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ABSTRACT: The present study aimed to estimate the genetic
divergence among corn half-sib progenies seeking to direct
recombination between contrasting and superior progenies for
green corn production. Ninety-six progenies were evaluated in a
randomized block design with 3 replications, and 18 characteristics
associated with agronomic adaptation and green corn yield
were measured. The genetic divergence was estimated using
generalized square Mahalanobis distance and the progenies

grouped by UPGMA and Tocher’s methods. The joint analysis
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of variance showed genetic variability among the progenies for
the characteristics evaluated. The UPGMA method was more
sensitive than Tocher’s, since it led to the formation of 11 groups
genetically dissimilar compared to the 5 ones of Tocher’s method.
The grouping allowed to identify superior and contrasting progenies
for green corn production. The recombination of these progenies
allows increasing genetic variability and the frequency of alleles
favorable to the green corn production.
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INTRODUCTION

Commercial production of corn is widespread in Brazil.
It is widely used in human nutrition and consumed as
corn on the cob in natura, prepared as homemade sweets
such as pamonha, curau, juice, cake, ice cream, and the
industrialized canned version (Pereira Filho 2002).

In Brazil, of the 479 maize genotypes available in the
market for the 2013/2014 crop, only 15, among hybrids
and open pollinated varieties, were recommended for the
production of green corn (Cruz et al. 2013). A research
indicated lack of cultivars to meet market demand and,
therefore, the necessity to intensify breeding programs
to select genotypes that meet the requirements of corn
producers and consumers (Dovale et al. 2011; Pereira
Filho 2002).

The starting point for successful breeding programs is
the genetic variability, which is maximized by interbreeding
different genotypes associated with agronomic traits
of interest for the selection (Ertiro et al. 2013). The
genetic divergence among individuals or populations
is estimated by biometric models, usually analyzed by
multivariate statistical methods with multiple information
of each access expressed in dissimilarity measures (Sudré
et al. 2005). Among dissimilarity measures, there is the
generalized squared Mahalanobis distance (Mahalanobis
1936), which takes into account the correlations between
the evaluated traits (Cruz and Carneiro 2006).

Hundreds to thousands of individuals are evaluated
in the breeding process, seeking to identify superior
and different genotypes for traits of interest, which will
be intended for recombination. These individuals are
more easily identified by using clustering methods to
obtain genotype groups with similar and diverging traits
within clusters. The UPGMA and Tocher’s methods are
the most used for this purpose (Cruz and Regazzi 1994;
Cruz and Carneiro 2006; Kopp et al. 2007).

It is noteworthy that grouping results for half-sib
progenies adapted to the production of corn, using
hierarchical and/or optimization methods, were not found
in the literature. Thus, this study aimed at estimating
the genetic divergence among half-sib progenies via
hierarchical and optimization methods as well as assessing
the consistency of the groups by Fisher’s discriminant
analysis, seeking to direct the recombination process
between the most divergent corn progenies and with

the highest frequency of favorable alleles for green corn
production.

MATERIAL AND METHODS

The 2 experiments were established as a randomized
experimental design in blocks with 3 repetitions on
October 5, 2012 and November 22, 2012. The experiments
were conducted using no tillage system in the experimental
area of the “Capéao da Onga” Farm School, Ponta Grossa,
Parana State, located between lat 25°05'36.68"S and
lat 25°05'41.25"S and long 50°03'17.11"W and long
50°03'11.16"W, at an altitude of 1,015 m. The soil is
classified as Cambisol haplic Tb Hapludox with clayey
texture (Embrapa 2006). The average temperatures
are 21.4 and 13 °C in the hottest and coldest months,
respectively, with 1,574 mm average annual rainfall (IAPAR
2012).

A total of 98 genotypes were used, of which 96 half-
sib progenies and 2 commercial cultivars as controls, the
hybrid AG 1051 (AGROCERES) and the open pollinated
variety Cativerde 02 (CATI/SP). The 96 half-sib progenies
originated from 126 ears obtained in the 2006/2007
harvest that resulted from the random inbreeding of 34
varieties of landrace maize, which were subjected to cycles
of selection among and within half-sib progeny through
the recurrent selection methodology. The experimental
unit consisted of two 4-m-long rows spaced 0.9 m from
one another, with final density of 55,000 plants-ha™".

The genotypes were evaluated for phenological and
morphological traits: male and female cycle in days (MC
and FC); plant height in meters (PH); main ear insertion
height in meters (EIH). From the R3 stage (milky grain),
manual harvest was carried out to evaluate the productive
and qualitative traits in commercial and husked ears
(dehusked ear length > 15 cm and free from pest damage);
number of husked ears in thousands of ears-ha™! (NE);
percentage of commercial husked ears (%HE); yield of
husked ears expressed as t-ha™! (YIELD); ear weight in
grams (EW); husked ears length and diameter in cm
(EL and ED); number of commercial ears in thousands
of ears-ha™! (NCE); percentage of commercial ears
(%CE); yield of commercial ears in t-ha™ (CYIELD);
commercial ear weight in grams (CEW); commercial
ear length and diameter in cm (CEL and CED); number
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of kernel rows per ear (NKR); and fresh kernel mass in
grams (FKM). The data of phenotypic variables were
submitted to individual and joint analysis of variance.
The homogeneity of the residual variances was checked
by the maximum F-test.

The dissimilarity measure adopted to estimate
the genetic divergence among the genotypes was the
generalized squared Mahalanobis distance (D?) due to
the assumption that the studied characters are correlated. The
generalized squared Mahalanobis distance (D?) allowed
to quantify the relative contribution of characters to
genetic diversity, for each trait, for the total dissimilarity
observed between progenies using the criterion proposed
by Singh (1981).

From the generalized squared Mahalanobis distance
(D?), we proceeded to cluster the genotypes by the
UPGMA method. The Mojena’s (1977) method was used
to determine the cutoff point in the dendrogram. The
procedure is based on the relative size of fusion levels
or distances in the dendrogram. The method consists of
selecting the number of groups in the j stage to satisfy the
following inequality: a; > 6, where . is the value of the
fusion level corresponding to stagej (j=1,2,..,g- 1)
and 6, is the reference cutoff value, expressed by: 6 =+ ko,
where and o_ are the unbiased estimates of the mean
and standard deviation of a values. We adopted k = 1.0
to define the number of groups, according to Milligan
and Cooper (1985).

The cophenetic matrix of the Tocher’s method was
obtained using the methodology developed by Silva and
Dias (2013), who propose to acquire a matrix similar
to the cophenetic one from the hierarchical methods,
through the intra and intergroup average distances. The
cophenetic correlation coefficients were obtained from
the original distances and cophenetic matrices. The
cophenetic correlation coefficients were subjected to
Mantel (1967) randomization test (a < 0.05) based on
5,000 permutations. The linear discriminant Fisher (1936)
functions were estimated to confirm the consistency
of the corn progeny clustering (UPGMA and Tocher)

«_  »

using the linear combinations of “p” original variables
of “g” groups, assumed to have normal distribution with
homogeneous covariance matrices.

The separation power of clustering methods was
evaluated from the Apparent Error Rate (AER) obtained

with the Fisher’s discriminant functions according to:

g
_ 1
AER= 1 Ve

i=1

where: 1 is the total number of classifications (n = 98)
and e, is the number of erroneous classifications in each
cluster.

All statistical analyses were performed using the R
software version 2.15.2 (R Development Core Team 2012).

RESULTS AND DISCUSSION

The results of the joint analysis of variance showed
a significant effect (p < 0.01) of genotypes for most
phenotypic variables except for the husked ear diameter
(Table 1). These results show the presence of genetic
variability to green corn production and the possibility
of genetic gain with artificial selection. The interaction
experiments versus treatments showed a significant effect
only for the variables: male and female cycle, plant height
and main ear insertion height (Table 1).

The genetic divergence among genotypes estimated
by the squared Mahalanobis distance (D?) showed greater
similarity between progenies 6 and 86 with D?= 1.51.
Moreover, the greatest genetic dissimilarity was observed
between the hybrid AG 1051 and progeny 67 with
D? =109.66 (data not shown). The estimated divergence
indices showed that the most divergent genotypes
were always present in the combinations between one
commercial control (variety Cativerde 02 or hybrid
AG 1051) and some corn half-sib progeny.

The relative contribution of each trait (S/.) for genetic
divergence showed that male and female cycles, number of
kernel rows, yield of husked ears, and main ear insertion
height were the most influent variables. On the other
hand, ear number, ear weight and diameter, number
and diameter of commercial ears were the traits with
minor contributions to divergence (Table 2). Variables
that contributed little to the genetic divergence are
strongly correlated with other traits and more likely
to be discarded because they explain the same type of
information (Ivoglo et al. 2008; Rotili et al. 2012; Simon
et al. 2012). In this work, the variables number of ears
and the number of commercial ears can be discarded
because, together, they explain less than 2% of the genetic
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Table 1. Summary of the joint analysis of variance for the 18 phenotypic variables evaluated in the experiments of aptitude to green corn
production. Ponta Grossa, 2014.

Soul_'ce.s of DoF MS
variation MC FC PH EIH NE %HE YIELD EW EL
Blocks
(experiment) 4  980.97**  687.63** 0.39** 0.24** 254.08** 2,760.5** 52.86**  8905.23** 14.48**
E 1 3,285.88** 1,408.33** 0.02" 0.01"  11,196.05** 163,802.67** 3,741.70** 390,770.66** 370.52**
T 97 2454 37.42** 0.05** 0.05** 120.55** 243.67** 12.64** 1,636.66**  7.63**
TxE 97 7.42** 13.89** 0.03** 0.02** 70.66" 14119 5.86" 597.62" 1.88"
Residual 388 1.88 3.88 0.01 0.01 57.24 112.95 475 592.84 1.87
Mean 66.03 69.91 233 1.38 46.960 52.08 14.02 296.95 23.39
CV (%) 2.08 2.82 496 6.37 16.11 20.41 15.56 8.20 5.84
Soul_'ce.s of DoF Ms
variation ED NCE %CE CYIELD CEW CED CEL NKR FKM
(exﬁ'g’ricn':zn ) 131 93721% 271074 3767  180750**  07% 258 1B 71511*
E 1 787**  58,804.00** 151,696.02** 3,405.34** 18,719.05** 0.51** 103.62** 1723**  568.54"
T 97 0.31"s 93.27** 231.81** 517** 962.52** 0.18** 114 2.73** 636.13**
TxE 97 0.25" 42.80" 152.59* 2.52" 262.16" 0.11" 0.69" 0.28" 272.83"
Residual 388 0.24 35.32 109.15 2.07 264.18 0.10 0.66 0.31 223.90
Mean 5.72 26.190 54.36 6.02 217.22 4.69 16.85 14.41 94.58
CV (%) 8.65 227 19.22 23.89 75 6.69 4.82 3.86 151

**,*Significant at 1 and 5% probability, respectively; "“Non-significant. MS = Mean square; DoF = Degrees of freedom; MC = Male cycle (days); FC = Female cycle
(days); PH = Plant height (m); EIH = Ear insertion height (m); NE = Number of husked ears (thousands of ears-ha); %HE = Percentage of commercial husked
ears; E = Experiments; T = Treatments; YIELD = Yield of husked ears (t-ha™); EW = Weight of husked ears (g); EL = Length of husked ears (cm); ED = Diameter of
husked ears (cm); NCE = Number of commercial ears (thousands of ears-ha™); %CE = Percentage of commercial ears; CYIELD = Yield of commercial ears (t-ha™);
CEW = Commercial ear weight (g); CED = Commercial ear diameter (cm); CEL = Commercial ear length (cm); NKR = Number of kernel rows per ear (rows-ear?);

FKM = Fresh kernel mass per ear (g).

divergence between corn genotypes and are strongly
correlated with the yield of husked ears.

The cutoff applied at a distance of 16.5 in the UPGMA
dendrogram was based on the Mojena (1977) method,
which corresponds to 25.6% of the highest fusion level,
allowing to visualize 11 clusters (Figure 1). Cluster I (CI)
consisted of genotype 98 only (hybrid AG 1051). CII
grouped the progenies 19, 44, 80 and 96 (4.1%), and
C III, the progenies 18, 52 and 76 (3.1%). C IV and V
grouped 7 and 3 progenies, respectively. C VI clustered
the vast majority of the progenies (32) followed by
C VII, with 29 progenies, which represented 62% of
the studied maize genotypes. C VIII grouped progenies
16, 82, 83 and 94, while C IX had only the commercial
variety (Cativerde 02). C X and XI grouped 6 and 8
progenies, respectively. These results confirm the high
genetic dissimilarity of the commercial controls AG 1051
and variety Cativerde 02 compared to half-sib progenies
evaluated regarding aptitude for green corn production
(Figure 1). The hierarchical method of average linkage
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between clusters UPGMA was precise on clusters of green
corn half-sib progenies. Rigon et al. (2015) studied genetic
diversity among commercial corn hybrids and reported
that the UPGMA was more sensitive than the Tocher’s
method. Mohammadi and Prasanna (2003) pointed out
that cluster analysis allows to identify genetically more
dissimilar genotypes, reducing the required number of
combinations in a breeding program.

From the averages of the 18 phenotypic variables in the
clusters generated by the UPGMA method, it is evident
that the C II, III, V and XI stood out with the highest
number of traits of interest for corn production. C II
had the greatest potential for the number of husked ears
(48,915 ears-ha™), fresh kernel mass (104.96 g), female
cycle precocity (63.59 days) and lower ear insertion
height (1.25 m). Progenies of C III stood out for their
high corn yield (15.29 t-ha™'), ear weight (321.73 g)
and diameter (6.15 cm), traits favorable for green corn
production for the husked ear market (Table 3). CV
stood out regarding ear weight (316.58 g), commercial
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ear weight (230.14 g) and diameter (4.85 cm). The
progenies of C XI showed high potential yield for
the unhusked ear market, showing high phenotypic
superiority to the traits number of commercial ears
(29,363 ears-ha™), % commercial ears (61%), ear yield
(6.78 t-ha™') and commercial ear length (17.31 cm)
(Table 3).

The results indicate that recombination between
the half-sib progenies of C II, III, V and XI, superior
and contrasting for corn production, should increase
the favorable genetic variability in the population, as
well as the possibility of selection of half-sib progenies
transgressive to this agricultural potential.

The cophenetic correlation coefficient obtained from
the UPGMA clustering was 0.65 and significant by the
Mantel’s test (p < 0.01), indicating a realistic representation

Table 2. Estimates of the relative contribution of 18 traits for genetic
divergence among 98 genotypes (controls/witness and half-sib
progenies) of corn. Ponta Grossa, 2014.

Relative contribution

Traits (%)
MC 18,184.18 16.66
FC 12,308.64 11.28
PH 313749 2.87
EIH 13,151.46 12.05
NE 191.07 0.18

%HE 2.631,47 241

YIELD 13,658.51 1251
EW 85795 0.79
EL 6,368.98 5.83
ED 1,765.66 1.62

NCE 1,935.90 177
%CE 3,23751 2.97
CYIELD 3,721.41 3.41
CEW 4,845.06 4.44
CED 2,256.83 2.07
CEL 2,632.90 2.41
NKR 15,497.34 14.20
FKM 2,77757 2.54

MC = Male cycle (days); FC = Female cycle (days); PH = Plant height (m);
EIH = Ear insertion height (m); NE = Number of husked ears (thousands of
ears-ha™); %HE = Percentage of commercial husked ears; YIELD = Yield
of husked ears (t-ha™); EW = Weight of husked ears (g); EL = Length of
husked ears (cm); ED = Diameter of husked ears (cm); NCE = Number of
commercial ears (thousands of ears-ha™); %CE = Percentage of commercial ears;
CYIELD = Yield of commercial ears (t-ha); CEW = Commercial ear weight
(9); CED = Commercial ear diameter (cm); CEL = Commercial ear length (cm);
NKR = Number of kernel rows per ear (rows-ear™); FKM = Fresh kernel mass
per ear (g).

of the genetic distance of genotypes in the dendrogram.
Silva and Dias (2013) compared different clustering
methods by evaluating 5 traits in 89 garlic accesses and
reported that the cophenetic correlation coefficient of
the UPGMA method was 0.76. Possibly, the difference
between the coefficients is due to the higher number of
phenotypical traits evaluated in this study.

Fisher’s discriminant analysis applied to UPGMA
detected 14 wrong classifications, i.e. an AER of 14.3%,
while no erroneous classifications were found in C I, I,
V, VIII and IX. C III had 100% of incorrect classifications;
progeny 76 was relocated to C VI and progenies 18 and
52 were relocated to C VII (Figure 2a). The 7 progenies
of CIV were regrouped in C VI. Progeny 79 was moved
from C VI to C VII and 89, from C VII to C VIII (AER
3.1%). Of the 6 clustered progenies in C X, 5 remained
(83.3%), and only progeny 50 was relocated to C XI.
Finally, in C XI, with 87.5% of correct classifications,
only progeny 35 was transferred to C VI (Figure 2a).

The Tocher’s method clustered 98 genotypes in just
5 dissimilar groups (Table 4). Vasconcelos et al. (2007)
pointed out that this method has the peculiarity of
clustering a larger number of genotypes in the first group,
while isolated individuals are, usually, clustered in the
last groups. This method feature becomes interesting
in this study because it allows identifying genetically
dissimilar individuals and not only groups.

C I grouped the majority of genotypes, with 81 half-sib
progenies (82.56%); CII grouped 8 (7 progenies and
variety Cativerde 02). C III clustered 5 progenies (19,
44, 70, 93 and 96) and C IV only 3 (52, 62 and 75).
On the other hand, the commercial hybrid AG 1051
remained isolated from the genotypes, confirming the
high genetic diversity of this genotype in relation to
the half-sib progeny analyzed (Table 4). Other studies
about genetic divergence by Rigon et al. (2015), Santos
etal. (2015) and Gouvéa et al. (2010), using the Tocher’s
optimization method, reported similar cluster pattern
results for corn hybrids, cupuagu access and rubber tree
genotypes, respectively.

The phenotypic means of the 18 variables in the
Tocher’s clustering method showed that C III and C IV
stood out positively in relation to others (Table 5).
Progenies of C III displayed early cycles (male and
female), low ear insertion height, which are desirable
adaptive traits in corn breeding programs, and satisfactory
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performance for the traits ear weight, commercial  (NE, YIELD and PE) and commercial ear yields, with
ear diameter and weight as well as fresh kernel mass.  an average of 6.38 t-ha™'; 231.97 g for commercial ear
C IV performed agronomically better for husked ear =~ weight; 4.81 cm for commercial ear diameter; 16.70 cm
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Figure 1. Clustering of 98 corn genotypes (progenies and control) using the UPGMA method from the squared Mahalanobis distance (D?).
Ponta Grossa, 2014.
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Table 3. Average performance of 18 phenotypical traits for
each corn genotype obtained by the UPGMA method. Ponta
Grossa, 2014.

Clusters MC FC PH EIH NE %HE
| 7283 7800 222 144 46.0560 63.65
Il 6359 6779 2.27 125 48915 51.41
1] 66.17 6889 227 138 47273  55.87

v 66.26 7012  2.42 144 48.039 46.49
\ 6539 7228 231 131 40.047 5746
Vi 66.59 70,560 235 1.40 47691 53.40
Vi 6409 6751 226 131 47104  50.61
Vil 66.08 69.04 233 137 46.240 42.87
IX 7167 7600 247 1.60 37530 4433
X 69.08 7386 247 152 46.623  52.49
Xl 6819 7246 244 148 46.329 55.96

Clusters ED NCE %CE CYIELD CEW CED
I 560 23.880 53.97 5.34 21071 470
Il 596 23758 48.35 5.88 22994 484
1] 615 26,560 5519 6.21 22221 480

% 570 25.447 5196 6.12 225.64 482
\Y 586 22.013 53.06 5.33 23014 485
Vi 575 25973 5312 5.93 21514 471
Vi 5.64 26754 5528 6.16 21715 4.68
Vil 549 26.803 5518 5.63 196.23  4.45
IX 5b6 16,5670 43.37 353 19877 432
X 586 25302 53.09 5.86 22149 476
X 5.66 29363 61.02 6.78 21410 465

Clusters YIELD EW EL CEL NKR FKM
I 1324 29291 2265  16.02 1591 103.25
Il 14.87 30486 2279  16.60 1542  104.96
11l 1529 32173 2407 16.51 1559 9119

1Y 1395 28983 2258  16.84 1556  101.63
v 1277 31668 2271 16.76 1460 101.02
Vi 1441 30111 2372  16.80 1411  94.43
Vi 1379 290.40 2296 16.87 1424  94.45
Vil 12563 268.27 22.80 1715 1399 76.46
IX 10.27 27333 2495  16.48 14.63 7779
X 1406 30161 2358  16.60 1466 9705
Xl 1414 30157 24.64 1731 1413 89.73

MC = Male cycle (days); FC = Female cycle (days); PH = Plant height
(m); EIH = Ear insertion height (m); NE = Number of husked ears
(thousands of ears-ha™); %HE = Percentage of commercial husked ears;
YIELD = Yield of husked ears (t-ha™!); EW = Weight of husked ears (g);
EL = Length of husked ears (cm); ED = Diameter of husked ears (cm);
NCE = Number of commercial ears (thousands of ears-ha);
%CE = Percentage of commercial ears; CYIELD = Yield of commercial
ears (t-ha?); CEW = Commercial ear weight (g); CED = Commercial ear
diameter (cm); CEL = Commercial ear length (cm); NKR = Number of
kernel rows per ear (rows-ear?); FKM = Fresh kernel mass per ear (g).

LD2 (16.8%) =
o () o~

[’}

|
i

LDI (43.3%)

Figure 2. Scores of the first 2 Fisher discriminant functions
(LD) applied to the clusters of corn genotypes obtained by the
UPGMA method (a) and Tocher’s optimization method (b). Ponta
Grossa, 2014.

for commercial ear length; and 16.2 for the number of
kernel rows per ear (Table 5).

Hallauer and Miranda Filho (1995) emphasized that corn
with high phenotypic averages and divergent to the traits of
interest should be prioritized in the genotypes recombinant
schemes. In the case of genotypes with intermediate
production and high genetic diversity and others with
high-production potential and intermediate diversity, the
authors recommend the last option as a priority for the
recombination process. In this sense, the recombination
between half-sib progeny of C III, which had intermediate
performance for traits related to the commercial aspect of the
ears, and those of C IV, which were superior to the potential
commercial yield of ears, should allow to improve genetic
variability. This improvement results from the progenies
recombined by increasing the frequency of favorable alleles
for this agricultural suitability, as well as the probability of
obtaining recombinant genotypes for the greatest number
of traits of interest aimed at corn production optimization.
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The cophenetic correlation coefficient obtained by the
Tocher’s method was 0.70 and significant by the Mantel’s
test (p <0.01). The result of Fisher’s discriminant analysis
enabled to detect only 5 erroneous classifications in the
cluster analysis, or 5.1% of AER. In C I, of the 81 half-sib
progenies initially grouped, 79 (97.5%) were correctly
classified, and only progenies 1 and 56 were reallocated
to CII (Figure 2b). In CII, 87.5% of classifications were
correct, and only progeny 8 was reclassified to CI. In C 111,
progeny 93 was erroneously classified and transferred
to CI. CIV was initially composed by progenies 52, 62
and 75, and only 52 was regrouped in CI (Figure 2b).

The grouping methodologies used in this work, the
hierarchical (UPGMA) and optimization (Tocher) methods,
identified the clusters with superior and contrasting genotypes
for the traits of greatest interest in corn production efficiently.
The UPGMA coupled to the Mojena’s criterion, despite the
high AER (14.3%), was more sensitive to differentiate the
genotypes, forming 11 clusters compared to the 5 ones of
the Tocher’s method (AER = 5.1%). Similar results were
obtained by Rotili et al. (2012) and Rigon et al. (2015), for
the evaluation of corn genotypes, and by Santos et al. (2015),
for cowpea, confirming the practicality and effectiveness of
the method. The UPGMA method clustered the hybrid AG
1051 and the Cativerde 02 variety (control) separately in C I
and C IX, respectively. On the other hand, the Tocher’s
method clustered the Cativerde 02 variety in C II, along
with 7 half-sib progenies, while only AG 1051 was clustered
alone, mainly due to phenological and morphological traits
of the commercial hybrid.

Table 5. Average performance of 18 phenotypical variables for each
corn genotype cluster obtained using Tocher’s optimization method.
Ponta Grossa, 2014.

Clusters MC FC PH EIH NE %HE
| 65.78 69.52 2.32 137 47150 5178

Il 69.33 7414 2.47 151 44800 53.56

1] 63.07 6747 2.26 127 46100 52.88

v 66.61 70.50 231 140 49460 5117

Vv 72.83 78.00 2.22 144 46.050 63.64
Clusters YIELD EW EL ED NCE %CE
| 1404 29611 2335 570 26.430 54.50

Il 13.48 29921 2439 580 26164 56.85

1] 1399 30400 2275 596 23.051 4996

IV 1495 30261 2335 593 25661 51.44

Vv 1323 29291 2265 560 23.877 53.97
Clusters CYIELD CEW CED CEL NKR FKM
I 6.04 21650 469 16.85 1430 93.23

Il 5.98 21402 466 1706 1430 8871

1] 579 23459 484 1667 1492 11051
IV 6.38 23197 481 1670 1620 103.90

\' 5.34 21034 470 1602 1591 103.25

MC = Male cycle (days); FC = Female cycle (days); PH = Plant height
(m); EIH = Ear insertion height (m); NE = Number of husked ears
(thousands of ears-ha™); %HE = Percentage of commercial husked ears;
YIELD = Yield of husked ears (t-ha'); EW = Weight of husked ears (g);
EL = Length of husked ears (cm); ED = Diameter of husked ears (cm);
NCE = Number of commercial ears (thousands of ears-ha?);
%CE = Percentage of commercial ears; CYIELD = Yield of commercial
ears (t-ha™); CEW = Commercial ear weight (g); CED = Commercial ear
diameter (cm); CEL = Commercial ear length (cm); NKR = Number of
kernel rows per ear (rows-ear); FKM = Fresh kernel mass per ear (g).

Table 4. Clusters of corn genotypes obtained from the clustering analysis using the Tocher’s optimization method based on the squared

Mahalanobis distance. Ponta Grossa, 2014.

Number of genotypes in

Clusters the clusters

1 2 3 4

Genotypes

15 16 17 18

29 30 31 32

81 42 43 45 47

59 61 63 64

77 78 79 80

92 94 95

Il 8 8 46 50 60 74 87 90 97 (Cativerde 02)
11l 5 19 44 70 93 96

1Y 3 52 62 75

v 1 98 (AG1051)
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Dissimilarity in green corn half-sib progenies

The cluster analysis results using the UPGMA and
Tocher’s methods and the cluster consistency test via Fisher’s
discriminant analysis may serve as a basis for further work
involving the study of genetic diversity among corn half-
sib progenies, thus directing the recombination process
between the most divergent genotypes, in order to obtain
corn progenies with higher frequency of favorable alleles
regarding corn production.

CONCLUSION

The UPGMA and Tocher’s methods effectively clustered
the most similar corn progenies according to the phenotypic
traits associated with corn production. The hierarchical
method UPGMA allied to Mojena’s criterion is more sensitive
than the Tocher’s optimization, since it resulted in a greater

number of clusters with more dissimilar progenies.
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