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Abstract

Introduction. Coffee (Coffea arabica L.) is an important crop in producing countries like Peru, where
approximately two million families depend on its production, distribution, and marketing. But in recent years, climate
change has increased the presence of coffee leaf rust - CLR (H. vastatrix), a disease that has decreased Peruvian
production by up to 27%. Objective. Monitor the severity of CLR in different genotypes of coffee cv. Typica from
April-2017 to March-2018. Material and methods. The experiment was carried out in the coffee germplasm bank
at the Development Regional Institute (IRD)-Selva of the Universidad Nacional Agraria La Molina. The severity
and the area under the disease progress curve (AUDPC) in the lower, middle, and upper part of coffee trees were
quantified. Result. There was high severity and AUDPC in the dry season (low precipitation) compared to the
rainy season (high precipitation). Severity and AUDPC gradually decreased from the bottom to the top of the plant
(lower>middle>upper). Also, UNACAF-24A, UNACAF-16, UNACAF-158, and UNACAF-162 genotypes stood out
by showing lowest severity (0-1.1 %) and AUDPC (0-714) in the experiment. Conclusion. In this experiment, the
genotypes in dry season presented high peaks of severity and UDPC of CLR, meanwhile, in rainy season the presence
of CLR was lower. However, in both seasons, severity and AUDPC gradually decreased from the lower third to the
upper thirf of the plant. Finally, UNACAF-24A, UNACAF-16, UNACAF-158, and UNACAF-162 presented the
lowest degrees of severity of CLR.

Keywords: Coffee Leaf Rust, Coffea arabica, disease tolerance, area under the disease progress curve.

Resumen

Introduccion. El café es un cultivo importante en los paises productores como el Pert, donde aproximadamente
dos millones de familias dependen de su produccion, distribucién y comercializacién. En los dltimos afios, el cambio
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climatico ha aumentado la presencia de la roya del café (H. vastatrix), una enfermedad que ha disminuido hasta en un
27 % la produccién peruana. Objetivo. Monitorear la severidad de la roya del café en diferentes accesiones de café
cv. Typica, desde abril 2017 hasta marzo 2018. Materiales y métodos. El experimento se llevé a cabo en el banco de
germoplasma de café en el Instituto Regional de Desarrollo (IRD)-Selva de la Universidad Nacional Agraria La Molina.
Se cuantificé la severidad y el drea bajo la curva del progreso de la enfermedad (ABCPE) en la parte baja, media y alta
de las plantas de café. Resultados. Hubo alta severidad y ABCPE en la estacion seca en comparacion con la estacion
himeda. La severidad y el ABCPE disminuyeron gradualmente desde la parte baja hacia la parte alta de la planta
(parte baja>media>alta). Las accesiones UNACAF-24A, UNACAF-16, UNACAF-158 y UNACAF-162 tuvieron la
menor severidad (0-1,1 %) y ABCPE (0-714) en el experimento. Conclusién. En este experimento, en la estacion seca
(estacidn con poca precipitacion) los genotipos presentaron altos picos de severidad y ABCPE de roya, mientras que en
la estacidn lluviosa la presencia de la roya del café fue menor. Sin embargo, en ambas estaciones, la severidad y ABCPE
disminuyeron gradualmente desde el tercio inferior hasta el tercio superior de la planta. Finalmente, UNACAF-24A,
UNACAF-16, UNACAF-158 y UNACAF-162, presentaron los menores grados de severidad y de ABCPE.

Palabras claves: roya del café, Coffea arabica, tolerancia a enfermedades, drea bajo la curva del progreso de la
enfermedad.

Introduction

According to the International Coffee Organization (ICO, 2019), two types of coffee are marketed in the world:
Coffea arabica (Arabica coffee) and Coffea canephora (Robusta). The first is the predominant one and represents
61.5 % of all coffee sold worldwide. Likewise, coffee production has great economic and social importance in
producing nations (ICO, 2019). For example, it is estimated that two million families depend on their production,
distribution and commercialization in Peru (Dfaz y Carmen, 2017). In addition, coffee exports generate significant
income for small farmers, and are the economic engine of producing countries.

Despite its economic and social importance, coffee production has key problems such as coffee leaf rust (CLR)
(Hemileia vastatrix) whose presence is been exacerbated by the climate change (Rice, 2018). Global losses of
around 50 % putting the small coffee producer at risk were reported (Capucho et al., 2013; Zambolim, 2016) and
Capucho et al. (2013). Detected in 1869 in Ceylon, CLR is the most important coffee disease (Coffea arabica),
whose presence is recorded in all continents where coffee is grown (Talhinhas et al., 2017). Also, in countries like
Peru, its incidence can reach 74-94 % (Alvarado et al., 2017; Julca et al., 2018). Once it infects the coffee leaves,
the CLR causes its fall, decreasing the yield around 35 % (Talhinhas et al., 2017), although these values are variable
according to the geographical region. For example, in 2007 there was a loss in yield in Colombia of 31 % (Avelino
et al., 2015), in Peru 27 % (INEI, 2014), Brazil from 30 to 50 % (Zambolim, 2016) and Centro America from 10
to 16 % (Avelino et al., 2015).

The impact of the CLR is associated with the type of coffee cultivar used, local climatic conditions, shade,
moisture, wind and fruit load (Julca et al., 2013; Toniutti et al., 2017). Regarding to fruit load, in years of high yield,
much phenolic compounds are allocated from leaves to the fruits (Julca et al., 2013) decreasing the defense of the
plant. The phenolic compounds are considered anti-fungal compound (Subroto et al., 2019).

In recent years, much research has been carried out to try to diminish the severe impact of this disease on coffee
(Avelino et al., 2004). However, little attention has been paid to monitoring the dynamics of H. vastatrix during all
phenological stages of the coffee plant, for example Santana et al. (2015) determined, in general, high incidence
of CLR in days with fewer precipitation; they also noticed differentiated response amount the cultivars studied
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(Catuai, Mundo Novo and IPR 106). High presence of CLR from April to August (in 2016, 2017 and 2018), was
observed by Matos et al. (2019), however, CLR decreased from September to December.

An adequate management system of CLR needs a deep knowledge of its behavior in local sites since its
incidence and severity are influenced by microclimatic conditions. Furthermore, determining the dynamics of CLR
is very important because it allows the design of adequate strategies to develop or improve systems to predict the
presence of this disease (Chemura et al., 2018), evaluate the efficiency of pesticides (Honorato-Junior et al., 2015)
and determine the tolerance of different coffee genotypes (Dias et al., 2019).

The Typica cultivar is one of the most widely used in Peru (MINAGRI, 2019) due to its tolerance to adverse
conditions (e.g. drought and high temperature), but is very sensitive to CLR. It is also common practice for farmers
to have several varieties mixed in the same plantation. During a national sampling of coffee varieties in 2009,
many farmers indicated that some Typica cultivars showed some tolerance to H. vastatrix. In this regard, Klein
et al. (2003) reported the existence of cross-pollination in coffee. However, this supposed acquired tolerance of
coffee cv Typica has not yet been studied. In this context, an experiment was carried out to quantify the dynamics
of the severity of H. vastatrix in coffee cv. Typica under Peruvian conditions and to determine whether some Typica
cultivars collected in different Peruvian regions have tolerance to coffee leaf rust (CLR).

In this context, this work aimed was to monitor the severity of CLR in different genotypes of coffee cv Typica
from April-2017 to March-2018.

Material and methods

The evaluation was carried out from April-2017 until March-2018 in the coffee germplasm bank in the
Regional Development Institute (IRD)-Selva of the Universidad Nacional Agraria La Molina (UNALM). The study
site was located in Chanchamayo, Junin-Lima (Peru) (altitude 965 m, 11°05.790” S and 75° 20.969” W). Within the
germplasm bank, the genotypes studied of Coffea arabica cv. Typica were spaced 2 x 1 m, and each genotype was
in a row. The shade trees (Inga sp.) were spaced 12 x 12 m. All plants were about ten years old and had only one
stem. In this sense, all plants were sown in the same time. Management was conventional, meaning that herbicides
and insecticides were used to control weeds and some pests. The presence of CLR was not controlled with any
method.

During the study, the rainy (high rainfall) (September to January) and dry (lower rainfall) seasons were
determined (April-May-June-July-August-2017 and February-March-2018). The soil samples were collected to
20 cm depth. As for the chemical and physical characteristics of the soil, it presented a pH of 5.7 and CEC 16.80
cmol kg!. The content of interchangeable calcium, magnesium and potassium was 8.2, 1.23 and 0.34 cmol | kg
!, respectively. The base saturation percentage was 59 %. The texture class was sandy loam. In terms of climatic
conditions, two seasons were identified: dry season (precipitation around 100 mm per month) and rainy season
(precipitation >100 mm per month) (Marca-Huamancha et al., 2018). The annual mean temperature was 23.1 °C.

The severity of CLR and the area under the disease progression curve (AUDPC) were evaluated. Both are
variables related to level of damage in the plant yield.

The severity of CLR was measured in the upper, middle and lower sections of the coffee trees, taking different
branches at each sampling date. In each branch (within each section), severity was determined according to the
scale showing in Figure 1 (Julca et al., 2019). The area under the disease progression curve (AUDPC) was also
calculated (Madden et al., 2007). All plants showed a natural incidence of CLR at the beginning of the experiment.

The experiment had 32 treatments with 5 replicates (Table 1). A completely random design was used. The
multiple comparison was made with the Scott-Knott test (95 %). The AGROSTAT software was used to analyze
the data (Barbosa and Junior, 2010).
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Figure 1. Scale used to quantify the severity of H. vastatrix on Coffea arabica cv. Typica in Chanchamayo, Junin-Peru, from April
2017 to March 2018.

Figura 1. Escala usada para cuantificar la severidad de H. vastatrix en café cv Typica en Chanchamayo, Junin-Perd, de Abril 2017 a

Marzo 2018.

Table 1. Genotypes studied in the quantification of the severity of H. vastatrix on Coffea arabica cv. Typica, in Chanchamayo, Junin-
Peru, from April 2017 to March 2018.

Tabla 1. Accesiones estudiadas en la cuantificacion de la severidad de H. vastatrix en café cv Typica, en Chanchamayo, Junin-Perd,
de Abril 2017 a Marzo 2018.

Origin Genotype Origin Genotype Origin Genotype Origin Genotype
Piura UNACAF-97 Junin UNACAF-40 Lambayeque =~ UNACAF-105 Cuzco UNACAF-165
Piura UNACAF-94 Junin UNACAEF-36 San Martin UNACAF-119  Huanuco = UNACAF-186
Piura UNACAF-93 Junin UNACAF-27 Amazonas UNACAF-128 Puno UNACAF-214
Piura UNACAF-87 Junin UNACAF-24* Amazonas UNACAF-132 Puno UNACAF-216
Piura UNACAF-86 Junin UNACAF-16 Cajamarca UNACAF-138 Puno UNACAF-218
Piura UNACAF-81 Junin UNACAF-8 Cajamarca UNACAF-140 Puno UNACAF-226
Piura UNACAF-76 Junin UNACAF-2 Cuzco UNACAF-158 Puno UNACAF-228
Junin UNACAF-52  Lambayeque = UNACAF-104 Cuzco UNACAF-162  Huanuco =~ UNACAF-199

Results

The data of the severity of H. vastatrix in coffee trees cv Typica in Peruvian conditions showed that all

genotypes presented different degrees of severity during the course of the experiment (12 months). In general, the

lower, middle and upper parts had the highest presence of CLR in April, May, June, July, August, February and
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March (dry season). Meanwhile, from September to January (rainy season) the severity decreased notably (Figure

2, 3,4). Within the dry season, the presence of H. vastatrix increased significantly in May and June, although its
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Figure 2. H. vastatrix (%) severity in the lower section of Coffea arabica tree cv Typica in Chanchamayo, Junin-Peru, from April 2017
to March 2018.

A, B, C, and D show different genotypes of coffee cv Typica in the germplasm of the Universidad Nacional Agraria La Molina.

Figura 2. Severidad de H. vastatrix (%) en la parte baja de la planta de café cv Typica en Chanchamayo, Junin-Perd, de Abril 2017 a
Marzo 2018.

A, B, C y D muestran diferentes accesiones de café cv Typica en el banco de germoplasma de la Universidad Nacional Agraria La
Molina.
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Figure 3. H. vastatrix (%) severity in the middle section of Coffea arabica tree cv Typica, in Chanchamayo, Junin-Peru, from April
2017 to March 2018.

A, B, C, and D show different genotypes of coffee cv Typica in the germplasm of the Universidad Nacional Agraria La Molina.

Figura 3. Severidad de H. vastatrix (%) en la parte media de la planta de café cv Typica, en Chanchamayo, Junin-Perd, de Abril 2017
a Marzo 2018.

A, B, C y D muestran diferentes accesiones de café cv Typica en el banco de germoplasma de la Universidad Nacional Agraria La
Molina.
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Figure 4. H. vastatrix (%) severity in the upper section of Coffea arabica tree cv Typica, in Chanchamayo, Junin-Peru, from April

2017 to March 2018.

A, B, C, and D show different genotypes of coffee cv Typica in the germplasm of the Universidad Nacional Agraria La Molina.

Figura 4. Severidad de H. vastatrix (%) en la parte alta de la planta de café cv Typica, en Chanchamayo, Junin-Perd, de Abril 2017 a

Marzo 2018.

A, B, C y D muestran diferentes accesiones de café cv Typica en el banco de germoplasma de la Universidad Nacional Agraria La

Molina.
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presence depended on the part of the plant where the measurement was made and the genotype evaluated. In the
lower, middle and upper part of the plant, severity reached 32 to 34 %, 20 to 30 %, and 12 to 23 %, respectively. In
addition, only in May, UNACAF-199 showed the highest severity values in all parts of the tested plant, for example
in the lower, middle and upper section it had 34 %, 30 %, and 23 % (Figure 2-D; Figure 3-D and Figure 4-D).

Throughout the evaluation period (both seasons), the lower part had a greater severity of the disease than the
middle part, which in turn was greater than the upper part (Table 2).

In the dry season, the severity of the low, medium and high sections reached 12-14 %, 11.92 %, and 743 %,
respectively (Table 2). When the entire plant was evaluated (lower + medium + upper), it was observed that the
UNACAF-199 genotype showed the highest severity value (11.10 %) (p<0.05) compared to other genotypes. In the
same season, other ones had lower mean values of severity, such as UNACAF-16 (1.11 %), UNACAF-24A (0.6 %),
and UNACAF-158 (0 %) (p<0.05).

In the rainy season, the low, middle and upper sections showed severity maximum values of 4- 4.6 %, 1.2-1.52
% and, 0.4- 0.52 %, respectively (Table 2). Likewise, when the whole plant was examined, the highest mean values
of severity were found in the genotypes UNACAF-97 (2.12 %), and UNACAF-132 (2.01 %), while the lowest
mean values were found in the genotypes UNACAF-40 (0.13 %), UNACAF-36 (0.19 %), UNACAF-24A (0 %),
UNACAF-8 (0 %), UNACAF-2 (0.30 %), UNACAF-140 (0.33 %), and UNACAF-158 (0 %) (p=<0.05).

The data of the area under the disease progression curve (AUDPC) showed that in the dry season, the lower, middle
and upper parts of the plant reached values of 2442 to 2715, 1 890 to 2001, and 1290, respectively (Table 3). When
the entire plant was examined, the result showed that UNACAF-99 (5913), UNACAF-226 (5553) and UNACAF-214
(5324) had the highest AUDPC values, while UNACAF-24A (378), UNACAF-16 (714), UNACAF-162 (366), and
UNACAF-158 (0) were the lowest. In addition, in the rainy season the lower, middle and upper parts of the plant
reached AUDPC values of 735, 324, and 99. When the AUDPC values found at the lower, middle and upper parts
were added together, the data showed that UNACAF-97 (1131) had the highest severity value.

Discussion

Severity of CLR is also highly correlated with its incidence (Julca et al., 2019). Overall, great severity was
observed in April 2017, May 2017, June 2017, July 2017, August 2017, February 2018, and March 2018 (dry
season) compared to September 2017, October 2017, November 2017, December 2017, and January 2018 (rainy
season) throughout the plant (Figure 2, 3, 4). These results were not expected because severity is highly correlated
with high temperature and precipitation (Brinate et al., 2015). The data obtained may be related to fruit loading
(Avelino et al., 2004). In this case, in the experimental area, harvesting started in April approximately and that was
increasing gradually until ending in June.

Precipitation and temperature can increase the severity of CLR causing high degrees of severity (Haile, 2018;
Talhinhas et al., 2017; Toniutti et al., 2017). In this work, within the dry season, in May and June, the severity was
higher than in the other months, reaching from 32 % to 34 %, 20 % to 30 %, and 12 % to 23 % in the lower, middle
and upper parts, respectively. About 35-40 % severity of CLR in coffee cv Catuai Vermelho IAC 81 and Catuai
Vermelho 44 respectively, was reported by Sera et al. (2009) and Carré-Missio et al. (2013).

Regarding the severity of CLR and the area under the disease progression curve (AUDPC) in the lower, middle
and upper part, it was observed that, in the rainy and dry seasons (Table 2, 3), the severity gradually decreased from
the lower to the upper part (lower> middle> upper). This result suggests that in the lower part there are suitable
environmental conditions (e.g. shade and moisture) that increase the outbreak of H. vastatrix. In the case of shade,
it favors the germination and infection of spore rust (Lépez-Bravo et al., 2012).
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Table 2. H. vastatrix severity in dry and rainy season in lower, middle, and upper part of Coffea arabica tree cv Typica, in Chanchamayo,
Junin-Peru, from April 2017 to March, 2018.

Tabla 2. Severidad de H. vastatrix en las estaciones himeda y seca en la parte baja, media y alta de la planta de café cv Typica, en
Chanchamayo, Junin-Perd, de abril 2017 a marzo, 2018.

Dry seasons Rainy seasons

Genotypes Lower Middle Upper Mean Lower Middle Upper Mean
UNACAF-97 1357 a 9.77b 1.74d 8.36 ¢ 4.60 a 152a 0.16 b 2.12a
UNACAF-94 8.86 ¢ 449d 1.86d 507e 1.96 ¢ 0.56 ¢ 0.08b 087 c
UNACAF-93 6.29d 286¢ 157d 357e 280 b 148 a 0.16 b 148D
UNACAF-87 929¢ 6.71c 283 ¢ 6.28d 204c 1.00b 0.00b 101c
UNACAF-86 5.89d 29%e 1.20d 334 f 1.08 d 044 c 0.00 b 051d
UNACAF-81 471e 349e 1.05d 3.09f 140d 052¢ 0.00b 0.64d
UNACAE-76 1217 a 737 ¢ 409 c 7.88 ¢ 192¢ 0.80 b 0.16 b 0.96 ¢
UNACAF-52 8.03d 491d 1.68d 488¢ 148d 040 ¢ 0.00b 0.63d
UNACAF-40 451e 2.11f 097d 253 ¢ 040e 0.00d 0.00 b 0.13¢
UNACAF-36 323f 131f 029¢ 161¢g 0.56¢ 0.80b 0.00b 0.19¢
UNACAF-27 506¢ 269¢ 157d 311f 204 c 0.80b 0.00b 095¢
UNACAF-24* 120¢g 046 ¢ 0.14¢ 0.60 h 0.00 e 0.00d 0.00 b 0.00e
UNACAF-16 246 f 074 ¢ 0.14¢ 1.11h 0.72d 0.00d 0.00b 024 ¢
UNACAF-8 297 f 2.14 f 0.63 ¢ 191¢g 0.00e 0.00d 0.00 b 0.00e
UNACAF-2 329f 220f 131d 227¢g 0.00 e 0.00d 0.08b 003 e
UNACAF-104 4.11e 220 f 029 e 220 ¢g 224 ¢ 0.72 b 0.00 b 099 ¢
UNACAF-105 434 ¢ 1.74 f 029¢ 212¢g 240b 0.76 b 0.00 b 1.12b
UNACAF-119 5.74d 3.09e 0.69e 3.17fF 1.80 ¢ 0.64 b 008 b 084 c
UNACAF-128 6.49d 409d 220d 426¢ 1.12d 0.80b 0.00b 0.64d
UNACAF-132 1331a 751c 291c¢ 791 c 408 a 164a 032a 20l a
UNACAF-138 13.74 a 9.00b 4,69 b 9.14b 1.68 ¢ 092 b 0.00 b 0.87 ¢
UNACAF-140 7.09d 440d 154d 434 ¢ 0.76 d 024 ¢ 0.00b 033e
UNACAF-158 000¢g 000 ¢g 000e 0.00 h 0.00 e 0.00d 0.00 b 000 e
UNACAF-162 171¢g 03lg 000e 067¢g 148d 032¢ 0.00 b 0.60 d
UNACAF-165 1126 b 6.83 ¢ 383 ¢ 731c¢ 1.00d 040 c 040 a 0.60d
UNACAF-186 11.09 b 6.26 ¢ 349¢ 694 c 1.80 ¢ 0.88Db 052a 107 ¢
UNACAF-214 13.89a 8.46b 500b 9.11b 2.00c 140 a 032a 1240
UNACAF-216 11.29b 6.63 ¢ 329¢ 7.07 ¢ 2.00c 0.88Db 044 a 1.11b
UNACAF-218 837¢ 537c¢ 274 ¢ 550d 2.64b 120a 0.16 b 133b
UNACAF-226 1443 a 9.86 b 531b 9.87b 1.32d 1.00 b 0.16 b 0.83¢
UNACAF-228 1320 a 743 ¢ 351c 8.05¢ 2.00c 1.00 b 040 a 1.13b
UNACAF-199 1434 a 1152 a 743 a 11.10 a 1.00d 0.64 b 040 a 0.68 d

Mean 7.68 4.65 2.10 4.82 1.57 0.66 0.12 0.79

SE 0.82 0.59 0.36 049 0.23 0.14 0.07 0.11

SD 1.83 1.31 0.80 1.08 0.52 0.31 0.15 0.24

Different letters within columns indicate statistical differences according to Scott-Knott’s test (p<0.05) / Letras diferentes en las
columnas indican diferencias estadisticas, de acuerdo con la prueba de Scott-Knott (p<0,05).
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Table 3. Area under the disease progress curve (AUDPC) of H. vastatrix in dry and rainy season in lower, middle, and upper part of cv
Typica, in Chanchamayo, Junin-Peru, from April 2017 to March, 2018.

Tabla 3. Area bajo la curva del progreso de la enfermedad (AUDPC) de H. vastatrix en las estaciones hiimeda y seca en la parte baja,
media y alta de la planta del cv Typica, en Chanchamayo, Junin-Perd, de abril 2017 a marzo, 2018.

Dry seasons Rainy seasons
Genotypes Lower Middle Upper Sum Lower Middle Upper Sum
UNACAF-97 2580 a 1668 b 288 d 4536 ¢ 735 a 324 a 72 b 1131 a
UNACAF-94 1551 ¢ 804 d 321d 2676 d 438 b 147 ¢ Slc 636 ¢
UNACAF-93 1095 d 486 ¢ 225d 1806 e 495 b 261 b 99 a 855 b
UNACAF-87 1821 b 1332 ¢ 552 ¢ 3705 ¢ 285d 150 ¢ 30 ¢ 465 d
UNACAF-86 1164 d 579 e 252d 1995 ¢ 141e 69 e 0d 210 e
UNACAF-81 915d 672d 201d 1788 ¢ 180 e 75e 0d 255 e
UNACAF-76 2442 a 1476 ¢ 846 b 4764 b 288 d 105d 30 ¢ 423 d
UNACAF-52 1551 ¢ 999 d 354 d 2904 d 204 e 30 f 0d 234 ¢
UNACAF-40 915d 432 ¢ 204 d 1551 f 54 f 0f 0d 54 ¢
UNACAF-36 648 e 276 f 60 e 984 f 96 f of 0d 96 f
UNACAF-27 927d 498 ¢ 315d 1740 e 336 ¢ 144 ¢ 0d 480 d
UNACAF-24a 252 f 96 f 30e 378 g 0Og of 0d 0g
UNACAF-16 528 ¢ 156 f 30e 714 g 96 f of 0d 96 f
UNACAF-8 603 e 450 e 132 ¢ 1155 f 0Og 0f 0d 0g
UNACAF-2 645 ¢ 417 ¢ 267 d 1329 f 0Og of 6d 6g
UNACAF-104 750 e 387 ¢ 54 e 1191 f 336 ¢ 108 d 0d 444 d
UNACAF-105 83l e 366 e 60 e 1257 f 360 ¢ 126 d 0d 486 d
UNACAF-119 1047 ¢ 558 e 138 ¢ 1743 ¢ 294 d 108 d 12d 414 d
UNACAF-128 1308 ¢ 888 d 462 d 2658 d 162 d 90 e 0d 252 ¢
UNACAF-132 2703 a 1539 ¢ 576 ¢ 4818 b 516 b 189 ¢ 36¢ 741 b
UNACAF-138 2445 a 1647 b 840 b 4932 b 288 d 141 ¢ 0d 429d
UNACAF-140 1455 ¢ 903 d 318d 2676 d 81f 18 f 0d 99 f
UNACAF-158 0f 0f Oe Og 0Og 0f 0d Og
UNACAF-162 294 f 72 f Oe 366 g 258 d 42e 0d 300 e
UNACAF-165 2112b 1284 ¢ 699 ¢ 4095 ¢ 132¢ 30 f 30c 192 ¢
UNACAF-186 2004 b 1200 ¢ 636 ¢ 3840 ¢ 252d 66 e 39¢ 357 e
UNACAF-214 2733 a 1653 b 939 b 5325 a 198 ¢ 123d 24 ¢ 345 ¢
UNACAF-216 2280 b 1293 ¢ 603 ¢ 4176 ¢ 150 e 66 e 33¢ 249 ¢
UNACAF-218 1470 ¢ 939d 453 d 2862 d 369 ¢ 156 ¢ 12d 537 ¢
UNACAF-226 2715 a 1890 a 948 b 5553 a 123 ¢ 75¢e 12d 210 e
UNACAF-228 2631 a 1485 ¢ 678 ¢ 4794 b 171 e 75¢ 30 ¢ 276 ¢
UNACAF-199 2622 a 2001 a 1290 a 5913 a 75 ¢ 48 e 30 ¢ 153 f
Mean 1470 888 399 2757 222 86 17 326
SE 157 108 71 279 31 18 8 43
SD 351 241 160 625 70 40 17 96

Different letters within columns indicate significant differences according to Scott-Knott’s test (p<0.05). Sum: lower+middle+upper
part / Letras diferentes en las columnas indican diferencias estadisticas, de acuerdo con la prueba de Scott-Knott (p<0,05). Suma: Parte
baja+media-+alta.

Although the study area showed adequate environmental conditions for the progress of H. vastatrix, it was
observed that there were different degrees of severity and AUDPC in each genotype evaluated. For example, only
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in the dry season, UNACAF-199 (mean severity of 11.10 %; total AUDPC of 5913), UNACAF-214 (mean severity
of 9.11; total AUDPC of 5325), and UNACAF-226 (mean severity of 9.87 %; total AUDPC of 5553) presented
higher severity and AUDPC than UNACAF-24A (mean severity of 0.6 %; total AUDPC of 378), UNACAF-16
(mean severity of 1.11 %; total AUDPC of 714), UNACAF-158 (mean severity of 0 %; total AUDPC of 0) and
UNACAF-162 (mean severity of 0.67 %; total AUDPC of 366) (p<0.05) (Table 2, 3). This result suggests a certain
tolerance of UNACAF-24A, UNACAF-16, UNACAF-158, and UNACAF-162 to CLR, as pointed out by Haddad
et al. (2009) where the cultivation of coffee treated with fungicides showed low severity (0 to 1 %). Also, other
researchers as Madeira (2016) observed that the AUDPC of some cultivars of susceptible coffee to CLR as Catuai
99, Catuai 114, Catuai 144, and Mundo Novo were 2242.53, 2363.27,2742.94, and 2971 91.

Conclusion

In this work, two seasons were determined (dry and rainy) with different severity of coffe leaf rust (CLR) and
area under the disease progress curve (AUDPC). In dry season, the coffee genotypes showed high severity and
AUDPC, meanwhile, in the rainy seasons the severity and AUDCP decreased. Also, in both seasons it was observed
that severity and AUDPC gradually decrease from the bottom to the top (lower> middle> upper). Furthermore, the
genotypes UNACAF-24A, UNACAF-16, UNACAF-158 and UNACAF-162 presented a mean severity of 0.6 %,
1.11 %, 0 %, and 0.67 %, respectively, and AUDPC of 378, 714, 0, and 366, respectively. Finally, further studies
are suggest to find new genetic materials to combat CLR.
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