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Abstract

Conilon coffee is a highly heterozygous diploid plant that is also allogamous, producing seeds through cross-fertilisation. Due to
their allogamy, plants of seminiferous origin are highly heterogeneous, exhibiting high morphological and genetic diversity.
However, propagation through cutting guarantees the maximum homogeneity of fields, particularly in grain maturation, among other
desirable characteristics. Currently, the majority of commercial Conilon coffee is planted using seedlings propagated by cuttings.
Studying the juvenile behaviour of different clonal genotypes of the Conilon coffee plant represents an important tool to assist with
the establishment of this crop. The objective of this study was to assess the growth, development and genetic diversity in several
promising genotypes of the Conilon coffee plant based on the morphological characteristics of seedlings propagated by cutting. We
used seedlings Conilon coffee of 33 genotypes selected by coffee growers, and with great productive potential, and genotype 02 of
the Emcapa 8111 variety. Based on morphological characteristics linked to the growth and development of the aboveground and root
systems of the genotypes, their phenotypic correlations were estimated, along with the genetic diversity among genotypes, using
Tocher’s optimisation method and the unweighted peer group method with arithmetic mean. Genotypes Al, P2, Z39, Ouro Negro,
Tardio C, Cheique, and Z29 exhibited a higher Dickson quality index (between 0.40 and 0.56). Genetic variability exists among the
seedlings of the 34 genotypes of Conilon coffee studied. The most dissimilar genotypes were CHR, 18, and Z39, which remained in
isolated groups in all experiments.

Keywords: Coffea canephora; Genetic diversity; Variability; Vegetative propagation; Phenotypic correlation.

Abbreviations: ADM_aboveground dry matter; ANA_National Water Agency; CONAB_National Food Supply Agency;
DAPC_days after planting by cutting DQI_Dickson quality index; EMS_etiolation of the main stem; ICO_lInternational Coffee
Organization; LA_leaf area; LDM_leaf dry matter; LLR_length of largest root; MAPA_Brazilian Ministry of Agriculture;
NIPS_number of internodes on the primary stem; NISS_number of internodes on the secondary stem; NOS_number of orthotropic
shoots; NPR_number of primary roots; NPTB_number of plagiotropic branches; PSBD_primary stem base diameter; PSH_primary
stem height; RDM_root dry matter; RV_root volume; SDM_stem dry matter; SLM_specific leaf mass; SSBD_secondary stem base
diameter; SSH_secondary stem height; TDM_total dry matter; and UPGMA _hierarchical unweighted pair group method with
arithmetic mean.

Introduction

The genus Coffea encompasses at least 124 species, with (CONAB, 2015). Conilon coffee is a highly heterozygous (2n
Coffea arabica L. and C. canephora Pierre ex A. Froehner = 2x = 22 chromosomes) diploid plant that is also
having commercial significance (Davis et al., 2011). Global allogamous, producing seeds through cross-fertilisation
coffee production in 2014 surpassed 141.85 million bags, of (Denoeud et al., 2014). Due to their allogamy, plants of
which 40.3% were C. canephora, produced mainly in seminiferous origin are highly heterogeneous, exhibiting high
developing countries (ICO, 2015). In the 2014 harvest, the morphological and genetic diversity (Conagin and Mendes,
Brazilian production of C. arabica (Arabica coffee) and C. 1961; Braganga et al., 2001). However, propagation through
canephora (Conilon and/or Robusta coffee) was 32.3 and cutting has been used for many years because it has several
13.0 million bags, respectively, in an area of 1.95 million advantages, such as the retention of genetic characteristics of
hectares (CONAB, 2015). In Brazil, the main conilon coffee the stock plant, greater crop homogeneity, increased
producing states are Espirito Santo, Ronddnia and Bahia, productivity, and the ability to separate crops based on their
which together account for 95.6% of national production maturation cycle (Braganga et al., 2001; Partelli et al,
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2014b). Genetic variability in the population is required for
any genetic improvement program because it allows the
selection of superior genotypes (lvoglo et al., 2008) that are
adapted to the soil and climate conditions of the cultivation
region. Several authors working with different genotypes of
C. canephora, have obtained success in the identification of
genotypes adapted to new growing regions (Barbosa et al.,
2014), of materials more dissimilar for the establishment of
programs of directed crosses (Cecon et al., 2008) and in
population base training for later selection and production of
hybrid (lvoglo et al., 2008). Denoeud et al. (2014) found C.
canephora to be a useful reference species for understanding
the evolution of genomic structure in asterid angiosperms.
Genotypes of Conilon coffee exhibit countless differences,
including polyclonal varieties (Fonseca et al., 2004), a group
of clones that are generally grouped by maturation cycle:
early, medium, late and very late (Partelli et al., 2014b). A
physiologically viable cutting method has been developed,
guaranteeing the maximum homogeneity of fields,
particularly in grain maturation, among other desirable
characteristics (Weigel and Jurgens, 2002; Paiva et al., 2012;
Partelli et al., 2014a). Currently, the majority of commercial
Conilon coffee is planted using seedlings propagated by
cuttings. Knowing the characteristics of seedlings in each
genotype becomes an important tool in planting coffee fields
(Covre et al., 2013). Thus, the objective of the present study
was to assess the growth, development and genetic
divergence of several promising genotypes of Conilon coffee
based on the morphological characteristics of seedlings
propagated by cutting.

Results and Discussion
Growth and development initial

The genotypes were divided into two groups based on leaf
area (Table 1). The group composed of genotypes 239, Z29,
Z40, Bamburral, Tardio C, 237, Al, Z18, 18, Cheique, P2,
Z36, Ouro Negro, Pirata, Peneirdo, 700, Z38, Z21 and 02
Emcapa represented the genotypes with the greatest LA.
Greater LA implies greater surface to capture light, resulting
in higher photosynthetic rates and leading to greater initial
plant growth (Partelli et al., 2006).

Significant differences in NOS were not observed among
genotypes, demonstrating that this is a characteristic of the
species that does not vary with genotype within the species
(Table 1). Low NOS observed may be associated with small
seedling age. However, after transplanting of seedlings
conilon coffee techniques are applied to induce sprouting of
orthotropic branches, such as bending, which provides
standardization in the number of orthotropic branches per
plant (Schmidt et al., 2014). In adults coffee productivity is
directly related to the amount of NOS and plagiotropic
branches, since it increases the production area (Tomaz et al.,
2005).

The genotypes could also be placed in two groups based on
variable NPTB, with greater values in the genotypes Z39,
7236, Tardio C, Al, Z38, Bamburral, Z21, Peneirdo, Cheique,
L80, Precoce V and Bicudo. The PSH characteristic was
observed the formation of three distinct groups among
genotypes. Second Bonomo et al. (2004), height plant is an
important component in the productivity of adult coffee,
since it indicates a higher number of productive nodes,
therefore, higher number of plagiotropic branches. For the
variables PSBD and NIPS, there was greater variation in the
genotypes, classifying them into four groups. The group with
the highest values comprised the genotypes P2, Z39, Al,
Peneirdo, Cheique, Bamburral, Bicudo, Tardio C, Z37, Z21,
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738, 729, Ouro Negro and L80 for PSBD; genotype 18 had
the highest value for NIPS (Table 1). Higher values for NPTB
and PSBD are desirable, as they exhibit high correlation with
productivity in future harvests (Bustamante et al., 2004;
Contarato et al., 2010), and productivity is the main objective
and selection criteria in coffee cultivation (Oliveira et al.,
2011; Rodrigues et al., 2014). No significant differences were
observed among the analysed genotypes in SSH, SSBD, or
NISS (Table 2). Two groups emerged for the variables PSE,
LLR, NPR, and RV. Genotypes P2, Al, Z39, and Cheique
exhibited a greater RV compared with the others. According
to Contarato et al. (2010), plants with well-developed root
systems are capable of exploring a greater volume of soil,
achieving greater efficiency in absorption of water and
nutrients. DaMatta et al. (2007) and Partelli et al. (2014a)
report that the growth of the root system in Conilon coffee
varies with the propagation method and genotype studied,
with great differences in diverse characteristics, such as
length, distribution, architecture, and depth of the root
system.

During seedling development, it is important to assess not
only total dry matter accumulation but also its allocation in
different parts of the seedling (Paiva et al., 2009; Covre et al.,
2013). Genotype Z39 showed increased development relative
to the accumulation of dry matter in all parts of the seedling,
indicating appropriate balance between the shoot and root of
the plants, whereas lower biomass production performance
was observed in genotypes L80, AT Bahia, Grauddo, CHR,
and BO1, which exhibited lower values of all variables
analysed (Table 3). Plant biomass production is an important
and highly consistent characteristic in the assessment of plant
species development, complementing height data (Paiva et
al., 2009; Covre et al., 2013). The LDM data suggested the
formation of three groups, with values between 1.81 (A1) and
2.49 (Z39) mg/plant (Table 3), partially corroborating the
results of Covre et al. (2013). For the variables SLM, SDM,
RDM, and TDM, the genotypes could be placed in two
groups. For ADM, the genotypes Z39, P2, 729, Z40,
Bamburral, Al, and Tardio C composed the group with the
highest values (Table 3). For the ADM/RDM ratio, the
genotypes were classified into three groups, the best
performing group presented values between 3.50 (Z38) and
4.63 (Z40) (Table 3). A higher ADM/RDM ratio suggests that
these genotypes possess more vigorous development
aboveground compared with belowground. According to
Contarato et al. (2010), the equilibrium between aboveground
and root development is intimately related to the
development and productivity of coffee plants, such that ideal
genotypes exhibit high aboveground biomass production,
followed by a highly developed root system. Based on the
DQI assessment, the best performing group presented values
between 0.40 (Z29) and 0.56 (A1) (Table 3). Covre et al.
(2013), assessing Conilon coffee seedlings of the 13
genotypes of the clonal variety Vitoria Incaper 8142,
observed DQI values between 0.35 (V4) and 0.45 (V10).
Dardengo et al. (2013), assessing the growth and quality of
Conilon coffee seedlings (variety Robusta Tropical) produced
in different containers and levels of shade, observed DQI
values between 0.35 and 0.54 for pots and between 0.35 and
0.58 for seedlings grown in bags. Andrade Jinior et al.
(2013), assessing Conilon coffee seedlings propagated by
grafting and cuttings, found values of 0.63 for vegetative
propagation and 1.32 for grafting, using seedlings C.
canephora of seminiferous origin of the Robusta Tropical
variety, as rootstock, as graft six clones of Vitdria variety. The
Dickson index is considered a good indicator of seedling
quality as it accounts for the robustness and equilibrium of
biomass distribution (Covre et al., 2013). According to Dickson



Table 1. Morphological characteristics of seedlings of different Conilon coffee genotypes.

Genotypes LA' NOS* NPTB’ PSH* PSBD’ PSH/PSBD® NIPS’
Tardio C 5320l a" 1.8a 2.0a 10.40 ¢ 383a 2.75b 3.6b
18 48833 a 1.0a 0.6b 1544 a 340b 452a 50a
Ouro Negro 470.54 a 12a 1.0b 13.12b 374 a 3.58b 42b
736 47634 a 12a 22a 9.68 ¢ 346b 2.78b 30c¢c
721 42539 a 12a l4a 16.10 a 378 a 433a 40b
737 495.03 a l.6a 04b 17.38 a 3.82a 455a 40b
718 489.76 a 14a 0.8b 15.58 a 326¢ 486a 38Db
738 42920 a 12a 1.8a 14.72 b 376 a 393 a 3.8b
729 591.72 a 1.0a 0.8b 16.88 a 375a 450a 40b
740 579.88 a 14a 0.8b 15.14a 3.65b 414 a 34c¢
735 283.56b 1.2a 0.8b 8.82 ¢ 3.53b 2.50b 3.6b
739 628.20 a 12a 26a 13.44 b 392a 346b 32¢
Peneirdo 441.00 a 12a 14a 17.96 a 387a 4.66 a 38b
Pirata 457.10 a l4a 0.6b 16.00 a 3.56b 446 a 34c¢
Bamburral 53298 a 12a 1.6a 16.98 a 3.84a 446 a 3.6b
L80 31746 b 1.0a 12a 9.40 ¢ 371 a 2.52b 2.6d
AP 31471 b l4a 0.0b 8.68 ¢ 2.70d 322b 32¢
Tardio V 293.96 b 12a 1.0b 14.10 b 341b 413 a 34¢
Beira Rio 37228 b l1.6a 0.0b 1594 a 3.15¢ 5.05a 32¢
Precoce V 34098 b 12a 12a 13.74 b 343Db 403 a 32¢
AT Bahia 263.62b 1.2a 1.0b 10.10 ¢ 328¢ 3.09b 32¢
Graudao 26453 b l4a 0.6b 8.38 ¢ 347b 241b 3.6b
Imbigudinho 29630 b 12a 0.8b 9.02 ¢ 322¢ 2.78b 3.0c¢
CHR 174.12 b l.6a 04b 5.14¢ 326¢ 1.58b 2.8d
700 43258 a 1.0a 0.0b 1542 a 317 ¢ 489 a 32¢
Alicrim 261.80b 14a 02b 7.50 ¢ 2.69d 2.81b 22d
Bicudo 383.79b 1.0a 12a 16.90 a 384a 452a 30c
BO1 21590 b 1.0a 0.0b 12.60 b 2.57d 496 a 3.6b
Verdinho R 260.70 b 1.0a 00b 1240 b 298¢ 4.16a 38b
P2 47998 a 1.0a 04b 1738 a 424a 4.08a 38b
Cheique 482.72 a 14a 14a 14420 387a 3.85a 32¢
Al 49320 a 1.0a 2.0a 11.22¢ 390a 2.81b 34c¢
02 Emcapa 419.60 a 12a 0.8b 17.14 a 344b 497 a 38Db
P1 29546 b 12a 0.6b 12.74 b 341b 373 a 34c¢

'LA: Leaf area (cm?); “NOS: number of orthotropic shoots; NPTB: number of plagiotropic branches; *PSH: primary stem height (cm); *PSBD: primary stem base diameter
(cm); *PSH/PSBD ratio; "NIPS: number of internodes of the primary stem. "Means followed by the same letter in a column belong to the same cluster based on the Scott-
Knott clustering test at 5% probability.
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Fig 1. Dendrogram showing the genetic dissimilarity among the different genotypes of Conilon coffee, obtained through the
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Table 2. Morphological characteristics of seedlings of different Conilon coffee genotypes.

Genotypes PSE! SSH? SSBD’ NISs? LLR’ NPR® RV’

Tardio C 3.02b° 394 a 233a l1.6a 155b 6.6b 3.0b
18 3.08b 0.00 a 0.00 a 0.0a 173 a 7.8 a 2.4b
Ouro Negro 3.13b 1.80 a 0.61a 04a 192 a 7.8a 38b
736 323b 0.46 a 0.53a 04a 16.5a 7.0a 24b
721 4.03a 1.40 a 0.51a 0.6a 179 a 76a 3.6b
737 451a 3.18a 1.89 a l6a 17.6 a 7.8 a 2.6b
718 4.15a 1.06 a 1.01 a 0.8a 172 a 6.6b 32b
738 3.89a 0.28 a 0.57 a 02a 174 a 6.4b 32b
729 422a 0.00 a 0.00 a 0.0a 17.0a 74a 32b
740 440a 0.60 a 097 a 0.6a 16.0 a 6.0b 34b
735 2.49b 0.32a 0.67 a 04a 14.8b 5.0b 1.2b
739 425a 1.16 a 0.65a 04a 14.8b 9.0a 6.0a
Peneirdo 476 a 0.26 a 0.53a 02a 132b 38b 32b
Pirata 4.84a 2.16a 1.20a 1.2a 13.5b 54b 2.8b
Bamburral 4.88a 3.08a 0.57 a 0.6a 150b 50b 42Db
L80 3.64b 0.00 a 0.00 a 0.0a 13.2b 6.4b 24b
AP 2.68b 0.56a 093 a 0.6a 16.6a 7.8 a 2.0b
Tardio V 413 a 032a 0.54a 02a 158 a 6.4b 30b
Beira Rio 499 a 1.30a 1.24 a 0.8a 13.8b 9.0a 40b
Precoce V 435a 0.66 a 0.50 a 04a 13.5b 7.8a 38b
AT Bahia 3.17b 022a 0.59a 02a 15.8a 64b 34b
Graudao 2.35b 0.60 a 090 a 04a 148b 74a 2.8b
Imbigudinho 423 a 0.28 a 0.46 a 02a 142b 6.4b 3.0b
CHR 1.90 b 1.78 a 1.81a 1.2a 124b 52b 2.6b
700 487 a 0.00 a 0.00 a 0.0a 14.8b 64b 32b
Alicrim 352b 2.00a 1.00 a 1.0a 150b 76a 1.6b
Bicudo 5.63a 0.00 a 0.00 a 0.0a 14.8b 7.8 a 22b
BO1 3.48b 0.00 a 0.00 a 0.0a 146 b 7.0a 2.8b
Verdinho R 327b 0.00 a 0.00a 00a 14.1b 8.6a 38b
P2 456a 0.00 a 0.00 a 0.0a 142b 9.6a 64a
Cheique 4.57 a 1.58a 0.60 a 13a 12.1b 80a 58a
Al 327b 0.00 a 0.00 a 0.0a 13.6b 7.8 a 6.0a
02 Emcapa 4.49 a 1.52a 0.60 a 0.6a 198 a 7.6 a 40b
P1 371b 0.64a 0.40a 05a 152b 46b 24b

'PSE: primary stem etiolation (cm internodes™); “SSH: secondary stem height (cm); *SSBD: secondary stem base diameter (mm); *NISS: number of internodes on
secondary stem; *LLR: length of largest root (cm): “NPR: number of primary roots; "RV: root volume (cm®). "Means followed by the same letter in a column belong to the

same cluster based on the Scott-Knott clustering test at 5% probability.

et al. (1960), the higher the value the DQI, the better the
quality of the seedlings. In this case, quality indicates a better
balance between the shoot and root systems, resulting in
more seedlings adapted to the harsh conditions of the field,
which ensures lower rates of death after planting (Andrade
Junior et al., 2013). In the production of Conilon coffee
seedlings, this information can be useful in planning
management strategies, given the differences in growth
patterns of the 34 genotypes studied (Tables 1 and 2).

Genetic divergence

The characteristic LA exhibited significant phenotypic
correlation with the majority of characteristics assessed, such
as NPTB, PSH, PSBD, PSE, RV, LDM, SLM, SDM, ADM,
RDM, TDM, ADM/RDM, and DQI (Table 4), indicating a
strong influence over the characteristics linked to the biomass
production of the plant. NOS was significantly correlated
with SSH, SSBD and NISS, with R? values of 0.75, 0.97 and
0.91, respectively. NPTB exhibited a significant positive
correlation with PSBD, RV, LDM, SDM, ADM, RDM, TDM,
and DQI (Table 4). According to Carvalho et al. (2010), the
number of plagiotropic branches experiences strong
environmental effects because of the interaction between
genotype and environment. The higher negative correlation (-
0.37) was between NIPS and NPR (Table 4). This result
could be explained by the immaturity of the plants at the time
of assessment, as 120 DAPC may have been insufficient for a

388

positive correlation to be observed. The obtained highest
magnitude (0.99) was observed for the correlations between
ADM and LDM, and ADM and TDM. The DQI was
significantly correlated with LA, NPTB, PSBD, RV, LDM,
SDM, ADM, RDM, and TDM, indicating that a desirable
seedling of Conilon coffee should exhibit high values for
these characteristics (Table 4). Dardengo et al. (2013) also
observed a strong correlation of the total dry matter and stem
base diameter with DQI in Conilon coffee seedlings.
Grouping by Tocher’s optimisation method, based on the
Mabhalanobis distance using 22 characteristics, clustered the
34 genotypes into eight groups (Table 5). The number of
groups demonstrates the broad variability among the
genotypes tested. Fonseca et al. (2006), working with 32
genotypes of Conilon coffee, and Ivoglo et al. (2008), with 21
offspring that were genetically half Conilon coffee, observed
the formation of three and four groups, respectively. Dias et
al. (2005) evaluated 25 progenies of Arabica coffee, observed
the formation of five distinct groups. Guedes et al. (2013),
studying 12 samples of Arabica coffee of the Maragogipe
variety, observed the formation of four distinct groups. Silva
et al. (2015) evaluated 71 genotypes of Conilon coffee and 56
of Robusta coffee; they observed the formation of 13 and five
distinct groups, respectively. The first group included 25
genotypes, which exhibited greater similarity under Tocher’s
optimisation method, among the 34 genotypes evaluated
(Table 5). The remaining genotypes were divided into groups
comprising only one or two genotypes. The genotypes Beira



Table 3. Dry matter and Dickson quality index of seedlings of different genotypes of Conilon coffee.

Genotypes DLM' SLM? SDM’ ADM* RDM’ TDM?® ADM/RDM’ DQP

Tardio C 1.82a" 345a 045a 2.27a 0.53b 2.80a 448 a 042a
18 1.33b 2.67b 0.28b 1.61c 0.40b 2.01b 4.08 a 0.23b
Ouro Negro 1490 3.05b 0.38a 1.87b 0.68 a 2.56 a 292b 044 a
736 1.54b 322b 0.33b 1.87b 041b 2.28a 4.57a 0.31b
721 1.28b 3.00b 044 a 1.72b 0.59 a 231a 329b 0.33b
737 1.63b 332a 048 a 2.12b 048D 2.60 a 448 a 0.29b
Z18 1.60b 328a 045a 2.05b 0.49b 2.54a 453 a 0.29b
738 1470 336a 042a 1.90b 0.56 b 246 a 350a 0.34b
729 191a 323b 0.53a 244 a 0.73 a 3.17a 351a 0.40a
740 1.92a 328a 0.50 a 242 a 0.52b 2.94 a 4.63 a 0.35b
Z35 0.80 ¢ 2.84b 0.22b 1.02¢ 0.29b 1.31b 3.58a 0.22b
739 249 a 395a 0.67 a 3.16a 0.73 a 389a 445a 0.50 a
Peneirdo 1.61b 3.56a 0.52 a 2.12b 0.59 a 271 a 378 a 0.33b
Pirata 1.35b 2.98b 043 a 1.79b 0.47b 2.26a 387a 0.28 b
Bamburral 1.82b 347a 0.52a 234a 0.62a 296 a 387a 0.36Db
L80 0.96 ¢ 3.00b 0.27b 123 ¢ 0.43b 1.66 b 291b 0.30b
AP 091 c 296b 0.14b 1.05¢ 0.29b 1.340b 396a 0.19b
Tardio V l.l4c 38la 0.34b 148 ¢ 042b 1.90b 377 a 0.25b
Beira Rio 1.30b 342 a 0.25b 1.55¢ 0.53b 2.08 b 3.28b 0.26 b
Precoce V 1.01c 2970 0.25b 1.26 ¢ 0.58a 1.85b 221c 0.30b
AT Bahia 0.83 ¢ 3.15b 0.23b 1.06 ¢ 0.49b 1.55b 2.15¢ 0.30b
Graudio 0.81c 297b 0.19b 0.99 ¢ 0.44b 1.44 b 236¢ 0.31b
Imbigudinho 1.01c 335a 0.20b 121¢ 0.46 b 1.67b 2.80b 0.31b
CHR 0.50 ¢ 2.87b 0.14b 0.64 ¢ 0.34b 0.98b 1.96 ¢ 0.29b
700 1.58b 354a 0.35b 1.93b 0.52b 244 a 399a 0.29b
Alicrim 0.85¢ 3.17b 0.16 b 1.01c 0.31b 1.32b 3.66a 0.26 b
Bicudo 1.15¢ 3.01b 042a 1.56¢ 0.44b 2.00b 3.89a 0.26 b
BO1 0.69 ¢ 3.11b 0.17b 0.86 ¢ 0.32b 1.18 b 3.28b 0.16 b
Verdinho R 0.88 ¢ 346a 021b 1.09 ¢ 0.51b 1.60 b 2.18 ¢ 0.26 b
P2 191a 393a 0.60 a 251a 092 a 342 a 2.89b 0.50 a
Cheique 1.36b 2.90b 045a 1.81b 0.67 a 248 a 2.98b 041a
Al 1.81a 3.66a 0.50 a 232a 0.84a 3.15a 2.74b 0.56 a
02 Emcapa 1440 344 a 041 a 1.85b 0.50 b 2.35a 393a 0.27b
Pl 092 ¢ 3.13b 0.27b 1.19¢ 0.30 b 1.50 b 3.89a 0.15b

'LDM: leaf dry matter (mg); SLM: specific leaf mass (mg); *SDM: stem dry matter (mg); *ADM: aboveground dry matter (mg): "RDM: root dry matter (mg); “TDM: total
dry matter (mg); ’ADM/RDM ratio; *DQI: Dickson quality index. "Means followed by the same letter in a column belong to the same cluster based on the Scott-Knott

clustering test at 5% probability.

Rio, CHR, BO1, 18, and Z39 remained in isolated groups,
these being considered the more dissimilar, by Tocher’s
optimisation method (Table 5). The results of the UPGMA
method (Figure 1) were similar to those of Tocher’s
optimisation method, particularly when a lower limit of 50%
similarity among genotypes was imposed. Guedes et al.
(2013) and Ivoglo et al. (2008) also observed similarities
among results obtained through Tocher’s optimisation and
UPGMA, especially when the lower limits were set at 45 and
15% similarity, respectively. It is noteworthy that the
distribution of individuals in the dendrogram does not follow
a criterion for group formation, since the main aspect of this
method consists of the branches that are obtained (Cruz et al.,
2004). Individuals are grouped in pairs, using the arithmetic
means of dissimilarity, wherein the dendrogram prioritizes
the genotypes with high similarity (Guedes et al., 2013). The
UPGMA method allowed the formation of seven groups
among the 34 genotypes tested (Fig. 1). The first group
comprised Z38, P1, Tardio V, 02 Emcapa, Z21, Bicudo,
Peneirdo, Bamburral, Z37, Pirata, Z18, Z40, 700, Z29, P2,
Al, Tardio C, Z36, Ouro Negro, Grauddo, Precoce V, AT
Bahia, 735, and L80 (Fig. 1). Genotypes P2, AP, BOl,
Verdinho R, and Beira Rio were placed in different groups by
Tocher’s optimisation and UPGMA, thus indicating
divergence between the two methods. Likewise, Guedes et al.
(2013) and Ivoglo et al. (2008) also observed the formation of
distinct groups using the UPGMA method. The genotypes
CHR, 18, and Z39 remained isolated, corroborating the
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results obtained by Tocher’s method (Table 5). In addition to
exhibiting greater genetic distance (Fig. 1), they also
presented broad divergence from one another. In general, the
genotypes that clustered into more distant groups, with
greater dissimilarity from each other, can be considered
promising for future improvement programs as well as for the
selection of genetic material for the formation of new
varieties.

Materials and Methods
Production of seedlings

Seedlings of 34 genotypes of Conilon coffee (Coffea
canephora Pierre ex A. Froehner) were evaluated, following
technical recommendations and produced in a greenhouse
certified by the Brazilian Ministry of Agriculture in Vila
Valério, Espirito Santo, Brazil, at 120 metres altitude, latitude
18°54'35.83"S and longitude 40°14'31.89"W. The climate is
tropical, hot and humid in the summer, with a dry winter. The
mean annual temperature is 23°C, and the mean maximum
and minimum temperatures are 29°C and 18°C, respectively
(National Water Agency, 2015). New orthotropic shoots were
collected from 34 genotypes. Thirty-three of these were
selected by coffee farmers in northern Espirito Santo and one
in southern Bahia, being promising and unrecorded in
varieties, and these were grown along with genotype 02 of
the Emcapa 8111 variety (Braganca et al., 2001). The seedlings



Table 4. Phenotypic correlation coefficients among the morphological characteristics of seedling of different genotypes of Conilon
coffee.

Characteristic LA’ NOS® NPTB® PSH' PSBD’ PSH/PSBD° NIPS’ PSE'® SSH®  SSBD" NISS"
LA 1 0.01 0.50%* 0.52%* 0.66** .32 0.30 0.45%* 026 0.02 0.11

NOS 1 0.02 -029  -0.08  -0.30 026 -0.17  0.75%*  0.97** 0.91%*
NPTB 1 -0.09  0.61* 032 -0.17  0.05 0.18 0.05 0.05

PSH 1 0.40%  0.93%* 0.70%*  0.70** -0.05  -0.29 -0.17
PSBD 1 0.05 0.24 0.33*  0.15 -0.03 0.02

PSH/PSBD 1 0.67**  0.64** -0.12  -0.32 -0.20
NIPS 1 0.02 -0.11  -0.22 -0.22
PSE 1 0.04 -0.21 -0.05
SSH 1 0.80%* 0.87%**
SSBD 1 0.90%*
Characteristic LLR'”> NPR"” RvV'" LDM" SLM'® spm' ADM"® RDM"” TDM? ADM/RDM?' DQI*
LA 0.28 0.13 0.50%% 0.95%* 0.35%  (.82%* 0.95%%  0.65%* 0.92%* (.59%* 0.65%*
NOS -0.11  0.03 -0.18  -0.02 -0.09 -0.15 -0.06 -024 -0.10 0.19 -0.02
NPTB -0.08  0.08 0.36%  0.52%* 0.8 0.41% 0.51%* 038%  0.50%* 0.21 0.62%*
PSH 0.46%% -024  036%  047* 020 0.75%* 0.56*F  0.46%* .57+ (.30 0.07

PSBD 0.03 -0.01  0.56** 0.65%* 0.28 0.75%%* 0.70%*  0.70%*  .73%F  (.]2%* 0.72%%*
PSH/PSBD  0.47** -023  0.19 0.27 0.11 0.51%* 0.34* 024 0.34*  0.29 -0.19
NIPS 0.67** -037  0.12 0.20 0.1 0.49%* 0.29 0.27 0.30 0.09 -0.02
PSE -0.02  0.05 0.38%  0.47% 0.37*  0.53%* 0.50%*  0.374* 0.49%* (.33* 0.12

SSH 0.05 0.03 -0.01 022 0.01 0.13 0.20 -0.01  0.17 0.28 0.16

SSBD -0.05  -0.02 -023  0.01 -0.06  -0.11 -0.02 -025 -0.07 022 -0.01
NISS -0.09  0.03 -0.12  0.04 -0.15  -0.02 0.03 -0.18  -0.02  0.26 0.01

LLR 1 -0.17  -0.13  0.19 -0.08 032 0.23 0.03 0.20 0.36 -0.13
NPR 1 0.36 0.19 0.23 -0.16 0.10 0.26 0.14 -0.09 0.32

RV 1 0.60%*  0.55%% 0.62 0.62 0.88 0.71 -0.18 0.78%*
LDM 1 0.61%  (.83%* 0.99%*  0.72%F  (.97** (.55%* 0.72%%
SLM 1 0.46%* 0.59%*  0.53%% 0.60** 0.20 0.50

SDM 1 0.90%*  0.74%% 091** (.39* 0.60%*
ADM 1 0.75%%  0.99%*  (.53%* 0.72%%*
RDM 1 0.84** -0.14 0.87+*
TDM 1 0.41%* 0.78%%
ADM/RDM 1 -0.07
DQI 1

TLA: Leaf area (cm?); 2NOS: number of orthotropic shoots; °NPTB: number of plagiotropic branches; *PSH: primary stem height (cm); "PSBD: primary stem base diameter
(cm); *PSH/PSBD ratio; 'NIPS: number of internodes of the primary stem; PSE: primary stem etiolation (cm internodes™); "SSH: secondary stem height (cm); '°SSBD:
secondary stem base diameter (mm); '"NISS: number of internodes on secondary stem; 2LLR: length of largest root (cm): *NPR: number of primary roots; ““RV: root
volume (cm?); 'SLDM: leaf dry matter (mg); '*SLM: specific leaf mass (mg); '"SDM: stem dry matter (mg); '*ADM: aboveground dry matter (mg): '"RDM: root dry matter
(mg); *TDM: total dry matter (mg); >’ ADM/RDM ratio; *DQI: Dickson quality index. ", " indicate significance at 5% and 1% probability, respectively.

Table 5. Representation of groups created by Tocher’s optimisation method based on the Mahalanobis distance (D?) among different
Conilon coffee genotypes.

Groups Genotypes

| 738; P1; Tardio V; 2 Emcapa; Z21; Bicudo; Bamburral; Peneirdo; Pirata; AT Bahia; Al; Z40; 700; Z18; Z37;
Z729; 735; L80; Tardio C; Z36; Precoce V; Ouro Negro; Verdinho R; Grauddo; and AP

2 Imbigudinho and Alicrim

3 P2 and Cheique

4 Beira Rio

5 CHR

6 BO1

7 18

8 Z39

were assessed when they exhibited four or five pairs of primary stem height (PSH); the secondary stem height (SSH),

leaves, at 120 days after planting by cutting (DAPC) in a determined as the distance from the insertion point of the

greenhouse. The experimental design was completely stem of the cutting to the apex; the primary stem base

randomised with five repetitions. Each treatment included diameter (PSBD); the secondary stem base diameter (SSBD),

one genotype, and each plot included one seedling. measured as the second internode of each orthotropic shoot,
from bottom to top; the relationship between the primary

Evaluated Characteristics stem height and the primary stem base diameter
(PSH/PSBD); the number of internodes on the primary stem

This study assessed the leaf area (LA), following Partelli et (NIPS) and on the secondary stem (NISS); the etiolation of

al. (2006); the number of orthotropic shoots (NOS) and the the main stem (EMS), derived from the ratio between PSH

number of plagiotropic branches (NPTB) of the seedlings; the and NIPS; the length of largest root (LLR); the number of
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primary roots (NPR); and the root volume (RV), measured in
a graduated cylinder. The seedlings were dried in a
convection oven at 60°C until they reached a constant weight.
They were then weighed on a precision balance to obtain the
leaf dry matter (LDM), stem dry matter (SDM), aboveground
dry matter (ADM), root dry matter (RDM), total dry matter
(TDM) and the ratio of aboveground to root dry matter
(ADM/RDM) (determined as the ratio between SDM and
RDM); specific leaf mass (SLM) (determined as the ratio
between LDM and LA), and the Dickson quality index (DQI)
using the equation: DQI = TDM/[(PSH/PSD) +
(PSBD/RDM)] (Dickson et al., 1960).

Statistical analysis

Analysis of variance was performed individually for each
characteristic to determine the existence of genetic variation
among genotypes. The Scott-Knott test (5%) was used to
compare means. Phenotypic correlation was estimated for the
assessed characteristics. Genetic diversity among offspring
was determined using Tocher’s optimisation method and the
hierarchical unweighted pair group method with arithmetic
mean (UPGMA). The array of genetic dissimilarity was
found based on the Mahalanobis distance (D?), which served
as the foundation for the formation of the groups. All
analyses were performed using the Genes software (Cruz,
2013).

Conclusion

The genotypes Al, P2, Z39, Ouro Negro, Tardio C, Cheique,
and Z29 exhibited a higher Dickson quality index. There is
genetic variability among the seedlings of the 34 Conilon
coffee genotypes tested. The most dissimilar genotypes are
CHR, 18, and Z39, which were isolated groups in all
clustering methods.
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