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ABSTRACT

Because of the increasing demand of the industry for the production of essential oils, studies highlight the
genetic variability oPiper hispidinervum andP. aduncum species according to their patterns of spatial distribution,
showing theAmazon region as the source of superior genetic material in the production of safrole and dillapiole.
Thus, the objective this study was to characterize the morphology and the phytochenitgbey bifspidinervum
andP. aduncum populations in théctive Germplasm Bank of Embrapare to generate subsidies for the genetic
improvement of these species. The results showed that the average values for leaf width and length were 141.67 and
48.04 mm, and petioles length and diameter measurements were 2.83 and 1.7&®rhigpidinervum and 189.22;

67.74; 6.03 and 2.22 mm f& aduncum respectivelyThe average height and canopy volume measurements were
2.39 m and 6.30 frand 2.70 m and 7.78%mespectively for each species. Fohispidinervum, the population with

higher performance indried yield and content of safrole was population 02, with 3.9%, and the population 04 showed
94.3% safrole content, both with genetic material from the regidorefandia and Placido de Casffo.P. aduncum,

the populations with better performance were 207, 208 and 209, forming a homogeneous group with dried yield
average of 3.8% and dillapiol content of 84-85%. Such populations are indicated for selection in breeding program
of these species due to better performance.

Keywords: morphology dried yield, dillapiole and safrole content.

RESUMO

Caracterizacao morfoldgica e fitoquimica de populacdes d@per hispidinervum DC.
e Piper aduncum L. no Acre

Estimulados pela crescente demanda da indUstria pela producdo de 6leos essenciais, estudos ressaltam a varia-
bilidade genética das espéciesRiper hispidinervum e P. aduncum, de acordo com seus padrdes espaciais de
distribuicdo, mostrando-se a regidmazonica como origem de materiais genéticos superiores para a producéo de
safrol e dilapiol. Objetivou-se, com este trabalho, caracterizar morfolégica e fitoquimicamente populacfes de
Piper hispidinervum e deP. aduncum, do BancoAtivo de Germoplasma da Embrafere, de forma a gerar subsi-
dios para o melhoramento genético das espécies. Os resultados mostraram que os valores médios para largura e
comprimento de folha e comprimento e didmetro de peciolo foram: 141,67; 48,04; 2,83 e 1,78 mm, respectiva-
mente, par&. hispidinervum, e 189,22; 67,74; 6,03 e 2,22 mm, pBraduncum. Os valores médios de altura e
volume de copa foram 2,39 m e 6,30 en2,70 m e 7,78 tnrespectivamente, para cada espécie. Para
hispidinervum, as popula¢des com maior desempenho no rendimento em base livre de umidade (BLU) e teor de
safrol foram 02, com 3,9% de rendimento e 04 com 94,3% de safrol, ambas com material genético originario das
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regides deAcrelandia e Placido de Castro. P&aduncum, as popula¢des com melhor desempenho foram 207,

208 e 209, originarias da Microrregido de Cruzeiro do Sul, formando um grupo homogéneo, com rendimentos em
BLU médios de 3,8% e teor de dilapiol de 84 a 85%. Essas populacdes de melhor desempenho sao indicadas para
selecdo, no programa de melhoramento genético das espécies.

Palavras-chave morfologia, rendimento em BLU, teor de safrol e dilapiol.

INTRODUCTION productivity is tied to the volume of biomass for
. extraction according to the performance and major
TheAmazon is a great source of natural products for

. o omponent content of the oil, which is well accepted by
various human uses. Essential oils, secondary metaboﬁ'f

e industry at levels above 90% (Silva & Oliveira, 2000).
compounds produced by several plants, are part of suc L . .
. . : o The objective of this study was to characterize the
products and play biological and flavoring activities

hologi h hemical i
(Andradeet al., 2009).Among the lagest producers of ”.“”.p. ologic and phytoc em|cg trayts @ﬁper
. . . . ) hispidinervum andP. aduncum populations in théctive
oil are thePiperaceae, widely used in medical and

. ) i . Germplasm Bank (AGB) of Embrapcre in order to
agronomic uses in many countries (Hartemink & P ( ) e

. . te data for th tici tof th ies.
Sullivan, 2001Yoneda, 2006: Celit al., 2008)Among Do o ae daratorihe genetic improvement otthe species

the most commonly species used as essential oj
producers ardliper hispidinervum and P. aduncum, IVTATERIAL AND METHODS

from which safrole and dillapiole are extracted, In order to characterize elements of thetive
respectively The first presents proven insecticidalGermplasm Bank (AGB) of Embrapare, in the city of
activity (Estrelaet al., 2006; Fazoliret al., 2007;Celis  Rio Branco-AC, 14 populations &iper hispidinervum
etal., 2008) and the second, molluscicide, antimicrobiaind nine populations ¢t aduncum grown ina 2 x 2 m
plasmodicide, fungicide, larvicide, insecticide andpacing were analyzed. Each individual was analyzed for
synergistic activities (Andradkt al., 2009), and medical leaf morphological characteristics such as width and
use as a diuretic, hemostatic, stomachic, astringent adedgth (in mm) and diameter and length of the petiole
balsamic (Guimardes & Giordano, 2004). (in mm), and also of the canopies, such as height and
The wide application of these products attracts theanopy diameter (in cm), and phytochemical moisture
attention of producers and industwhich increases the characteristics, yield in moisture-free basis and major
demand for their exploitation and obtaining improve@omponent content of the essential oil of each species,
cultivars for the introduction of these species ibased on green matter (in %). The morphological
agricultural systems, especially in tAenazon region characteristics were measured with tape measure, for the
(Gaiaet al., 2004). Several studies point to the geneticanopy variables, and with the caliper to the leaf variables.
diversity of these species, in whi¢h hispidinervum  The canopy volume was estimated using the formula: V
shows higher yields and safrole contents inAtrmzon = 2/31tR? H, where R = mean radius of the canopy and
region (Andradeet al., 2009). Because of its high H = plant height (Ledet al., 1999).
adaptability to different climatic and soil characteristics The phytochemical characteristics were analyzed in
and a very efficient propagation mechanism (Let@., Essential Oils Laboratory of Embrapgecre. For
2002) P. aduncum presents chemotypes that, accordingletermining the contents of safrole and dilapiolle, the
to Almeidaet al. (2009) are distributed in themazon essential oils were extracted by the cohobation or
region andAtlantic Forest. Howeverstudies show that condensate water recirculation method (Heath, 1977).
its variability is still lage inside thémazon region itself, For the extraction, samples of 90 g of chopped green
with distinct genotypes distributed by the state&mf- biomass were used for each individual of the population
zonas and Para (Gottlieb al., 1981). of both species, mixed with 450 ml of distilled water
The essential oil is obtained from the extraction aénd submitted towater boiling temperature (100°C) in
aerial biomass and, according to fRehispidinervum  heating mantle, for 180 minutes, where the densest
production system, cuts are recommended every t@llected fraction was consisted of oil.
months (Bergaet al., 2002), which is also adopted for  The quantification of dilapiolle and safrole contained
P. aduncum since it does not present a particulain the essential oil, foPiper hispidinervum and P.
production system. Thus, the choice of genotype shoutduncum, respectivelywas carried out in the Hewlett-
also favor the good regrowth and regeneration capaci®ackard gas chromatograph, Model 6890IifWgton,
as well as formation and canopy volume sinc&/SA) equipped with a flame ionization detector and
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capillary column of 30 m in length and 25 mm of internaboth species, indicating patterns of behavior regarded to
diameter Helium was used as carrier gas, while théhe yield in moisture-free basis and the amounts of
internal injector and detector were maintained at safrole and dilapiolle. The results found in this study were
temperature of 250°C and “split” of approximatelysimilar to those found by Silva & Oliveira (2000), who
1:100. The initial oven temperature was maintained atbserved that the safrole producer speciBs,
80°C for 10 minutes with 4°C increments per minute upispidinervum, located in the Mesoregion @&fcre
to 140°C and thereafteincrements of 20°C per minute Valley, including the municipalities oAcrelandia and
up to 260°C, being programmed for up to 260°C. Placido de Castro (Rio Branco microrregion), and
To calculate yield in moisture-free basis, tha&rasiléia andAssis Brazil (Brasiléia Microregion), on
moisture content of biomass was determined. Thtbe east part of the state. Howgwaitapiolle producer
moisture content was achieved on the basis of tiseciesP. aduncum, is concentrated in the Mesorregion
immiscibility of the solvent (toluene) and water containe@f Vale do Jurua, micro-region of Cruzeiro do Sul, in
in the green matter (Figueiréabal., 2004). Six grams the municipalities of Cruzeiro do Sul and Rodrighk®s
of chopped green biomass of each individual were usddigure 1). These figures show the combination of
mixed in round bottom flask with a capacity of 250 mimorphological features to physiographic factors,
Through the top of the condens&® mLof toluene was focusing each species in regions of different patterns.
added to allow the return of the solvent to the flask and For P. hispidinervum, there was a significant
exposed under heating mantle, at a temperature of abdifference only between the means of morphological
120°C. Then, reading of the amount of the wate¢haracteristics, average height and canopy voluwaigl¢T
extracted from biomass was performed. 1), in the region of Brasiléia, which presented
The essential oil yield obtained in the laboratory wag/gnificantly lower values, especially for populations 07,
calculated based on green matter in moisture-free bast§, and 15. Significant positive correlations were found
according to Santoet al. (2004). The value calculated for diameter of the petiole and leaf width and diameter
as a percentage corresponds to the volume/weighftthe petiole and leaf length and leaf; yield and moisture
relationship and indicates the correct amount of oil i#ANd height and volume of canopyafle 2). Mirandaet
the green biomass. The yield data in moisture-free badls (2002) also found a significant correlation between
was regarded as 100% in the laboratory plant height and biomass production, mainly canopy
The results of the morphological characterization arff@meter in native populations, suggesting a pattern of
phytochemical analysis of individuals per population fof€"1al part formation of the species regardless of the
each species, were submitted to analysis of varianf@™ Of cultivation. Neverthless, Figueiréeal. (2004)
(Anava) and comparison of means by Thukey test at foupd a S|gn|f|can.t. negatlvg correlation for yield anq
5% probability in order to compare populations withinMisture and positive for yield and safrole content in
species. It was used the completely randomized desigw.blomass. These results indicate that, for dry blomas_s,
with ten repetitions (individuals) per population. Thdnoisture generally reduces the amount of extracted o_|I,
Pearson linear correlation test was used to determifté Well as the major compound content of the essential

the dependence degree of each variable among it . .
populations of the species (Ferreira, 2008). The cluster R€9ardingP. aduncum, the leaf morphologic
analysis was carried out by the hierarchical metho&haracterlstﬁcs also showed little varla_tlon, _exc_:(_apt for
considering the simple Euclidean distance watd’s e Populations 200 and 203, presenting significantly
method, with moisture values, yield in moisture-fred®Wer values of length of the petioleale 3).The height
basis and major component content of the essential 8fid volume of the canopy were significantly higher for
to determine homogeneous groups of populations i€ Populations 014, 015, 200 and 202. The correlations
each species (Haét al., 2005) and associate them Withobserved. showed S|gn|f|cant .coeff|C|ents for d!ameter
its spatial distribution of origimnalyses were processedf the petiole and leaf width, diameter of the petiole and

by Statistica 7.0 (Statsoft, 1995). leaf Iength and !eaf width and lengthafle 4).These_
correlations are important because they allow us to infer
RESULTSAND DISCUSSION the quality of essential oil, since the highest levels of

the major compound are concentrated in the leaves
The analysis of variance showed significan{Figueirédoet al., 2004).
differences (p < 0.05) for phytochemical and The means of morphological characteristics observed
morphological characteristics analyzed for both speci@s these components of thective Germplasm Bank
(Table 1).These characteristics were associated with t{&GB) for 14 populations of. hispidinervum (Table
location data of the collection of genetic material fol), showed values similar to those reported by Silva &
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Table 1 Analysis of variance and descriptive statistics of morphological and phytochemical vari&blespidinervum of the studied populations. Rio Brandg;, 2012.

Piper hispidivervum:mean squares

CAV MOIST YIELD SAC

CAD

HEIGHT

PED

LEL LEW PEL

1181.06*

DF

1828.25*

18.12*
20.49*

540.75*
105.23

29.32*
34.53*

0.24* 6013.96* 3542.64*
10539.35* 3402.09¢
185.84

1.81*

108.77*

13

Population
Local

2980.98*
10878.27

378.38*
2018.98

0.32
0.12

0.05

2.05™
241
0.43

104.00°

1486.59°
913.24

Repetition
Error

18135.32
1434.36

cm

Gt

34931.06

144.69

259.62

0.42

28.75

5.03

705.99

48.07

268.64

348

mm
48.04

3.76 80.12

63.72

2.18 6.30

2.39

1.78

2.83

141.67

Mean

13.10
10.50

40.14

11.96 34.38

41.33

2.60

0.94
15.76
0.799

0.587
canopy diameter;\CA canopy volume. MOISF moistureY IELD

non-significant.

17.81
0.39
0.65
4.89
0.39
3.22

13.97
0.33
1.30
3.60

14.05
-0.071

25.08
0.71
1.23
491
0.125
-0.605

petiole length; PED
standard deviation; CV% = coefficient of variation in %. * = significant at 5%; ns

14.88

7.15

50.57

CV%

1.29

1.50
8.75
0.797

7.62

41.67

0.25
1.05
247

-0261

71.65
81.95

189.30

Standard desviation

Minium

26.03
67.01

98.94
-0.959

84.00
-0.007
-0.519

Maximal

-0.177
-0.134

-0.498

Assimetry
Kurtosis

DF

0.856

0.299

0.068

-0.100
petiole diameter; HEIGHIplant height; CAD

0.375

Yieldin

degrees of freedom; LElleaf length; LEW= leaf width; PEL=

= safrole content; SD =

free-wet basis; SAC

Oliveira (2000). This species is characterized as a non-
pubescent branches shrub, with petioles with 1 to 2 mm
and oblong-lanceolate or oblong-elliptical leaves, 145-
222 mm long and 47 mm wide. The same can be observed
for P. aduncum in theAGB, through the analysis of nine
populations (@ble 3), described as shrubs with elliptical
or lanceolate leaves, about 200 mm long and 70 mm wide
and 2 to 4 mm petioles (Silva & Oliveira 2000).

Out of the 14 populations & hispidinervum, only
five were above average for the leaf morphological
values, which were 07, 19, 22, 26 and 29. Por
aduncum, among the nine populations studied, only the
014 had values above average.

The characterization of the canopy morphology of
individuals is of great importance since it brings
estimates of the aerial biomass yield, which affects the
production of essential oil according to the yield and
contents of the major compounds. This information
provides grants for identification and subsequent
selection of superior populations that will support the
breeding programAs a result, for the populations Bf
hispidinervum present inABG, the average of the
estimated canopy volume was 6.3€ mith an average
height of 2.39 m and canopy diameter of 2.18 ab(&

1). As for the populations of. aduncum, the average
volume and height observed were highdth an average
canopy volume of 7.78 in2.70 m of height and 2.32 m
canopy diameter @ble 3). Under native conditions,
without management or pruning for canopy formation,
Mirandaet al. (2002) observed more frequency for the
1-10 individual class every 100?nwith average values
of canopy height and diameter of 5.07 and 2.10 m,
respectively However there was a concentration of
leaves and thin branches in the upper third of the canopy
making it difficult to cut. The coefficient of variation
(CV%) of the morphological variables was considered
high (> 30%) for leaf length and canopy volume, and

. Microrregides:
Cruzeiro do Sul 1 - Sena Madureira
. 2 - Rio Branco

Rodrigues 3 - Brasiléia
| 4 - Tarauacd
Alves 5 - Cruzeiro do Sul
5 4
2 Acrelandi
1 RigBranco®
N s
i = . \Placido de
Il Brasiléia
) Castro

Figure 1. Location of meso and microregions and the source
municipalities of the genetic materialRiper hispidinervumand

P. aduncumin. Acre Valley mesoregion: 1 = Sena Madureira, 2 =
Rio Branco, 3 = Brasiléia; Jurua mesoregion: Parauacd, 5 =
Cruzeiro do Sul.
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medium (20% < CV%<30%), for petiole length ih For other regions of the countithese values are
hispidinervum (Table 1), and medium for length of considerably smallemwith the presence of other major
petiole and canopy volume fd aduncum (Table3) compounds, suggesting an influence of physiographic
(Ferreira, 1991). and genetic factors in the production of dilapiolle (Mes-
Parallel to the morphological analysis, theguitaet al., 2005; Navickienet al., 2006; Potzernheim
phytochemical characterization provides qualitativet al., 2012). Mesquitaet al. (2005) suggest
information of the production of essential oils,environmental interference with the metabolism of the
complementing subsidies for the selection of higheylants due to the remote location of the populations
genetic material. For the values of moistuRe, analyzed. On the other hand, Potzernhetiral. (2012)
hispidinervum showed an average of 63.72%lfle 1); attribute this diversity to gene flow since the distance
howeverP. aduncum presented an average of 70.82%does not seem to have influenced the chemical
(Table 3).According to Pimentekt al. (2006), composition of the populations they studied. Gaial.
determining the moisture content of the material to b@004) suggest that different populations may result
distilled is of great importance because it allows thtom varieties ofP. aduncum, finding distinct
comparison of the various yields in moisture-free basimorphological characteristics in the studied populations,
In this study for both species, it was 3.76 and 3.88%corroborating the results of Gottliedh al. (1981).
respectively considered at 100% in the laboratdFpr For P. hispidinervum, because of the endemic
P. aduncum, the populations 014, 015, 200, and 206ccurrence irAcre and Mato Grosso (Andrac al.,
showed yield in moisture-free basis above average, aB@09), studies have reported moisture-free basis dry
for P. hispidinervum, the populations 02, 03, 04, 08,biomass yields of 1.8% and 4.82% in moisture-free
16, 19, 29 and 30 were above the average. basis and of safrole from 87.0% to 97.0% forAh®azon
The average contents of safrole and dilapiolle wemegion (Gottliebet al., 1981; Silvaet al., 2002; Estrela
80.12 and 74.20%, respectivelyafles 1 and 3). For et al., 2006) and performance on a wet basis of 0.9%
theAmazon region, studies show dilapiolle contents frorwith safrole content of 18.4% in the state of Mato Gros-
31.5 to 97.3%, with moisture-free basis yields of 0.66o0 (Andradeet al., 2009).
to 3.4% on dry biomass (Gottlied al., 1981; Maiaet In order to explore the possible spatial distribution
al., 1998). In general, yield values and essential ofdattern indicated by th&NOVA, the populations were
content are higher for extractions dry biomass in relaticsubmitted to the hierarchical cluster analysis, based on
to the green biomass. This behavior is attributed to thleeir phytochemical characteristics, that is, moisture-
loss of the most volatile minor components with théree basis yield and contents of safrole and dilapiolle
drying of the material, increasing the concentration dfigure 2 ). FoiP. hispidinervum, the results suggested
the major component (Smith & Kassim, 1979). Howevethat the region of Brasiléia amssis Brasil form a
the results observed in this study of yield and contendsstinct group (Group 1) from the other populations,
of the major components contents of some compounudsich are concentrated in the region of Placido de Cas-
show a possible reduction or elimination of the biomadso andAcrelandia in Rio Branco Micro Region (Group
drying step, for both species, which varies from six t8). In the first group, the subgroup Brasiléia stands out
eight days (Bergat al. 2002), without impairs on the with lower values, comprising 94.6% of the individuals
extraction of essential oils. in this subgroup. Group 2 consists of the superior

Table 2 Correlation between morphological and phytochemical variableshigpRiinervum for the populations studied. Rio Branco,
AC, 2012

LEL LEW PEL PED H CAD CAV MOIS Y
LEL 0.675*
PEL 0.177 0.260
PED 0.685* 0.524* 0.120
MOIS -0.050 -0.030 0.030 -0.094
Y -0.137 -0.095 0.034 -0.193 0.806
SAC -0.168 -0.019 -0.009 -0.080 -0.095 0.081
H 0.104 0.196 0.114 0.205 -0.027 0.002 0.235
CAD 0.098 0.126 0.006 0.136  -0.043 0.010 0.124 0.545
CAV 0.131 0.202 0.063 0.198 -0.035 0.022 0.197 0.798* 0.841*

LEL =leaf length; LEWE leaf width; PEL= petiole length; PED = petiole diameter; H = plant height; CAD = canopy diameér €&nopy volume.
MOIS = moisture; Y = yield in moisture-free; SAC = safrolle content; * = significant at 5%.
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Table 3 Analysis of variance and descriptive statistics of morphological and phytochemical variabladwidam of the populatiorRio BrancoAC, 2012

Piper aduncum:quadrados médios

MOIST YIELD DAC
4488.62*
1252.42

CAV

CAD

LEL LEW PEL PED

DF

2.31*
8.31

184.07*
1235.93

39.61*
244.82

4768.32*

29138.61

5536.80*
43027.35

0.254*
0.631
0.533

14.00*

66.46

89.38
85.36
47.97

346.68*

Population

Repetition
Error

129.49

0.10 2.74 0.32 43.38

146.42

1244.25

0.30

150.90

146

cm

mm
67.74
10.48

7.10
49.43
86.54
-0.100

74.20

22.58

16.75
0.20

89.29
-3.453
11.723

yield in wet-free basis;

3.88
17.76

70.82

232.00 7.78
24.78
1.

270.00

2.22
11.69

6.03
19.84

189.22

Mean

6.32

10.56

9.48
26.00

180.00

6.70
12.68
134.18

CV%
SD

69

0.
222
5.83

4.48
53.33
78.33

93

25.00
145.00

0.26
1.56

2.

1.20
2.

1.98
13.67

74

Minimum

350.00 310.00

9.33 97
-0.232

232.16

Maximum

21

0.
0.256

-0.803

0.849

-0.041

0.001

-0.148

0.75

-0.534

-0.388

-0.890

Assimetry
Curtose

DF

0.731
plant height; CAD

0.909 0.499
petiole length; PED = petiole diameter; H
standard deviation; CV% = coefficient of variation %.* = significant at 5%; ns

0.195

4.226

canopy diametér; Caopy volume. MOISFE moistureY

degrees of freedom; LELleaf length; LEWE leaf width; PEL=

non-significant.

dilapiolle content; SD =

DAC =

individuals of the population with the highest yields and
safrole contents, which was also observedAadt &
Kageyama (2004), who analyzed genetic marke® of
hispidinervum in Acre and determined two distinct
groups according to the genetic distance, present in the
microregions of Rio Branco and Brasiléia, behaving
more than 20% of the total genetic variability analyzed
in these regionsAccording to these authors, the
distribution of genetic variability is influenced by the
reproduction mannemating system, population size,
geographic distribution and gene flow of the species. Due
to its low seed production in isolated individuals, the
species shows the existence at some degree of self-
incompatibility, where further from the mother plant can
generate greater number of dispersed seeds.

The cluster tendency of populations according to their
geographical locations shows a spatial structure of
genetic variability and it is likely that the observed
genetic differentiation between populations and regions
occur due to the founder effect. This effect suggests that
these populations were generated by few original seeds
that contain only a small fraction of the total genetic
variation of the parental population §dt & Kageyama,
2004).

Regarding the yield d®. hispidinervum, populations
with the highest significant values are concentrated in
the microregion of Rio Branco, betweaarelandia and
Placido de Castro, where the population 02 stands out
with 3.9% of yield moisture-free basis. The highest
essential oil content is also in tAerelandia region,
especially in the population 04, with 94.3% of safrole.
However in the region ofAssis Brazil and Brasiléia, in
the microregion of Brasiléia, such values were
significantly lower especially for populations 07, 10 and
16 with 70.74%; 65.69% and 62.19%, respectively

For P. aduncum, significant diferences in yield were
from the populations 014, 015, 200 and 207, with means
ranging from 4.02% to 4.08%. The dilapiolle content
was significantly greater for populations 207, 208 and
209, with an average yield of 3.8%, ranging from 84%
to 85%, in the micro-region of Cruzeiro do Sul, and
lower for the 202, with about 14.5%. Cluster analysis of
the individuals showed the formation of homogeneous
population groups, related dilapiolle content, with the
yield and moisture (Figure 3).

Group 1 is formed by population 202, with low
dilapiolle content. Group 2 consists of the population 209,
207 and 208, in which the last one forms a distinct
subgroup, dierentiated by lower moisture; howeyitiis
the group with the best performance with regard to
dilapiolle content, as verified bf&nava. Group 3 is
comprised of the remainder of the populations, 014, 015,
200, 203 and 206, indicating similar features among them.
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Table 4 Correlation between morphological and phytochemical variablesaafuRcum for the studied populations. Rio Branco,
AC, 2012

LEL LEW PEL PED H CAD CAV MOIST Y
LEL 0.864*
PEL 0.041 0.003
PED 0.659* 0.690* 0.139
MOIS 0.033 0.060 0.369 0.148
Y 0.004 0.025 0.31 0.064 0.512
SAC 0.366 0.314 0.461 0.205 0.069 0.320
H 0.042 0.14 0.442 0.159 0.545 0.257 0.070
CAD 0.092 0.126 0.317 0.170 0.415 0.262 0.126 0.663
CAV 0.039 0.077 0.390 0.155 0.520 0.278 0.062 0.822* 0.896*

LEL = leaf length; LEWE leaf width; PEL= petiole length; PED = petiole diameter; H = plant height; CAD = canopy diamelér €&nopy volume.
MOIST = moisture; Y =yield in wet-free basis; SAC = safrole content; * = significant at a 5%.
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Figure 2 Clustering of Phispidinervum individuals basedon phytochemical characteristics: Group 1 = Brasik&ssrirasil and
Group 2 = Placido de Castro ahckelandia regions.
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Figure 3 Clustering of Rduncum individualsbasedon chemicalcharacteristics: Group 1 = population 202; Group 2 = populations 209,
207 and 208 highlighted; Group 3 = populations 014, 015, 200, 203 and 206.

By analyzing four populations & aduncum, in the of Almeidaet al. (2009), who point to the distribution
Federal District, Potzernheirat al. (2012) found patterns of these chemotypes according to
different performances concerned to the essential @hvironmental aspects such as climate, sunlight, soil,
composition and to the content of dilapiolle, regardlegsemperature and humidijtwhere the majority presence
of the distance between them, pointing to thef dilapiolle in essential oil is limited to the populations
coexistence of varieties or chemotypes of the specief the Amazon region, possiblydue to the founder
in the same region. This contrasts with the hypotheséffect.
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