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Abstract

Coffee is one of the most relevant crops in Mexico, its importance lies in the fact that it is a
sustainable crop, it has been adopted and adapted by indigenous communities and generates foreign
exchange for the country. One of the most important coffee growing regions in the country is the
South Pacific, made up of Chiapas, Oaxaca and Guerrero where 53% of the coffee is produced and
60% of the producers of this aromatic are found. The presence of pests and diseases in coffee can
generate losses between 30 to 50% of production. The Hypothenemus hampei (Ferrari) coffee berry
borer is the most serious entomological problem of this crop and its presence in the country is over
40 years old, currently it is found in all states that grow coffee. That is why, in this work, a practical
methodology was generated that spatially calculated the degrees days of development of the coffee
berry borer through the surface temperature recorded by Modis images with a spatial resolution of
1 km and with a one-day temporary resolution, monitoring from April 01, 2018 to March 31, 20109.
The results indicated that up to 13 generations of the pest could form in this region, presenting risk
almost all year round, both due to development and pest spread. This methodology can help
strengthen the monitoring of the pest in the country.
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Introduction

Coffee is one of the most relevant crops in Mexico, its production amounts to more than 800
thousand tons per year and is grown in 483 municipalities in 14 states of the country with an
extension of 712 thousand hectares, which represents 3.3% of the agricultural area of the
country (SIAP, 2018). 18% of production is exported to 35 countries, contributing 1.6% of the
world total produced, generating more than 900 million pesos in foreign currency for the
country (SIAVI, 2018).

The cultivation has been adopted and adapted, in its majority, by indigenous communities (> 60%)
with native agroforestry systems (Barrera et al., 2004), which have been displaced as a
consequence of the diversification of production systems associated with the pressures of the world
market and together with problems of climate change and the presence of pests and diseases, coffee
farming suffers a degradation from all perspectives, noting in the production obtained (-3.9%
reduction annually in the last 20 years) and its competition international (Haggar et al., 2013;
Covaleda et al., 2014; Higuera and Rivera, 2018).

Pests and diseases are one of the most important threats to cultivation, and are among the most
important limiting factors in the productivity of agroforestry systems, since they can be
responsible for the loss of between 30 to 50% of production (Oerke, 2006; Barrera, 2007). Coffee
is susceptible to more than 287 pathogens (CABI, 2018) where the most harmful are rust
(Hemileia Vastatrix) and coffee berry borer (Hypothenemus hampei) (Giraldo-Jaramillo et al.,
2018; Libert and Paz, 2018).

The Hypothenemus hampie (Ferrari) coffee berry borer is the main entomological problem of
coffee, since it generates low profitability in cultivation, decreases the quantity in production,
increases production costs and alters the safety of the drink due to the presence of ochratoxins
(Camilo et al., 2003; Romero et al., 2007). In Mexico, the coffee berry borer was detected for the
first time in 1978, in the Mixcum common, Cacahoatan municipality, in the Soconusco Chiapas
region, it remained in that site until 1989.

It was reported in San Miguel del Puerto, Pochutla, Oaxaca; in 1991 in Tezonapa, Veracruz and in
1993 came to Atoyac de Alvarez, Guerrero. By 1994 it was present in 97 municipalities in 5 states:
Veracruz, Puebla, Chiapas, Oaxaca and Guerrero. In 1998, it came to San Luis Potosi which is the
northern boundary areas of the country coffee (Barrera, 2005; Ramirez et al., 2007). Currently, the
coffee bean is found in all coffee producing areas in Mexico, although infestation levels,
determined by agroecological conditions and agronomic management, range from 0 to 8.2%
(SENASICA, 2018).

Since the first detection, actions have been carried out in the country to detect and control the coffee
berry borer, first the implementation of the integrated management of the borer (MIB) through
legal, cultural and biological control, later the publication of the Standard Mexican Official NOM-
002-Fito-1995 that established the confinement and eradication of outbreaks of infestation as
mandatory, and currently NOM-002-FITO-2000 that establishes all the aforementioned measures,
controlling infestations below the economic threshold (<3% infestation) (DOF, 2001; SENASICA,
2016).
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Given the social and economic importance of coffee and the environmental and economic
damage caused by the spread of Hypothenemus hampie, efforts have been made in the country to
combat this and other coffee tree pests. An example of this is the creation of the coffee plant
phytosanitary epidemiological surveillance program (http://www.royacafe.lanref.org.mx/) and
the comprehensive reference system for phytosanitary epidemiological surveillance
(https://prod.senasica.gob.mx/SIRVEF/Default.aspx#divVEF) both from the general direction of
plant health of SENASICA, where technological tools such as the Smartphone are used to capture
data, a web platform for multi-scale analysis and the installation of climate sensors for monitoring
and through algorithms that allow knowing the spatio-temporal behavior, models for monitoring
and sampling are generated, implemented in the regional control areas (ARCO) (CNRF-VEFCC,
2018).

However, within the monitoring strategies of the Coffee berry borer, it has been necessary to
incorporate remote sensing tools. Chemura and Mutanga (2017); Decoro et al. (2017), mention
that, due to the agricultural complexity and heterogeneity of the crop, satellite images are useful
inputs to spatially analyze production and phytosanitary problems of coffee.

Chemura and Mutanga (2017); Cordero and Sader (2007) used Landsat 8 OLI and ETM + images,
respectively, the first to classify the coffee crop by age and relate it to production and the second
to differentiate coffee from other crops; through standardized indices, both using infrared bands
and radiometric resolution to classify and separate coffee from shade vegetation.

On the other hand, Bernardes et al. (2012); Brunsell et al. (2009) used Modis satellite images to
calculate coffee yield using vegetation indices, and despite having low spatial resolution, the high
temporality of these images strengthened the phenological analysis of the crop. Hassan et al.
(2007); Zhang et al. (2013) used Modis images to calculate degrees of development days with high
levels of precision, and Decoro et al. (2017) used high-resolution images to calculate heat units
that helped identify areas of risk to nematodes in coffee.

The objective of this work is to develop a practical methodology that spatially calculates the degree
days of development of Hypothenemus hampei through the surface temperature recorded by Modis
images in coffee crops of the South Pacific states. This methodology is presented as an option for
monitoring the Coffee berry borer on a regional scale, which is also characterized by not being
invasive, it is automatable, with immediate results, with a high spatio-temporal dynamics, which
can be used for monitoring and pest surveillance.

Materials and methods

The South Pacific coffee region is one of the most productive in the country, where Chiapas,
Oaxaca and Guerrero produce 53.9% of the coffee in Mexico, with a yield of 0.92 t ha™* (SIAP,
2018). 60.5% of the country's coffee producers are concentrated in this area (AMECAFE, 2006),
the majority of which are indigenous of different ethnicities (Higuera and Rivera, 2018). In the
region, coffee crops are observed in the shade and under the sun modalities, with five different
systems, predominantly monoculture under shade, and ranging from 600 to 1 600 masl (Barrera
et al., 2004).
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Currently, the coffee berry borer is reported in 244 municipalities in 11 states, generating economic
damages equivalent to 100 million pesos (SENASICA, 2019a) (Figure 1). Currently, the coffee
berry borer is found in 44 municipalities in Chiapas with infestation levels ranging from 2.2 to
2.6%, Oaxaca reports infestations between 3.9 to 4.7% in 55 municipalities and Guerrero reports
infestations of 1.3% in 5 municipalities (SENASICA, 2018).

Figure 1. Current situation of the H. hampei coffee berry borer in Mexico. SENASICA (2019a).

The degrees days of development (GDD) is an index that calculates the biological development
based on temperature and has been applied in the monitoring of crops or insects (Hassan et al.,
2007). Also known as heat units or development units, the GDD in insects has been used to
calculate the development speed based on the lower and upper threshold temperature ranges at
which the development of the species ceases and its requirement for accumulation of heat units in
order to complete its life cycle (egg-adult) (Maiorano, 2012; Damos, 2015).

For the generation of the degree days model, Modis images were downloaded from the LAADS
DAAC platform (https://ladsweb.modaps.eosdis.nasa.gov/search/order/1/Mod11A1--6),
specifically the product MOD11A1 version 6 it provides daily Earth Surface Temperature (LST)
with a spatial resolution of 1 km by 1 km. 356 images corresponding to a daily one were
downloaded from April 01, 2018 to March 31, 2019, and for the total coverage of the states of
Guerrero, Oaxaca and Chiapas, two grids were used (H9V7 and H8V7).

The images were processed in ArcGIS v10.7 software, adding the subdataset 0 of each image,
which corresponds to the daily LST. Subsequently, the scaling of the pixel values that were
originally in a range of 7 500 to 65 535 was performed, this procedure was performed using the
raster calculator, multiplying the image by the scale factor that is 0.02, resulting in the pixel value
in kelvin unit, which was converted to centigrade (Wan et al., 2015). Subsequently, the following

Tmin+Tmax

formula was applied to each image: GDDZf- UL

Where Tmin is minimum temperature, Tmax is maximum temperature and Ul is the lower
temperature threshold (Snyder, 1985; Hassan et al., 2007). For Hypothenemus hampei, the data
obtained by Jaramillo et al. (2009); Giraldo-Jaramillo et al. (2018) who report a minimum
temperature and a lower threshold of 13.9 °C and a maximum of 32 °C, with a cumulative degree
days of 299 heat units to complete the phases from egg to adult.
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For the cartographic representation, a summation of the values per day was made for each month,
in addition, a transformation of coordinate systems from the sinusoidal projection to the conic
projection was carried out according to Lambert and applied a mask to extract only the pixel values
of the study area.

In order to establish relationships between the degrees of days models and the presence and
infestation of the pest in the study area, data on the national incidence of captured bitch adults
and the averages of brocade fruits and adults captured by site/state. The bulletins used were
those corresponding to the months of April 2018 (bulletin no. 56) until March 2019 (bulletin
no. 67).

The extracted data were entered into a database and separated by state, in addition to relating them
to the municipalities where the pest is reported, so that in turn they were superimposed on the
results of degrees days of development obtained from the analysis of the images.

Results and discussion
Derived from the analysis of satellite images, in the South Pacific region there are optimal
temperature conditions for the accumulation of degrees days of development of the coffee berry
borer. The calculation shows that the scenario is conducive to the development of more than 10

generations of H. hampei in a year (Figure 2) and this scenario would only appear if the temperature
conditions were constant throughout the year.
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Figure 2. Calculation of degrees days of Hypothenemus hampei in Chiapas, Guerrero and Oaxaca,
according today, month and year.

Giraldo-Jaramillo et al. (2018) mention that the greatest reproduction and incidence occurs when
there is an increase in temperature and there is availability of coffee fruit for the infestation,
producing annually from 5.1 to 12.4 generations. In Mexico, it has been estimated that with average
temperatures of 20 to 22 °C, the generation time is 45 days (maximum 8 generations per year),
under field conditions (Ruiz et al., 2013). However, the accumulation of the degrees days to
complete a generation of the plague is more intense between the months of February to May, with
lags between each of the coffee states, reducing the accumulation of heat units between August to
December (Figure 2).

547



Rev. Mex. Cienc. Agric. vol. 11 num. 3 April 01 - May 15, 2020

It should be noted that coffee in Mexico is produced between the months of October (start of
harvest) to May (end of harvest) in the area of Guerrero, Oaxaca and Chiapas (SIAP, 2019). The
phenology of the crop varies according to the temperature defined by the season of the year, the
altitude and the latitude, while in the months of February and March flowering predominates, from
August to December the crop is in a consistent stage and maturing, these being stages with the
highest risk for H. hampei involvement (SENASICA, 2019b).

The spatial behavior of the degree days of development can be seen in Figure 3, the classification
ranges were based on the accumulation of heat units required for each stage of development of the
pest (Jaramillo et al., 2009; Giraldo-Jaramillo et al., 2018). For April and May 2018, the degree
days accumulation conditions exceeded 300 heat units, particularly in Atoyac de Alvarez, Coyuca
de Benitez, San Luis Acatlan and Malinaltepec in Guerrero, Santiago Nuyoo, Santiago Jamiltepec
and Santiago Ixtayutla to the west of Oaxaca and Ocozocoautla de Espinoza in Chiapas, places
where there is also the presence of the coffee berry borer.
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Figure 3. Degrees days of development for the South Pacific region.
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According to epidemiological bulletin no. 56 of the month of April (2018) the average catches of
adults per site were 76 in Guerrero, 31 in Oaxaca and 152 in Chiapas, while for May (bulletin no.
57) there were 104 catches in Guerrero, 26 in Oaxaca and 67 in Chiapas. It should be noted that,
although at this time the cultivation of coffee, its predominant phenological phase was sprouts and
fruit tie, it represented a risk due to the number of adults captured. For the month of June 2018,
there was a reduction in the degree days of the three states, with accumulations of less than 120
heat units.

Despite the fact that in this month the predominant phenological phase is fruit mooring and milky,
the insect tends to abandon the fruit due to its consistency, causing damage to a greater number of
grains (Barrera et al., 2008). In July 2018, an increase in the degree days was observed and although
there were only conditions for the formation of a generation in the municipalities of San Luis
Acatlan, Guerrero and Frontera Comalapa and La Concordia in Chiapas.

It represented a risk because in epidemiological bulletin no. 59 the capture of 30 adults on average
by state was reported (SENASICA, 2019b), in addition to considering that after harvest, the borer
continues to reproduce in the unharvested or residual fruits found in the plant and in the soil (Baker
and Barrera, 1993).

From August to October 2018, the accumulation of degrees days did not exceed 200 units,
however, the reports of the epidemiological bulletins (bulletin no. 60, 61 and 62) indicate that
in these months the highest rates of brocade fruits were presented, with an average of 8.4 fruits
per site in Guerrero, 13.7 in Oaxaca and 13.2 in Chiapas. In this period, the phenological phase
of coffee was predominantly with consistent fruits, which suggested a high risk of affectation
(SENASICA, 2019b).

From November 2018 to March 2019, which is the period when most of the coffee is harvested in
the region, the accumulation of heat units increased as the months passed. From November 2018
to January 2019, due to the presence of consistent fruits it generated that risk will be presented
mainly in the municipalities of Santa Maria Tonameca, Santa Maria Ecatepec and Santo Domingo,

Chiapas, with accumulations of degrees days greater than 350 heat units.

In February and March 2019, with the reduction of ripe fruits and the increase of plants in
sprouting, the risk was reduced; however, in these months accumulations of heat units greater
than 400 heat units occurred in 58% of the municipalities that report the presence of the pest,
in addition to the fact that the average adult catch was up to 80 individuals per site (SENASICA,
2019b).

In general, there are two periods in the accumulation of degrees days of development, the one that
begins in November and ends in May with temperature conditions that can develop more
generations of the pest in reduced periods of time and the corresponding one from June to October
where the accumulation of heat units are less, lengthening the development periods of the coffee
berry borer.
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In the same way, two periods of the H. hampei plague are recognized, one in the interharvest period,
which runs from May/June to October, where adults go into diapause taking refuge in nuts to resist
adverse conditions (Baker et al., 1992), while from November to May, there is an emergence of
the adult borer, which emerge from the ripe fruits and begin their dispersal flight towards other
fruits in bloom (from the new coffee harvest), which gives rise to the first generation of the year
(Barrera et al., 2006; SENASICA, 2016).

In both cases, the risk to the coffee berry borer is throughout the year, one where it reproduces and
the other where it disperses and causes damage to the coffee. This is verified with the data from
the epidemiological reports generated from the SENASICA phytosanitary epidemiological
surveillance program, where the number of adults caught in traps occurs from January to May and
the highest number of brocade fruits occurs from July to October (SENASICA, 2019b). This
relationship, mainly with the adults captured in the dispersal period and the degree days of
development can be seen in Figure 4.
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Figure 4. Relationship between the average accumulated GDD and the number of adults captured
per site.

When the number of adults captured per site is below 50, the degree days of development do not
exceed 350 heat units, and this behavior occurs between the months of June 2018 to January 2019,
while the months of April-May 2018 and February-March 2019, the adult catch is greater than 60
and the heat units increase to more than 350 degrees accumulated days of development.

It should be considered in this trend, the source of comparative data, since the results of
epidemiological bulletins represent a portion of what is happening in the areas affected by the
coffee berry borer, equivalent to 2 890 ha (approximately ) monitored from traps, in the three study
states, while the results of the heat units are the result of the values of all the coffee areas in each
state.

In addition, the spatial resolution of each of these variables is different, while the data for degrees
of development days represent an area of 1 km? per pixel, the catch data for adults are on average
per plot. However, temperature is an important variable for the probability of greater dispersion,
reproduction and development of the coffee berry borer.
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The GDD data obtained with Modis images represent a continuous spatial coverage, particularly
with climatological phenomena. The temperature of the earth’s surface is an element that can
change according to latitude, altitude, type of vegetation, etc., those changes in the surface can
differentiate insect populations. As no data was obtained at ground level for surface temperature,
the reliability of the results with respect to heat units can generate uncertainty, in addition to the
fact that most studies of heat units use data from meteorological stations and the values are
interpolated with different methods.

However, Akther and Hassan (2011) obtained a precision in their GDD classification using MODIS
images of 90.3% when compared with data from weather stations. Hassan et al. (2007) evidenced
that the precision with which GDD classifies MODIS images is greater than 82% reliability. For
this study, the GDD data obtained from the images were not compared with data from
meteorological stations, due to the absence of digital data, and those that existed were in areas far
from the coffee producing areas.

One of the benefits of using Modis images for the calculation of GDD, is the availability of such
images, since being a heliosynchronous sensor, it can capture several images in a single day, as
well as obtain the resource of the current day (Wan et al., 2015). For this study, daily images were
downloaded (Mod11A1), although MOD11A2 exists within the MODIS products, which averages
the daily images and presents them as weekly average temperature (8 days). In this case, Zhang et
al. (2013) recommends that for the calculation of GDD, the daily images be used as temporality.

Conclusions

Coffee is one of the most relevant crops in Mexico and the world, it is associated with processes
of sustainability, cultural roots and traditional techniques; however, the crop suffers from
economic, social, cultural and environmental problems, such is the case that its production has been
declining -3.9% annually in the last 20 years. Pests and diseases, associated with climate changes,
are problems that impact coffee growing, so creating and applying methodologies that help
safeguard the crop are important, especially if these methodologies manage the time variable and
its process can be systematized.

The degrees of development days calculated with Modis images are a good input to support the
monitoring and surveillance processes of Hypothenemus hampei or other pests of quarantine or
economic importance. It has been shown that the GDD result for coffee berry borer corresponds to
the presence of adults per site, in addition to territorializing the places that have the most suitable
temperature conditions for one or more generations of the pest to develop.

In this sense, GDDs with Modis images spatialize the phytosanitary problem, which can be
related to some other relevant spatial variable. The images can be used to estimate the monthly
and annual number of generations of this pest, for use in integrated pest management programs.
According to the calculation, up to 13 generations of Hypothenemus hampei can be generated
in the South Pacific states. Municipalities with large areas of coffee are at risk in the presence
of the most important entomological problem of the crop. This pest can have extraordinary
periods of population growth, which could be monitored with these images and through
knowing the GDD of the insect.
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This methodology can easily be incorporated into the phytosanitary epidemiological surveillance
program for the coffee crop.

Acknowledgments

This study was carried out at the Technological Prospecting Laboratory for Innovative
Development of Food and Nutrition (PROTEAA) within the framework of the project ‘Production
and use of coffee. Systemic prospecting of the value chain in the states of Chiapas, Oaxaca and
Guerrero® within the call for projects of national problems 2015 CONACYT registered under
number 1011.

Cited literature

Akther, S. and Hassan, K. 2011. Remote sensing-based estimates of surface wetness condition and
growing degree days over northern Alberta, Canada. Boreal Environ. Res. 16(5):407-416.

AMECAFE. 2006. Padrén Nacional de Cafetaleros. Asociacion Mexicana de Cadenas Productivas
de Cafeé. https://amecafe.org.mx/-.

Baker, P.; Barrera, J. and Rivas, A. 1992. Life history studies of the coffee berry borer
(Hypothenemus hampei, Scolytidae) on coffee trees in southern Mexico. J. Appl. Ecol.
29(3):656-662.

Baker, P. and Barrera, J. 1993. A field study of a population of coffee berry borer, Hypothenemus
hampei (Coleoptera: Scolytidae), in Chiapas, Mexico. Tropical Agriculture. 70(4):351- 355.

Barrera, J.; Parra, M.; Herrera, O.; Jarquin, R. y Pohlan, J. 2004. Plan estatal de manejo
agroecologico del café en chiapas: guia hacia una cafeticultura sustentable. Comision para
el Desarrollo y Fomento del Café de Chiapas y El Colegio de la Frontera Sur. Tapachula,
Chiapas, México. 164 p.

Barrera, J. 2005. Investigacion sobre la broca del café en México: logros, retos y perspectivas. In:
Simposio sobre Situacion Actual y Perspectivas de la Investigacién y Manejo de la Broca
del Cafe en Costa Rica, Cuba, Guatemala y México. Sociedad Mexicana de Entomologia-
Colegio de la Frontera Sur. Tapachula, Chiapas, México. 1-13 pp.

Barrera, J. 2006. Manejo holistico de plagas: hacia un nuevo paradigma de la proteccion
fitosanitaria. In: Pohlan, J.; Soto, L. y Barrera, J. (Eds.). El cafetal del futuro: realidades y
visiones. Aachen, Shaker Verlag, Alemania. 63-82. p.

Barrera, J. 2007. Manejo holistico de plagas: mas alla del MIP. In: Memorias del XXX Congreso
Nacional de Control Bioldgico-Simposio de IOBC, Mérida, Yucatan. 18 p.

Barrera, J.; Gémez, J.; Castillo, A.; Lopez, E.; Herrera, J. y Gonzéalez, G. 2008. Broca del cafgé,
Hypothenemus hampei (Coleoptera: Curculionidae). In: Arredondo-Bernal, H. C. vy
Rodriguez-del-Bosque, L. A. 101-120 p. (Eds.). Casos de control bioldgico en México.
Mundi-Prensa, México, DF. 423 p.

Bernardes, T.; Moreira, M.; Adami, M.; Giarolla, A. and Theodor, B. 2012. Monitoring biennial
bearing effect on coffee yield using MODIS Remote Sensing Imagery. Remote Sensing.
4(9):2492-2500.

Brunsell, N.; Pontes, P. and Lamparelli, R. 2009. Remotely Sensed phenology of coffee and its
relationship to yield. GIScience Remote Sensing. 46(3):289-304.

CABI. 2018. Coffea (coffee). Invasive species compendium. Centre for Agricultural Bioscience
International. https://www.cabi.org/isc/datasheet/14791.

552


https://amecafe.org.mx/
https://www.cabi.org/isc/datasheet/14791

Rev. Mex. Cienc. Agric. vol.11 num.3 April 01 - May 15, 2020

Camilo, J.; Olivares, F. y Jiménez, H. 2003. Fenologia y reproduccién de la broca de café
(Hypothenemus hampei) durante el desarrollo del fruto. Agron. Mesoam. 14(1):59-66.

Chemura, A. and Mutanga, O. 2017. Developing detailed age-specific thematic maps for coffee
(Coffea arabica L.) in heterogeneous agricultural landscapes using random forests applied
on Landsat 8 multispectral sensor. Geocarto International. 32(7):759-776.

CNRF-VEFCC. 2018. Manual técnico operativo 2018, para la vigilancia fitosanitaria en el cultivo
del cafeto. Direccion General de Sanidad Vegetal-SENASICA.
https://prod.senasica.gob.mx/sirvef/contenidopublico/roya%?20cafeto/estrategia%20operat
iva/manualoperativoroyacafeto.pdf.

Cordero, S. and Sader, S. 2007. Spectral analysis and classification accuracy of coffee crops using
Landsat and a topographic-environmental model. Inter. J. Rem. Sensing. 28(7):1577-1593.

Covaleda, S.; Aguilar, S.; Ranero, A.; Marin, I. y Paz, F. 2014. Diagndstico sobre determinantes
de deforestacion en Chiapas. Alianza México para la reduccién de emisiones por
deforestacién y degradacion. http://www.pmcarbono.org/pmc/biblioteca/doc-socios.php.

Damos, P. 2015. Modular structure of web-based decision support systems for integrated pest
management. Agron. Sustainable Development. 35(4):1347-1372.

Decoro, G.; Trindade, M. and Vieira, B. 2017. Detecting and mapping root-knot nematode
infection in coffee crop using remote sensing measurements. IEEE J. Selected Topics Appl.
Earth Observations Remote Sensing. 10(12):5395-5403.

DOF. 2001. Norma Oficial Mexicana NOM-002-FITO-2000. Campafia contra la broca de café.
Diario Oficial de la Federacion. México, DF. 1-9 pp.

Giraldo-Jaramillo, M.; Garcia, A. y Parra, R. 2018. Biology, thermal requirements, and estimation
of the number of generations of Hypothenemus hampei (Ferrari, 1867) (Coleoptera:
Curculionidae) in the State of Sao Paulo, Brazil. J. Econ. Entomol. 111(5):2192-2200.

Haggar, J.; Medina, B.; Aguilar, R. y Mufioz, C. 2013. Land use change on coffee farms in
southern guatemala and its environmental consequences. Environmental Management.
51(4):811-823.

Hassan, Q.; Bourgue, C.; Meng, F. and Richards, W. 2007. Spatial mapping of growing degree
days: an application of MODIS-based surface temperatures and enhanced vegetation index.
J. Appl. Remote Sensing. 1(1):1-12.

Higuera, I.; y Rivera, J. 2018. Chiapas: problemaéticas del sector cafetalero. Centro de Investigacion
y Asistencia en Tecnologia y Disefio del Estado de Jalisco, AC. 112 p.

Jaramillo, J.; Chabi-Olaye, A.; Kamonjo, C.; Jaramillo, A.; Vega, F.; Poehling, H. and
Borgemeister, C. 2009. Thermal tolerance of the coffee berry borer Hypothenemus hampei:
predictions of climate change impact on a tropical insect pest. PLoS ONE, 4(8):e6487.

Libert, A. y Paz, F. 2018. Del papel a la accion en la mitigacion y adaptacion al cambio climatico:
la roya del cafeto en Chiapas. Madera y Bosques. 24(spe):1-24.

Maiorano, A. 2012. A physiologically based approach for degree-day calculation in pest phenology
models: the case of the european corn borer (Ostrinia nubilalis Hbn.) in northern Italy.
Inter. J. Bio. 56(4):653-659.

Oerke, E. 2006. Crop losses to pests. J. Agric. Sci. 144(1):31-43.

Ramirez, M.; Gonzéalez, M.; Bello, A. y Romero, S. 2007. Campafia nacional contra la broca de
café en méxico: operaciones y perspectivas. In: la broca de café en america tropical:
hallazgos y enfoques. Barrera, J. F.; Garcia, A.; Dominguez, V. y Luna, C. (Eds.). Sociedad
Mexicana de Entomologia y el Colegio de la Frontera Sur. México. 73-81 pp.

553


https://prod.senasica.gob.mx/sirvef/contenidopublico/roya%20cafeto/estrategia%20operativa/manualoperativoroyacafeto.pdf
https://prod.senasica.gob.mx/sirvef/contenidopublico/roya%20cafeto/estrategia%20operativa/manualoperativoroyacafeto.pdf
http://www.pmcarbono.org/pmc/biblioteca/doc-socios.php

Rev. Mex. Cienc. Agric. vol.11 num.3 April 01 - May 15, 2020

Romero, J.; Cortina, H. and Alfonso, H. 2007. Life tables of Hypothenemus hampei (Coleoptera:
Curculionidae: Scolytinae) on three coffee accessions. Rev. Colomb. Entomol. 33(1):10-16.

Ruiz, J.; Bravo, E.; Ramirez, G.; Baez, A.; Alvarez, M.; Ramos, J.; Nava, U. y Byerly, K. 2013,
Plagas de importancia econdémicas en Mexico: aspectos de su biologia y ecologia. Instituto
Nacional de Investigaciones Forestales, Agricolas y Pecuarias-Campo Experimental.
Centro Altos de Jalisco. Tepatitlan de Morelos, Jalisco. Libro técnico num. 2. 447 p.

SENASICA. 2016. Ficha técnica de la broca de café. Servicio Nacional de Sanidad, Inocuidad y
Calidad Agroalimentaria. Secretaria de Desarrollo Rural (SADER). https://www.gob.mx/
senasica/documentos/ficha-tecnica-broca-del-cafe.

SENASICA. 2018. Informe y evaluaciones de la campafa contra la broca de café. Servicio
Nacional de Sanidad, Inocuidad y Calidad Agroalimentaria. Secretaria de Desarrollo Rural
(SADER). https://www.gob.mx/senasica/documentos/informes-y-evaluaciones-2018-bc.

SENASICA. 2019a. Mapa dindmico fitosanitario-broca de café (Hypothenemus hampei) en
México. Servicio Nacional de Sanidad, Inocuidad y Calidad Agroalimentaria. Secretaria de
Desarrollo Rural (SADER). http://sinavef.senasica.gob.mx/MDF/.

SENASICA. 2019b. Boletin epidemioldgico-fitosanidad del cafeto, situacion epidemioldgica de la
roya del cafeto y otros riesgos fitosanitarios asociados al cultivo del cafeto en nueve estados
productores. Programa de Vigilancia Epidemioldgica Fitosanitaria. SADER-SENASICA-
DGSV, México, DF. http://www.royacafe.lanref.org.mx/.

SIAP. 2018. Cierra de la produccion agricola-café cereza. Servicio de Informacion
Agroalimentaria y Pesquera. https://nube.siap.gob.mx/cierreagricola/.

SIAP. 2019. Estacionalidad por afio agricola-café cereza. Servicio de Informacion Agroalimentaria
y Pesquera. http://infosiap.siap.gob.mx/estacionalidad-gb/est-agricola-AA/index.php.

SIAVI. 2018. Estadisticas anuales-capitulo 0901. Sistema de Informacion Arancelaria Via Internet.
http://www.economia-snci.gob.mx/.

Snyder, R. 1985. Hand calculating degree days. Agric. Forest Meteorol. 35(1-4):353-358.

Wan, Z.; Hook, S. and Hulley, G. 2015. Mod11al modis/terra land surface temperature/emissivity
daily I3 global 1km sin grid v006 [Data set]. Nasa Eosdis Lp Daac.

Zhang, L.; Huang, J.; Guo, R.; Li, X.; Sun, W. and Wang, X. 2013. Spatio-temporal reconstruction
of air temperature maps and their application to estimate rice growing season heat
accumulation using multi-temporal MODIS data. J. Zhejiang University-Science B.
12(2):144-161.

554


https://www.gob.mx/%20senasica/documentos/ficha-tecnica-broca-del-cafe
https://www.gob.mx/%20senasica/documentos/ficha-tecnica-broca-del-cafe
https://www.gob.mx/senasica/documentos/informes-y-evaluaciones-2018-bc
http://sinavef.senasica.gob.mx/MDF/
http://www.royacafe.lanref.org.mx/
https://nube.siap.gob.mx/cierreagricola/
http://infosiap.siap.gob.mx/estacionalidad-gb/est-agricola-AA/index.php
http://www.economia-snci.gob.mx/

