
into an arable field guaranteed by the use of fire; e.g. mulching the chopped fallow vegetation was proved
to cause yield reductions compared to burning the biomass (Kato et al., 1999). Principally, there are two
approaches to fire-free fallow cleaning: slash-and-mulch, which provides a long-term nutrient release, and
slash-and-incorporate, which stands for a quicker mineralization (Szott et al., 1999).

Thanks to its efficiency, its low cost and easy management, slash-and-burn farming is still popular with
Maya peasants. Less soil harming, fire-free managements would only be accepted if they provided similar
benefits as slash-and-burn farming or offered additional advantages, such as increased soil fertility in the long
term. Therefore, the aim of the present study was to compare a slash-and-incorporate management with
classical slash-and-burn farming regarding their effects on main physiochemical soil properties in a milpa
polycropping system. Furthermore, the yield provided by each management was also evaluated.

1. Materials and methods

A study, implemented in the community of José María Morelos, Quintana Roo, in the central Yucatan
Peninsula, 37 m above sea level (Instituto Nacional de Estadística y Geografía, 2016), in 2013, assessed
dynamics of nutrient reserves and fundamental physicochemical soil properties, comparing a classical slash-
and-burn system with the incorporation of chopped plant residues; eighty days after the fallow management,
milpa was seeded in both treatments.

There is tropical savanna climate on the limits between Köppen-Class Aw1 and Aw2. The raining season
is from May to October with characteristic less rainfall in August than in July and September (Giddings &
Soto, 2003). The annual precipitation is 1195 mm and the mean temperature 25.4 °C (Comisión Nacional
del Agua, 2015). The analyzed soil is locally called K’ankab, which refers to a dark-red rhodic cambisol, typical
for plains and popular for milpa in this region (Estrada-Medina et al., 2013). Its texture is sandy loam and
its original pH was 7.2. The geological base is Eocene chalk (May-Acosta & Bautista, 2005).

The trial was installed on a five years lasting natural fallow in an area surrounded by secondary tropical dry
forest. There were two treatments with four replications each. Consequently, the trial field was divided into
eight plots (125 m2 each). The first treatment consisted in slash-and-burn farming. Therefore, one part of
the field was slash-and burned in April 2013, following the traditional milpa management in the region. In
the second treatment, the management was identical except for a lack of burning: After slashing, the dried
biomass was chopped and incorporated to the soil surface at a depth of 0-15 cm using a tiller (table 2).
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TABLE 2
Crop management activities during the implementation of the trial in 2013

As usual in this region, maize (landrace ‘Nal tél’), Phaseolus lunatus (‘Ib’) and squash (‘Xnuuk k’úum’) were
seeded simultaneously. A dibble stick was employed to make holes at regular intervals, into which the seeds
were dropped without other working of the ground (Cowgill, 1962). There were no further nutrition and
disease control measures. All plots were rainfed. Weeds were removed manually and pests were monitored
with a yellow sticky trap (which did not indicate the need of control).

Soil sampling took place bimonthly from February to December 2013. A grid sampling consisting of four
columns at 8 m equidistance and eight rows was applied. This resulted in four sampling spots per plot. Using
an auger, samples of 500 g were taken at 15 cm depth (for measuring soil organic matter) and 60 cm depth
(nutrients, pH, cation exchange capacity, salinity, bulk density). For analysis, the homogenized samples were
dried at 35° C in a hot-air cabinet and screened through a sieve of 2 mm porousness. Inorganic nitrogen
(nitrate and ammonium) was determined spectrophotometrically (Hach DR 2800 Spectrophotometer)
using the chromotropic acid extraction method (Clarke & Jenning ,s  1965); available phosphorous was also
analyzed with spectrophotometer (Olsen et al., 1954); exchangeable K, Ca and Mg were determined with
flame photometer (PG Instruments FP902 Flame Photometer) using ammonium acetate (Simard, 1993); as
for organic matter, the volumetric method, as described by Walkley and Black (1934), was applied. Regarding
soil pH and electric conductivity (EC), a combined pH and EC meter and a 0.01 M calcium chloride solution
for pH sample preparation were used. The cation exchange capacity (CEC) was measured at pH 7 with
ammonium acetate (Chapman, 1965). Bulk density was determined from a core sample. Harvesting was
done weekly for twelve weeks.

Statistical analysis. Normality of distribution of means was tested using the Shapiro-Wilk test. Significant
differences regarding the impact of fallow management on yield and on soil properties were determined using
a one-way ANOVA and a post-hoc analysis with a Tukey test (p ≤ 0.05).
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2. Results and discussion

After one cropping cycle, mineral N was highest in the fire-free treatment (table 3). The burned treatment
showed a notable increase of N after burning followed by a slight decrease simultaneously to the vegetative
growth of the crops, which intensified with the beginning of the raining season (figure 1). As for P, the burned
treatment showed a slight increase after burning, which was reversed after seeding; the unburned treatment
was continuously below the burned one (figure 2). It was observed that the intense precipitation during
the raining season decreased the soil reserves of N and K in the burned treatment but not in the unburned
one. This can be attributed to a higher nutrient leaching in slash-and-burn agriculture (Szott et al., 1999).
However, after one production cycle, soil reserves of N and P remained considerably low in both treatments.
Consequently, for subsequent production cycles, these nutrients have to be provided by additional (organic
or mineral) sources (Kato et al., 1999). As for soil reserves of K, they increased through both treatments, but
stronger through burning (figure 3): Exchangeable K rose drastically after burning and started to decrease
after the first intense rainfalls; the fire-free management ended up almost 100 kg ha-1 below the burned
variant. Regarding Ca and Mg, the alternative treatment decreased their reserves, while burning caused an
increase (table 3). Yet, these nutrients are relatively abundant in the soils of the region. In this regard, nutrient
availability might play a more important role than nutrient supply. A slightly alkali pH of 7.8 was measured
in the burned treatment (a value, where the availability of Ca and Mg starts to decrease). This is a higher pH
by trend compared to the fire-free management, which showed a pH of 7.2

Organic matter decreased 25 % through burning and continued to decline until the beginning of the
raining season, when it started to flatten; the fire-free management caused a continuous increase. The
burning also raised the salinity. Finally, burning increased the bulk density more severely than the alternative
treatment (table 3).

TABLE 3
Nutrient reserves soil properties at 60 cm soil depth (only organic at 15 cm depth)

after a field for milpa (initial situation) and after one milpa season with slash-and-burn
management and with the incorporation of the chopped biomass (fire-free management)

Note: † Inorganic; ‡ Exchangeable; § Bulk density; * different letters in the same column indicate significant
differences (p < 0.05) between after a one-way ANOVA and a post-hoc analysis with a Tukey-Test (p ≤ 0.05).

There was no impact of fallow cleaning on maize and bean yield; both managements generated a yield
within the expected ranges for milpa in this region (Moya-García et al., 2003). In contrast, squash yield was
higher with slashing-and-burning (table 4).
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TABLE 4
Yields of maize, squash and bean of a milpa after one cropping season during twelve
weeks of harvesting, comparing slash-and-burn-farming and a fire-free management

Note: * Different letters in the same column indicate significant differences (p < 0.05)
between after a one-way ANOVA and a post-hoc analysis with a Tukey-Test (p ≤ 0.05).

FIGURE 1
Development of soil-reserves of mineral N (ammonium and nitrate) during a milpa

cycle, comparing slash-and-burn-farming and a fire-free management, in kg ha-1
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FIGURE 2
Development of soil-reserves of plant-available P during a milpa cycle,

comparing slash-and-burn farming and a fire-free management, in kg ha-1

FIGURE 3
Development of soil-reserves of K during a milpa cycle, comparing

slash-and-burn farming and a fire-free management, in kg ha-1

Conclusions

Milpa has sustained the nutrition of Mesoamerican societies for centuries; and it still has the potential to
provide food security and sovereignty for Maya peasants. Even more: thanks to its agrobiodiversity, milpa is
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highly resilient and adaptive to changing environmental conditions, which makes it a source of inspiration
for confronting climate change. Thus, there is a need for milpa in the 21st century.

Milpa has been widely related with slash-and-burn farming, which today is considered an unsustainable 
practice that decreases soil fertility in the long term. Particularly, burning increases soil pH and drastically 
decreases soil organic matter, which was confirmed in the present study.

In most parts of Mesoamerica (also on the Yucatan), milpa is also related with land rotation, where burned 
soils can recover for (up to fifty) years. Due to a growing population, an increasing non-agricultural land 
use (urbanization, industrialization, tourism, cattle farming) and changes in land tenure, Maya peasants 
now count with a decreasing area of land available for farming. Consequently, fallows are getting shorter 
and shorter. This makes a slash-and-burned milpa management an unsustainable option for the future. 
Consequently, a sustainable preservation of milpa requires a fire-free management of this agrobiodiverse 
polycropping system.

Nonetheless, milpa is still popular on the Yucatan Peninsula. Apart from being a quick and inexpensive 
fallow cleaning measure, the use of fire also guarantees a quick mineralization of the cut residues. This 
circumstance is highly relevant in traditional milpa, whose nutrition strategy is only based on burned plant 
residues and on intercropping legumes. Since the most significant criticism of burning (its effect on soil 
pH and organic matter) and its appraisal by Maya peasants (quick soil nutrient supply) are both related to 
chemical and physical soil properties, the present experiment compared a slash-and-burned milpa with an 
alternative (fire-free) management based on these parameters.

It was demonstrated that regarding mineral nutrients, burning increased the reserves of cationic 
macronutrients (K, Ca, and Mg) compared to the incorporation of chopped residues. This was not true for 
N, where a converse development was observed. As for P, soil reserves after one cropping season remained 
low in both treatments. Noteworthily, leaching of N and K was higher in the burned treatment during the 
raining season.

The maize and legume yields were equal in both treatments. This means that the soil degradation through 
burning is not as high as to affect the output in a single cropping period. However, burning intensifies the 
leaching of a considerable part of the nutrient reserves; and the reduction of soil organic matter reduces the 
nutrient and water retention of burned soils. Without yearlong fallow periods, this development is expected 
to harm the soil fertility in subsequent slash-and-burn cycles. Additionally, an increased soil pH would 
decrease the nutrient availability. Finally, the burned soils showed higher conductivity and bulk density.
Thus, burning is expected to cause a negative long-term effect on the chemical, the physical and the biological 
soil fertility.

In contrast, a fire-free management (consisting in the incorporation of chopped residues) resulted in a 
significant increase of soil organic matter and in a lower pH by trend. This makes a fire-free management a 
more sustainable option on fields where milpa is seeded without long fallow periods. Though, the supplies 
of most macronutrients were low during the entire cropping season. This circumstance resulted in a lower 
squash yield; and it would certainly decrease the yields of all crops in a subsequent milpa. Consequently, 
succeeding with a fire-free management as a measure to maintain agrobiodiversity and to guarantee healthy 
soils in the long term, requires an additional (preferably organic) nutrition management from the first year 
on.

The present (annual) study demonstrated a positive impact of a fire-free milpa management on soil 
properties, such as soil organic matter content, salinity, and bulk density. However, similar studies over longer 
periods are necessary to determine the long-term development of the chemical and physical soil fertility 
in milpas implemented in unburned soils. Additionally, the practical and economic viability of a fire-free 
management (which, compared to burning, or requires more manpower or mechanization) for small-farmers 
has to be explored.
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