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ABSTRACT

Potassium is a source of non-renewable natural resource, and is used in large quantities in coffee fertilization through basically
imported formulations in the form of potassium chloride. An alternative to make production systems more sustainable would be
obtaining cultivars more efficient in the use of this nutrient. This study aimed to evaluate the genetic diversity among 20 cultivars
of coffee, in conditions of low availability of potassium to identify the best combinations for composing future populations to be
used in breeding programs. The experiment was arranged in a randomized block design with three replications of nutrient solution.
Agronomic characteristics and efficiencies of rooting, absorption, translocation, biomass production and potassium utilization
were evaluated. The clustering analysis was based on the unweighted pair group method with arithmetic mean clustering algorithm
(UPGMA) and canonical variables. Variability was observed for most treatments. The multivariate procedures produced similar
discrimination of genotypes, with the formation of five groups. Hybridizations between the cultivar Icatu Precoce IAC 3283 with
cultivars Catuai Amarelo IAC 62, Araponga MG1, Caturra Vermelho IAC 477, Catuai Vermelho IAC 15, Rubi MG 1192 and Catucai
785/15, and between the cultivar Tupi IAC 1669-33 with cultivars Icatu Vermelho IAC 4045, Acaia Cerrado MG 1474 and Oeiras
MG 6851 are the most promising for obtaining segregating populations or heterotic hybrids in breeding programs aiming more
efficiency in potassium utilization.

Index terms: Coffea arabica, nutritional efficiency, K deficiency, multivariate analysis.

RESUMO

O potassio constitui uma fonte de recurso natural ndo renovavel, e é utilizado em grandes quantidades nas adubagdes cafeeiras,
por meio de formulagdes, basicamente, importadas na forma de cloreto de potassio. Uma alternativa para tornar os sistemas de
producdo mais sustentaveis seria a obtengao de cultivares mais eficientes no uso desse nutriente. Assim, neste trabalho, objetivou-se
avaliar a divergéncia genética entre 20 cultivares de café, em condi¢des de baixa disponibilidade de potassio, visando a identificar as
melhores combinagdes para compor futuras populagdes a serem utilizadas em programas de melhoramento genético. Utilizou-se o
delineamento em blocos casualizados, com trés repeticdes em solucdo nutritiva. Foram avaliadas caracteristicas morfoagronomicas e
as eficiéncias de enraizamento, de absorcao, de translocacdo, de producao de biomassa e de utilizagdo de potassio. Como estratégias
de agrupamentos foram empregados o método hierarquico unweighted pair-group method using arithmetic averages (UPMGA) e a
analise de varidveis canonicas. Observou-se variabilidade para a maioria das caracteristicas avaliadas. Os procedimentos multivariados
apresentaram resultados analogos na discriminagao de gendtipos com a formagao de cinco grupos. As hibridacdes entre as cultivares
Icatu Precoce IAC 3283 com as cultivares Catuai Amarelo IAC 62, Araponga MG1, Caturra Vermelho IAC 477, Catuai Vermelho
TIAC 15, Rubi MG1192 e Catucai 785/15, e entre a cultivar Tupi IAC 1669-33 com as cultivares Icatu Vermelho IAC 4045, Acaia
Cerrado MG 1474 e Oeiras MG 6851 sdo consideradas as mais promissoras na obtencdo de populagdes segregantes ou hibridos
heteroticos para maior eficiéncia no uso de potassio.

Termos para indexacio: Coffea arabica, eficiéncia nutricional, deficiéncia de K, analise multivariada.

INTRODUCTION one of the largest producers, exporters and consumers

worldwide - with turnover of 6.5 billion dollars in 2012,

Brazilian coffee has great economic and social  becoming the main commodity of the domestic trade
importance in the domestic and global scenarios. It is a  balance (FAO, 2013). In Brazil, coffee is grown in highly
growing market, reaching 91 billion dollars per year. Brazil ~ weathered soils with low fertility and acute potassium,
accounts for about 35% of world coffee production, being  calcium and magnesium deficiencies. To achieve high
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yields, large quantities of chemical fertilizers are used,
making up about 40% of the total production costs (MAPA,
2012).

Potassium is a non-renewable natural resource and
is used in fertilizers in the form of potassium chloride. It
mainly comes from imported formulations, which increases
the production. Potassium is the second most important
nutrient for coffee crops, playing an important role in
the synthesis of proteins, carbohydrates and adenosine
triphosphate (ATP), in osmotic regulation and tolerance
to pests and diseases through its effect on the strength and
permeability of plasma membranes (Marschner, 2012). It
participates in the coffee plants reproductive development,
yield and bean size (Laviola et al., 2006; Clemente et al.,
2013). Potassium also contributes to beverage quality
by activating the polyphenol oxidase enzyme in coffee
beans (Guimaraes et al., 2011). Therefore, there is a need
for alternatives that can contribute to the sustainability of
coffee cultivation in Brazilian soils and studies involving
mineral nutrition and breeding for selection of genotypes
that are more efficient at K utilization are crucial.

According Gabelman and Gerloff (1983),
absorption, transport and redistribution of nutrients in
plants are under genetic control, thus the possibility
exists to improve and/or select cultivars for more efficient
utilization of nutrients. Nutritional efficiency refers to the
ability of a genotype to obtain high yields in nutrient-poor
soils (Graham, 1984). However, to avoid the selection of
plants with high nutrient utilization efficiency but with
low yields, Siddiqi and Glass (1981) proposed a modified
approach to the estimation of the utilization efficiency
index which is the ratio between square biomass and tissue
nutrient concentration.

Studies with coffee have demonstrated genetic
diversity among cultivars for efficiency of absorption,
transport and utilization of several nutrients (Amaral et
al., 2011a; Amaral et al., 2011b; Pedrosa et al., 2013 and
Tomaz et al., 2008). However these studies considered
the association of macronutrients, especially nitrogen,
phosphorus and potassium and/or micronutrients such as
boron, copper and zinc, with adequate fertilization, it is
then necessary to evaluate the nutritional efficiency for
each nutrient separately. Capitalizing on these genotypic
differences is the basis for breeding programs and is vital
for guiding crossings aiming at increasing efficiency in
the uptake, translocation and utilization of potassium by
coffee, plants which can be measured by multivariate
methods.

Multivariate methods have been successfully
applied to estimate the genetic divergence based

on agronomic traits of coffee. Principal component
analysis, canonical variables and clustering methods
have been reported for Arabica coffee (Dias et al., 2005;
Guedes et al., 2013; Silva et al., 2013; Teixeira et al.,
2013) and for Conilon and Robusta coffee analyses
(Fonseca et al., 2006; Ivoglo et al., 2008; Rocha et al.,
2013).

The objective of this study was to evaluate
the genetic divergence among 20 coffee cultivars in
potassium-constrained conditions and identify the most
promising combinations for future breeding programs
aiming to produce cultivars with greater efficiency
potassium utilization.

MATERIAL AND METHODS

The experiment was conducted in a greenhouse
at the Plant Science Department (DFT) of the Federal
University of Vigosa, Minas Gerais, in static aerated
nutrient solution containing low potassium rate (1.5
mmol L), A randomized block design was used with
twenty coffee cultivars (Table 1) and three replicates. The
plots consisted of two plants grown in pots with nutrient
solution.

The twenty coffee cultivars were sown in plastic
trays containing sand pretreated with 0.1 N HCI. Weekly
irrigations were performed until the seedlings reached
the “jaguar ear” stage when they were transplanted into
plastic containers containing 8.0 L of Hoagland and
Arnon (1950) nutrient solution. A Schultz compressor
was used to oxygenate the nutrient solution and the
solution volume in the containers were completed
with deionized water to a volume of 8.0 L. The pH
was weekly adjusted to 5.5 - 6.5 with HCI (1.0 N) and
NaOH (1.0 N) and the solutions were replaced based
on the electrical conductivity (EC), when depletion
reached 30% of the initial EC. The nutrient solution
was replaced twice.

The following agronomic characteristics were
evaluated: plant height (PH) — measured from the
base of the orthotropic branch to the plant apex, in m;
number of leaves (NL) — counting the leaves in the
whole plant; number of nodes (NN) — counting the
nodes in the orthotropic branch; stem diameter (SD)
— using digital calipers at the base of the orthotropic
branch, in mm; leaf areca (LA) — based on the total
number of leaves using a calibrated leaf area meter
(Delta-T Devices Ltd., Burwell, Cambridge); and
internode length (IL) — the ratio plant height:number
of nodes.
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Table 1 — Cultivars of coffee (Coffea arabica L.) and genetic origin evaluated.

Cultivars

Genetic origin

1 - Catuai Amarelo IAC 62

2 - Paraiso MG H 419-1

3 - Icatu Vermelho TAC 4045
4 - Obatd IAC 1669/20

5 - Caturra Amarelo IAC 476
6 - IPR 102

7 - Catuai Vermelho IAC 15
8 - Rubi MG 1192

9-1PR 103

10 - Araponga MG1

11 - Topazio MG 1190

12 - San Ramon

13 - Icatu Precoce IAC 3282
14 - Tupi IAC 1669-33

15 - Catucai 785/15

16 - Acaid Cerrado MG 1474
17 - Oeiras MG 6851

18 - Sdo Bernardo

19 - Pau Brasil MG1

20 - Caturra Vermelho IAC447

Caturra Amarelo IAC 476-11 x Mundo Novo TAC 374-19
Caturra Amarelo IAC 30 x Hibrido de Timor UFV 445-46
Coffea canephora x Bourbon Vermelho

Villa Sarchi x Hibrido de Timor

Mutation of the cultivar Caturra Vermelho IAC 447

Icatu x (Catuai Amarelo IAC 66 x Catuai Vermelho IAC 99)
Caturra Amarelo IAC 476-11 x Mundo Novo

Catuai x Mundo Novo

Icatu x (Catuai Amarelo IAC 66 x Catuai Vermelho IAC 99)
Caturra Amarelo IAC 86 x Hibrido de Timor UFV 446-08
Catuai Amarelo x Mundo Novo

Progeny C 1034-4 introduced of the Costa Rica

Icatu Vermelho x Bourbon Amarelo

Villa Sarchi x Hibrido de Timor

Icatu Vermelho x Catuai Vermelho

Acaia 474-1, selection of the Mundo Novo

Hibrido CIFC HW 26/5 (Caturra Vermelho x Hibrido de Timor)
Mutation of the coffee Tipica

Catuai Vermelho IAC 15 x Hibrido de Timor UFV 442/34
Mutation of the cultivar Bourbon Vermelho

The plants were separated into roots, stems and
leaves, and dried in an oven with forced air circulation at
70 °C for 72 hours. The dried samples were weighed and
the following estimates obtained: root dry mass (RDM);
stem dry mass (SDM); and leaf dry mass (LDM). Dry plant
materials were ground with a Wiley mill to pass through
a 20-mesh sieve and samples were analyzed in the Leaf
Analysis Laboratory of the Federal University of Vigosa
(UFV) to determine the nutrient levels. The K levels in
the plant parts were used to determine the K contents by
multiplying the K levels by the dry mass of each plant part.

The utilization efficiency indices were estimated on
the basis of dry mass and K levels, according to Siddiqi
and Glass (1981): a) rooting efficiency (RE) = (g of
root dry matter)” mg of K in the plant; b) potassium
absorption efficiency (KAE) = mg of K in the plant/ g
root dry matter; ¢) potassium translocation efficiency
(KTE) = mg of K in the aerial part/ mg of K in the
plant; d) biomass efficiency (BE) = (g dry matter of the
aerial part)” mg of K in the aerial part; and e) potassium
utilization efficiency (KUE) = (g dry matter)” mg of K

in the plant. Data were subjected to analysis of variance
and means were compared by the Scott-Knott test, at 5%
probability. The multivariate analysis was performed using
the Unweighted Pair-Group Method Using an Arithmetic
Average (UPGMA) based on the genetic dissimilarity
matrix estimated by the Generalized Mahalanobis Distance
and canonical variables. The relative importance of each
trait was calculated by the Singh’s method (Singh, 1981).
The analyses were performed using the GENES software
(Cruz, 2013) and the hierarchic clustering (function hclust)
of the standard R software.

RESULTS AND DISCUSSION

The coffee cultivars showed variability for most
caracteristics evaluated (P < 0.05), and only root/ shoot
ratio was not significantly different (Table 2).

Cultivars Icatu Vermelho IAC 4045, Icatu Precoce
TAC 3282 and Acaia Cerrado MG 1474 showed the highest
means for plant height and internode length, while San
Ramon and Sao Bernardo presented the lowest values for
these traits (Table 2). This result was expected because
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these cultivars have genetic factors that determine plant height
and internode length — Icatu Vermelho IAC 4045 and Icatu
Precoce TAC 3282 are tall cultivars, whereas San Ramon
and Sao Bernardo have very short height (Carvalho, 2008).

The highest means for leaf area, number of leaves and
number of nodes were observed for cultivars Catuai Amarelo
IAC 62, Caturra Amarelo IAC 476, Catuai Vermelho IAC
15, Rubi MG 1192, Pau Brasil MG 1 and Caturra Vermelho
TAC 477 showed (Table 2). A higher rate of leaf growth
in seedlings is desirable, since the leaves convert light
energy into chemical energy essential for plant growth and
development (Marenco; Lopes, 2005). Besides, increased
number of nodes can lead to a larger number of primary
plagiotropic branches and greater production of secondary
branches, thus benefiting the production (Tomaz et al., 2005).

Stem diameter means were highest in the cultivars
Obatd TAC 1669/20, Caturra Amarelo IAC 476, IPR 102,
Catuai Vermelho TAC 15, Rubi MG 1192, Araponga MG 1,
Tupi IAC 1669-33, Catucai 785/15 and Caturra Vermelho
IAC 477 (Table 2). Studies carried out during the coffee
juvenile stage have shown that this is an important trait for
discrimination of coffee genotypes and was highly correlated
with vigor and number of nodes of the first plagiotropic
branch (Teixeira et al., 2013). The largest dry matter
productions of root, stem and leaf were obtained by cultivars
Obata IAC 1669/20, Caturra Amarelo IAC 476, IPR 102,
Rubi MG 1192, Araponga MG 1, Tupi IAC 1669-33, Catucai
785/15 and Caturra Vermelho IAC 477 (Table 2), which may
be associated with the highest means per number of leaves
(NL), number of nodes (NN) and leaf area (LA).

Table 2 — Mean plant height (PH), number of leaves (NL), number of nodes (NN), internode length (IL), stem diameter
(SD), leaf area (LA), leaf dry mass (LDM), evaluated in cultivars of coffee grown in nutrient solution with low potassium

(1.5 mmol L.

Cutivars PH NL NN IL SD LA RDM SDM LDM

(cm) em) m (e () (@ (9
Catuai Amarelo IAC62 474B 363A 123A 38B 058B 2289.7A 3.0B 52A 113A
Paraiso MG H 419-1 423B 333B 120A 36B 048C 1920.7A 3.3A 38B 09.6A
Icatu Vermelho TAC 4045 55.8A 27.0B 12.0A 46A 046C 14353C 25B 40B 068C
Obatd IAC 1669/20 423B 33.0B 11.7B 36B 0.65A 19384A 40A 63A 10.8A
Caturra Amarelo IAC476 434B 41.0A 12.0A 3.6B 0.67A 20643A 35A 61A 11.0A
IPR 102 423B 385A 112B 38B 0.61A 19849A 38A 57A 10.7A
Catuai Vermelho IAC 15 448B 37.0A 127A 35B 0.57B 2181.2A 32B 50A 10.0A
Rubi MG 1192 422B 380A 128A 33C 0.65A 21481A 39A S56A 112A
IPR 103 36.8C 288B 11.5B 32C 048C 1777.5B 26B 27C 08.5B
Araponga MGl 40.7B 340B 118B 35C 0.65A 20420A 39A 47A 105A
Topazio MG 1190 439B 402A 11.7B 38B 052B 20989A 29B 43B 103A
San Ramon 270D 295B 122A 23E 039C 12363C 20B 1.6C 06.0C
Icatu Precoce IAC 3282 61.0A 350A 123A 49A 056B 1623.7B 29B 53A 0848B
Tupi IAC 1669-33 36.6C 415A 112B 33C 071A 1971.8A 37A 62A 11.1A
Catucai 785/15 379C 403A 11.7B 32C 071A 18914A 38A 50A 103A
Acaia Cerrado MG 1474 59.8A 302B 12.7A 47A 053B 15251C 30B 53A 079B
Oeiras MG 6851 421B 283B 112B 38B 051B 17275B 25B 38B 093A
Sdo Bernardo 338C 407A 11.5B 29D 054B 20252A 28B 33B 09.8A
Pau Brasil MG1 3839B 367A 120A 32C 058B 18923A 28B 45A 100A
Caturra Vermelho IAC 477 419B 363A 123A 34C 0.64A 2071.3A 35A 49A 105A

Média 43.04 353 11.9 3.6 0.57 1892.3 32 4.7 9.7

CV (%) 7.09  10.5 4.6 5.7 10.3 9.9 14.9 15.1 10.3

Means followed by the same letters in the columns are not significantly different by the Scott-Knot test, at 5% probability.
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Cultivars Obata IAC 1669/20, Caturra Amarelo
IAC 476, IPR 102, Rubi MG 1192, Araponga MG
1, Tupi IAC 1669-33, Catucai 785/15 and Caturra
Vermelho TAC 477 showed the highest efficiencies
of rooting, biomass production and potassium
utilization and, although less efficient in the uptake
and translocation of this element (Table 3), they
showed great ability to utilize the K absorbed. Similar
behavior was observed for cultivar IPR 102 in an
environment with both low and adequate zinc rates
(Pedrosa et al., 2013). However, at low levels of macro
and micronutrient fertilization, the cultivar Rubi was
the most efficient in using these nutrients for leaf
production (Amaral et al., 2011a).

On the other hand, San Ramon was less efficient in
utilizing potassium for biomass production, were efficient
in the uptake and translocation of K, demonstrating
limited ability of these cultivars to convert the absorbed
and translocated potassium into dry matter (Table 3). This
cultivar also showed low efficiency in utilizing zinc (Pedrosa
et al., 2013).The diversity of behavior among the coffee
cultivars involves several physiological, morphological and
biochemical mechanisms that may limit the translocation of
the absorbed nutrient to the shoot, constituting the basis of
genotypic differences in nutritional efficiency (Gabelman;
Gerlof, 1983). This demonstrates the complexity of cultivar
selection when taking the traits in isolation, i.e., based on
univariate analysis.

Table 3 — Mean rooting efficiency (RE), potassium absorption efficiency (KAE), potassium translocation efficiency
(KTE), biomass efficiency (BE), potassium utilization efficiency (KUE), root/shoot ratio (RSR) evaluated in cultivars
of coffee grown in nutrient solution with low potassium (1.5 mmol L).

Cutivars RE KAE KTE BE KUE RSR
(g’'mg™) (mgg™) (mgmg')  (g’'mg’) (g’'mg™) (ggh)
Catuai Amarelo IAC 62 0.04 B 78.08 A 0.88 A 1.44 B 1.76 B 0.18A
Paraiso MG H 419-1 0.06 B 54.73 C 0.80 B 130 B 1.61B 0.24 A
Icatu Vermelho IAC 4045 0.05B 53.36 C 0.83 A 1.09B 137B 0.23A
Obata IAC 1669/20 0.08 A 50.06 C 0.79B 1.88A 224A 0.23 A
Caturra Amarelo IAC476 0.07 A 53.68 C 0.79 B 2.00 A 229A 021A
IPR 102 0.08 A 4839 C 0.77B 1.90 A 224 A 0.24 A
Catuai Vermelho IAC 15 0.06 B 51.16 C 0.83 A 1.66 A 2.03A 021 A
Rubi MG 1192 0.09 A 45.88 C 0.76 B 2.06 A 239A 0.24 A
IPR 103 0.05B 53.00 C 0.80 B 1.14B 1.39B 0.23A
Araponga MG1 0.08 A 46.43 C 0.75B 1.78 A 2.09A 0.25A
Topéazio MG 1190 0.05B 60.06 C 0.83 A 1.47B 1.76 B 020 A
San Ramon 0.03 B 78.07 A 0.82A 0.61C 0.76 C 023 A
Icatu Precoce IAC 3282 0.05B 56.64 C 0.86 A 1.34B 1.68 B 021A
Tupi IAC 1669-33 0.07 A 53.81C 0.78 B 1.93A 223A 0.22A
Catucai 785/15 0.08 A 49.58 C 0.78 B 1.69 A 2.05A 0.25A
Acaia Cerrado MG 1474 0.06 B 54.12C 0.84 A 1.29B 1.64 B 0.23A
Oeiras MG 6851 0.04 B 60.73 C 0.84 A 136 B 1.63 B 0.19A
Sdo Bernardo 0.05B 63.29 B 0.84 A 1.20B 1.48 B 021 A
Pau Brasil MG1 0.04 B 64.05 B 0.85A 1.42B 1.71B 0.19A
Caturra Vermelho IAC 477 0.07 A 48.47C 0.80 B 1.80 A 2.16 A 0.22A

Média 0.06 56.18 0.81 1.52 1.82 0.22

CV (%) 27.36 16.64 3.74 18.10 16.81 17.79

Means followed by the same letters in the columns are not significantly different by the Scott-Knot test, at 5% probability.
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Therefore, considering all the traits analyzed by
the multivariate techniques and using the Mahalanobis
distance as a dissimilarity measure, it was found that the
most dissimilar pairs of cultivars were the combinations
involving the cultivar Icatu Precoce IAC 3282 (Figure 1).
The pairs of cultivars with larger genetic distances were:
San Ramon with cultivars Icatu Precoce IAC 3282, Icatu
Vermelho TAC 4045 and Acaia Cerrado MG 1474; Icatu
Precoce IAC 3282 with cultivars IPR 103 and Oeiras MG
6851. However, one should be careful in choosing these
combinations, as most of them did not involve K-efficient
cultivars (Table 2).

Ly
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Figure 1 — Genetic dissimilarity among 20 cultivars
of arabica coffee grown in nutrient solution with low
potassium (1.5 mmol L!). Dendrogram obtained by
UPGMA based on 15 quantitative traits using the
Mahalanobis distance (cophenetic correlation: 0.85).

The most similar pairs of cultivars were Caturra
Vermelho IAC 477 with cultivars Pau Brasil MG1,
Araponga MG1 and Catuai Vermelho IAC 15; Icatu
Vermelho IAC 4045 and Acaid Cerrado MG 1474; Caturra
Amarelo IAC 476 and Tupi IAC 1669-33; Catuai Vermelho
IAC 15 and Pau Brasil MG1 (Figure 1). Most of these
combinations involved high K-efficient cultivars (Table 2).
In selecting materials for crossing it is recommended that
both be in separate groups to increase the heterosis effect in
segregating generations (Cruz; Regazzi; Carneiro, 2012).

The UPGMA cluster analysis (Cruz; Regazzi; Carneiro,
2012) indicated five distinct clusters with cophenetic correlation
of 0.85 (Figure 1). This method has also been effective in
discriminating genotypes based on agronomic traits of both
Arabica coffee (Pedrosa et al., 2013, Macedo; Lopes, 2008)
and Robusta coffee (Fonseca et al. 2006; Ivoglo et al., 2008).

Group | was formed by cultivar Icatu Precoce
IAC 3282 (Figure 1). This cultivar is characterized by
tall stature, early ripening and tolerance to rust (Carvalho,
2008). It showed high K translocation efficiency, but
Intermediate K utilization efficiency (Table 2). This result
was opposite to that reported by Amaral et al., 2011a, where
cultivar Icatu Precoce IAC 3282 was the most efficient in
N, S and Zn utilization for branch production when grown
with low-potassium fertilization in association with other
nutrients. It also showed high agronomic efficiency under
the same conditions (Amaral et al., 2011b).

Cultivars Icatu Vermelho IAC 4045 and Acaia
Cerrado MG 1474 formed group II (Figure 1). These
cultivars showed the highest translocation K efficiency, but
were less efficient in K utilization for biomass conversion
(Table 2). Opposite behavior was observed for cultivar Acaia
grown in low N, P and K rates, standing out for the high
efficiency in root and stem production (Amaral et al., 2011a).

Group III consisted of five cultivars: Topazio MG
1190, Tupi IAC 1669-33, Caturra Amarelo IAC 476, San
Ramon and Sao Bernardo (Figure 1). Most of these cultivars
showed lower means for the agronomic traits and were most
efficient only for K translocation (Tables 2 and 3). In this
group, the last three cultivars are ancient and have been little
improved for agronomic traits. Cultivar Oeiras MG 6851
formed group IV (Figure 1). It belongs to Catimor germplasm
and is characterized by short stature, high vegetative vigor
and resistance to coffee rust (Carvalho, 2008). It showed high
K translocation efficiency, but low efficiencies of rooting,
absorption and biomass production (Table 3).

Group V comprised the largest number of cultivars,
being all of low stature and shorter internode length, but
most presented the highest means for number of leaves,
number of nodes, stem diameter, leaf area, dry matter
production of root, stem and leaf (Table 2). This group
stood out for having the largest number of cultivars with K
utilization efficiency for production of root dry matter and
biomass, although with lower efficiencies in absorption and
translocation (Table 3). It is noteworthy that these cultivars
have at least one parent in common (Table 1), which may
have contributed to the lower variability found among them.

The canonical analysis showed that the first two
variables represented 88.82% of the total cumulative
variation (Figure 2). The first canonical variable (CV
1) explained 49.60% of the variation, while the second
canonical variable (CV 2) explained 39.22%, which was
satisfactory for the two dimensional graph representation
(Tabela 4). This also allows for satisfactorily explaining
the variability among genotypes (Cruz; Regazzi; Carneiro,
2012). This method was also effective in identifying the
most divergent Conilon genotypes (Fonseca et al., 2006).
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Figure 2 — Scores plotted along the first and second canonical variable axes (CV 1 and CV 2) for the 15 traits
studied in 20 cultivars of arabica coffee grown in nutrient solution with low potassium rate (1.5 mmol L).

Table 4 — Cumulative variance (%) by the canonical variables (CVi) of 15 characteristics evaluated for coffee cultivars
grown in nutrient solution with low dose of potassium (1.5 mmol L),

Cumulative Variance CV, CV, CV, CV,

CV, CV, CV, CV., CV, . CV_

(%) 49,69 88,82 93,89 95,60

97,04 97,98 98,66 99,07 99,36 100,00

The mean comparison analysis along with the
clustering by the UPGMA (Figure 1) and canonical
variables (Figure 2) allowed the identification of the
variability among the cultivars grown with low potassium
level. This identification will provide tools for selecting
contrasting genotypes that can assist in determining the
genetic control of these traits, allowing a more appropriate
strategy for the identification of superior arabica
coffee cultivars. In selecting materials for crossing is
recommended that both be in separate groups to increase
the heterosis effect in segregating generations (Cruz;
Regazzi; Carneiro, 2012).

CONCLUSIONS

There is genetic variability among coffee cultivars
grown in an environment with low availability of
potassium.

Hybridizations between the cultivar Icatu
Precoce IAC 3283 with cultivars Catuai Amarelo TAC
62, Araponga MG1, Caturra Vermelho IAC 477, Catuai
Vermelho TAC 15, Rubi MG 1192 and Catucai 785/15,
and between the cultivar Tupi IAC 1669-33 with cultivars
Icatu Vermelho TIAC 4045, Acaia Cerrado MG 1474 and

Oeiras MG 6851 are the most promising for obtaining
segregating populations or heterotic hybrids in breeding
programs aiming at more efficiency in potassium
utilization.
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