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Abstract

The research objective is to establish the relationship between the size and weight of Arabica coffee
beans and five altitudinal gradients, from 1,000 to 1,800 MAMSL, in the Toledo municipality, Norte
de Santander, Colombia. Four farms were randomly selected per gradient, and the 2017 and 2018
harvests were analyzed, obtaining 40 observations. We classified 120 g of green beans per sample by
size and weight using sieves # 18, 16, and 14, and weighed 50 green beans per sample to determine
the trends by altitudinal zone. The data obtained were examined by descriptive analysis, variance, and
Student’s t-test. The highest value of grain size retained in sieve # 18 was 17.99 g + 8.16 g (Zone 2),
and the lowest was 12.87 g = 5.30 g (Zone 1); in sieve # 10, the highest value was 87.30 g £ 18.60 ¢
(Zone 2), and the lowest was 62.56 g = 19.49 g (Zone 1); in sieve # 14 the highest value was 52.86 g
1+ 18.20 g (Zone 1) and the lowest value was 28.60 ¢ + 10.10 g (Zone 2). As to the residues, the
highest value corresponded to floor 5 with an average of 16.03 g £ 10.63 g, and Zone 3 obtained the
lowest value with 8.82 g £ 3.54 ¢.

Keywords: agriculture, altitude, climate, coffee, yield

Tamafio y peso de granos de café en relacion con rangos
altitudinales en zonas cafetaleras de Toledo, Norte de
Santander (Colombia)

Resumen

El objetivo de esta investigacion fue establecer la relacion del tamafio y el peso de los granos de café
ardbica (Coffea arabica 1.) con respecto a cinco gradientes altitudinales, desde los 1.000 hasta los
1.800 m s. n. m., en el municipio de Toledo, departamento de Norte de Santander (Colombia). Se
seleccionaron al azar cuatro fincas por gradiente y se analizaron las cosechas de 2017 y 2018, para un
total de 40 observaciones. Por cada muestra se clasificaron 120 g de granos verdes segun tamafio y
peso con las zarandas n.° 18, 16 y 14, y se pesaron 50 granos verdes por muestra para determinar las
tendencias por piso altitudinal. Los datos obtenidos se examinaron mediante andlisis descriptivo,
varianza y prueba t de Student. El mayor valor del tamafio de los granos retenidos en la zaranda 18
fue de 17,99 g £ 8,16 g (piso 2) y el menor fue de 12,87 g £ 5,30 g (piso 1); en la zaranda 16, el mayor
valor fue de 87,30 g + 18,60 g (piso 2) y el menor fue de 62,56 g+ 19,49 g (piso 1); en la zaranda 14,
el valor mayor fue de 52,86 g = 18,20 g (piso 1) y el menor fue de 28,60 ¢ £ 10,10 g (piso 2), y en los
residuos, el mayor valor correspondié al piso 5, con media de 16,03 g £ 10,63 g, y el menor valor al
piso 3, con 8,82 g + 354 ¢.

Palabras clave: agricultura, altitud, café, clima, rendimiento
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Introduction

In Latin America, the coffee economy is a cultural legacy around which most mountain peoples have
been built (Nufiez, 2015). Nonetheless, this critical socioeconomic segment has begun to experience
climate change’s effects on its growing (Harvey et al., 2018; Kgosikoma et al., 2018; Sada et al., 2014).
This environmental phenomenon alters the conditions of ecosystems, particulatly the physiological
and reproductive variables of plants (Gourdji et al., 2013; Nendel et al., 2018); the migration and
infestation of pests, weeds, and diseases (Aguirtre, 2013; Caéija et al., 2017; Galindo et al., 2013; Ziska
et al., 2018), and a decrease in crop yields and quality (D’Agostino & Schlenker, 2016; Lachaud et al.,
2017).

Altitude is a modifying factor of the appropriate climatic conditions for developing the coffee crop
since the temperature decreases at higher altitudes. Colombia has temperatures of 0.61 °C/100 m in
the Andean region and 0.55-0.58 °C/100 m in the Pacific, Orinoqufa, and Amazonia regions
(Jaramillo-Robledo, 2005). Concerning coffee growing in the country, Montoya and Jaramillo (2016)
reported that the optimum temperature range is between 18-21 °C; temperatures below this range
extend the time for plant production, while higher temperatures atfect grain filling.

Temperature is considered the most important climatic variable in the coffee plant’s physiological
needs (Dos Santos et al., 2015); it has been shown that an increase of 1 °C in temperatures causes
damage to crops (Peltonen-Sainio et al., 20106). Besides, extreme variations in rainfall and heat waves
cause physiological and water stress in plants (Cremonese et al., 2017; Gu et al., 2016; Sun et al,,
2018). These climatic pressures on the crop and coffee growers drive the displacement of traditional
planted areas towards higher altitudinal gradients in the search for better climates, soils, and water
(Bakri et al., 2018), guaranteeing optimal scenarios for coffee (Gram et al., 2018) and profitable and

sustainable production.

Due to the effects of climate change on the distribution and production patterns of crops (Garcia-
Martinez et al., 20106), coffee growers have designed responses for mitigation and adaptation (Bakri
et al., 2018) to the new environmental conditions, such as the use of shade trees (Moreira et al., 2018;
Rahn et al., 2018; Silveira et al., 2016), plant covers for soil protection (Candelaria-Martinez et al.,
2014), and changes in the agricultural tasks of growers (Peltonen-Sainio et al., 2016).

The most important economic and commercial effect of climate change on coffee growing is the
quality of the bean, whose physical and chemical characteristics are affected by deficits or excesses
of temperatures and rainfall. Increases in temperatures negatively influence grain yield and quality
(Ramalho et al., 2018), causing detachment of green fruits and cherries (Da Silva et al., 2017), a more
significant number of defective and low weight grains (Martins et al., 2015), modifications in the
characteristics and sensory attributes of green and roasted beans (Scholz et al., 2018), and
fermentation that affect the drink quality and safety (Peixoto et al., 2017).

Likewise, Worku et al. (2018) emphasize the complex interactions of altitude, shade, and post-harvest
handling with the biochemical composition of green arabica coffee beans. In studies conducted in
Ethiopia, Hagos et al. (2018) found a moderate negative correlation between the caffeine content of
green coffee beans and the altitudes where they were grown; that is, the lower the altitude, the higher
the caffeine content. Meanwhile, Malau et al. (2017) found a positive correlation between the weight
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of green beans and the altitude in North Sumatra (Indonesia), and Tolessa et al. (2016) determined
small changes between altitude, shade, and the harvest period.

In Colombia, through different studies, Gloria Inés Puerta Quintero noted no relationship between
the quality of the cup of coffee, soils, and altitude (Puerta et al., 2016); no association of lower
threshing coffee yields is observed at altitudes higher than 1,600 MAMSL with greater damage by
borers and defective beans in coffee crops planted below 1,300 MAMSL (Puerta-Quintero, 2016).
Besides, there is no influence of single-origin coffee, the climate, soils, beneficiation processes, and
growers’ coffee culture on Colombian coffee quality (Puerta-Quintero, 2003).

This article aims to present the results of a study carried out in a coffee-growing area in the Toledo
municipality (Norte de Santander) to establish the relationship between the size and weight of the
coffee bean in various altitudinal gradients to generate knowledge that serve as input for new research
and technology transfer programs in the coffee sector.

Materials and methods

The research was carried out in Toledo, located in the central-northeastern region of Colombia, at
coordinates 07°19'01"N and 72°28'59"W. The region has a mountainous relief where coffee is grown
in small and medium extensions and is recognized for its product quality in international markets
(Concejo Municipal Toledo, 2016).

The methodological approach is a quasi-experimental relational study, in which the treatment factor
was the division of the coffee-producing units of the municipality into five representative altitudinal
gradients. The 20 farms selected at random in the five gradients analyzed plant Coffea arabica L.
(Rubiaceae), mostly the Castillo, Colombia, Tipico, Caturra, and Bourbon varieties with a permanent
shade system and medium and low technology levels. The study used a mixture of beans of those
varieties supplied by the coffee growers without distinguishing them.

To monitor the behavior of the size of coffee beans, we designed five intervals of altitudinal gradients:
1) 1,000-1,199 MAMSL, 2) 1,200-1,399 MAMSL, 3) 1,400-1,599 MAMSL,, 4) 1,600-1,799 MAMSIL,
and 5) > 1,800 MAMSL. In each altitudinal band, we selected four units of analysis (farms) randomly
and analyzed the 2017 and 2018 crops, totaling 40 observations.

The grain benefit was determined using the wet method with drying in cement yards by sunlight
exposure, with an average of 12 % humidity. Coffee growers provided the samples of parchment
coffee, and the researchers prepared the green bean by separating the parchment layer from the bean

manually by continuous rubbing, ventilation, and cleaning of green beans.

We weighed the green coffee samples on an electronic scale and selected 120 grams per sample for
sieving in metallic meshes with diameters of 7 mm (sieve 18), 6 mm (sieve 10), and 5 mm (sieve 14),
pet Resolution 5/2002 of the National Committee of Colombian Coffee Growers. The sieving
products were weighed to determine size trends by the altitudinal zone and classified into large grains
(sieve 18), medium grains (sieve 106), small grains (sieve 14), and residues or pasilla (< sieve 14). We
also selected and weighed 50 green coffee beans per sample to determine the bean trends by
altitudinal zone.
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We examined the data obtained using descriptive statistical estimators, analysis of variance
(ANOVA), and hypothesis tests of multiple comparisons with Student’s t-test, when necessary,
through Equations 1 (ANOVA) and 2 (first hypothesis contrast).

Yij = U+ PBi+&;
i=123,..t j=123,..r Eguation 1

Where y;; = response observed at the i-th treatment level or factor in its j-th observation or
repetition; # = population mean of the response estimated by the sample mean ¥ ; §; = effect on the
tesponse of the i-th treatment level or factor under study; &;; = random error associated with each
tesponse Y and assumed normal and independent with zero mean and sigma squared common

variance &;~NID(0; a?).

Ho: py = pp = piz = fy = Us Egqunation 2
Hy:py #pj (E#))

The null hypothesis Hy indicates that, regardless of the zone where the coffee is hatvested, the mean
size and weight of the beans are equal; that is, there are no significant differences between the mean
grain size and weight for all altitudinal zones. The alternate hypothesis H; assumes that at least two
means differ significantly at the various altitudinal zones.

Results and discussion

Grain size trends by altitudinal zone

The beans’ physical characteristics, determined from the green coffee samples (#z = 120 g/altitudinal
zone) sieved, are presented in table 1 and figure 1.
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Table 1. Size distribution of green coffee beans altitudinal zone

Confidence
Grain size Altitudinal zone Mean (g) Deviation (g) interval
(95 %)
Large 1 12.87 5.30 4.32-12.35
(sieve 18) 2 17.99 8.16 2.62-34.51
3 16.84 5.22 4.26-24.24
4 14.38 9.73 0.00-13.18
5 15.37 5.44 5.35-24.14
Medium 1 62.56 19.49 36.99-80.16
(sieve 16) 2 87.30 18.60 58.65-84.69
3 83.19 17.59 53.13-96.74
4 83.15 20.98 46.49-83.72
5 70.56 7.06 54.59-79.96
Small 1 52.86 18.20 25.31-66.12
(sieve 14) 2 28.60 10.10 6.57-49.44
3 35.47 16.23 6.30-52.30
4 33.24 11.26 23.38-58.23
5 39.05 17.98 7.55-49.37
Residues 1 15.87 571 25.31-66.12
(< sieve 14) 2 9.04 3.02 6.57-49.44
3 8.82 3.54 6.30-52.30
4 12.72 5.42 23.38-58.23
5 16.03 10.68 7.55-49.37
Source. Elaborated by the authors
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Figure 1. Size distribution of green coffee beans by altitudinal zone.
Source: Elaborated by the authors
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Size distribution of the grains by altitudinal zone, in descending order, shows that in Zone 1 (1,000-
1,199 MAMSL), the medium grains weigh 62.56 ¢ = 19.49 g on average; the small ones, 52.86 g *
18.20 g; the residues, 15.07 g £ 5.71 g, and the large ones, 12.87 g £ 5.30 g. In this gradient, we
observed the lowest values of large and medium grains and the highest volume of small grains
compared to the other altitudinal zones.

In Altitudinal Zone 2 (1,200-1,399 MAMSL), the mean size of grains indicate that the medium ones
have the highest weight with 87.30 g £ 18.60 g; the small ones weigh 28.60 g * 10.10 g; the large
ones, 17.99 g £ 8.16 g, and the residues, 9.04 g £ 3.02 g. In this gradient, we observed the highest
value of medium grains compared to the other altitudinal gradients studied.

The distribution of grain sizes in Zone 3 (1,400-1,599 MAMSL) shows that medium grains have a
mean weight of 83.19 g + 17.59 g; the small ones, 35.47 g = 16.23 g; the large ones, 16.84 g £ 5.22
g, and the residues, 8.82 g+ 3.54 ¢.

In Altitudinal Gradient 4 (1,600-1,799 MAMSL), the medium grains show a mean weight of 83.15 ¢
T 20.98 g; the small ones, 33.24 ¢ + 11.26 g; the large ones, 14.38 g £ 9.73 g, and the residues, 12.72
gt 542¢.

Finally, in Altitudinal Gradient 5 (> 1,800 MAMSL), the size distribution exhibits medium grains with
a mean weight of 70.56 ¢ + 7.06 g; small ones with 39.05 g = 17.98 g; residues with 16.03 g = 10.68
g, and large ones with 15.37 g £ 5.44 g. In this gradient, we observed the highest value of residual
grains of the five altitudinal levels analyzed.

According to the ANOVA, the null hypotheses were accepted in the three sizes of green grains; that
is, the mean weights of the sizes are the same for all altitudinal zones. However, in the hypothesis
tests between the altitudinal zones, significant differences were found for large, medium, and small

grains and residues (table 2, figure 2).

Table 2. Comparison of green coffee bean size measurements

Grain size Mean Median Deviation Coefficient Minimum Maximum Confidence
(g) (g) (g) of variation (g) (g) interval
(%) (95 %)
Large 12.45 10.21 7.25 58.27 0.00 30.77 9.05-15.84
Medium 67.51 67.65 11.59 17.16 39.88 91.35 62.09-72.93
Small 34.46 37.10 13.82 40.10 14.34 64.16 27.99-40.92
Residues 14.09 12.82 7.30 51.78 6.38 36.85 10.67-17.50

Source: Elaborated by the authors
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Figure 2. Comparison of the weight of grain size between the altitudinal zones.
Source: Elaborated by the authors

The weights for each grain size, including the residues, showed that the highest weight is associated
with the medium-sized grain (67.51 g) and the lowest with the large grain (12.45 g). The median
indicates that, in the medium grain, 50 % of the weights were less than 67.65 g, and 50 % of the
remaining weights were above this value. The variability exhibited disparity; the most homogeneous
one occurred in the medium grain with 17.16 %. The highest coefficient of variation was 58.27 %
and corresponded to large-sized grains, denoting high heterogeneity. For the residues, 51.78 % of the
variability was high because they contain many impurities and remains of the grains that passed
through sieve 13 (5 mm) and were different for each altitudinal zone.

These findings are consistent with those obtained by Fischer and Victor (2014) in Guatemala, who
established that the production of high-quality coffee occurs above 1,372 m of altitude; therefore, the
low areas are appropriate to produce other agricultural items. Climatic drives pressure the altitudinal
migrations from agricultural areas that have become marginal towards ecosystems with better soil,
water, and climate conditions (De Sherbinin et al., 2012; Hsiung et al., 2018; Ocampo Loépez &
Alvarez-Herrera, 2017).

Similarly, in their study on the interactions between altitude and coffee bean quality, Do Carmo et al.
(2020) analyzed the correlation between both variables and the drying methods and found that the
coffee fruits harvested at 1,050 MAMSL have sensory attributes supetior to those grown at 850
MAMSL, demonstrating positive correspondence between altitude and grain quality. In other studies,
Bodner et al. (2019) found a significant interaction with a strong influence on quality between the
altitude at which the fruits are harvested and the roasting level of the beans and, when studying the
composition of fatty acids, Tsegay et al. (2020) found an inversely proportional relationship between
altitude and fatty acid content.
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In Peru, Guevara-Sanchez et al. (2019) compared two drying methods (traditional and mechanical)
with altitude and found no influence of the latter on grain quality (size and moisture). Moreover,
Torres (2018) determined that, in Arabica coffee varieties, grain moisture decreases with altitude,
while the husk content (residues) increases and the sensorial grain qualities improve at higher
altitudes. Paima (2019) found larger grains in high areas, a higher percentage of defective grains in
low areas, and the highest yields in the middle areas (1,150 MAMSL).

In the phytosanitary field, Asfaw et al. (2019) established that after evaluating the coffee borer
infestation in different altitudinal zones, the damage to the fruits, the number of holes per fruit, and
the number of adult insects were lower in medium and high zones. In other words, the effects of the

pest ate more intense in cultivated areas at higher temperatures.

Grain weight trends per altitudinal zone

In the variations of the grain weight (#z = 50 grains/altitudinal zone) for the altitudinal gradients, we
identified significant differences between the five zones (table 3, figure 3).

Table 3. Coffee bean weight per altitudinal zone

Weight of Mea Median Deviation Coefficientof Minimum Maximum Confidence

50 green n(g) (g) (g) variation (%) (%) interval

beans (%) (95 %)

Zone 1 8.20 7.74 1.0772 13.13 7.52 9.81 6.49-9.92
Zone 2 9.77 9.68 0.4281 4.38 9.40 10.32 9.09-10.45
Zone 3 9.09 9.00 0.5916 6.51 8.54 9.81 8.14-10.03
Zone 4 9.39 9.43 0.3413 3.63 9.00 9.71 8.85-9.93
Zone 5 8.73 9.00 0.5294 6.06 8.12 9.07 7.41-10.05

Source: Elaborated by the authors
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Figure 3. Coffee bean weight per altitudinal zone.
Source: Elaborated by the authors

According to the data reported, we observed that the means of the green bean weights indicate that
the highest value is found in Zone 2 (9.77 g) and the lowest value in Zone 1 (8.20 g). Regarding the
variation, we appreciated a moderate difference, except for Zone 1, where the coefficient of variation

was 13.13 %. The lowest variation was found in Zone 3, with 3.63 %.

In the ANOVA, the rejection of the null hypothesis allows us to infer that the mean weights ditfer
by at least two altitudinal zones. When harvested in the different altitudinal zones, we noted that

coffee produces grains that differ significantly at 5 % in their mean weights.

The multiple mean comparison test or Student’s t-test determined two homogeneous groups within
which the means do not differ significantly from each other. The weights of the grains harvested in
Zones 2,4, 3, and 5 are in the first homogeneous group, while Zones 1, 3, and 5 make up the second
group —the overlap in the groups is natural in this test—. The first group contains the zones that
generate the highest and best weights. These results confirm the findings in the grain classification
by size of the five altitudinal zones studied.

The results of the variations in the physical characteristics of green coffee bean weight and size are
consistent with those of Malau et al. (2017), who found a positive correlation between weight and
altitude; Scholz et al. (2018), who analyzed the influence of environmental conditions on the alteration
of the characteristics and attributes of green coffee; Alfaro (2015), who found significant increases in
the apparent and real density of coffee beans (green coffee) at higher altitudes in Costa Rica, and
Martins et al. (2015), who reported that water deficit and temperature are the most determining
factors in coffee yield.

In studies on coffee behavior regarding climatic variations, Pham et al. (2019) reported that climatic
changes negatively influence yield and cause the loss of optimal cultivation areas. Torres et al. (2020)
and Asfaw et al. (2019) proved that, at higher temperatures, coffee berry borer and rust attacks are
economically significant, so that the displacement of coffee-producing areas towards higher
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altitudinal zones constitutes a natural barrier to mitigate the effects of climate change on coffee
production.

Conclusions

The results showed that in size distribution, the highest value of the grains retained in sieve 18 was
17.99 g + 8.16 g (Zone 2), and the lowest was 12.87 g + 5.30 g (Zone 1); in sieve 16, the highest value
was 87.30 g + 18.60 g (Zone 2), and the lowest was 62.56 ¢ + 19.49 ¢ (Zone 1); in sieve 14, the
highest value was 52.86 g * 18.20 g (Zone 1) and the lowest value was 28.60 g + 10.10 g (Zone 2),
and in the residues or pasilla, the highest value corresponded to Zone 5, with a mean of 16.03 g £
10.63 g, and the lowest value to Zone 3, with 8.82 g £ 3.54 ¢.

The weights per altitudinal zone indicated that the highest values were recorded in Zones 2 (9.77 g
0.42 g),3 (9.09 g+ 0.59 g), and 4 (9.39 g = 0, 34 g), while the lowest values occurred in Zones 1 (8.20
g+ 1.07 g)and 5 (8.73 g + 0.52 ). In the analysis of variance, significant differences were found at

5% between the altitudinal levels for large, medium, and small coffee beans and residues.

Acknowledgments

The authors thank Javier Flores Medina, BE, president of the San Bernardo de Bata Dairy Association
(Alsaber) in Toledo, for his excellent support in this research.

Disclaimers

The Universidad de Santander and Alsaber funded the study. All authors made significant
contributions to the paper, declare that they agree with its publication, and state no conflicts of
interest in this study.

References

Aguirre, Y. (2013). El desplazamiento de los pisos térmicos y el lenguaje semiético de las plantas
como una expresion de su estrés biologico: dos imaginarios sociales de la poblaciéon caldense
sobre los efectos generados por el cambio climatico. Revista Luna Azul, 36, 55-69.

https://revistasojs.ucaldas.edu.co/index.php/lunazul /article /view/1659

Alfaro, V. (2015). Efectos de la altitud sobre las caracteristicas fisicas y organolépticas del café de la zona de Los
Santos  [Bachelot's  thesis, Universidad de Costa Rica]. Repository SIBDI-UCR.
http://repositorio.sibdi.ucr.ac.cr:8080/jspui/handle /123456789 /2944

Asfaw, E., Mendesil, E., & Mohammed, A. (2019). Altitude and coffee production systems influence
extent of infestation and bean damage by the coffee berry borer. Archives of Phytopathology and
Plant Protection, 52(1-2), 170-183. https://doi.org/10.1080/03235408.2019.1594541

Cienc. Tecnol. Agropecuaria, 22(2): €1820
DOTL: https://doi.org/10.21930/tcta.vol22_num2_art:1820


https://doi.org/10.21930/rcta.vol22_num2_art:1820
https://revistasojs.ucaldas.edu.co/index.php/lunazul/article/view/1659
http://repositorio.sibdi.ucr.ac.cr:8080/jspui/handle/123456789/2944
https://doi.org/10.1080/03235408.2019.1594541

José de Jesus, Nufiez Rodriguez; et al. Size and weight of coffee beans

Bakri, S., Setiawan, A., & Nurhaida, I. (2018). Coffee bean physical quality: the effect of climate
change adaptation behavior of shifting up cultivation area to a higher elevation. Biodiversitas,
19(2), 413-420. https://doi.org/10.13057 /biodiv/d190208

Bodner, M., Morozova, K., Kruathongsti, P., Thakeow, P., & Scampicchio, M. (2019). Effect of
harvesting altitude, fermentation time and roasting degree on the aroma released by coffee

powder monitored by proton transfer reaction mass spectrometry. European Food Research and
Technology, 245, 1499-1506. https://doi.org/10.1007/s00217-019-03281-5

Caéija, M., Kozina, A., Basrcié, J., & Bazok, R. (2017). Linking climate change and insect pest
distribution: an example using Agriotes ustulatus Shall. (Coleoptera: Elateridae). Agricultural and
Forest Entomology, 20(2), 288-297. https://doi.org/10.1111/afe.12259

Candelaria-Martinez, B., Ruiz-Rosado, O., Pérez-Hernandez, P., Gallardo-Loépez, F., Vargas-Villamil,
L., Martinez-Becerra, A., & Flota-Banuelos, C. (2014). Sustentabilidad de los agroecosistemas

de la microcuenca Paso de Ovejas 1, Veracruz, México. Cuadernos de Desarrollo Rural, 11(73),
87-104. https://doi.org/10.11144/Javeriana. CDR11-73.sdam

Concejo Municipal Toledo. (2016). Plan de Desarrollo Tervitorial. Municipio de Toledo. Unidos para avanzar 2016-2019.
https://toledonortedesantander.micolombiadigital.gov.co/sites/toledonortedesantander/content/files
/000003/120 acuerdounidosparaavanzartoledo 3.pdf

Cremonese, E., Filippa, G., Galvagno, M., Siniscalco, C., Oddi, L., Morra di Cella, U., & Migliavacca,
M. (2017). Heat wave hinders green wave: the impact of climate extreme on the phenology of

a  mountain  grassland.  Agricultural  and  Forest  Meteorology, 247,  320-330.
https://doi.org/10.1016/j.agrformet.2017.08.016

Da Silva, F., Da Silva, F., Sales, R., Ferraz, G., & De Barros, M. (2017). Meteorological variables and
soil moisture in the detachment force coffee fruit. Coffee Science, 12(4), 480-485.
http://dx.doi.org/10.25186/cs.v12i4.1351

D'Agostino, A., & Schlenker, W. (2016). Recent weather fluctuations and agricultural yields:

implications ~ for  climate  change.  Agricultural  Economics,  47(81),  159-171.
https://doi.org/10.1111 /agec.12315

De Sherbinin, A., Levy, M., Adamo, S., MacManus, K., Yetman, G., Mara, V., Razafindrazay, L.,
Goodrich, B., Srebotnjak, T., & Aichele, C. (2012). Migration and risk: net migration in
marginal ecosystems and hazardous areas, England. Environmental Research Letters, 7, 1-14.
https://doi.org/10.1088/1748-9326/7/4/045602

Do Carmo, K., Do Carmo, J., Krause, M., Moreli, A., & Lo Monaco, P. (2020). Quality of arabic
coffee under different processing systems, drying methods and altitudes. Bioscience Journal,
36(4), 1116-1125. https://doi.org/10.14393 /B]-v36n4a2020-47890

Dos Santos, C. A, Leitao, A. E., Pais, I. P., Lidon, F. C., & Ramalho, J. C. (2015). Perspectives on
the potential impacts of climate changes on coffee plant and bean quality. Ewirates Journal of
Food and Agriculture, 27(2), 152-163. https://doi.org/10.9755/ejfa.v27i2.19468

Fischer, E., & Victor, B. (2014). High-end coffee and smallholding growers in Guatemala. Lazin
American Research Review, 49(1), 155-177. https://doi.org/10.1353/1ar.2014.0001

Galindo, L., Villegas, C., Mantilla, J., Gilligan, T., & Florez, C. (2013). Lepidépteros perforadores de
los frutos del café. Avances Técnicos Cenicafé, 434, 1-8.
http://biblioteca.cenicafe.org/bitstream /10778/471/1 /avt0434.pdf

Garcia-Martinez, Y., Ballesteros, C., Bernal, H., Villarreal, O., Jiménez-Garcia, L., & Jiménez-Garcia,

D. (2016). Traditional agroecosystems and global change implications in Mexico. Bulgarian

Journal of Agricultural Science, 22(4), 548-565. https://www.agrojournal.org/22/04-05.pdf

Cienc. Tecnol. Agropecuaria, 22(2): €1820
DOTL: https://doi.org/10.21930/tcta.vol22_num2_art:1820


https://doi.org/10.21930/rcta.vol22_num2_art:1820
https://doi.org/10.13057/biodiv/d190208
https://doi.org/10.1007/s00217-019-03281-5
https://doi.org/10.1111/afe.12259
https://doi.org/10.11144/Javeriana.CDR11-73.sdam
https://toledonortedesantander.micolombiadigital.gov.co/sites/toledonortedesantander/content/files/000003/120_acuerdounidosparaavanzartoledo_3.pdf
https://toledonortedesantander.micolombiadigital.gov.co/sites/toledonortedesantander/content/files/000003/120_acuerdounidosparaavanzartoledo_3.pdf
https://doi.org/10.1016/j.agrformet.2017.08.016
http://dx.doi.org/10.25186/cs.v12i4.1351
https://doi.org/10.1111/agec.12315
https://doi.org/10.1088/1748-9326/7/4/045602
https://doi.org/10.14393/BJ-v36n4a2020-47890
https://doi.org/10.9755/ejfa.v27i2.19468
https://doi.org/10.1353/lar.2014.0001
http://biblioteca.cenicafe.org/bitstream/10778/471/1/avt0434.pdf
https://www.agrojournal.org/22/04-05.pdf

José de Jesus, Nufiez Rodriguez; et al. Size and weight of coffee beans

Gourdji, S., Sibley, A., & Lobell, D. (2013). Global crop exposure to critical high temperatures in the
reproductive period: historical trends and future projections. Environmental Research Letters, 8(2),
1-10. https://doi.org/10.1088/1748-9326/8/2/024041

Gram, G., Vaast, P., Van der Wolf, J., & Jassogne, L. (2018). Local tree knowledge can fast-track
agroforestry recommendations for coffee smallholders along a climate gradient in Mount
Elgon, Uganda. Agroforestry Systems, 92, 1625-1638. https://doi.org/10.1007/s10457-017-
0111-8

Gu, L., Pallardy, S., Hosman, K., & Sun, Y. (2016). Impacts of precipitation variability on plant

species and community water stress in a temperate deciduous forest in the central US.
Agricultural and Forest Meteorology, 217, 120-130.
https://doi.org/10.1016/j.agrformet.2015.11.014

Guevara-Sanchez, M., Bernales, C., Saavedra-Ramirez, J., & Owaki-Loépez, J. (2019). Efecto de la
altitud en la calidad del café (Coffea arabica 1.): comparacion entre secado mecanico y
tradicional. Scientia Agropecnaria, 10(4), 505-510.
https://doi.org/10.17268 /sci.agropecu.2019.04.07

Hagos, M., Redi-Abshiro, M., Chandravanshi, B., Ele, E., Mohammed, A., & Mamo, H. (2018).
Correlation between caffeine contents of green coffee beans and altitudes of the coffee plants
grown in southwest Ethiopia. Bulletin of the Chemical Society of Ethiopia, 32(1), 13-25.
https://doi.org/10.4314 /bese.v32i1.2

Harvey, C., Saborio-Rodriguez, M., Martinez-Rodriguez, M., Viguera, B., Chain-Guadarrama, A.,

Vignola, R., & Alpizar, F. (2018). Climate change impacts and adaptation among smallholder
tarmers in Central America. Agriculture & Food Security, 7, 57. https:/ /doi.org/10.1186/s40066-
018-0209-x

Hsiung, A., Boyle, W., Cooper, R., & Chandler, R. (2018). Altitudinal migration: ecological drivers,

knowledge gaps, and conservation implications. Biological Reviews, 93(4), 2049-2070.
https://doi.org/10.1111 /brv.12435

Jaramillo-Robledo, ~ A.  (2005).  Clima  andino  y  café  en  Colombia.  Cenicafé.
https://biblioteca.cenicafe.org/bitstream /10778 /859 /1 /Portada.pdf

Kgosikoma, K., Lekota, P., & Kgosikoma, O. (2018). Agro-pastoralists’ determinants of adaptation
to climate change. International Journal of Climate Change Strategies and Management, 10(3), 488-500.
https://doi.org/10.1108 /IJCCSM-02-2017-0039

Lachaud, M., Bravo-Ureta, B., & Ludena, C. (2017). Agricultural productivity in Latin America
and the Caribbean in the presence of unobserved heterogeneity and climatic effects. Climatic
Change, 143, 445-460. https://doi.org/10.1007/s10584-017-2013-1

Malau, S., Siagian, A., Sirait, B., & Pandiangan, S. (2017). Performance of coffee origin and genotype

in organoleptic and physical quality of arabica coffee in North Sumatra Province of Indonesia.
1OP Conference Series: Materials Science and Engineering, 237(1), 1-6. https://doi.org/10.1088/1757-
899X/237/1/012035

Martins, E., Aparecido, L., Santos, L., Mendonga, J., & De Souza, P. (2015). Weather influence in
yield and quality coffee produced in South Minas Gerais region. Coffee Science, 10(4), 499-500.
http://doi.org/10.25186/cs.v10i4.959

Montoya, E., & Jaramillo, A. (2016). Efecto de la temperatura en la produccién de café. Revista
Cenicafé, 67(2), 58-65. https://www.cenicafe.org/es/publications/4.Efecto.pdf

Moreira, S., Pires, C., Marcatti, G., Santos, R., Imbuzeiro, H., & Fernandes, R. (2018). Intercropping

of coffee with the palm tree, #acanba, can mitigate climate change effects. Agricultural and Forest
Meteorology, 256-257, 379-390. https://doi.org/10.1016/j.agrformet.2018.03.026

Cienc. Tecnol. Agropecuaria, 22(2): €1820
DOTL: https://doi.org/10.21930/tcta.vol22_num2_art:1820


https://doi.org/10.21930/rcta.vol22_num2_art:1820
https://doi.org/10.1088/1748-9326/8/2/024041
https://doi.org/10.1007/s10457-017-0111-8
https://doi.org/10.1007/s10457-017-0111-8
https://doi.org/10.1016/j.agrformet.2015.11.014
https://doi.org/10.17268/sci.agropecu.2019.04.07
https://doi.org/10.4314/bcse.v32i1.2
https://doi.org/10.1186/s40066-018-0209-x
https://doi.org/10.1186/s40066-018-0209-x
https://doi.org/10.1111/brv.12435
https://biblioteca.cenicafe.org/bitstream/10778/859/1/Portada.pdf
https://doi.org/10.1108/IJCCSM-02-2017-0039
https://doi.org/10.1007/s10584-017-2013-1
https://doi.org/10.1088/1757-899X/237/1/012035
https://doi.org/10.1088/1757-899X/237/1/012035
http://doi.org/10.25186/cs.v10i4.959
https://www.cenicafe.org/es/publications/4.Efecto.pdf
https://doi.org/10.1016/j.agrformet.2018.03.026

José de Jesus, Nufiez Rodriguez; et al. Size and weight of coffee beans

Nendel, C., Rétter, R., Thorburn, P., Boote, K., & Ewert, F. (2018). Editorial. Introduction to the
Special Issue “Modelling cropping systems under climate variability and change: impacts, risk
and adaptation”. Agricultural Systems, 159, 139-143.
https://doi.org/10.1016/j.agsv.2017.11.005

Nufiez, J. (2015). Tejido rural fronterizo: una tipologia de campesinos tachirenses. En Universidad
Pedagégica Experimental Libertador (Ed.), Teido social fronterizo (pp. 251-266). Universidad
Pedagdgica Experimental Libertador.

Ocampo Lépez, O., y Alvarez-Herrera, 1. (2017). Tendencia de la produccién y el consumo del café
en Colombia. Apuntes del CENES, 36(64), 139-165.
https://doi.org/10.19053/01203053.v36.0164.2017.5419

Paima, J. (2019). Influencia de tres pisos altitudinales en las caracteristicas fisicas y sensoriales del café (Coffea ardbica
L.) variedad Catimor en los distritos de Lamas y Alonso de Alvarado Rogue [Undergraduate thesis,
Universidad Nacional de San Martin]. Institutional Repository.

http://repositorio.unsm.edu.pe/handle/11458 /3236

Peixoto, J., Nunes, M., Baliza, D., Pereira, S., & Rosa, B. (2017). Family coffee and good agricultural
practices in  Bom = Sucesso - < MG.  Cyffee  Science, 12(3),  365-373.
https://doi.org/10.25186/¢s.v12i3.1298

Peltonen-Sainio, P., Pirinen, P., Mikeld, H., Hyvirinen, O., Huusela-Veistola, E., Ojanen, H., &

Venildinen, A. (20106). Spatial and temporal variation in weather events critical for boreal
agriculture: 1 Elevated temperatures. _Agricultural and Food Science, 25(1), 44-56.
https://doi.org/10.23986/afsci.51465

Pham, Y., Reardon-Smith, K., Mushtaq, S., & Cockfield, G. (2019). The impact of climate
change and variability on coffee production: a systematic review. Climatic Change, 156,
609-630. https://doi.org/10.1007/s10584-019-02538-y

Puerta-Quintero, G. (2003). Especificaciones de origen y buena calidad del café de Colombia.
Avances Técnicos de Cenicafé, 316, 1-8,
https://handbook.usfx.bo/nueva/vicerrectorado/citas/ TECNOLOGICAS 20/Quimica I

ndustrial/4.pdf

Puerta-Quintero, G. (2016). Calidad fisica del café de varias regiones de Colombia segin altitud,

suelos 'y buenas practicas de beneficio. Revista  Cenicafé, 67(1), 7-40.
https://www.cenicafe.org/es/publications/1.Calidad.pdf

Puerta, G., Gonzilez, F., Correa, A., Alvarez, 1., Ardila, J., Girén, O., Ramirez, C., Baute, J.,
Sanchez, P., Santamaria, M., & Montoya, D. (2016). Diagnéstico de la calidad del café
segun la altitud, suelos y beneficio en varias regiones de Colombia. Revista Cenicafé, 67(2),

15-51. https://www.cenicafe.org/es/publications/2.Diagnostico.pdf
Rahn, E., Liebig, T., Ghazoul, J., Van Asten, P., Liaderach, P., Vaast, P., Sarmiento, A., Garcia, C., &
Jassogne, L. (2018). Opportunities for sustainable intensification of coffee agro-ecosystems

along an altitudinal gradient on Mt. Elgon, Uganda. Agriculture, Ecosystems and Environment, 263,
31-40. https://doi.org/10.1016/j.agee.2018.04.019

Ramalho, J., Pais, 1., Leitdo, A., Guerra, M., Reboredo, F., Maguas, C., Carvalho, M., Scotti-Campos,
P., Ribeiro-Barros, A., Lidon, F., & DaMatta, F. (2018). Can clevated air [CO;] conditions
mitigate the predicted warming impact on the quality of coffee bean? Frontiers in Plant Science,
9, 287. https://doi.org/10.3389 /fpls.2018.00287

Resolucion 5 de 2002, “Por medio de la cual se modifica la Resoluciéon No. 02 de 2002 del Comité
Nacional de  Cafeteros”. Comité Nacional de  Cafeteros de  Colombia.
https://federaciondecafeteros.org/static/files /RESOL5-2002.pdf

Cienc. Tecnol. Agropecuaria, 22(2): €1820
DOTL: https://doi.org/10.21930/tcta.vol22_num2_art:1820


https://doi.org/10.21930/rcta.vol22_num2_art:1820
https://doi.org/10.1016/j.agsy.2017.11.005
https://doi.org/10.19053/01203053.v36.n64.2017.5419
http://repositorio.unsm.edu.pe/handle/11458/3236
https://doi.org/10.25186/cs.v12i3.1298
https://doi.org/10.23986/afsci.51465
https://doi.org/10.1007/s10584-019-02538-y
https://handbook.usfx.bo/nueva/vicerrectorado/citas/TECNOLOGICAS_20/Quimica_Industrial/4.pdf
https://handbook.usfx.bo/nueva/vicerrectorado/citas/TECNOLOGICAS_20/Quimica_Industrial/4.pdf
https://www.cenicafe.org/es/publications/1.Calidad.pdf
https://www.cenicafe.org/es/publications/2.Diagnostico.pdf
https://doi.org/10.1016/j.agee.2018.04.019
https://doi.org/10.3389/fpls.2018.00287
https://federaciondecafeteros.org/static/files/RESOL5-2002.pdf

José de Jesus, Nufiez Rodriguez; et al. Size and weight of coffee beans

Sada, R., Shrestha, A., Kumar, A., & Melsen, L. (2014). People's experience and facts of
changing climate: impacts and responses. International Journal of Climate Change Strategies and
Management, 6(1), 47-62. https://doi.org/10.1108/1JCCSM-04-2013-0047

Scholz, M. B., Kitzberger, C. S., Prudencio, S. H., & Da Silva, R. S. (2018). The typicity of coffees
from different terroirs determined by groups of physico-chemical and sensory variables and

multiple factor analysis. Food Research International, 114, 72-80.
https://doi.org/10.1016/j.foodres.2018.07.058

Silveira, H., Santos, M., Silva, V., Venturin, R., Volpato, M., Dantas, M., Carvalho, G., Setotaw, T,
Moreira, F., Barbosa, J., & De Resende, M. (2016). Impacts of water deficit in ecophysiological

and spectral responses of coffee intercropped with woody species. Coffee Science, 11(3), 318-
328. http://doi.org/10.25186/¢s.v11i3.1085

Sun, T., Hasegawa, T., Tang, L., Wang, W., Zhou, J., Liu, L., Liu, B., Cao, W., & Zhu, Y. (2018).
Stage-dependent temperature sensitivity function predicts seed-setting rates under short-term
extreme heat stress in rice. _Agricultural and Forest  Meteorology, 256-257, 196-200.
https://doi.org/10.1016/j.agrformet.2018.03.006

Tolessa, K., D heer, J., Duchateau, L., & Boeckx, P. (20106). Influence of growing altitude, shade and
harvest period on quality and biochemical composition of Ethiopian specialty coffee. Journal
of the Science of Food and Agriculture, 97(9), 2849-2857. https://doi.org/10.1002/jsta.8114

Torres, Y. (2018). Calidad fisica y sensorial de dos variedades de café (Coffea ardbica, 1..), cultivados en dos pisos
altitudinales producidos en el distrito de Inkawasi - Cusco [Undergraduate thesis, Universidad Nacional

José Maria Arguedas]. Repository Unajma.
http://repositorio.unajma.edu.pe/handle/123456789 /420

Torres, N., Melchor-Martinez, E., Ochoa, J., Ramirez-Mendoza, R., Parra-Saldivar, R, & Iqbal, H.
(2020). Impact of climate change and eatly development of coffee rust —An overview of

control strategies to preserve organic cultivars in Mexico. Seence of the Total Environment, 738,
140225. https://doi.org/10.1016/].scitotenv.2020.140225

Tsegay, G., Redi-Abshiro, M., Chandravanshi, B., Ele, E., Mohammed, A., & Mamo, H. (2020).
Effect of altitude of coffee plants on the composition of fatty acids of green coffee beans.
BMC Chemistry, 14, 36. https://doi.org/10.1186/513065-020-00688-0

Worku, M., De Meulenaer, B., Duchateau, L., & Boeckx, P. (2018). Effect of altitude on biochemical
composition and quality of green arabica coffee beans can be affected by shade and

postharvest  processing  method.  Food — Research  International, 105,  278-285.
https://doi.org/10.1016/j.foodres.2017.11.016

Ziska, L., Bradley, B., Wallace, R., Bargeron, C., LaForest, J., Choudhury, R., Garrett, K., & Vega, .
(2018). Climate change, carbon dioxide, and pest biology, managing the future: coffee as a case
study. Agronomy, 8(8), 152. https://doi.org/10.3390/agronomy8080152

Cienc. Tecnol. Agropecuaria, 22(2): €1820
DOTL: https://doi.org/10.21930/tcta.vol22_num2_art:1820


https://doi.org/10.21930/rcta.vol22_num2_art:1820
https://doi.org/10.1108/IJCCSM-04-2013-0047
https://doi.org/10.1016/j.foodres.2018.07.058
http://doi.org/10.25186/cs.v11i3.1085
https://doi.org/10.1016/j.agrformet.2018.03.006
https://doi.org/10.1002/jsfa.8114
http://repositorio.unajma.edu.pe/handle/123456789/420
https://doi.org/10.1016/j.scitotenv.2020.140225
https://doi.org/10.1186/s13065-020-00688-0
https://doi.org/10.1016/j.foodres.2017.11.016
https://doi.org/10.3390/agronomy8080152

