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ABSTRACT: Brazil is known for production and worldwide export of coffees. Study of adaptation of new progenies/cultivars 
of Arabica coffee (C. arabica L.) with resistance to rust in mountainous edaphoclimatic conditions is important for crop 
renewal and also for new plantations. This study was performed in the mountainous region of the Espírito Santo state, Brazil, 
with 30 progenies/cultivars of Arabica coffee planted at 2.5 x 0.7 m spacing with four replicates and seven plants/plot. The 
objective of the study was to evaluate the adaptation of rust-resistance coffee genotypes and compare them with the standard 
cultivars (Yellow and Red Catuaís), with regards to the characteristics of productivity, rust infection, productivity, sieve, aspect, 
plant vigor and yield according to the different maturity periods of the fruits. The results show that there are progenies/cultivars 
available with yields superior to Red and Yellow Catuais for the five different maturation periods. The progenies/cultivars 
present tolerance/resistance to rust, high plant vigor and good agronomic characteristics of the beans. These are options for new 
plantations or for renovation of crops for high harvest yield and do not required the use of pesticides.

Index terms: Productivity, rust, plant vigor, yield, sieve.

ADAPTAÇÃO DE PROGÊNIES/CULTIVARES DE CAFÉ ARÁBICA (Coffea arabica L.) 
EM CONDIÇÕES EDAFOCLIMÁTICAS DE MONTANHAS 

RESUMO: O Brasil tem destaque na produção e exportação mundial de cafés. O estudo da adaptação de novas progênies/
cultivares de café arábica (C. arabica L.) com resistência à ferrugem nas condições edafoclimáticas das Montanhas é importante 
para renovação de lavouras e também para novos plantios. O estudo foi realizado na Região de Montanhas do Espírito Santo 
com 30 progênies/cultivares de café arábica plantados no espaçamento de 2,5 x 0,7 m com quatro repetições com sete plantas/
parcela. O objetivo do estudo foi avaliar a adaptação dos genótipos com resistência à ferrugem do cafeeiro, comparando-as com 
as cultivares padrão (Catuaís Amarelo e Vermelho), nas características de produtividade, infecção de ferrugem, rendimento, 
peneira graúda, aspecto, vigor vegetativo e rendimento de colheita conforme as diferentes épocas de maturação dos frutos. 
Os resultados evidenciam que existem à disposição dos cafeicultores progênies/cultivares com produtividades superiores 
aos Catuaís Vermelhos e Amarelo nas cinco diferentes épocas de maturação. As progênies/cultivares apresentam tolerância/
resistência à ferrugem, alto vigor vegetativo e boas características agronômicas dos grãos e são opções para novos plantios ou 
para renovação de lavouras para alto rendimento de colheita e podendo dispensar o uso de agrotóxicos.

Termos para indexação: Produtividade, ferrugem, vigor vegetativo, rendimento, peneira.

1 INTRODUCTION

Arabica coffee (Coffea arabica L.) is 
cultivated in several producing-regions throughout 
Brazil with variable edaphoclimatic characteristics 
that play an important role in adaptation of the 
cultivars. The genotype x environment interaction 
determines the recommendation of the cultivar for 
each specific region (NASCIMENTO et al., 2010, 
MATIELLO et al., 2016).

Genetic breeding studies of coffee cultivars 
by several research organizations have promoted 
advances in coffee activity and its practical 
application by coffee growers (CARVALHO et 
al., 2008; PARTELLI et al., 2009), seeking an 
increase in productivity (MARTINEZ et al., 2007; 
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CARVALHO et al., 2010; MATIELLO et al., 
2016) and greater resistance to rust. Rust is the 
main disease of Arabica coffee and depending on 
the spacing, cultivar and crop management can 
cause significant production losses (ZAMBOLIM 
et al., 2005; FAZUOLI et al., 2007; ANDREAZI 
et al., 2015).

Currently most of Brazil’s coffee 
production is composed of cultivars presenting 
excellent agronomic characteristics, however with 
no resistance to rust. Utilization of rust-resistant 
cultivars avoids the use of agrochemicals, which 
reduces the risks of intoxication of the applier, 
environmental contamination, and reduces 
production costs (OLIVEIRA, et al. 2015; 
MATIELLO et al., 2016). It is also important 
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The experiment was set up in a randomized 
block design with 30 treatments (progenies/
cultivars), four replicates and seven plants/plot 
planted in April, 2003 at a spacing of 2.5 x 0.7 
m (densified). The thirty progenies/cultivars and 
selections used were thus classified according to 
the three maturation seasons (Table 2).

Cultural treatments of the crop during the 
study included liming and fertilization according 
to the soil analysis conducted every two years 
and the expected productivity, according to 
recommendations (PREZOTTI et al., 2007). Two 
foliar fertilizations with Boron (B), Manganese 
(Mn) and Zinc (Zn) micronutrient salts were 
performed per year, two foliar applications of 
Copper hydroxide (Cu) (45% Cu metal) were 
associated with the salts and an annual application 
of the insecticide thiamethoxan applied via 
soil drenching at the dose of 1.0 kg/ha of the 
commercial product Actara WG for control of leaf 
miner. Management of the weeds was conducted 
manually with one mowing and two chemical 
treatments with the active ingredient Glyphosate 
at the dose of 1.0 L/ha of the commercial product 
Roundup. No specific rust control or irrigation was 
used. All evaluations were carried out in the five 
central plants of the four plots described below.

Productivity, Yield, Sieves and Aspect

Harvest was always performed manually 
on a sieve or canvas. Mean samples of 2.0 kg of 
harvested coffee were obtained from each plot 
and taken to pre-drying in a drying oven and 
final drying on a cement yard according to the 
climatic conditions of the season until reaching 
the moisture content between 11.5 and 12%. Once 
dry, the samples were weighed, pulped and the 
yield (kilograms of processed coffee/kilograms 
of coffee beans) and productivity in processed 
coffee bags/hectare (sc/ha) were determined. The 
productivity yield was calculated for the 10 years 
of study and also the averages of the five biennia, 
i.e., 2005-2006, 2007-2008, 2009-2010, 2011-
2012 and 2013-2014.

Next, 100 gram samples were classified on a 
set of sieves specific for the classification of coffee 
with regards to size of the raw beans, which were 
classified into only two groups: sieve 17 and above 
for the coarse flat type beans (BRAZIL, 2003). 
Aspect of the beans was evaluated by grading on 
a scale of 5 to 10 by three coffee buyers from the 
region with experience in the coffee trade.

to highlight that the Brazilian coffee agriculture 
faces high costs and lack workers of manual labor 
(SERA et al., 2015; MATIELLO et al., 2016).

The existing cultivars are classified into 
very early, early, middle, late and very late 
maturity cycles, which is a polygenic characteristic 
influenced by the environmental conditions, such 
as the region, local edaphoclimatic conditions, 
exposure direction, nutrition and biotic agents 
(GUERREIRO-FILHO et al., 2008; CARVALHO, 
2008; RODRIGUES et al., 2014; RODRIGUES 
et al., 2016; MARTINS et al., 2017). Therefore, 
varieties with different maturation periods allow 
harvest scheduling, and those that increase the crop 
yield and have desirable agronomic characteristics 
should be prioritized when selecting the crop for 
implementation.

Several Arabica coffee cultivars were 
recently introduced and registered for use by 
coffee growers, however there are few studies on 
the behavior of these new genotypes in the field 
(PAIVA et al., 2010), especially when considering 
a period of 10 consecutive harvests in mountainous 
conditions. However, we know that prior to the 
use of these cultivars in commercial areas it is 
recommended that adaptability studies be done in 
the different coffee producing regions to evaluate 
their behavior in local soil and climate conditions 
for productivity and resistance to rust, and other 
characteristics.

The objective in this study was therefore to 
evaluate the adaptation of new progenies/cultivars 
of Arabica coffee (C. arabica) with resistance/
tolerance to coffee rust in edaphoclimatic 
conditions of the mountainous region of the state 
of Espírito Santo during 10 consecutive harvests. 
Comparisons were made with the standard 
cultivars (Red and Yellow Catuaí) with regards to 
the characteristics of productivity, rust infection, 
yield, sieve, aspect, plant vigor and harvest yield, 
according to the maturation times of the fruits.

2 MATERIAL AND METHODS
Description of the study area, Cultivars and 
Cultural Treatments

The study was carried out at the farm “Sítio 
Santa Maria” (coordinates: Lat: -20.4425 S, Long: 
-40.7796 W and elevation of 717 m), located in 
the municipality of Marechal Floriano, in the 
mountainous southeastern region of the Espírito 
Santo state. The soil is classified as Red Yellow 
Latosol (RYL) (EMBRAPA, 2013) and the climate 
is tropical with dry winter and summer rains, of 
the Aw type and subtype, according to the Köppen 
classification (Table 1).
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TABLE 1 - Climatic characteristics (2003-2014), including: Precipitation (mm), Relative Humidity (R.H.) (%) 
and maximum and minimum Temperature (°C) according to the mini meteorological station of the brand La Crosse 
and model Pro WS at the “Sítio Santa Maria” farm, Marechal Floriano, ES.

Year Precip.
(mm)

R.H. (%) Temperature (°C)
Max Min Max Min

2003 1279.0 93.2 54.3 25.6 16.4
2004 2138.0 92.5 55.3 25.4 16.2
2005 1990.0 91.7 53.1 25.8 16.7
2006 1568.0 92.6 54.8 25.4 16.3
2007 1351.0 91.5 55.6 26.1 16.6
2008 2409.0 93.8 55.3 25.4 16.2
2009 2308.0 91.1 56.1 25.3 16.5
2010 1716.0 93.2 54.3 25.9 16.6
2011 1843.6 93.1 57.5 25.3 16.6
2012 2126.9 90.8 52.9 26.4 16.7
2013 1888.0 91.4 55.8 25.5 16.1
2014 1304.0 94.2 53.9 26.0 16.4
Mean 1826.8 92.4 54.9 25.7 16.4

TABLE 2 - Progenies/cultivars of Coffea arabica L. and their respective characteristics of genealogy, maturation 
period, expected reaction to rust and vigor in the experiment installed at the “Sítio Santa Maria” farm, in Marechal 
Floriano, ES.

Progenies/
cultivars Genealogy Maturation

Period
Reaction 

to rust Vigor

Catucaí V. 785 Cv.15 Icatu x ‘Catuaí” (natural cross) Very early ++ High

Tupi IAC 1669-33 Vila Sarchi’ x Híbrido de Timor 
CIFC 832/2 Early + Medium

Katipó Catimor (245-3-7)- derivado Early ++ Medium
Caturra A. Colombiano Caturra x Hibrído de Timor Early ++ Medium

Iapar 59 Villa Sarchi (CIFC 971/10) x 
Híbrido de Timor (CIFC 832/2) Early + Medium

Caturra A. Seleção CAK Bourbon’ (natural mutation) Early +++ Medium
Caturra A. Seleção Nanicão Bourbon’ (natural mutation) Early +++ Medium
Catucaí A. 2 SL Icatu x ‘Catuaí” (natural) Medium ++ High
Sabiá Cv. 708 Catimor UFV 386 x Acaiá’ Medium ++ High
Catucaí A. 24/137 Cv. 250 Icatu x ‘Catuaí” (natural) Medium ++ High
Catucaí V. 24/137 Icatu x ‘Catuaí” (natural) Medium ++ High

IBC-Palma 2 (Fruto grande) Catuaí Vermelho IAC-81 x 
‘Catimor UFV 353’ Medium ++ High

Catucaí-açú (Fava grande) Icatu x ‘Catuaí” (natural cross) Medium ++ Medium
Catucaí A. 24/137 - CAK Icatu x ‘Catuaí” (natural) Medium ++ High
Catucaí A. (Fava grande) Icatu x ‘Catuaí” (natural) Medium ++ High
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Catucaí V.20/15 Cv. 626 Icatu x ‘Catuaí” (natural) Medium ++ High
Topázio MG 1190 Catuaí Amarelo x Mundo Novo Medium +++ High
Rubi MG 1192 Catuaí x Mundo Novo Medium +++ High
Catucaí V. 36/6 Icatu x ‘Catuaí” (natural) Medium ++ High
Catucaí A. Cv. 07 - SSP Icatu x ‘Catuaí” (natural) Medium ++ High
Mundo Novo 379-19 Sumatra x Bourbon Vermelho Medium +++ High

Paraíso A. MG H 419-1 Catuaí Amarelo IAC-30 x Híbrido 
de Timor UFV 445-46 Medium + Medium

Catucaí V. 19/08 Cv. 380 Icatu x ‘Catuaí” (natural) Late ++ High

Sarchimor Amarelo Catuaí Amarelo x Obatã V. IAC 
1669-20 Late + Medium

Catuaí A. IAC-39 Caturra A. IAC 476-11 x ‘Mundo 
N. IAC 374-19’ Late +++ High

Catuaí V. IAC-99 Caturra A. IAC 476-11 x ‘Mundo 
N. IAC 374-19’ Late +++ High

Catuaí V. IAC-81 Caturra A. IAC 476-11 x ‘Mundo 
N. IAC 374-19’ Late +++ High

Catuaí V. IAC-44* Caturra A. IAC 476-11 x ‘Mundo 
N. IAC 374-19’ Late +++ High

Acauã Mundo N. IAC 388-17’ x 
Sarchimor IAC 1668 Very late + High

Obatã V. IAC 1669-20 Villa Sarchi x Híbrido de Timor 
(CIFC 832/2) Very late + High

*Progeny/Cultivar used as a control. Highly resistant (+); Moderately resistant (++) and Susceptible (+++) 
(CARVALHO, 2008).

Rust infection

Evaluation of the incidence of rust on coffee 
leaves was carried out in the years 2010 to 2014, 
in the middle third and in the 3rd and 4th pair of 
leaves of the five central plants always at the time 
of harvest. Eight leaves were randomly collected 
per plant from the productive plagiotropic 
branches of 05 plants/plot, consisting of four 
leaves from two branches on the north face and 
four leaves from two branches on the south face, 
for a total of 40 leaves per plot (LIMA, 1979). The 
incidence of rust was assessed visually in the field 
by quantifying the percentage of leaves presenting 
pustules in relation to the total.

Plant vigor

The evaluation of plant vigor of the cultivars 
was carried out in the field, where scores from 1 
to 10 were attributed, in which 10 corresponded 
to plants with the best development and greatest 
plant vigor. The scores were based on the general 

aspect of plant vigor, including: plant height, 
foliage, branch and crown growth, diameter 
of the orthotropic and plagiotropic branches 
(SHIGUEOKA et al., 2014).

Harvest yield

The harvest yield was evaluated only in 
2009 during the fifth harvest, when the plants were 
at the peak of production, i.e., the highest average 
of the 10 years. The time spent to manually 
harvest the five (%) central plants of the plot by 
two (2) well-trained harvesters in carried sieves 
was measured, one at the top and the other at the 
bottom of the plots. The coffee was measured 
and the number of 80 liter sacs/day that a worker 
was able to harvest for each progeny/cultivar was 
calculated.

Statistical analysis of the data
For analysis of productivity data of the 

years and biennials, the rust infection percent, 
yield, sieve 17 and above, aspect and plant vigor, 
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cultivars Caturra A. Colombiano and Katipó, both 
with early maturation and averages yields of 41.9 
and 42.0 sc/ha, respectively, as well as the progeny 
Catucaí A. Cv.07-SSP with average yield of 42.6 
sc/ha and medium maturity.

In group four (f) there are six progenies/
cultivars, including the cultivars Catuaí V. IAC-44 
of late maturation and Catucaí A. (Fruto grande), 
Catucaí V. 36/6, Rubi MG 1192, Topázio MG 1190 
and Catucaí V. 20/15 Cv. 626 of medium maturity. 
The yield ranged from 44.4 sc/ha to 45.9 sc/ha.

Group three (g) included seven progenies/
cultivars: Tupi IAC 1669-33 of early maturation, 
the progenies/cultivars Catucaí A. 24/137 (Seleção 
CAK) and Catucaí-açú (Fruto grande) of medium 
maturity, Catuaí V. IAC-81, Catuaí V. IAC-99 and 
Catuaí A. IAC-39 of late maturation time and Obatã 
V. IAC 1669-20 of very late maturation time. The 
productivity of this group ranged from 47.2 sc/ha 
to 48.6 sc/ha. Costa et al. (2013), when evaluating 
the agronomic behavior of progenies/cultivars in 
Varginha (southern Minas Gerias, Brazil), verified 
the average yield in four harvests of 42.7, 41.4 and 
41.1 sc/ha for the progenies IBC-Palma 1, Catucaí 
V. 24/137 and Sabiá Tardio, respectively. Matiello 
et al. (2007) studied progenies with resistance to 
rust also in the southern region of Minas Gerais 
and verified after five harvests that Sabiá Tardio 
and Catucaí V. 24/137 stood out with yields of 
39.6 and 31.8 sc/ha, respectively. Paiva et al. 
(2010), also in southern Minas Gerais, after six 
harvests observed the dominance of the cultivar 
Sabiá Tardio with a yield of 40.89 sc/ha.

The present study showed that progenies/
cultivars were highly resistant to rust (Tupi IAC 
1669-33 and Obatã V. IAC 1669-20), moderately 
resistant (Catucaí A. 24/137-CAK and Catucaí-
açú) and susceptible (Catuaís V IAC-81 and 
IAC-99 and Catuaí A. IAC-39) did not differ 
significantly for the average yield of 10 harvests; 
Which can be explained by the good agronomic 
management of the crop.

In the second (g) group are seven progenies/
cultivars, including the progeny/cultivar Catucaí 
785 Cv. 15 with red fruits of very early maturation; 
medium maturity progenies/varieties: IBC- Palma 
2 (Fruto Grande); Catucaí V. 24/137; Catucaí A. 
24/137 Cv. 250 and Sabiá Cv. 708; late maturation 
Arara (Sarchimor A.) and the very late maturation 
Acauã. Productivity of this group ranged from 
49.5 sc/ha to 51.9 sc/ha. Carvalho et al. (2012) 
obtained an average yield during four harvests 
close to 45.0 sc/ha for the genotypes Catucaí A. 
24/137, Sabiá Cv. 398 and IPR 103. 

an ANOVA was performed along with the Scott-
Knott test at 5.0% significance by the program 
SISVAR (FERREIRA, 2011). The Principal 
Component Analysis (PCA) was used to evaluate 
the characteristics of productivity, rust infection, 
yield, sieve 17 and above, plant vigor and harvest 
yield (sacks/day) by the program Fitopac 2.1.2.85.

3 RESULTS AND DISCUSSION

Yield

Significant differences were observed 
between the progenies/cultivars evaluated for 
productivity (both for the years and the bienniums), 
rust percentage, yield, sieve 17 and above, aspect 
and vigor, indicating genetic variability among the 
studied materials (Table 3).

The average yields of the five biennia 
increased significantly from 19.36 sc/ha in 
biennium 1 to 59.27 sc/ha in biennium 3 (Table 
3). Mean productivity of the 10 harvests evaluated 
in this study was 45.66 sc/ha, greater than that 
found by Costa et al., (2013) when evaluating the 
productivity of 14 progenies/cultivars of Arabica 
coffee during four harvests in southern Minas 
Gerais (37.6 sc/ha). The mean productivity of 
the progenies/cultivars evaluated over the years 
increased significantly from 2005 (18.2 sc/ha) 
to reaching its maximum in the fifth harvest in 
2009 (76.8 sc/ha). After this point there was a 
stabilization of the mean productivities that always 
remained above 40.0 sc/ha (Table 3).

When analyzing the mean productivity 
from biennium to biennium, the formation of 
different groups (from 4 to 9 groups) was observed 
by the Scott-Knott test, and in the average of the 
10 harvests nine groups were formed (Table 4). 
Costa et al., (2013) evaluated the productivity of 
fourteen Arabica coffee progenies/cultivars during 
four harvests in the southern region of Minas 
Gerais, observing the formation of four groups by 
the Scott-Knott test at 1% probability.

In groups nine (a), eight (b) and seven (c) 
the less productive varieties are present, namely: 
Paraíso A. MG H 419-1 with medium maturation 
period and yield of 27.4 sc/ha, variety Caturra A. 
(Sel. Nanicão) with early maturity and yield of 
33.3 sc/ha and the Caturra A. (Sel. CAK) variety 
with early maturity and yield of 35.9 sc/ha.

In group six (d) are the cultivars Iapar 59 
and Mundo Novo 379-19 with mean productivities 
of 37.7 and 39.2 sc/ha, with early and medium 
maturation, respectively. Group five (e) includes 



Coffee Science, Lavras, v. 13, n. 2, p. 198 - 209 apr./jun. 2018

Adaptation of progenies/cultivars of ... 203

TABLE 3 - Summary of the analysis of variance, means and coefficients of variation of productivities over ten 
years, for the five biennia and the average of 10 harvests, rust infection (%) of 05 harvests, yield, sieve 17 and 
above and plant vigor of the progenies/cultivars of Arabica coffee in the experiment installed at the “Sítio Santa 
Maria” farm, in Marechal Floriano, ES.

MEDIUM SQUARE - Productivity (sc/ha)
Sources of 
variation

DF 2005* 2006* 2007* 2008* 2009* 2010* 2011* 2012* 2013* 2014*

Progenies/
Cultivars

29 166.3 159.3 267.9 1302.0 2257.3 306.1 713.6 371.0 609 700.5

Residual 120 3.4 4.2 6.3 24.1 96.6 17.8 31.8 29.2 56.6 31.3
Mean 18.2 20.5 28.1 52.7 76.8 41.8 53.7 48.0 63.3 53.6

C.V. (%) 10.2 10 8.9 9.3 12.8 10.1 10.5 11.3 11.9 10.4
MEDIUM SQUARE - Productivity (sc/ha)

Sources of variation DF Biennium 
1*

Biennium
2*

Biennium
3*

Biennium
4*

Biennium5* 10 harvests*

Progenies/Cultivars 29 103.87 408.04 678.7 344.75 384.73 188.68
Residual 120 1.96 7.91 27.52 16.08 18.61 3.48

Mean 19.36 40.4 59.27 50.86 58.43 45.66
C.V. (%) 7.24 6.97 8.85 7.88 7.38 4.09

MEDIUM SQUARE
Sources of variation DF % Rust* Yield* Sieve 17 & 

above*
Aspect* Vigor*

Progenies/Cultivars 29 2.637.72 4.095 417.14 1.460 2.892
Residual 90 5.89 0.003 1.27 0.010 0.004

Mean 23 17.91 55.94 7.770 7.698
C.V. (%) 10.56 0.32 2.02 1.42 0.85

* Significant at 5% probability by the Scott-Knott test. n=5. A % Rust, Yield, Sieve 17 and above and Aspect of the 
grains was performed in harvests (2005, 2006, 2007, 2008 and 2009) and Plant Vigor for the 10 harvests.

TABLE 4 - Mean productivity (sc/ha) of Arabica coffee progenies and cultivars during five biennia (2005 to 
2014), the mean of 10 harvests (Mean sc/ha) and the relative percentage (%) in the experiment installed in the farm 
“Sítio Santa Maria”, in Marechal Floriano, ES.

Progenies/Cultivars Maturation time Productivity per Biennia (sc/ha) Mean
(sc/ha)

%
Relative1° 2° 3° 4° 5°

Catucaí 785 Cv. 15 Very early 19.1 e 48.8 f 71.7 e 63.5 d 56.2 c 51.9 h 116.9
Tupi IAC 1669-33 Early 15.2 c 49.8 f 58.7 c 50.8 c 61.8 d 47.2 g 106.3
Katipó Early 16.9 d 34.0 b 56.2 b 46.3 b 56.9 c 42.0 e 94.6
Caturra A. Colombiano Early 21.3 f 46.2 e 50.4 b 48.4 b 43.2 a 41.9 e 94.4
Iapar 59 Early 16.2 d 34.4 b 61.8 c 37.3 a 38.7 a 37.7 d 84.9
Caturra A. (Sel. CAK) Early 29.5 i 37.7 c 30.2 a 39.1 a 43.4 a 35.9 c 80.9
Caturra A. (Sel. Nanicão) Early 14.6 c 36.3 c 36.9 a 34.4 a 44.2 a 33.3 b 75.0
Catucaí A. 2SL (Sel. CAK) Medium 24.6 g 52.4 f 71.5 e 59.9 d 65.4 e 54.7 i 123.2
Sabiá Cv. 708 Medium 23.2 f 63.3 g 75.2 e 39.6 a 55.6 c 51.4 h 115.8
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A study carried out by Dias et al. (2005) with 
25 coffee progenies also verified a high productive 
performance of the progeny Sarchimor IAC-4361 
with yield of 44.7 sc/ha. A study by Costa et al. 
(2012) confirmed that after four harvests the 
progeny Arara planta 418 (Sarchimor A.) obtained 
an average of 50.2 sacks/ha. The progenies / 
cultivars of the present study can reach very close 
productivities and up to 50.0 beneficiated sacks / 
hectare, regardless of the maturation period. This 
is very important for coffee growers in order to 
better manage and scale the harvesting workforce 
and the physical postharvest structure, as well as 
to obtain a larger volume of peeled cherry coffee.

In the first (i) group the Catucaí V. 19/08 Cv. 
380 progeny was highlighted with productivity of 
53.8 sc/ha, being that of greatest productivity for 
the late maturation time, and the progeny Catucaí 
A. 2 SL (selection CAK) with productivity of 
54.7 sc/ha which was the progeny of greatest 
productivity for the medium maturation period.

Comparing the yield of the control variety/
progeny (44.4 sc/ha) with the others, it was 
possible to observe that 21 varieties/progenies 

Catucaí A. 24/137 Cv. 250 Medium 21.7 f 39.9 d 81.1 f 51.0 c 62.7 d 51.3 h 115.5
Catucaí V. 24/137 Medium 27.3 h 41.6 d 61.2 c 57.1 c 66.3 e 50.7 h 114.2
IBC-Palma 2 (Fruto grande) Medium 16.8 d 41.5 d 67.2 d 61.2 d 61.0 d 49.5 h 111.5
Catucaí-açú (Fruto grande) Medium 17.7 e 52.4 f 61.7 c 55.5 c 52.3 b 47.9 g 107.9
Catucaí A. 24/137 (Sel. CAK) Medium 27.2 h 35.5 c 59.9 c 53.5 c 60.5 d 47.3 g 106.5
Catucaí V.20/15 Cv. 626 Medium 15.2 c 35.0 c 68.0 d 45.5 b 66.1 e 45.9 f 103.4
Topázio MG 1190 Medium 22.2 f 41.3 d 54.2 b 48.4 b 62.5 d 45.7 f 102.9
Rubi MG 1192 Medium 19.4 e 41.9 d 51.0 b 53.1 c 62.8 d 45.6 f 102.7
Catucaí V. 36/6 Medium 20.4 f 36.6 c 55.9 b 51.8 c 62.6 d 45.5 f 102.5
Catucaí A. (Fruto grande) Medium 20.2 f 45.0 e 54.0 b 48.3 b 56.5 c 44.8 f 100.9
Catucaí A. Cv. 07 - SSP Medium 17.2 d 36.7 c 51.7 b 53.7 c 53.9 c 42.6 e 95.9
Mundo Novo 379-19 Medium 11.2 b 33.1 b 50.4 b 44.9 b 56.1 c 39.2 d 88.3
Paraíso A. MG H 419-1 Medium 7.7 a 14.0 a 34.7 a 38.2 a 42.2 a 27.4 a 61.7
Catucaí V. 19/08 Cv. 380 Late 21.6 f 39.0 d 74.4 e 66.7 d 66.4 e 53.8 i 121.2
Arara (Sarchimor A.) Late 18.5 e 33.9 b 66.1 d 57.2 c 75.7 f 50.3 h 113.3
Catuaí A. IAC-39 Late 21.4 f 49.0 f 58.5 c 54.4 c 59.5 d 48.6 g 109.5
Catuaí V. IAC-99 Late 21.9 f 37.2 c 65.3 d 54.7 c 59.8 d 47.8 g 107.7
Catuaí V. IAC-81 Late 19.6 e 51.3 f 55.6 b 47.8 b 61.7 d 47.2 g 106.3
Catuaí V. IAC-44* Late 17.8 e 33.2 b 61.7 c 42.8 b 66.3 e 44.4 f 100.0
Acauã Very late 16.9 d 40.8 d 65.5 d 62.9 d 68.8 e 50.9 h 114.6
Obatã V. IAC 1669-20 Very late 18.3 e 30.3 b 67.6 d 57.6 c 63.9 e 47.6 g 107.2
* Progeny/Cultivar used as control. Means followed by the same letter on the same line do not differ at 5% 
probability by the Scott-Knott test (n=5)

were superior, namely: very early maturation 
Catucaí 785 Cv. 15; early maturation Tupi IAC 
1669-33; medium maturation Catucaí A. 2 SL (Sel. 
CAK), Sabiá Cv. 708, Catucaí A. 24/137 Cv. 250, 
Catucaí V. 24/137, IBC-Palma 2 (Fruto grande), 
Catucaí-açú (Fruto grande) and Catucaí A. 24/137 
(Sel. CAK), Catucaí V.20/15 Cv. 626, Topázio MG 
1190, Rubi MG 1192, Catucaí V. 36/6 and Catucaí 
A. (Fava grande); late maturation Catucaí V. 19/08 
Cv. 380, Arara (Sarchimor A.), Catuaí A. IAC-39, 
Catuaí V. IAC-99 and Catuaí V. IAC-81and very 
late maturation Acauã and Obatã V. IAC 1669-20 
(Table 4).

The maturation period does not influence 
productivity since the varieties/progenies of the 
same maturation periods were present in different 
groups, where the varieties of group nine (a) were 
the less productive and those of group one (i) 
the most productive. This shows a collection of 
materials with genetic diversity of yellow and red 
fruits available to coffee growers with adaptation 
to conditions at elevations exceeding 700 m and 
cold climate.
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Novo 379-19, with values of 5.06, 5.89 and 
6.65, respectively. The highest scores for vigor 
with average greater than 9.0 were the progenies 
Catucaí V. 19/08 Cv. 380 of late maturity with 
score of 9.01, Arara (Sarchimor A.) with score of 
9.08 and Acauã with score of 9.15, both of late 
maturation (Table 5). One of the characteristics 
observed in the field for plant vigor is defoliation 
caused by the incidence of rust attack. It was 
observed that the progenies presenting the best 
scores for vigor are grouped with the lowest 
percentages of rust attack incidence, those with 
averages of 10 harvests presented 0.00% disease 
attack. Genetic materials with high plant vigor 
are correlated with increased productivity of the 
cultivars (SEVERINO et al., 2002), which may 
improve nutrient uptake, reduce suffering under 
unfavorable edaphoclimatic conditions (PETEK 
et al., 2002) and increase the longevity of crops in 
the field associated with the cultivars “Sarchimor” 
and “Catimor” (MATIELLO et al., 2005).

Yield, Sieve and Appearance
The lowest average yield of the coffee 

progenies/cultivars was that of Paraíso A. MG H 
419-1, with average yield of 15.35 kg of processed 
coffee/36 kg sac of coffee beans, while cultivar 
Tupi IAC 1669-33 presented the maximum of 
19.84 kg. Sieve 17 and above (coarse flat) is a 
required feature in the international coffee trade. 
For this attribute it was also observed that the 
lowest average was for the cultivar Paraíso A. 
MG H 419-1 with only 32.68% of sieve 17 and 
above. The progeny Catucaí A. 24/137 (Sel. 
CAK) presented 68.48% of the grains classified 
presenting this characteristic (Table 5).

The aspect of green coffee beans is 
widely used by coffee traders on the national 
and international market. Of the progenies/
cultivars studied, 11 genetic materials had the 
worst scores, varying between 7.05 and 7.12 and 
the best cultivars Catucaí A. 2 SL (Sel. CAK), 
Mundo Novo 379-19 and Catucaí A. 24/137 (Sel. 
CAK)) presented scores of 8.85, 8.97 and 9.07, 
respectively (Table 5).

The commercial quality of coffee is based 
on characteristics such as appearance, color and 
cupping (Carvalho et al., 1994), in which current 
world demand is for coffees of both the best 
visual appearance and high sensorial quality, with 
preference for genotypes with higher percentage 
of coarse flat grains and better sensorial quality of 
the drink (PEROSA & ABREU, 2009; GICHIMU 
et al., 2012). 

Rust
The progenies/cultivars with the lowest 

percentage of rust were: Acauã, Catucaí V. 19/08 
Cv. 380, IBC-Palma 2 (Fruto grande), Iapar 59, 
Katipó, Arara (Sarchimor A.), Sabiá Cv. 708, 
Tupi IAC 1669-33, Caturra A. Colombiano, 
Catucaí 785 Cv.15, Catucaí V. 24/137 and Obatã 
V. IAC 1669-20. These varieties are distributed 
among the five different maturation seasons, 
which is very important for coffee growers to 
be able to stagger crops, lower production costs 
and increase profitability, as well as avoid using 
chemical control of the disease. Among the 30 
progenies/cultivars evaluated, three cultivars were 
highlighted: Tupi IAC 1669-33 and Iapar 59 of 
early maturation and O Obatã V. IAC 1669-20 of 
very late maturation; and the progenies Katipó of 
early maturation; Catucaí V. 19/08 Cv. 380 and 
Arara (Sarchimor A.) of late maturation and Acauã 
of very late maturation that showed no incidence 
of rust. The greatest incidences of rust were the 
found in the progenies Caturra A. (Sel. CAK) and 
Mundo Novo 379-19 with mean incidences of rust 
of 80.15% and 85.5%, respectively (Table 5).

The severity of rust can vary in Arabica 
coffee genotypes even when grown under the 
same environmental conditions, with different 
levels of fungus resistance, classifying the 
genotypes as tolerant or susceptible (REUBEN 
& MTENGA, 2012); resistance is controlled by 
the SH gene and also by other genes, but with less 
effect (FAZUOLI et al., 2007). In fields competing 
with Arabica cultivars, certain cultivars present 
complete resistance to rust, while others may lose 
resistance due to local environmental conditions 
(SHIGUEOKA et al., 2014), a fact that is proven 
in this study. Because densified cropping favors 
the attack of rust, Paiva et al. (2010) indicated 
that care must be taken in the recommendation 
of cultivars for densified systems. According to 
Cabral et al. (2016), the inoculum source is easily 
dispersed by wind across great distances, which 
allows for dispersion of the pathogen among coffee 
growing areas in Brazil, and it is therefore difficult 
to predict the durability of resistance sources to 
coffee rust. For this reason it is recommended 
that breeding programs therefore incorporate 
multigene resistance as a control strategy.

Plant vigor
The progenies/cultivars with the lowest 

plant vigor scores were Caturra A. (Sel. CAK), 
Caturra A. (Sel. Nanicão) and the cultivar Mundo 
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Because the bean size is directly related to 
coffee quality and improves the visual aspect, this 
is one of the criteria for selection of genotypes of a 
new cultivar and should be used in coffee breeding 
studies (PAIVA et al., 2010; PEDRO et al., 2011).

TABLE 5 - Mean rust infection (%), Yield, Sieve 17 and above and Aspect of 05 growing seasons (2005 to 2009) 
and Plant vigor of 10 seasons (2005 to 2014) of the Arabica coffee progenies/cultivars installed at the experimental 
farm “Sítio Santa Maria”, in Marechal Floriano, ES, Brazil.

Progenies/Cultivars Maturation period Rust
(%) Vigor Yield Sieve 17

and above Aspect

Catucaí 785 Cv. 15 Very early 3.55 a 8.11 h 17.75 h 65.60 k 8.10 c
Tupi IAC 1669-33 Early 0.00 a 7.94 g 19.84 r 65.24 k 8.08 c
Katipó Early 0.00 a 7.55 e 17.72 h 58.80 h 7.08 a
Caturra A. Colombiano Early 3.20 a 7.89 g 18.62 n 32.76 a 8.07 c
Iapar 59 Early 0.00 a 6.73 d 17.94 j 60.96 i 8.05 c
Caturra A. (Sel. CAK) Early 80.15 i 5.06 a 19.71 q 42.84 b 7.12 a
Caturra A. (Sel. Nanicão) Early 60.20 h 5.89 b 18.40 m 52.16 e 7.07 a
Catucaí A. 2 SL (Sel. CAK) Medium 21.55 d 8.16 h 18.79 o 62.92 j 8.85 d
Sabiá Cv. 708 Medium 1.80 a 7.71 f 18.96 p 64.68 k 7.85 b
Catucaí A. 24/137 Cv. 250 Medium 15.00 c 8.08 h 18.99 p 62.56 j 7.78 b
Catucaí V. 24/137 Medium 3.65 a 7.89 g 18.78 o 54.04 f 7.12 a
IBC-Palma 2 (Fruto grande) Medium 0.00 a 7.94 g 18.09 k 56.92 g 7.07 a
Catucaí-açú (Fava grande) Medium 12.65 c 7.93 g 18.01 j 47.16 d 7.07 a
Catucaí A. 24/137 (Sel. CAK) Medium 43.50 f 7.75 f 17.84 i 68.48 l 9.07 e
Catucaí V.20/15 Cv. 626 Medium 15.00 c 7.78 f 17.85 i 56.12 g 7.08 a
Topázio MG 1190 Medium 52.70 g 8.03 g 17.08 e 42.64 b 8.08 c
Rubi MG 1192 Medium 45.90 f 7.78 f 17.85 i 45.16 c 8.08 c
Catucaí V. 36/6 Medium 8.85 b 7.83 f 18.01 j 61.20 i 7.05 a
Catucaí A. (Fava grande) Medium 24.45 d 8.08 h 17.46 g 66.16 k 8.05 c
Catucaí A. Cv. 07 - SSP Medium 8.70 b 7.98 g 15.75 b 60.68 i 7.08 a
Mundo Novo 379-19 Medium 85.50 j 6.51 c 18.61 n 63.04 j 8.97 e
Paraíso A. MG H 419-1 Medium 6.75 b 6.65 d 15.35 a 32.68 a 8.05 c
Catucaí V. 19/08 Cv. 380 Late 0.00 a 9.01 i 17.69 h 56.72 d 7.12 a
Arara (Sarchimor A.) Late 0.00 a 9.08 i 17.47 g 57.04 g 7.85 b
Catuaí A. IAC-39 Late 41.50 e 7.48 e 17.32 f 63.88 j 8.05 c
Catuaí V. IAC-99 Late 54.70 g 7.54 e 18.32 l 66.60 k 8.10 c
Catuaí V. IAC-81 Late 51.75 g 7.51 e 18.32 l 65.56 k 8.07 c
Catuaí V. IAC-44* Late 39.20 e 7.69 f 17.71 h 65.00 k 8.07 c
Acauã Very late 0.00 a 9.15 k 16.77 d 43.88 b 7.07 a
Obatã V. IAC 1669-20 Very late 0.00 a 8.26 i 16.15 c 64.72 k 8.03 c
Means followed by the same letter in the same column do not differ at 5.0% probability according to the Scott-
Knott test (n=5). *Progeny/Cultivar used as the control. A % Rust, Yield, Sieve 17 and above and Aspect of the 
grains was assess in the growing seasons (2005, 2006, 2007, 2008 and 2009) and Plant Vigor in 10 seas

With the difficulty and high costs of the labor 
force that Brazilian coffee producers are facing, 
the harvest yield is an important aspect when 
considering manual harvest, a technique practiced 
by the great majority of small-scale agricultural 
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4 CONCLUSIONS
When relating productivity with the 

maturation period we can highlight the progenies/
cultivars: i) of very early maturation: Catucaí 785-
15; ii) of early maturation: Tupi IAC 1669-33; iii) 
of medium maturation the progenies: Catucaí A. 2 
SL (Sel. CAK), Sabiá Cv. 708, Catucaí A. 24/137 
Cv.250, Catucaí V. 24/137, IBC-Palma 2 (Fruto 
grande), Catucaí-açú (Fruto grande) and Catucaí 
A. 24/137 (Sel. CAK); iv) of late maturation: 
Catucaí V. 19/08 Cv. 380 and Arara (Sarchimor 
A.) and v) of very late maturation Acauã and 
Obatã V. IAC 1669-20.

Coffee progenies/cultivars with tolerance 
and/or resistance to rust are excellent options for 
planting in new or renewal areas in humid and high 
elevation conditions to obtain high productivity 
and high plant vigor, potentially eliminating the 
need for chemical control of rust.

Therefore, this study shows that for the 5 
different maturation periods studied, in areas of 
crop renewal or even for the conditions of new 
experimental areas, coffee growers have several 
options with specific characteristics of each 
progeny/cultivar superior to the standard Catuaí 
most commonly cultivated in the region.

producers. It was observed that the highest yield 
is obtained for short and conical sized plants, as is 
the case of Catucaí A. 2 SL and Catucaí V. 19/08 
(Japi) of medium and late maturity, respectively.

In relation to the set of desirable agronomic 
characteristics that a progeny/cultivar should have, 
including: productivity, vigor, yield, high sieve and 
low susceptibility to rust, it is observed in Figure 
1 that producers have access to good genetic 
material for the 05 different maturation periods. 
For example, the progeny / cultivar Paraíso A. MG 
H 419-1 present tolerance / resistance to rust, but 
doesn’t show good productivity when compared to 
Catucaí A. 2 SL (Sel. CAK) and Tupi IAC 1669-
33 that show good productivity, good sieve 17 and 
above, good yield and good harvest sacks / day 
besides presenting resistance to rust. Moreover, 
the progeny / cultivar Caturra A. (Sel. CAK); 
Caturra A. (Sel. Nanicão); Mundo Novo 379-19, 
should be avoided because they are susceptible to 
rust. (Figure 1).

According to Carvalho et al (2011), 
the progeny / cultivar Paraíso A. MG H 419-
1 presenting high resistance to rusty and good 
productivity, however this progeny presented low 
productivity in relation to the other progenies 
evaluated in this present work.

FIGURE 1 - Principal Components Analysis (PCA) relating the progenies/cultivars to the variables Plant vigor, 
Productivity (sc/ha), Sieve 17 and above, Harvest yield (sacs/day) and Rust (% infection). Different symbols 
indicate different maturation periods: ● very early; □ early; ○ medium; Δ late; ■ very late. The numbers represent 
the varieties: 51) Caturra A. Colombiano; 52) Caturra A. (Sel. CAK); 54) Catucaí-açú (Fruto grande); 55) Catucaí 
785 Cv. 15; 56) Catucaí A. Cv. 07 - SSP; 57) Catucaí V. 19/08 Cv. 380; 58) Catucaí V. 24/137; 59) Catucaí A. 
24/137 Cv. 250; 60) Catucaí V. 36/6; 61) Catucaí A. 2 SL (Sel. CAK); 62) Catuaí V. IAC-81; 63) Catuaí A. IAC-
39; 65) Catuaí V. IAC-44; 66) Catuaí V. IAC-99; 68) Acauã; 70) Catucaí V.20/15 Cv. 626; 71) Topázio MG 1190; 
72) IBC-Palma 2 (Fruto grande); 73) Sabiá Cv. 708 ; 74) Caturra A. (Sel. Nanicão); 75) Arara (Sarchimor A.); 
76) Mundo Novo 379-19; 77) Obatã V. IAC 1669-20; 78) Rubi MG 1192; 79) Iapar 59; 80) Katipó; 81) Tupi IAC 
1669-33; 82) Catucaí A. (Fruto grande); 83) Catucaí A. 24/137 (Sel. CAK); 84) Paraíso A. MG H 419-1
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