DOI: 10.14295/CS.v9i4.2970

Comunicata Scientiae 9(4): 687-694, 2018

e-ISSN: 2177-5133
www.comunicatascientiae.com

Comparison of methods for selection of castor beans lineages

Maria Mdrcia Pereira Sartori*, Jackson da Silva, Mauricio Dutra Zanotto

Sdo Paulo State University, Botucatu, Brazil
*Corresponding author, email: mmpsartori@fca.unesp.br

Abstract

The choice of the most appropriate method is determined by the precision desired by the
researcher, by the ease of the analysis, as well as by the way of obtaining the data. In order
to select lineages of low size and high productivity this study aimed to evaluate different
methods of cluster analysis in the representation of genetic divergence, compared to univariate
methods. The analyzed variables were grain yield, plant size and oil yield of 24 lineages of castor
beans cultivated in the years 2014 and 2015. The Single and Average methods presented similar
results in the formation of groups and different from the Complete. Evaluating the purpose
of this research the Complete method and principal components analysis, together with the
discriminant analysis, were considered the most appropriate methods to evaluate the genetic
divergence of the castor bean crop. Lineages 18, 19 and 20 showed average grain yields above
1555 kg.ha'', high oil content (above 46.9%), and low size plants (below 116 cm).
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Introduction availability of seeds of cultivars adapted,

The castor bean (Ricinus communis L.)
is an oleaginous of high socioeconomic value,
in Brazil the commercialization of production,
in 2015 generated approximately R$ 67 million
(IBGE, 2015). Its products and by-products are
used in industry and agriculture, as well as
presenfing perspectives of use as an energy
source in the form of biodiesel (Tabile et al., 2009).
According fo CONAB (2017) the productivity in
the southeastern and cenfral-south regions of
Brazil for the 2016/2017 harvest was 1000 kg.ha'.

Almeida et al. (2015) pointed out that
the greatest difficulty in the rational exploitation
of castor bean in Northeast Brazil is the low

productive, with high oil content and tolerant to
pests and diseases.

Considering the need to select improved
cultivars, breeding programs have directed the
evaluation of the behavior of a group of cultivars
such as
different sites, seasons or years of planting, as well
as several technological levels (Cruz et al., 2012).

related to environmental variations,

In this context, multivariates predictive methods,
such as principal component analysis (PCA)
and agglomerative methods, have been of
paramount importance, for example, in assessing
genetic divergence, making it possible fo size
diversity and group the material, managementing
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better the use of the groups formed (Cruz et al.,
2012; Bertini et al., 2010). Bertan et al. (2006)
concluded that the methods of clustering
Average linkage method and Tocher method
showed similar results in the representation of the
groups of most divergent genotypes for wheat.
For Cruz et al. (2012) the analysis of
principal components provides a considerable
simplification in
interpretation of the results in relation to the
other alternative methods, especially when the
number of progenitors or lineages evaluated is
relatively large. According to the same authors,
an advantage of this method is the evaluation
of the importance of each character studied

statistical calculations and

on the fotal variation available among the
evaluated genotypes, thus enabling the
exclusion of characters that contribute little to
the discrimination of the evaluated material.

Multivariote  methods were also used
by Goodarzi et al. (2011) who carried out the
cluster analysis of 12 access of castor beans
using the hierarchical algorithm Ward based on
Euclidean distance squared. The discriminant
analysis was applied to confirm the accuracy of
the cluster produced by cluster analysis and to
identify pafterns of morphological variation used
the principal component analysis (PCA) thus
assessing similarity.

Thus, the need for simultaneous analysis
of multiple measures highlights the importance
of the application of multivariate techniques in
the genetic improvement of plants and justfifies
the development of this project that aims to
identify the best methodology for the selection of
lineages of low size, high oil and high productivity.

Material and Methods

The present work was developed in the
years 2014 and 2015 in the Experimental Farm of
Lageado, belonging to the Faculty of Agronomic
Sciences (FCA) of Paulista State University
(UNESP), Campus de Botucatu-SP. According
to Alvares et al. (2014), the climate of the city of
Botucatu-SP is of type Cfa (Climate Temperate
Mesothermal), the average annual temperature
is between 18 to 20 °C, with annual average
rainfall is between 1000 to 1300 mm and altitude
between 600 and 800 meters of alfitude. The soil

was classified as Typic Dystrophic Red-Yellow
Latosol with a average texture (Silva et al., 2013).

The design
randomized block with 24 lineages and four
replicates (blocks), being the experimental plot
of 8 m? of useful area, constituting three lines of
10 meters in length, with spacing between plants
and between rows of 1.0 m in two fime, 2014
and 2015. The evaluated characteristics were
oil content in the grains (TO), in %, measured by
nuclear magnetic resonance, being evaluated a
sample composed of seed mix of all the plants of
the useful area of each experimental plot; grain
yield (PG), in kg.ha'!, determined by the total
grain mass in 8 m? corrected to 13% moisture,
being evaluated all plants of the useful area of
each experimental plot and height of the plant
(AP), in cm, being measured from the soil surface
to the highest point of the plant, for 8 plant
samples of the useful area of each experimental
ploft.

experimental was d

The data were submitted to analysis of
joint variance, complemented with Scott Knott's
test, where it was considered significant when
p<0.05. After this evaluation was used hierarchical
grouping and optimization methods to find the
most appropriate method for the data set.

Five different agglomerative methods
were used:

The Euclidean distance method is a
standard mathematical measure of distance
(square root of the sum of squared differences).

The nearest neighbor method "Single
Linkage Method”, which defines the distance
between two clusters by the minimum distance
between each item with respect to each cluster
formed (Lattin et al., 2011).

The most distant neighbor
“"Complete linkage method”, which defines the

method

distance between two clusters by the maximum
distance between each item with respect to
each formed cluster (Lattin, et al., 2011).

The unweighted average pairing method
“Average linkage method” that defines the
distance between two clusters by the average
distance between each item with respect to
each formed cluster (Lattin et al., 2011).

The Ward method defines the distance
between two clusters by a function of binding
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criteria: the sum of the square deviations of the
points for the centroids, minimizing the sum of
squares within the cluster (Lattin, et al., 2011).

It was also used the Tocher optimization
method (Cruz et al., 2012), which performs the
partitioning of the set of accesses in non-empty
and mutually exclusive subgroups, by means
of the maximization or minimizafion of some
preestablished measure. In this method, adopts
the criterion that the mean dissimilarity measures
within each group should be less than the mean
distances between any groups, thus evaluating
the importance of the selection process in the
groupings obtained.

To determine the best methodology,
the representations of the dendrograms
were evaluated. The discriminant analysis
was applied fo confim the accuracy of the
grouping produced by the cluster analysis, being
Calculated the distance between the centroids
of the groups formed by the generalized distance
of Mahalanobis (Cargnelutti Flho et al., 2008)
was calculated.

Genetic divergence by major
components was also analyzed. The software
used for all the analyzes was Minitab 16 (Minitab
version 14, Minitab Inc., State College, PA, USA),
only for the optimization method SAEG software

was used.

Results and Discussion

It can be observed that the variable yield
of grains presented significant difference for the
source of variation lineage. The meaningfulness
of the lineage x fime interaction, for the variables
height and oil content, reveals the need fo
evaluate the lineages for more than one year,
indicating that the genetic constitutions are
divergent for the characters evaluated, thus
enabling studies of divergence genetics (Oliveira
et al., 2013). It is verified also a high experimental
precision of the work, since the coefficients of
variation were of low magnitude, varying from
4.79% for the oil content to 17.45% for grain yield,
these being considered of optimal and regular
experimental precision, respectively (Table 1)
(Cargnelutti Filho et al., 2010).

Table 1. Joint analysis of variance, average, maximum and minimum values of the variables: plant height (AP), oil
confent (TO) and grain yield (PG) of 24 lineages grown in the fimes 2014 and 2015.

AP (cm) TO (%) PG (kg ha')
QM time (E) 10912.0% 8.3™ 4380323.1%*
QM lineages (L) 3441.3m 19.9ns 907823.6**
QMExL 3351.3* 242+ 107000.4"
QM residuo 267.1 4.6 80682.8
CV% 10.4 4.79 17.45

The highest variation was found in the
first year of cultivation for plant height, presenting
average values of 58.2 to 225.6 cm, being that
the lineages 18, 19 and 20 presented smaller
height of plant, already in the second year there
was no difference between the lineages for this
evaluation (Table 2).

For the oil content, the variations
between the lineages were similar for the two
times of cultivation, varying between 40 and
50%, it can be observed that the lineages 8, 11,
12, 18, 19 and 20 presented values higher than
46 % For the two fime of culfivation, (Table 2).
It is noteworthy that the performances of these
lineages were similar regardless of the fime of
cultivation.

The yields did not differentfiate between

the lineages, for each time reported, however,
for the average of two time, lineages 1, 3, 10, 11,
19 and 22 had the highest yields, being higher
than 1880 kg ha'!, Well above the region average
of 1000 kg.ha'. It is also observed that the
second time of cultivation provided the best PG,
attributing to this fact the best climatic conditions
(Table 2).

One of the requirements used by farmers
to choose cultivars is high productivity (Franca
et al., 2013; Souza et al.,, 2010; Zuchi et al., 2010),
so is elementary an selection based on this
characteristic, ally to this, the present work also
took info account plants of low size and high oil
content, with this it was possible to select only the
lineage 19, being this the only one that presented
these three characteristics, by the commonly
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Table 2. Average of plant height (AP), oil content (TO) and grain yield (PG) of 24 lineages grown in two fimes 2014

and 2015.
AP (cm) TO (%) PG (kg ha')
Time Time Time

Lineages 1 2 1 2 1 2 Average
1 200.7 bA 163.0 aB 48.3 A 42.7 cB 1670.5 2107.63 1889.0 a

2 116.0 dB 165.3 A 45.6 bA 45.2 bA 1293.8 1562.25 14280 b

3 189.5 bA 165.6 aB 43.3 bA 45.2 bA 2026.8 2292.67 2159.7 a

4 111.8 dB 163.6 aA 46.3 A 46.0 bA 1666.8 1690.88 1678.8 b

5 155.8 cA 170.5 A 47.6 oA 46.6 bA 1435.8 1821.22 1628.4b

) 154.7 cA 167.0 cA 45.0 bA 45.6 bA 1703.3 1309.62 1506.4 b

7 155.7 cA 173.6 aA 45.0 bA 47.5 bA 1432.0 1842.82 1637.4b

8 172.5 cA 171.6 aA 46.1 aA 46.9 bA 1350.3 1614.14 1482.1 b

9 165.9 cA 161.6 aA 49.1 A 43.9 cB 1475.8 1944.98 1710.3 b

10 152.0 cA 151.3 A 447 b A 41.1 cB 2039.3 2345.08 2192.1a

11 156.0 cA 171.2 A 50.2 A 46.9 bB 1880.0 2611.64 22458 a

12 156.2 cA 169.0 aA 48.3 aA 46.2 bA 1440.3 2052.23 17462 b

13 176.4 bA 163.1 aA 43.8 bA 44.4 bA 1351.3 1825.98 1588.6 b

14 165.7 cA 168.1 A 46.8 A 45.9 bA 1544.0 1804.31 1674.1 b

15 181.3 bA 168.2 A 41.9 bB 50.1 aA 1394.8 1478.41 1436.5b

16 141.7 cB 166.6 aA 45.9 oA 45.5 bA 1175.0 1240.16 1207.5¢c

17 152.2 cA 164.6 aA 48.1 A 44.9 bB 948.8 1057.15 1002.9 ¢

18 68.9 eB 162.3 A 46.4 A 49.3 aA 1408.5 1702.40 1555.4 b

19 58.2 eB 163.4 A 48.2 A 50.1 aA 1997.5 2455.86 2226.6 a

20 67.9 eB 158.6 aA 46.1 oA 47.5 bA 1530.0 1823.74 1676.8 b

21 159.6 cA 172.0 A 43.7 bB 47.1 bA 1532.8 1864.11 1698.4b

22 146.0 cA 146.2 A 44.2 bA 41.8 cA 2182.5 2618.74 2400.6 a

23 129.1 cA 147.7 A 48.3 A 40.1 cB 1323.8 1880.98 1602.3 b

24 225.6 A 147.3 aB 43.1 bA 45.4 bA 1441.3 1547.38 14943 b

Average 148.4 163.4 46.1 45.7 1551.8B 1853.9 A 1702.8

Averages followed by equal letters, uppercase in the row and lowercase in the column, do not differ by the Scott Knott test, 5% probability.

used method (univariate).

However, other methodologies may
be used for selection, such as, the methods of
grouping, where they are extremely important
when selection is dependent on more than one
choice factor, such as, for example, productivity,
plant size and oil content.

The “Euclidean Distance, Single Linkage”
grouping method allowed dividing of the 24
lineages into 4 distinct groups (Figure 1), with
the following characteristics: Group | (red) with
16 lineages (1, 2, 4, 5,7,8,9,12, 13, 14, 15, 18,
20, 21,23 and 24) and intermediate grain yield
between 1428 and 1889 Kg.ho-', oil content
between 44 and 47 and plant height between
113 and 186 cm; Group Il (blue) formed by a
single lineage (6) and with average yield of
1500 kg.ha, oil content of 45 and height of 160
cm; Group Il (green) with 5 lineages (3, 10, 11,
19 and 22) and higher average productivity
above 2150 kg.ha', oil content between 42 and
49 and plant height between 110 and 177 cm;

Group IV (orange) with 2 lineages (16 and 17)

and productivity between 1000 and 1200 kg.ha',
oil content between 45 and 46 and plant height
between 154 and 158 cm.

Milani (2009), evaluating the
genetic divergence of castor bean genotypes

et al

also found similar results with four classification
groups.

The groups formed by the “Euclidean
Distance, Average Linkage”
identical to those formed by the "“Euclidean
Distance, Single Linkage” method (Figure 1),
although they presented different similarities,
however, they were distinct from the grouping
method “Euclidean Distance, Complete Linkage
“(Figure 1).

For the “Euclidean Distance, Complete
Linkage” method the division of the 24 lineages
was in 4 distinct groups (Figure 1), group | and
II formed by the other methods were divided
info two other groups | and Il, as described
below: Group | (red) with 14 lineages (2, 4,
5 6,7,8,13, 14, 15, 18, 20, 21,23 and 24) with
productivity between 1428 and 1698 kg.ha”, oil

method were
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content between 44.2 and 47.9 and plant height
between 113 and 186 cm; Group Il (pink) with 3
lineages (1, 2 and 12) and productivity between
1710 and 1889 kg.ha', oil content from 45.5 to
47.3 and height from 162 to 181.9 cm; Group llI
(green) with 5 lineages (3, 10, 11, 19 and 22) and
higher average productivity above 2150 kg.ha”,

79,82
86,55
E
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) ﬁ ||||
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rations
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83,31
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oil content between 42 and 49 and plant height
between 110and 177 cm; Group IV (orange) with
2 lineages (16 and 17) and average productivity
between 1000 and 1200 kg.ha', oil content
between 45 and 46 and plant height between
154 and 158 cm.

0,00

sl

1 912}8152"4!421205 71322186 1617 3 10191122
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Figure 1. Grouping of 24 lineages of castor bean according fo the variables of productivity, oil content and plant height, by

Single (A), Complete (B), Average (C) and Ward (D).

It can be observed that the grouping
Distance, @ Complete
Linkage” presents advantages over previous

method  “Euclidean
ones, since it determined groups with higher and
lower productivity maintaining the variability of
the variables in the groups formed.

the Ward
Linkage” method the division of the 24 lineages
was in 4 distinct groups (Figure 1), group | and I

In “Euclidean Distance,

formed by the other methods were divided info
two other groups | and Il, as described below:
Group | (red) with 11 lineages (1, 4, 5, 7, 9, 12,
13, 14, 20, 21, and 23) with productivity between
1589 and 1889 kg.ha', oil content between 44.2
And 47.3 and height of the plant between 113
and 182 cm; Group |l (blue) with 6 lineages (2, 6.
8. 15, 18 and 24) with productivity between 1428
and 1555 kg.ha'!, oil content between 44.3 and
47.9 and plant height between 115 and 186 cm;
Group Il (green) with 5lineages (3, 10, 11, 19 and

22) and higher productivity above 2150 kg.ha”,
oil content between 42 and 49 and plant height
between 110 and 177 cm; Group IV (orange) with
2 lineages (16 and 17) and average productivity
between 1000 and 1200 kg.ha', oil content
between 45 and 46 and plant height between
154 and 158 cm.

For the Tocher optimization method we
can observe the formation of 11 groups (Table
3), much higher than the work done by Bezerra
Neto et al. (2010), where wanting to quantify the
genetic diversity of eleven genotypes of castor
bean and Cavalcante et al. (2008) evaluating
the genetic divergence between accessions
of castor bean, using the same test, observed
the formation of only three and four groups,
respectively, which may be related to the high
index of similarity among the variefies, besides
the low number of genotypes used.
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Table 3. Formation of the clusters by the Tocher test..

Group Number of lineages Selected lineages
1 12 2:4;5,6,7,8;,9;,12;13; 14; 16; 21
2 2 18; 20
3 2 10; 22
4 1 1
5 1 3
6 1 11
7 1 15
8 1 17
9 1 19
10 1 23
11 1 24

By the discriminant analysis it can be
verified that all the analyzed groups presented /
displayed 100% of the groups formed of correct
form. The formation of 3 distinct response groups
(p <0.05) was verified, for the “Euclidean Distance,
Single Linkage" and “Average Linkage” grouping
methods, similar results were found by Bahia
et al. (2008) who also evaluated the genetic
divergence between castor bean variefies. In
these cases the lineage 6 was grouped with the
lines described in group | whose lineages are 1,
2,4,5 /7,8, 9, 12,13, 14,15, 18, 20, 21, 23 and
24, this occurred because the method did not
allow group formation with a single lineage.
For the group found by the grouping method
“Euclidean Distance, Complete Linkage” and
“"Ward Linkage” one can verify the distinction of
4 groups, as found by the method.

It can be observed that only the groups
with higher and lower productivity, were formed

by the same
agglomerative method used, presenting the
longest from Mahalanobis (Table
4), which is interesting for the indicatfion of
possible crosses between genetically divergent
progenitors, leading to the production of hybrid
hybrids, however, the lineages with yield of grains
between 1400 and 1900, were allocated in
different groups depending on the method used,
which is not interesting, because it can lead to

lineages by any hierarchical

distance

mistaken decision making (Machado et al., 2013;
Rodrigues et al., 2010). The “Euclidean Distance™”,
“Ward Linkage” method, presented a smaller
distance between groups 2 and 4, proving
that these groups present greater similarity and
greater distance between 2 and 3, showing the
lowest similarity, which may represent a better
result when the selection is in function to a single
variable, for example grain yield (Cargnelutti
Filho & Guadagnin. 2011).

Table 4. Squared Distance Between Groups from Euclidean Distance, Single Linkage e Average Linkage (A),

Complete (B), Ward (C) e PCA (D).

A B

Groups I Il Groups Il M v

| 19.0988 14.2823 | 10.111 52.269 29.242

I 63.9506 I 29.507 58.230
Il 156.594

C D

Groups Il 1l [\ Groups Il 1l [\

| 9.989 50.392 58.179 | 41.550 75.301 113.969

Il 95.188 27.201 I 9.242 40.072

Il 214.628 Il 20.771

However, if we consider the selection in
function also of the plant with smaller height and
higher oil content, it can be emphasized that
none of the previously evaluated methods allows
this selection.

The Single Linkage method should be
avoided in ecological studies, since in by bringing
together object to the “closest” element of the
already formed group, the infermediate objects
between the groups are rapidly agglomerated
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to these, then taking place a chaining of objects
which makes it difficult to separate the groups
(Diniz et al., 2012).

Because the Average Linkage and
Complete Linkage methods resemble to Single
Linkage, it is believed that these methods should
also be avoided, especially when using more
than one type of variable, being, therefore, more
suitable when used for the same type of variable
obtained only at different times.
the principal components
analysis (Figure 2) allows selection of lineages
with average grain yield over 1555 kg.ha', high
oil content (above 46.9%) and low plants (below

However,

116 cm) (Figura 2), being these the lineages 18,
19 and 20, as well as to verify the lineages with
high average productivity of grain (above 2200
kg.ha'), more that present low oil content and
higher height (lineages 3, 10 and 22) and lineages
with infermediate results, however, with greater
variability (lineages 2, 4, 5,9, 11 and 12), with grain
yield between 1428 and 2245 kg.ha'!, oil content
between 45.5 and 48.6% and height between
137 and 163 cm. Thus, it can be confirmed that
this analysis is adequate both when using more
than one type of variable, and also when using
the same type of variable obtained at different
fimes.

21 Highest plant height i Higher oil content
* >
SN 15 e
1 ~ % » -
- 24 ~ 6 3
H 4 N s
£ 13 21 TAE
e 0 ° Q) Q
g I *
S .
E 1
8 11 3 19
@ . |
10 \
2 S |
22 v ; -
= Higher productivity
-3 & T T ! T T
-2 =1 0 1 2 3

First Component

Figure 2. Scatter plot of principal component analysis showing the position of the 24 castor
bean lineages. In the circumference are grouped the lineages with average productivity of

grain, high oil content and plants of low size.

Conclusions
the
selection of only the lineage 19, being that one

The univariate analysis allowed
that met the three characteristics (low size, high
oil confent and productivity).

The
differentresults, being able be the most adequate

clustering methods presented

when If using a single characteristic.

The principal component  analysis
method was the only one that allowed the
efficient selection of castor bean lineages,

taking info account the high yield of grains, high
oil content and plants of low size, being these
lineages 18, 19 and 20.
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