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ABSTRACT

Multidimensional scaling is a multivariate analysis technique that can be used to exploit genetic,diiramsgyat
the selection o€apsicungenotypes with desirable characteristics for in-pot ornamental purposes. This work aimed to
select genotypes with ornamental potential withipdpulations of ornamental pepper plants. Thrdarfilies were
used (17.18, 30.16, and 56.8). The genotype distance matrixes between genotypes were estimated based on qualitative
and quantitative descriptors, bagkparatelycombining the standardized distances of Gower and Mahalanobis,
respectivelyThe relation of the distance between genotypes was graphically studied through non-metric multidimensional
scaling. Kruskal' Stress was used as the measured misadjustmenndDi$esolution. There is genetic diversity
within the analyzed families, allowing to practice selection. The selection in family 17.18 of genotypes 6 and 32 is
recommended, as well as in family 30.16 of genotypes 22 and 4, and family 56.8 of genotypes 15 and 36, since they
present important characteristics for ornamental purposes. The selection of genotypes is more efficient when using
mixed data since it provides a more complete genetic diversity in an improvement program.

Keywords. Multivariate analysis; genetic diversity; Gower; Mahalanobis.

INTRODUCTION (Régoet al, 2015a; Neitzket al, 2016). It is, therefore,
PepperCapsicumspp.) is one of the most importantimportam to insert pepper plants in improvement programs
and most cultivated horticultural plants in the worldiming at the development of new varieties for ornamental
(Bosland &/otava, 2012; Silvar & Garcia-Gonzalez, 2017)Purposes (Réget al, 2015b;Vasconcelogt al., 2012;
They can be used in culingrpharmaceutical and Silvaetal, 2017).
cosmetical industries, as well as ornamental plants (Régo The Federal University of Paraiba (UFPB) has
etal, 2015a; Cardoset al, 2018). developed in the last few years an improvement program
In ornamentation, pepper plants have been highlighté@r ornamental pepper plants whose purpose is the
for their growing and continuous receptivity by thedevelopment of new varieties, based mostly on
consuming market (Finget al, 2015; Régo & Régo, 2018). hybridization, generating segregating populations and
This growing interest for ornamental peppers occurs dadowing for the improvers to select superior genotypes,
to the great diversity observed in several features, suchveigh desirable characteristics for in-pot cultivation (Silva
size, leaves, fruit colpand adequate architecturéof@mel Netoet al, 2014; Réget al, 2015a; Mesquitet al, 2016;
& Bosland, 2006Padilheet al.,2016). Limaetal, 2019; Fortunatet al, 2019; Nascimentet al,
In spite of the diversity found in this genus, only som2019; Pessoet al,, 2019). In this perspective, the study of
ornamental varieties are available in the Brazilian markéte genetic diveisy among genotypes in segregating
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Capsicunpopulations can be explored through the use &fuit (CMF), fruit shape (FS), fruit persistence with the
multivariate analysis. pedicel (FPP), pedicel persistence with the stem (PPWS),
Multidimensional scaling is a multivariate analysisstem color (SC), stem shape (SS), growth habit (GH),
technique that can be used in the study of the genelicanching density (BD), leaf color (LF), and leaf shape
diversity in Capsicumsince it allows to graphically (LS), all based on théapsicundescriptors proposed by
represent the distances of the genotypes throu¢fdGRI (1995). The experimental design was completely
dimensional reduction. The individuals are, thereforeandomized. Each experimental unit consisted of one plant
arranged as points in space, generally bidimensional per potthreefamilies of an Fpopulation were evaluated,
tridimensional, in which it is possible to observe theach with 45 plants.
similarity and the dissimilarity between individuals (Borg The genotypes were represented in a graphic form
& Groenen, 2005; Man)Jy2008).The use of this analysis in through the non-metric multidimensional scaling technique
the study of genetic diversity in improvement programbased on qualitative, quantitative, and mixed
was performed in studies with cocoa (Leahl, 2008), characteristics, with the last one considering the joint
garlic (Silvaet al, 2014), broad bean (Barrosial, 2019), analysis of both qualitative and quantitative descriptors.
and a segregating population@épsicum(Pesso&t al, For the analysis of the quantitative variables, a
2019) Then, this analysis may be appropriate for studietistance matrix based on the generalized distance of
on genotypic dispersion, since the conventiondWlahalanobis was obtained through the expression:
improvement program is based mainly on phenotypic datB\Q _ 5yl (1)
which are based on qualitative and quantitative characteré
(Barroscet al, 2019). Furthermore, it may also be important which I?, = distance between genotypes i andi'=
in the selection of more divergent individuals with desirableesidual covariance matri&;= [d,, d,, ... d], in which d =
features for the improvement program. Yij - Yi,j and dn = represents the difference between the
This work aimed to select genotypes with ornament&tean of two genotypes i and i’ for each evaluated
potential within populations of the fourth filial generationcharacteristic; Y= mean of the i-nth genotype in relation

(F,) of ornamental peppers through multidimensiondp the j-nth descriptor
scaling. The distance matrix with the qualitative data was

constructed using Gower distance (Gowerl971),

MATERIALAND METHODS emp|oying the equation;

The experiment was performed in a plant nursaty
the Laboratory of Plant Biotechnology of the Center df;; =
Agrarian Sciences of the Federal University of Paraiba
(CCA/UFPB), in the municipality &freia-PB, at an elevation |y \which S, is thesimilarity between genotypes i and,
0f618m, 06°57'48" S latitude and 35° 41" 30"W longitudes weight attributed to the, icomparison, attributing the

Three Ffamilies were used (17.18, 30.16, and 56.8) €aGfyjye 1 for the valid comparisons and the value 0 for the
one constituted by 45 individuals originated from the UFPRyyalid comparisons (when the value of the variable is absent
77.2x UFPB 134 crossing, conducted by the genealogiGaleither one or both individualsg,, = 1, the contribution
method. of the k variable in the similarity between individuals i and j,

The sowing was performed in expanded polystyrengith values between 0 and 1. For a nominal variable, if the
trays, with 200 cells filled with the Plantmax #ommercial  yajye of the k variable is the same for individuals i and j,
substrate. Thirty-five days after sowing, when the plantletfien = 1, otherwise, it will be equal toThus, d=1-S.
presented three pairs of definitive leaves, they were The non-metric multidimensional scaling ("MDS) was
transplanted to plastic pots with volumetric capacity fofised for the graphic representation of the distance matrixes
900 ml, containing the Plantmax Fi§ommercial substrate. in the bidimensional space. The level of adjustment (or

Whenever necessaithe cultural practices recommendedack of adjustment) in the nMDS mapping was calculated

k-1 Wik Siji @)
-1 Wik

for the crop were performed (Filgueira, 2000). through Kruskak Sress.
Twelve quantitative descriptors were used, namely:
plant height (PH), canopy diameter (CD), first bifurcation slyn (dij_aij)z %
height (FBH), stem diameter (SD), leaf length (LL), leaf?ress; —{—ZFIW} 3)

width (LW), fruit weight (FW), fruit length (FL), layest
fruit diameter (LFD), smallest fruit diameter (SFD), numbem which d = distance between genotypes i an&ijj,z

of seeds (NS), number of fruits (NF). The qualitativenapped distance between genotypes i and j. The table of
descriptors used were: color of the immature fruit (CIF)stress values proposed by Sturrock and Rocha (2000) was
color of the intermediate fruit (CIF), color of the maturaused to validate the result obtained with the nMDS
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solution, by comparing the value obtained with the streggaphic form, in which a dispersion can be observed in the
value generated from the matrixes with the same numbergfalitative, quantitative, and mixed data, indicating the
objects and the same number of dimensi8isinalyses occurrence of genetic variability in the, Rvith more

were performed with the R software, version 4.0.1 (R Coeelection cycles being useful to proceed with the

Team, 2020). improvement program of ornamental pepper plants aiming
to obtain new lineages.
RESULTSAND DISCUSSION The stress varied from 10.41% to 23.53% in the analyzed

The non-metric multidimensional scaling techniquéamilies for the qualitative, quantitative, and mixed
(nMDS) presented distances between the genotypesabfaracteristics @ble 1) According to the table proposed
three families (17.18; 30.16; 56.8) of pepper plants inlay Sturrock & Rocha (2000), with n = 45 genotypes, k=2

dimensions, there is a probability (p < 0.01) that the
Table 1: Stress valuegKruskal,1964) associated to the non-genotypes will be randomly arranged in the bidimensional
metric multidimensional scaling analysis for 45 genotypes &pace.
the 17.18, 30.16 and 56.8 families regarding qualitative, Furthermore, stress values up to 20.00% are acceptable
quantitative,. and mixed characteristics of ornamental PEPPRY this type of analysis (Kruskat al, 1964; Meyeet al,
plants Capsicum annuurh.) . - L
2004). The stress values obtained indicate a good ordination

Family Qualitative Quantitative Mixed in the qualitative data for families 17.18; 30.16, and 56.8,
17.18 22.83% 17.31% 23.52 % and in the quantitative and mixed data for families 30.16
30.16 15.62 % 20.00 % 20.00 % and 56.8. Thus, through this analysis, it was possible to
56.8 20.00 % 10.41 % 19.59 % identify the more divergent genotypes, which contain a

10

) 0
b2 = 7 T 4 i 21 3:‘
g % 3 27 38 245: ~ " a9
H 2
o -
v . 4
1
o
&
2
T T T T T T T
-15 -10 -5 0 5 10 15
Dim 2
& 1 2
o |
-
a7
a
e = _ 42 33
2 E 8 = 24?,;7
4 L 10 1 2%
' 0 T s 12 29 _ame
23 24 z ‘;i .
9 s 18
- o - s Al a - Ex 3?
E 3 <21 4 E o A 7
5 _5' 20 33 1 x (s] “Z‘&
® = 2 45
o » 3
- - o 12
* - % 7 bl
12 2 4
a4 €
M g
8 1 ‘ g
2 B C
T T T T T T T T T T T
20 -10 0 10 20 -200 -100 0 100 200 300
Dim.2 Dim2

Figurel1: Graphic representation of the bidimensional scaling based on the quantitative data of the 17.18 (A), 30.16 (B), and 56.8 (C)

families of 45 genotypes @apsicum annuunGenotypes 17.18.6 (D), 56.18.32 (E). Bar corresponding to Areia-PB. CCA-
UFPB-2020.
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phenotype of in-pot ornamental interest. In this sttlty  the in-pot ornamental pepper plant, genotypes 22, 36, and
dispersion based on quantitative and mixed data for tBd (Figure 1B) are highlighted. Genotype 22 presented the
17.18 family was unsatisfactoryhis indicates that the greatest number of fruits. Genotype 36 exhibited low size
representation of the distances in the bidimensional spaaed a lower first bifurcation height, whereas genotype 34
is not an appropriate choice (Silva, 2016). presented smaller leaves and fruisl€ 2). For ornamen-
According to the quantitative analysis of the 17.18al purposes, the selection of plants with these
family, the most distant genotypes in the graphic were tltbaracteristics is recommended (Fingeal., 2012; Silva
6, 32, 28, 1, 4, and 2 (Figure 1A). Genotype 6 presentetlal, 2015; Bianchet al.,2016;Barcanwet al, 2017) to
smaller size, fruits, and leaves, Genotype 32 presentedantinue the improvement program with ornamental pepper
wider canopy diameter and a lower first bifurcation heighplants.
Genotype 28 presented a smaller stem diameter and smalleit is observed that the family 56.8 presented a lower
fruits. Genotype 1 presented a large size and larger leavdispersion of genotypes, indicating a greater homogeneity
contrasting with genotype 2, which, in spite of presentingf the plants within this family when compared to the other
a large size, presents small leaves. Genotype 4 preserfadilies. It is then notorious that this family is closest to
a wider leaf width (@ble 2).Among the most distant homozygosis. In spite of the existence of very close
individuals, those that presented interestingenotypes, only genotypes 32, 15, and 5 were distant for
characteristics for the in-pot ornamental pepper wethe quantitative characteristics (Figure 1C). Genotype 32
genotypes 6 and 32 (Figure 2D and 2E), for possessipgesented smaller leaves andgkar fruits; conversely
small fruits and leaves allied to a small size, adapting pdant 15 presented a smaller size and a lower first
the pot and able to be recommended for use in théurcation height, whereas individual 5 presented a smaller
improvement of the ornamental pepper (Blttdwal, 2010; stem diameter @ble 2).Among these more distant
Costeet al, 2019), being attractive to the customer at thimdividuals, the selection of genotype 5 is recommended
time of purchase (Neitzlet al, 2016). for presenting desirable descriptors for the in-pot orna-
For the family 30.16, in the quantitative data analysisnental pepper plant. Santesal (2014) affirm that is
the genotypes that stood more distant were the 23, 37, rhportant to select pepper genotypes that present plant
18,13, 22, 2, 36, and 34 (Figure 1anong the more distant and fruit sizes adequate to in-pot cultivation, aiming at the
genotypes, which presented desirable characteristics fi@coration of internal spaces.

Table 2: Quantitative descriptors of families 17.18, 30.16, and 56.8 of pepper famsi¢um annuurh.)

17.18 PH CD FBH SD LL Lw FW F LFD SFD NS NF
1 32.0 26.0 16.0 0.49 3.81 1.53 0.73 1.56 0.97 0.26 30 46
2 31.0 35.0 125 0.50 2.00 1.67 0.45 1.05 0.87 0.33 25 46
4 30.0 31.0 15.0 0.47 3.00 1.90 0.40 0.92 0.84 0.36 19 39
6 23.0 28.0 15.0 0.59 2.13 0.88 0.34 0.84 0.74 0.25 15 35
28 23.0 26.0 16.0 0.44 3.52 1.31 0.30 0.79 0.74 0.29 12 51
32 23.0 37.0 11.0 0.64 3.25 1.24 0.69 1.10 0.95 0.34 28 30
30.16 PH CD FBH SD LL Lw FW FL LFD SFD NS NF
2 24.0 33.0 14.0 0.56 2.06 1.02 0.35 1.17 0.70 0.33 26 60
11 27.0 36.0 14.0 0.64 2.17 1.13 0.73 1.65 0.82 0.39 48 76
13 32.0 35.0 16.0 0.62 2.07 0.93 0.41 1.43 0.75 0.30 22 91
18 28.0 29.0 14.0 0.56 2.49 1.35 0.58 1.48 0.84 0.37 41 83
22 21.0 28.0 12.0 0.52 1.90 0.84 0.16 0.76 0.51 0.31 10 99
23 20.0 19.0 13.0 0.52 1.95 0.81 0.20 0.78 0.60 0.35 30 49
34 24.0 36.0 12.0 0.44 1.64 0.56 0.17 0.77 0.53 0.25 12 86
36 20.0 30.0 9.0 0.27 1.32 0.61 0.38 1.13 0.76 0.33 28 48
37 22.0 28.0 11.0 0.76 2.39 1.18 0.49 1.40 0.79 0.33 25 45
56.8 PH CD FBH SD LL Lw FW A LFD SFD NS NF
5 25.0 33.0 13.0 0.42 3.14 1.25 0.61 1.22 0.64 0.32 47 61
15 31.0 31.0 14.0 0.48 3.10 154 0.90 1.72 1.03 0.30 30 35
32 22.0 25.0 13.0 0.65 2.76 1.26 131 2.25 1.18 0.29 27 38

(PH) plant height (cm), (CD) canopy diameter (cm), (FBH) first bifurcation height (cm), (SD) stem diameter (cm), (LL) leaf length (cm),
(LW) leaf width (cm), (FW) fruit weight (g), (FL) fruit length (cm), (LFD) dest fruit diameter (cm), (SFD) smallest fruit diameter (cm),
(NS) number of seeds, (NF) number of fruits
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Other works have demonstrated the distance of thieferent phenotypical characteristics. Barresal (2019)
genotypes in a graphic form through the non-metrigsed the analysis in the selection of more divergent broad
multidimensional technique using quantitative data, sudiean genotypes, having quantitative data as a base (Pes-
as that by Silvaet al (2014), who used the non-metricsoaet al, 2019), and also selecting genotypes in a
multidimensional scaling analysis based on quantitatieegregating population of pepper plants based on
data for the identification of garlic genotypes based oguantitative data.
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Figure 2: Graphic representation of the multidimensional scaling of the families based on qualitative data. Families 30.16 (A) and
56.8 (B), each with 48apsicum annuurgenotypesAreia-PB. CCA-UFPB-2020.

Table 3: Qualitative descriptors of families 30.16 and 56.8 of ornamental pef@parsicum annuurh.)

30.16 CIM CIF CMF FS FPP PPWS

2 Light green Yellow /orange Red Triangular Persistent Persistent
4 Light green Yellow Orange Triangular Intermediate Intermediate
12 Light green Yellow Orange Triangular Intermediate Intermediate
25 Light green Yellow Orange Triangular Intermediate Intermediate
45 Light green Yellow/ orange Red Triangular Persistent Intermediate
30.16 SC SS GH BD LF LS

2 Green Angular Intermediate Intermediate  Dark green Oval

4 Green Angular Intermediate Intermediate  Dark green Lanceolate
12 Green Angular Intermediate Intermediate  Dark green Lanceolate
25 Green Angular Intermediate Intermediate  Dark green Oval

45 Green Angular Intermediate Intermediate  Lightgreen Oval

56.8 CIM CIF CMF FS FPP PPWS

6 Purple Brown /yellow Orange Triangular Intermediate Light

7 Green/Purple Yellow Orange Triangular Intermediate Light

9 Purple Brown /yellow Orange Triangular Persistent Light

15 Purple/Brown  Brown /yellow Orange Triangular Persistent Light

36 Purple Yellow Orange Triangular Intermediate Light

56.8 SC SS GH BD LF LS

6 Green/ strips Cylindrical Intermediate Intermediate Green Oval

7 Green/ strips Cylindrical Intermediate Intermediate Green Lanceolate

9 Green/ strips Cylindrical Erect Scarce Light green Lanceolate
15 Green/ strips Angular Intermediate Intermediate  Light green Lanceolate
36 Green/ strips Angular Intermediate Intermediate  Dark green Lanceolate

color of the immature fruit (CIF), color of the intermediate fruit (CIF), color of the mature fruit (CMF), fruit shape (FS), fruit persistence
with the pedicel (FPP), pedicel persistence with the stem (PPWS), stem color (SC), stem shape (SS), growth habit (GH), branching density
(BD), leaf color (LF), and leaf shape (LS).
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Observing the qualitative data of family 30.16, thend brown coloration, and genotype 36 presented fruits
more distant genotypes were the 6, 4, 12, 25, 45 andvith yellow coloration and dark green leaves. Genotype 7
(Figure 2A). These individuals presented differencegresented green and purple coloration, whereas genotype
for the qualitative variables (fruit color in the6 presented leaves with an oval shabld 3).The most
intermediate and mature stage, fruit persistence withteresting genotypes for ornamental purposes were the
the pedicel, and pedicel persistence with the stem, lel8, 36, and 7 (Figure 3E and 3F).
color, and leaf shapeJThe genotype with more desirable  Inthe joint or mixed data analysis for the family 30.16,
characteristics for ornamental purposes was genotyfiee most divergent genotypes were the 4, 12,11, 22, and 34
4, presenting fruits with yellow and orange coloration(Figure 3A), among which only the 22 and 4 presented
more persistent fruits with the pedicel, and dark greatesirable characteristics for ornamental purposes (Figure
color of the leaves, with a lanceolate shapab(@ 3). 3C and 3D). It is verified that these genotypes, when the
The color of fruits and leaves are aesthetical aspeasantitative and qualitative data were analyzed separately
that turn the ornamental pepper plants into gooalso remained distant and presented important
alternatives for the market of in-pot ornamental plantsharacteristics for in-pot ornamental pepper plants. These
(Stommel & Griesbach, 2008). guantitative and qualitative characteristics found in these

Through the multidimensional scaling for thegenotypes are important regarding the aesthetical aspect
qualitative data of family 56.8, the genotypes that weraf the plants. In this perspective, there is a demand in
more disperse were the 9, 15, 36, 7, and 6 (Figure 2B). Th&azil for new pepper cultivars that present features of
plants were distanced for presenting different coloratioornamental interest, destined for in-pot cultivation (Nasci-
stages of fruits and leaves, growth habit and leaf shapeentoet al, 2014; Neitzket al, 2016).

Genotype 9 presented an erect growth habit and light green Based on the mixed data of family 56.8, the most distant
leaves, whereas genotype 15 presented fruits with purglenotypes were the 15, 36, 32, 7, and 9, and can be
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Figure 3: Graphic representation of the multidimensional scaling of the families based on mixed data (qualitative and quantitative).
Families 30.16 (A) and 56.8 (B), each with @&psicum annuurgenotypes. Genotypes 30.16.4 (C), 30.16.22 (D), 56.8.15 (E),
56.8.36 (F). Bar corresponding to 2 chneia-PB. CCA-UFPB-2020.
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considered the most divggnt (Figure 3B)All these REFERENCES
genotypes were also distant when separately observiggcanu g, vinatoru C, zamfir B, Bratu C & Draghigi (2017)
the qualitative and quantitative analyses. Therefore, theCharacterization of new ornamental chilli genotypes created a
selection of genotypes 15 and 36 is recommended, whict/RDS Buzau. Scientific PapersSeries B, Horticulture, 61:313-
also stood distant in this analysis. These genotypes, as _ , _
reviously reported, presented desirable characteristiza. °>C B MedeirosAM, Santos NPSilva DCQ, Silva SC &
p ; y rep P ) %omes RLF (2019) Phenotypic Dispersion of Landrace Lima
for in-pot ornamental purposes. Furthermore, the fruit Bean varieties Using Multidimensional Scaling. Journal of
coloration of the pepper plants found in the selectedAgricultural Science, 11:178-185.
genotypes is of extreme importance in the selection Bfanchi R, Dutra IR Moulin MM, Santos JO & Santos JUniacC
individuals due to the color variation in the maturation (2016) Morphological characterization and analysis of genetic
. . . variability among pepper accessions. Ciéncia Rural, 46:1151-
stages, making them more attractive and arousing the ;57
interest of the consumers for decorative purposes (Sll\égrg | & Groenen PJF (2005) Modern multidimensional scaling:
etal, 2015). Theory and applications."®ed. NewYork, Springer 614p.
The non-metric multidimensional scaling analysigosiand Pw\Votava EJ &Votava EM (2012) Peppers: vegetable
showed to be efficient to study the distances of the peppernd spice CapsicunsVallinford, Cabi. 230p.
genotypes. Some authors observed the importance Buftow MV, Barbieri RL, Neitzke RS, Heiden G & Carvalho FIF
using the mixed variable analysis, employing Gdsver (2010) Diversidade genética entre acessos de pimentas e pi-
. . . . . mentdes da Embrapa Clinfemperado. Ciéncia Rural, 40:1264-
distance to analyze the genetic diversityGapsicum 1269
(SUdreet al, 2010; Mour_aat al, 2010’_R0Chat al, 2010’_ Cardoso R, Ruas Ciacomin RM, Ruas PM, Ruas EA, Barbieri
Cardoscet al, 2018). It is worth noting that when using RrL, Rodrigues R & Goncalves LSA (2018) Genetic variability in
the joint analysis since there is an acceptable stress leveRrazilian Capsicum baccatungermplasm collection assessed
it is possible to better discriminate desirable genotypes%f%i’%go'og'ca' fruit traits an&FLP markers. Plos One,
for selection. Therefore, this technique is a strategy that §
th id d for the study of di ity i i Costa GN, Silva BMPLopesACA, Carvalho LCB & Gomes RLF
mus e_COI’]SI ere ’ orines u_yo IVersity In §egrega Ir]g(2019) Selecdo de acessdes de pimenta com potencial orna-
populations oCapsicumespecially when combined with  mental. Revista Caatinga, 32:566-574.
the joint analysis of qualitative and quantitative charactefSigueira AR (2000) Novo manual de Olericultura: tecnologia
Therefore, a joint analysis of variables can provide a moremoderna na produgéo e comercializagéo de hortali¢ded2

complete indicator of the diversity in improvement Vi¢osa. Editora UFV402p.

programs (Gomeest al, 2019)_ Finger FL, Régo ~ER, Segatto' FB, Nascimento NFF & Régo MM
(2012) Producgéo e potencial de mercado para pimenta orna-
mental. InformeAgropecuario, 33:14-20.

CONCLUSION _ _ I
) o ) o __ Finger FL, Silva TPD, Segatto FB & Barbosa JG (2015) Inhibition
There is genetic diversity within the analyzed families of ethylene response by 1-methylcyclopropene in potted orna-

based on the multidimensional scaling using the distancegnental pepperCiéncia Rural, 45:964-969.

of the genotypes, allowing the practice o selection.  Fortunato FLGRégo ER, Carvalho MGBantos CARE Régo MM

o . . . (2019) Genetic diversity in ornamental pepper
In the quantitative and mixed variable data, family 30.16 jants. comunicata Scientiae, 10:364-375.
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recommended, as well as in family 30.16 of genotypes %2 . o
. . ower JC (1971A general codicient of similarity and some of
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