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                                Summary

  Petunia axittaris  secdlings  frorn 102  localities in Uruguay were  exainined  for the Tange  of

morphological  variations.  When  three floral characteTs  and  seven  vegetative  characters  that are

horticulturally important were  measured,  they vaTied  significantly  between  the two  subspecies

axiliaris  and  parodii, except  for plant height and  leaf length. Clusler analyses  of  variations  of
characteTs,  Telative  to the population locality, rcvealed  that plant height and  width  and  number  of

lateral stems  segregated  into six  growth forms: upright,  rnedium,  compact,  lax, srnall  prostrate,
and  large prostrate. These growth forms seemed  to represent  ecotypical groups rather  than

taxonomical.  The  relationship  betwecn the growth forms and  the environment  of native  habitats
arc  discussed. In addition,  we  noted  the growth foTms that have hoTticultural potentials and  theiT

appiication  to breeding,
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                 Introduction

  GaTden petunias are considered  to be progenies of  the

artificial interspecific hybrid between Petunia exillaris

(Lam.) Britton, Sterns et Poggenb. (=R nyctaginijTora

Juss.) having Iarge white  flower in the genus and  P,
integrijblia (Hook.) Schinz et Thell. (=P, violacea

Lindl.) having medium-sized  reddish  purple flower

(Paxten, 1836; Sink, 1984). Petunia parodii Steere and
R  itijlata R. E. Fr. are  also  suspected  to have contrib-
uted  as the parents (Sink, 1984), but they are  now

treated as  subspecies  of  R  exillaris  and  PL integrijblia,
Tespectively  (Cabrera, 1977; Wljsman, 1982).

  Petunia axillaris  was  initially collected  in Uruguay

(Montevideo) by Philibert de Commerson, a French

plant hunter (Lamarck, 1793). The first collecting  record

of Pt integrijblia was  also  in Rfo Negro, Uruguay by
James Baird (Hooker, l831). Just after  the introduction

of  P. integrijiolia into England,  artificial hybrids between

the two  species  were  recorded  and  on  sale at almost

every  nuTsery  around  London (Paxton, 1836). Therefore,

Uruguay may  be the most  important country  to seek  the

oTigin  of  parental species  of  garden petunias,
  In Petunia axiUaris,  three geographical subspecie's,

subsp,  axillaris, subsp,  parodii (Steere) Cabrera, and

subsp.  subandina  T. Ando  are currently recognized

(Ando, 1996). We  studied  the distribution ofR  cLxillaris

in Uruguay  by  using  discriminant functions, obtained  by
the  moTphological  characters  of  vegetative  and  floral

organs,  and  concluded  that the two  subspecies  occur

separately  in Uruguay. Subsp, exillaris  occurs  south  of

the  Rfo Negro  which  fiows through Uruguay from
northeast  to southwest;  subsp.  parodii occurs  north  of

the riyer  (Ando et al,, 1994, 1995), In a  detailed study,
the occurrence  ef intermediate forms between the two
subspecies  along  the Rfo Negro and  the other  regions

was  also  examined  (Kokubun et al., 1997),

  To calculate  the discriminant functions, a few char-

acters  as possible were  chosen  to distinguish most

efficiently the two  subspecies  frem each  other,  Thus,
several  other  characters  with  ]ess taxonomical  impor-
tance, such  as plant height and  width,  leaf shape,  and

corolla  lobe shape  and  thickness were  eliminated,  al-

though  of  horticultuTal value,  because they did not

contribute  to the discrimination process. CIassifying
wild  populations according  to some  of  these characters

give an  opportunity  to explore  horticulturally important
traits such  as large corolla  and different growth habits.
In this paper, we  focused on  those hoTticultuTal chaT-

acters, and  examined  the range  of  variations  prevailing
in the Uruguayan native  Petunia axillaris  and  its rela-
tionship with  thc infraspecific classification  and  the

cnvironment  of  native  habitats.

            Materials and  Methods
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Plantmaterial

  Seeds were  collected  randomly  from wild  popu]ations
from 1988  to 1992 ifi a total of  102 localities in
Uruguay. Only the abbreviations  ef  the collections  will

be referred  to in this study.  For a  full description of
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localities, see  Appendix 2 in Ando  et al. (1994) and

Appendix  2 in Kokubun  et al. (1997).
  

'Ilie
 infraspeciflc status  of  each  population was  deter-

mined  according  to Kokubun  et al. (1997), in which  four
infraspecific groups were  classified  by discriminant
functions obtained  by the several  flQral characters  of  live

plants; subsp.  axiUaris,  subsp,  parodii, intermediate
fOrm closer  to subsp.  axillaris  (intermediate A), and

intermediate form close! to subsp.  parodii (intermediate
P). In all maps  presented here, this infraspecific status is
illustrated,

  The seeds  weTe  geTminated in January 1993  in a

growth chamber  at 25 
OC

 under  constant  light from  cool-

white  fiuorescent lamps. After germination, they  were

transferred to an  unheated,  unshaded  glass greenhouse
and  grown by the standard  technique for garden petu-
nias, At Ieast 10 individual plants from respective

lecalities were  eventually  transplanted to 13.5 cm  plastic
pots filled with  a  mixture  of  loam: composted  wood

bark: perlite (7: 2: 1, vlyfv). The pots were  placed on  a

wire  mesh  bench at 30 x 36cm  spacing.  Plants that
began to spread  were  rearranged  so  that their growth
was  not  hindered.

Floralcharactermeasurement

  Three  morphological  chaTacters  of  the trumpet-like

fiowers of  horticultural importai)ce, corolla  Iimb diam-
eter  (corolla diarneter), corolla  lobe tip angle  (tip angle),

corolla  lobe thickness (corolla thickness), were  mea-

sured  at fu11 anthesis.  To calculate  the mean  value  of

each  character  for a given locality, one  flower was

selected  from each  individual and  a total of  10 flowers

per locality were  measured.

  The  corolla thickness was  measured  with  a digital
caliper  from a fresh flower. To  prepare the  fiowers for
the tip angle  measurement,  the corolla  tube was  excised,

the remaining  corolla  limb was  caiefu11y  flattend on

paper with  the top lobe clearly  maTked,  and  pressed in a
herbarium press. When  the corolla  became dry, the tip
angle  was  measured  by drawing two  lines from the tip of
the top lobe tangential to both shoulders  of  that lobe

(Fig. 1),
                               Corollalobe

       
Cg/BdSa.glS.be

 tipangle

       l-xO/

/ × /
t

 Typical Petunia axillaris fypical Petunia axitlaris
 subsp.  axiltaris subsp.  parodii

Fig. 1. Typical corolla  shape  and  diameter of  Petunia  exillaris

    subsp.  axillaris  and  subsp.  parodii, with  the definition of

    corolla  lobe tip angle.
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Pilegetativecharactermeasurements

  The longest leaf en  the main  axis, its length, width,
and  thickness of  the leaf blade on  each  individual were

measured  at anthesis  of  the first flower, whether  the

flower was  on  the main  axis  or a lateral branch.

  Simultaneously, plant height, plant width,  number  of

lateral branches more  than 50 mm  long, and  the numbeT

of  days elapsed  from seed  sowing  to anthesis  of the first
flower were  measured,  Only the plant height and  the

width  were  measured;  the plant widthlheight  Tatio was

calculated  to quantify the growth form.

Analysis ofvariance

  Analysis of  variance  (ANOVA) was  performed using
the ONEWAY  procedure of  thc SPSS statistics program
package (SPSS, Inc.) to coMpare  mean  values  of  each

characteT among  the two subspecies  and  of  two  interme-
diates, A  and  P, When  a  significant  difference was

detected, Scheffe's multiplc  rangc  tcst was  used  to

compare  the means  among  thc infraspecific taxa.

  Another ANOVA  was  performcd after clustcr  ana-

Iyses described below were  made.  It compared  values  of

characters  used  in the  cluster  analysis  among  the  major

clusters  detected, Scheffe's multiple  range  test was  also

employed,

Cluster analysis

  The growth forms of  all populations weTe  classified

according  to cluster ana]ysis  of  three most  relevant

vegetative  characters  that affect the growth foTm: plant
height, plant width,  and  number  of latera] branchcs at

anthesis  Qf the first flewer, The analysis  was  carried  out

with  the CLUSTER  procedure of  the SPSS  statistics

prograrn package (SPSS, Inc.). The matrix  was  calcu-

lated using  squared  Euclid's distance and  the amalgama-

tion  method  by UPGMA,
  Because  the scale  of  the number  of  lateral branches
was  different from the others,  all three characters  were

standardized  to make  the ayerage  O.O and  thc standard

deviation 1.0 before the cluster  analysis.

                   Results

  Table 1 lists the mean  values  of  all  characters

measured  for each  population with  the classification  ef

infraspecific taxa according  to Kokubun  eL  al.  (1997) for
a subsequent  closer  exam  ination of  thc data,

Floralcharacters

  When  the infraspecific classification  of the two sub-

species  (A and  P in Table 1) and  two intermediate forms
(MA and  MP  in Table 1) was  used  as a  factor (Table 2),
the ANOVA  Tevealed  that all floral charactcrs  were

significantly  different among  the infraspecific classifi-

cations  with  the F probability lower than O.1%. All fioral
characters  were  significantly  different between subsp.

ctxiltaris and  subsp,  parodii by Scheffe's multiple  range
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  Measurernents of  floral and  vegetative  characters  of  Petunia  axillarts  eccurring  in Uruguay and  classificatien  by

discriminantandclusteranalyses.

 Lecality(Poulation

  code)

Classifi-

 cation

 afteTKokubun

 etaL

 (1997)

Corolla Corolla Corolla
                       Leaf Leaf
 limb limb lobetip
                      length width

d{arneter thickness  angle

                       (mm) (mm)
 (mm) (mm) (degfee)

 Leafthickness

 (mm)

PLant Plant Ratio Number  Days

height width  width  of  to

(mm) (mm) lheight branches fiewer

  Group by

clusteranalysis

Artigas

  U27
  U28

  U31
  U32

  U34

  U35

  U37

  U38

  U217

  U22eCanelones

  U175

  U242eerroLargo

  U55

  U258Colenia

  U90

  U91
  U92

  U93
  U98

  U99
  UIOO

  UIOI

  UI02

  UI08

  U173

  U199

  U200Durazno

  U5

  U159Florida

  U2

  U3
  UllO

  UI13Flores

  U240

PzPPPPPPPPP

AA

AA

AAAAAMAMAAMAAPAMA

MAP

AAAA

MA

43.044.846.954.1SL549,548,439.849,448.1

52.155.0

50.443.5

47.250.050.450.048,147,949,153,346,74S,846,344.948.9

SO.746.S

50.245.346,O46,1

40.6

O,05O,05O,05O,05O,06O.05O.05O.06O.05O.05

O.09O.09

O.06o.e6

O.07O.08e.osO,08O,08O.08O.07O.09O.08O.08O.06O.08O,06

e,osO,06

O,07O.06O.08o.og

O.06

117118113111115103116112112121

149136

157143

141144141137147150151144141155128150129

148128

138150159149

155

78.078.0g3,193.296.77e.589.287.974.561.6

83.776.1

78.885,3

91,389,89!,293.683,O83,187,O87.891.091.075,795.389.8

91.492.9

74.170.974.461.4

57.0

25.020.026.828.925.225.520,823,821,322,1

19,719.4

22,921,O

20.826.025.323.021.918.624.022.018.418.121,321,O23.0

22.324,1

17.814.619,619.6

12.3

O,62O.45O.56o.ssO.56O.46O,48O.S9O.50O.58

O.65O.66

O.61e.61

O.61O.58O.64O.64O.62O.67O.66O,56O.53O,76O,62O,56O.56

O.60O,56

O.61O.65O,57O.65

O.57

270121244429390311386326405

 41

332312

369149

413433338370366323391331341230213402254

41526S

271153205222

109

228506344210260263424222166603

152210

158429

172159168173167152163197181210228223230

175249

2763e5289255

513

 O.84.2

 1,4

 O.5

 O.7

 O.9

 1.1

 O.7

 O.414.8

 O,5

 O.7

 O.4

 2,9

 O,4

 O,4

 O,5

 O.5

 O,5

 05

 O,4

 e,6

 O.5

 O,9

 1.1

 O.6

 O.9

 O.4

 O.9

 1.0
 2.01.41.2

4.7

3,54.04.72.33.01.83.93,91.66.7

O,32.2

O.26.9

2,81.3O.8O.72,OO.92.01,22,41,43,41,62,4

O.32.8

3.66.12.93.0

6.0

115133118118121122122115121147

124128

116143

11811611912212011912612S126127116128119

123116

13012g128129

140

mediumlargeprostrate

mediumuprightuprightmediurnlaxmediumuprightlargeprostrate

uprightmedium

uprightlarge

 prostrate

uprightuprightuprightuprightuprightuprightuprightuprightupTightmediummediumuprightmedium

uprightmedium

rnediumsmall

 prostrate
mediumrnedium

largeprostrate

test (Table 2). The flowers were  laTge with  thick limb

and  a wide  tip angle  in subsp,  axitlaris, whereas  the
flowers were  small  with  thin limb and  a narrow  tip angle

in subsp.parodii,

  Fig. 2 shows  the distribution of  schematic  corolla

shapes  of  plants from  each  locality; the  shape  and  size of

the symbols  approximate  the frontal view  of  an  actual

corolla.  The shape  of  the symbols  represents  the tip

angle,  which  segregated  into four classes,  repTesented  by

fouT different shapes  on  the map.  The  maximum  tip

angle  was  172 
O

 with  the population code  U152  (subsp.
axillaris,  Maldonado), and  the minimum  angle  was

103 
O
 in U35  (subsp. parodii, Artigas).

  Although the size  of  the symbols  in Fig. 2 is propor-
tional to the corolla  diameter, the diameter is presented
again  in Fig, 3 in a more  uniform  way  to facilitate the

visual  comparison  of  diameters, The maximum  corolla

diameter was  55.6mm  in U25  (subsp. axillaris, San
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Tablel. (continued)

LayallejaU49U58U76U79U80U83U141U143U147U204U2S3MaldonadoU61U63U65U151U152U177U178U245
AAAAAAAAAAA

AAAAAAAA

Montevider

  Ul A

  U157  A

PaysandtiU124U126U195U197U198U238U267

PPPPPMPP

Rio Negro

  U162  MP

  U163  MP

  U262  A

Rocha

  U67

  U68
  U71

  U73

  U156
  U179

  U181

  U182
  U183

  U184

  U185Salto

  U26

  U224

  U225

  U228

  U232

  U271

AAAAAAAAAAA

PPPPPP

50.241.348,449.448.944.748.148,648.650.649.6

51,952,450,650,948,954,254.047,9

51,447.7

45.047,742.242.647.045.645.5

49.748.952.1

51.453,351.347.749,952.049.149.349.051.348.0

45,O46.846.144.242.447,2

e.osO,06O,07O,08O,07O,08O.08O,08O.08O.08O.09

O.08O.09O.09O,10O.10O,10O.10O,09

O,07O.09

O.06O,05O.05O.06O.05O,05O.05

O,06O,06O,07

O,09O,08O,08O,08O,08O,09O.08O,09O.09O,09O,09

e.o4O.05O.05O.06O.05O.06

148127145145145144147142155146148

148144150156171153163151

89.552.690.084.489,887,385,39e,977,683,478.1

80.988.081.282.064.566.267.276.3

22.3

 8216.217.920.821,322.722.517.220,921.8

18.e22.120.416.417,619,219,618,4

149  82.2 23,8

149  86.9 22,3

12011512711811611412374.372,486,O83.575.6g4,475.420,821,O23,721,O25.825,226.4

120 90.3 33.5

120 86.0 25.7

124 82.0 19.8

146158143148155148144146159148139

124125109113124111

77265,386.082.984.379,792.183.879.677,278.9

89.668,271,178,473,368,3

19.819.324.020,321.022.820.718.819.221,621.3

23.423,322,O17,424.218,2

O.62O.48O,47O.69O.62O.67O.63O.62O.59O.58O.68

O.67O.6Se,66O.911.eoO.91O.82O.65

O,66O.67

O.56O.65O.49O.52O.50O,5SO,54

O,52O,53O,63

O,83O,93O,56O,64O,61e,63O,63O,64O.63O,70O,56

O,42O.56O.54O,44O.51O.54

393

 94262267344304244289236370297

241312224201

 72106169320

327291

271224284162170162

 72

366339394

286

 572093672673163S5287254265310

280297280284157

 83

193271290260201247196189244178164

277174328305IS5170143173

173212

188211222383286357659

210266169

147399231154259204234237208141237

338229192346392563

O,52.9Ll1,OO.6O.8O.8O.71.0O.5O.6

12O.61.51.S2.21.6O.9O.5

O,5O.7

O.7'O.9O.82.41.72.29.2

O.6O,8O.4

O.57.01.1O.41.0O.6O.7O,8O.8O,5O.8

1.2O,8O.71,22.56.8

1.06.61.03.31.04.72.0O.81.9O.92.2

2.4O.73.52.85.11.41.0O.9

O,82.5

3.03.42.65.85.63.64.7

1.42.01.4

O.34.31.71,3321.32.22,71.6O,52.3

2.81,62.54.73.46.7

124132127123135119124118126123121

129130132136132122125130

114122

123116129131131119139

111117122

119132128120127129121127126120121

122122120142124142

uprightsmallprostrate

rnediummediumuprightmediumrnediummediumrnediumuprightmedium

mediurnuprightmediummediumcompactcompactcompactupright

uprightmeclium

mediummediummediurnlarge

 prostrate
mediumlarge

 prostrate
large prostrate

upTightmediumupright

uprightlargeprostrate

rnediumuprightmedjummediumuprightmediummediumuprightmedium

mediummediummediurnmediumIargeprostrate

large prostrate

Josd); the minimum  diameter was
U169  (intermediate A, Soriano),

  The height of  symbols  in Fig, 3

39.5 mm  in UI05  and

represents  the corolla

thickness; the maximum  corolla  thickness was

in U151 (subsp. `ua'1laris, Maldonado), and  the

thickness was  O,04 mm  in U26  (subsp.parodii,

O.10 mm
MMIMUMSalto).
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Table1. (continuedi)

San  Jos6
  U25

  U85

  U87

  U88

  U89

  U96

  U97

  U174Seriane

  UI04

  UI05
  U166

  U169

  U170

  U171

  U201[fa[iiarenib6

  U19

  U20

  U121lldmylles

  U187

  U188

AAAAAAAA

MAMAMPMAMAMAA

PPMP

AMA

55.647.850.852.146.450.65e,247,2

42.039.S44.139.540.240.449.5

43.148,646.r

47,249.6

O.08O.07O.08O.08O.08O.08O.07O,07

O.06O.07O.05O.06O.06O.07O.08

O.06O,05o.os

O,08o,e6

135143156149147IS8150143

126164118132124142142

116116128

143139

95,381,381.590,O86,894,779.768.4

79.064.288.563.762.357.091.7

101.5

 90.5

 85.0

74.575.5

20.320.S19.522.220.323.921.019.4

18,416,724.915.014.514222.9

26.324,22S.6

20,120,O

O.56O.63O.63O.63O,58O.56O.65O,67

O.57O.S6O.61O.69O.84O.70O.62

O.53e,48O,73

O.53O,58

410248330387276482397182

16213128517413010640S

298376173

38417e

224196154154227162172313

3272662602873514132e6

2922322S3

127239

O.6O.8O,5O.4O.8O.3O.41.7

2,O2,OO,91,72,73,9O,5

1.0O.61.5

O.31.4

2.34.8O,5O.51,8O,21,73.8

5,86,33,15,S8.09.61.7

3.32.03.3

o.o4,7

12811912612612112512t122

122121109124125125117

140118127

125120

uprightmediumuprightuprightmediumuprightuprightmedium

small  prostrate
small  prostrate
mediumsmallprostrate

smallprostrate

small  prostrate
upright

mediumuprightmedium

upTightmedium

Z

 A: subsp, axillaris

 P: subsp.parodii

 MA:  intermediate close  to subsp.  axillaris

 MP:  intermediate close  to subsp.parodii

Table  2.Floralcharacter measurernents  of  Petunia axillaris  subsp,axillaris,  subsp.  parodii, and  their intermediate  forms,

TaxonZ

Number

  oflocalities

Corollalimb diameter

(mm)
Corollalobe thickness

(mm)
Corolla lobe tip angle

     (degree)

MeanSDVCvxMeanSD cv MeanSD Cv

Petunia axiUaris

 subsp.axillaris

Intermcdiatc A

59

12

49.5

44.6

2,77

4,36

O.06 a*

O.10 b

O,080

O.067

O.O09

O.O08

O.12a

O,12 b

147

142

7.85

11.9

O,05 a

O.08 a

Intermediate P 5 46.92.10O.04  abO,055O.O06O,10  bc120 4,52O.04  b

Petunia exiUaris

 subsp.parodii

All

26

102

46.2

47.9

3.06

3.59

O.07 b

O.07

O.052

O.070

O.O05

O,O15

O,10

021

c117

138

6.16

15,6

O.05 b

O.11

ZDetermination

 of  subspecies  and  intermediates after  Kokubun  et al.(1997),  intermediate A: the interrnediate from closcr  to

 subsp,  axitlaris,  intermediate P: intermediate form closer  to subsp,  parodii.
YStandard

 deviation, square  rootl  £  (value mean)21(n-1)].

X
 Coefficcnt of  variation,  SDIm  ean.

*

 Mean  separation  by Scheffe's multiple  range  test(P=O.05).  No  significant  difference between groups with  a  same  lettet

Leofcharacters

  The leaf lengthhadsmalrcvvalues(lessthanO.18)

and  was  not  significantly  different among  subspecies

and  intermediate forms, but the leaf was  significantly

narrow  and  thick in subsp.  axiltaris  and  was  wide  and
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thin in subsp.parodii  CI'able 3),

  Leaf characters  of  the plants from respective  local-
ities, e.g,,  leaf thickness of  the longest leaf on  each  plant
and  its width  aTe  represented  as  symbols  in Fig, 4.
Therefore, these symbols  may  be regarded  as schematic

      
54'W

 
3e.s

       

'
   

     

esfi.:9sc

32.S

34,S

Fig. 2. Morphological  variations  in corolla  lirnb shapes  within

    Retunia czxillaris  in Uruguay, The size  of  symbols  repre-

    sents  tbe corolla  limb diameter and  the  shape  represents

    oorella  lobe tip angle  of  which  there are  4 classes.

    Determination of  subspecies  and  intermediates is after

    Kokubun  et  al. (1997), intermediate A: the intermediate

    fomi close  to subsp.  axiUaris,  intermedjate P: the inter-

    mediate  form close  to subsp.parodii,

Table  3.

Sci.) 71 (1): 26-39.  20e2. 31

 cross  sections  of the leaves. The maximum  leaf width

 was  34mm  in U162  (inteTmediate P, Rfo Negro), the

 minimum  width  was  8mm  in U58  (subsp. axillaris,

 Lavalleja), the maximum  leaf thickness was  1.00 mm  in

 U152  (subsp, axillaris, Maidonado), and  the minimum

 thickness was  O.42 mm  in U26  (subsp,parodii, Salto).

     

     
"S

     
     

     
     
     

     
    
     

     
'$

     
     

     

i6 

    
S

Fig. 3. Corolla 1imb diameteT and  lobe thickness of  Petunia

     axitlaris  in Uruguay. The width  of  symbols  fepresents  the

     corolta  ]imb diameter and  their height the corolla  limb

     thickness,  Determination of  subspecies  and  intermediates

     is after Kekubun et al. (1997), intermediate A/ the

     intermediate ferm  clese  to subsp.  axillaris,  intermediate P:

     the intermediate ferm close  to subsp.parodii.

Leaf characteT  measurements  of  Petunia exillaris  subsp.  axillaris,  subsp.parodii,  and  their intermcdiatc forms. I

Taxoni
Number

  oflocalities

Leaf blabe length (mm)
  of  the longest leaf

Leaf  blabe width  (mm)
  of  the  longest Ieaf

Leaf  blabe thickness  (mm)
   of  the longest leaf

MeanSDYCViMeanSD CV MeanSD cv

Petunia axillaris

subsp.  axiliaris

Intermediate A

Intermediate P

Petunia ctxillaris

 subsp.parodii

     ALI

59

12

s

26

102

81,8

75.1

86.8

80.4

80.9

9,O

13,6

2.5

10.0

9,9

O.11

O.18

o.e3

O.12

O,12

20.4

18,1

27.0

232

21.1

2.69

3.58

3.27

2,69

3,51

O.13 a'

O,20a

O,12 b

O,12 b

O.17

O.65

O.63

O.59

O.53

O,61

O.10

O,08

O,08

O,06

O,10

O.15a

O,13a

O.13 ab

O,11 b

O,17
ZDetermination

 of subspecies  and  intermediates after  Kokubun  et al.(1997),  fntermediate A: the intermediate from closer to

 subsp,  axillaris,  inteTrnediate P: intermediate froTn closer  to subsp,  parodii,
"StandaTd

 deviation, square  root[  £  (value mean)2f(n-1)].
X

 Coefficent of  variation,  SD/mean.
*
 Mean  separation  by Scheffe:s multiple  range  test(P=O.05),  No  significant  difference between groups with  a same  letter.

 Note that this analysis  was  not done for the leaf length because there was  no  significant  differences among  the taxa by F-test.
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Ptantcharacters

  The ANOVA  of vegetative  chaTacters  of the above

plants, using  the infraspecific classification  (two subspe-

                     S4eW

     .... . .... ............ 30-S

                  :./t05n/nt      subsp,  eNi"iaris

     mleemedlateA  iom/a

      intemiediateP ur  /,.,.oa-,
      subsp.  paredit ,---.
                  3:tr/a

     

     
    

&sskrdSi....--

..iy.,,,
:

,,,

'/L'"m3

'ff'

Fig, 4. Morphological  variation  of  leaf characters  of  Petunia

     axillaris  in Uruguay, The height of  syrnbels  represents

     leaf thickness of  the longest leaf, whereas  its width

     represents  relative  width  of  the same  leaf. Determination

     of  subspecies  and  intermediates is after  Kokubun  et al.

     (1997), intermediate A: the interrnediate form close  to

     subsp.  axiilaris,  interrnediate P: the intermediate forrn

     close  to  subsp,  parodii,

cies  and  two  intermediates) as  factor, revealed  that all

characters,  except  for plant height, were  significantly

different with  the F probability less than O,1% (Table 4).
The  plant width,  plant width  f height ratio, and  the

number  of  lateral bTanches were  significantly  different
between subsp.  turillaris and  subsp.parodii  by Scheffe's
multiple  range  test; the plant was  narrow  and  had fewer
lateral branches in subsp,  axiltaris, whereas  it was  wide

and  had more  lateral branches in subsp.  parodii. How-

ever,  the days to anthesis  did not  differ between thern.

  The schematic  growth foTms that represent  plant
height and  width  for each  locality are  represented  as

symbols  on  the map  in Fig, 5. The  plant heights and

vvidths  were  recorded  at  anthesis  of  the first fiower. The

maximum  plant height was  482mm  in U96  (subsp.
axiltaris, San Josee), the minimum  height was  41 mm  in

U220  (subsp. parodii, Artigas), the maximum  plant

width  was  659 mm  in U267 (subsp, parodii, Paysandfi),

and  the minimum  width  was  127mm  in U187  (subsp.
exillaris, Treinta y Tres).

Growthforms

  The dendrogram derived from cluster  analysis  of  plant
height and  width  and  number  of  lateral branches that
influence growth fbrm shows  that the Petunia ctxillaris

populations in Uruguay can  be classified  into rnajor

clusters  from one  to six (Fig. 6). Out of 102 poplllations,
81 were  classified  into either cluster  1 (36 populations)
or cluster 2 (45 populations) as the dominant gTowth
forms in Uruguay, while  the small  clusters  3 to 6 have
different growth characteristics.

  Comparison of  the three plant characteTs  among  the

Table  4.Vegetativc character  rneasurements  of  Iletunia axillaris  subsp.  axiUaris,svbsp.parodii,andtheirintermediateforrns,

Taxont

       Plantheight(mm)

Number  attheanthesisef

  of  the first flower

localities

Plantwidth(mm)
at the anthesis  ef

 the first fiowerRatio

 plant width

 lplantheightNumber

 of  lateral Days from sowing
branches more  than to anthesis  of

  50 rnm  leng the first fiower

Mean  SDY  CVX  Mean  SDCvMean  SDCV  Mean  SDCV  Mean  SDCv

Petunia exillaris
subsp.  axiliaris

 IntermediateA

 Intennediate P

Petunia axillaris

 subsp,parodii

     All

59

12

5

 26

102

290 92  O.32 214  62

225 109  O.48 275 106

265 84 O.32 269  48

O,29 b,

O.38 ab

O,18 ab

255 102 O,40 317 133 O.42a

272 100 O,37 250 101  O.40

1.05 1.03 O.97 b 1.1

L82  1,48 O.81ab 2.6

1,41 O,90 O.64ab 15

2.53 3,6S 1.44a  1.9

1.S4 2.14 1.39 1,5

1.0 O.97 b 125 5.5 O.04a

2.1 O.81a  122  3.0 O.02ab

O,5 O,30 b 116 7.1 O.06 b

O.9 O.50a 123  7,5 O.06ab

1,3 O,86 123 6,2 O,05

iDetermination

 of  subspecies  and  intermediates after  Kokubun  et al.(1997),  intermediate A: the  intermediate forrn closer  te subsp.

 axillaris,  intermediate P/ intermediate form closer  to subsp,  parodii.
YStandard  deviation, squaTe  root[  Z (value - mean)21(n  - 1)],
XCoefficentofvafiation,SDImean.

'
 Mean  separation by Scheffe's multiple  range  test(P=O.05), Ne  significant  diffefence between  groups with  a  same  letter.

 Note that this analysis  was  not  done for the plant height because there was  no  significant  differences among  the taxa by F-test,
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above  six clusters  by Scheffe's multiple  Tange  test

reyealed  that all three characters  were  significantly

different between clusters  1 and  2, clusters  1 and  5, and
clusters  1 and  6 Crable 5).

  By comparing  the mean  values  in each  cluster  derived
by clusteT  analysis  and  visual  inspection of  live plants,
we  labeled the growth forms for the respective  clusters  1
to 6 as  upright,  medium,  compact,  lax, small  prostrate,
and  large prostrate,
  The Tesults of  the cluster  analysis  for each  population
with  their names  are  Iisted in Table 1 and  it is shown  on

ca,sEth9pt

Fig, 5.

30.S

 L,?..S

  Schematic growth ferm ef  Petunia axillaris  in Uruguay,

The height of  symbols  repTesents  the plant height at the

anthesis  of  the first flower, whereas  the width  of  symbols

represents  the relative  width  of  the  plant. Deterrnination of

subspecies  and  intermediates is after  Kokubun  et al.

(1997), interrnediate A: the intermediate form close  to

subsp.  axillarts,  intermediate P: the intermediate foim

close  to subsp.parodii.

the map  in Fig, 7.

Cluster 1: upright  fbrm

  Members  of  cluster 1 with  36 populations are  charac-

terized by their tallness, the mean  plant height being 367
mm,  is second  te plants in cluster 4 with  a mean  height
of  386mm  in one  population (Table 5). The plants,
although  upright  and  tall, are narrow,  the meafl  width

being only  179 mm,  and  have the smallest  number  of

lateral branches per plant (O.4). Because of  their erect,

strong  main  axis  with  few Iateral bTanches, they are

classified  as an  upright  fbrm.

Cluster 2: medium  form

  This cluster  with  45 populations is characterized  by
the mediurn  values  of  the three characters.  The plant
height was  significantly  smaller  than the cluster  1

(upright form), smaller  than the cluster 4 (lax) but
without  statistical significance,  and  significantly  larger
than the remaining  clusters  (Table 5). The mcan  plant
width  of 248 rnm  is targer than those of  clusters  1 and  3
with  width  of  179 and  156mm,  respectively,  The
number  of lateral branches in this clusteT is 1.6, which  is
significantly  larger than those of  cluster  1 (upright form)
and  3 (compact form), but was  significantly  smaller  than

those of  the clusters  5 (small prostrate form)  and  6 (large
prostrate form).

Cluster 3: compact  form

  This cluster js characterized  by its significantly  small

plant height, being shorter  than the upright  and  medium

forms. Its plant width  is narrower  than those of  clusters

4, 5, and  6 (lax, small  prostrate, and  large prostrate
forms, respectively)  (Table 5), The  number  of  lateral
branches was  equal  to that of  clusters  1 and  4 (upright
and  lax forms) but significantly  smaller  than those of

clusters  2, 5 and  6 (medium, small  prostrate, and  large

prostrate fbrms), The growth foTm resembles  that of

modern  Petunia cultivaTs, theTefore we  called  it
compact,.

:/

Table 5.Comparison  of  plant height, plant width,  and  number  of  laterar brancbes by groups assigned  by cluster  analysis,

Cluster
Growth

 form

Number

  oflocalities

Plant height (mm) Plant width  (mm)Number  of  lateral brancges

MeanSDiMS}'MeanSDMSMeanSD MS

123456 upright

 medium

 cornpact

 lax

 small  prostrate
 large prostrate

Total

36453171010236726011638613611127343.943.049,2

 .x29,345,999.7

ab

abc

cc

17924815642431748025029,644.213.S

 52.0104101
a

bb

dccd O.41.6O.62.44.53.01,5O.35O,68O.59

O.89O.811.3

  d

 c

  dabcdabb

Z
 Standard deviation, square  root[  E (value-mean)2f(n- 1)],
lr
 Mean  separation,  no  significant  difference between same  lettcr by Scheffe's multiple  range  test(P=O.05).

X

 SD cannot  be calculated  because theTe is only  one  case  in this  cluster.
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MA CelpniaA
 CeleniaA Maldonado

A Canelones
A Meldonado
A LavallejaA
 Colon[eMA
 CelonLeA CaonlaA RectiaA
 RodiaA Ss"JoseA
 RloNeqroP

 ArtigHsA ColoniaA
 LavallejaMA DuralnoA
 ColenlaA ColoniaMA
 Co)oniaA

 CeffoLaTgo
A  RochaA
 SanJoshA
 LavallelaA

 TretntayTres
A SanJosdA
 ColcuaA SorianoP
 MigasP
 tacuaremb6
MP  Rib NegreA
 RediaP

 ArtngesA
 SanJoseA

 LavallqaA SanJoshA
 RodlaA Canelones

A SanJeslP SaleA
 RochaA
 RochaP
 PaysandOA
 LavallejaA

 LavalleJaA

 Lavalge]aA
 RoctlaP SalteA
 Celen/aA
 HoctlaA

 Lavelle]aP
 PaysanddA Makeonado

A Lavalleje
  Lavelle]aAP
 AriigasMP

 Rlo Negro
P ArtigasA
 Monteviden

P  PaysandOP

 ArtigasMAColbn/aA

 RectlaP
 DurnaneA
 FIorbdaMPSorianeP

 tacuarernbO
MATrelntayTres
P PaysandUA
 FIoridaA
 Maldonado
A SanJoseA
 Maldonado

A FIoridaP
 CotoniaMP lbcuaremb6
P ArtigasP
 SalteP
 SalteA Meldonado

A Maldonade

A MalOonado

P M/gasA
 LavallejaMA
 SoriamoMA SorianeMA SorianeA
 FtondeMA SorianoMA
 SerianoP SaltoMP
 PaysanaOP

 PaysandO
A RoctiaP
 Art/gasMA
 FIeresA
 Ce(ra Largo
P Art:gasP Sal±oP
 PaysandOo

5Amalgamation   10Distance t5

6. Dendrograrn produced by the cluster  analysis  of  p]ant height, plant width,  and  nuTnber  of  lateral branches. Squared Euclid's

 distance was  used  to calculate  distance matrix,  and  UPGMA  was  used  to calculate  amalgamation  schedule.  The amalgamation

 distance of  less than 1.{) is not  clrawn to the scale.  The numbers  to the left ofthe  figure are  major  clusters  designated as  growth  form

 groups. Each population is rcpresented  by herbarium code,  infraspecific taxon as  determined in Kekubun et al. (1997), and  the

 narne  of  departrnent. Infraspecific taxa:  A  = subsp.  exiliaris,  P  =  subsp,  parodii, MA  =  intermediate close  to subsp.  axillaris,  MP  =

 interTnediate close  to  subsp,  parodii.

Cluster 4:lax

  Members
large size

form

 ofin this cluster

height, widthare

 characterized  by their

  and  medium  number  of7

lateralbranches,

Cluster 5:small

MembeTs

TheteTm

prostrate

of this

"lax"

form

cluster

fit this

as well  as

forrn(Table

cluster  6

5),

(large
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                     axillaris  in Uruguay as

determined by cluster  analysis  of  plant height and  width,

and  the nurnber  of  lateral branches, Six symbols  represent

the major  cluster  detected in Fig, 6. Determination of

subspecies  and  intermediates is aftev  Kokubun et  al.

(1997), intermediate A/ the interrnediate form  close  to

subsp.  axillaris,  intermediate P: the  intermediate fomm

close  to subsp.parodii,

prostTate form) have a short  main  axis  so  that they are

significantly  short,  compared  with  ctusters  1 and  2

(upright and  medium  forms). Plants jn clusters  5 and  6
have significantly  large numbers  of  lateral branches, as

compared  with  those of  clusters  1 te 3 (upright, medium

and  compact  ferms). The lateral branches are somewhat

prostrate and  relatively  shoTt. The branches start to grow
hoTizontally and  remain  so, or rise slightly  as they

elongate,  This lateral branching habit results  in inter-

mediate  plant width.

Cluster 6: laTge prostrate form

  The plant height and  number  of  lateral branches in
this clustcr  are  similar  to those of  cluster  5 (small
prostrate ferm), but the plant width  is significantly

greater than that of  cluster  5. The  main  axis resembles

that of  cluster  5, but lateral branches  grow horizontally

far beyond the edge  of  the pots and  could  cover  a large
area.

                 Discussion

Stahitity and  variability  ofcharacters

  The stability of the morphological  characters  mea-

sured  in this study  needs  to be addressed.  Nthough  our

data were  collected  in a  single  growing season,  we  have

grown some  of  these plants repeatedly  in different years.
In every  year these moTphological  characters  secrned

39. 2002. 35

reasonably  stable, especial]y  for the growth forms, such
as the compact  and  large prostrate (Fig. 7), Therefore,

we  are confident  that these morphological  traits are

genetically stable  and  reproducible.

  Most floral characters  had CV  values  lower than  or

equal  to O.1, that is, they were  consistent  within  the 4

infraspecific classifications  (Table 2). Corolla lobe

thickness was  an  exception  with  a  Telatively  high CV
value  ranging  between O.10 and  O,12,

  CV  valucs  of  plant characters  were  mestly  Iarger than
0,3 (Table 4), with  the values  of  the ratio  plant
widthlplant  height exceeding  1.0. The  numbeTs  of  days,
from  sowing  to anthesis,  werc  constant  and  did not  vary

among  the  infraspecific taxa.

  Leaf length, width,  and  thickness  had CV  values  of

O.11 to O.20 (O.03 for the leaf length of  intermediate P)

(Table 3); therefore, they were  more  consistent  than the

whole  plant character  but less so than the fleral

characters.

Floral character

  The corolla  shape,  as viewed  from the front, was  not

possible to measure  objectiveiy,  but the tip angle  seemed

to be a good quantitative character  to cxpress  that form.
The tip angle  was  significantly  large in subsp,  axiUaris

and  small  in subsp,  parodii (Table 2); the formeT has
rounded  corolla  lobes, whereas  the latter has pointed
ones  (Fig. 2). Hence, the corolla  of  the typical  subsp.

exitlaris  with  its large tip angle  visually  appears  to be
more  rounded,  whereas  that of  the typical subsp.  parodii
is moTe  star-  likc (Fig. 1),

  Because the corolla  limb diameter of  subsp,  axillaris

was  significantly  laTger than that of subsp.  parodii

(Table 2), this morphological  character  was  chosen  as  a

variable  in two of  the six Televant  functions in our

discriminant analyses  of  floral morphology  (Kokubun et

al., 1997).

  The  corolla  tended to be larger in populations growing
in the southeastern  departments than in the northern

departments, However, the cencentration  of  localities
with  small  flowered plants in middle  western  depart-
ments  of  Soriano and  Flores is conspicuous  (Figs, 2, 3),
Six were  classified  as intermediate A  (Soriano: UI04,

UI05, U169, U170, U171; Flores: U240) and  one  was

intermediate P (Soriano: U166) in the previous study

(Kokubun et al., 1997). The mean  corolla  diarneter of

plants from these seven  localities is 41!1.5mm,

whereas  that from all  other  localities is 49 ± 3.1 mm;  the

difference was  significant  at  O.1% levei by the t-test,

  A  population determined as  typical subsp.  ctxiltaris  in

Lavalleja (U58) has a small  coTolla diameter of  41 mm

(Figs. 2, 3) and  an  exceptionally  narrow  tip angle  (Fig.
2). The discriminant analysis  (Kokubun et al., 1997)

placed the population in the subsp.  tzxillaris probably
because the corolla  tube length was  43 mm  in this

population, just slightly  shorteT  than the 55 mm  of  the

seven  populations from Flores and  Soriano Departments.
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  The above  eight  populations were  also  chaTacterized

by their small  prostrate form, with  thin, zigzagging

lateral branches which  placed them  in a special  form of
P. exiltaris  occurring  in central Uruguay.

  The corolla  was  thick in subsp.  axillaris and  thin in
subsp.  parodii (Table 2). The thickest corollas  were

found in U151, U152, U177, and  U178  which  thrive

along  the shoTe  of  the Atlantic Ocean in Maldonado

(Fig, 3), These populations were  also  distinguishable by
their unique  compact  form and  thick leaves.

Leofcharacters

  Although  the leaf lengths did not  differ, leaf width

was  significantly  different between  subsp.  exillaris  and

subsp.  parodii, it being narrower  in the  former than  in

the latter (Table 3).

  The  leaf thickness was  also  significantly  different
between the two  subspecies;  subsp.  axitlaris  had thicker

leaf than subsp,  parodii (Table 3). The fiye populations
of  subsp,  exillaris,  U68, U151, U152, U177, and  U178
with  extremely  thick leaf are distributed along  the

Atlantic coast  (Fig. 4).

Growthform

  Our analyses  detected dominant growth fOrms ef  the

two  subspecies  of  Petunia axillaris  in Uruguay. The 36

populations were  classified  as upright  form, the second
most  dominant cluster  (Fig, 6). Among  them, 27 and  4

populations had been predicted as subsp,  axillaris  and

intermediate A, respectively,  in a  previous paper

(Kokubun et al,, 1997). This dominant form of  subsp.

axitlaris  in Uruguay is distributed abundantly  in Colonia
departrnent (10 populations) all along  the Rfo de la
Plata, San Jos6 depaTtment (5), and  southern  half of  its
distribution area  such  as in Rocha (4), Lavalleja (3) and
inland Maldonado (2) departments (Fig. 7, Table 1), The

plants continued  to elongate  after the first measuTement,
reaching  a  height often  exceeding  one  meter.

  The  distribution of  the  most  dominant clusteT, mediurn
form, is rather  cemplicated  because it includes both
subsp.  axiltaris  (25 populations) and  subsp.  parodii (15)
(Fig. 6, Table 1). This form seems  to be distributed
randomly  within  the subsp,  parodii Tange  such  as in
Artigas (4 populations), Salto (4), Paysandu (4) and

Tacuaremb6 (2) and  also  in most  of the subsp.  axillaris

range,  This form of  subsp.  exiltaris  is also  represented

among  the inland populations of  subsp,  axillaris  in
Fiorida (3 populations) and  San Jose (3) (Fig. 7).

  Although Steere (1931) stated in the original  descrip-
tion of Petunia parodii (=R axiUaris  subsp.  parodii)
from Formosa Province of  Argentina that R  parodii is
larger and  more  erect  than R  axillaris (=R axillaris

subsp.  axittaris), Uruguayan subsp,  parodii is charac-
terized  by the significantly  wider  growth form than that
of  subsp.  axillaris  (Table 4).

Lar:geprostrateform

  The following 10 populations were  classified  as  large

prostrate form: U28  and  U220  (Artigas), U232  and

U271 (Salto), U197, U238  and  U267  (Paysandfi), U240

(Flores), U258  (Cerro Largo), and  U68  (Recha) (Figs. 6,
7). Within this form, seven  populations weTe  classified

as subsp.  parodii, one  intermediate A  (U240), and  two
subsp,  axitlaris (U68 and  U258). All populations are

located inland, except  U68.

  All these subsp.  parodii were  located on  the banks of
arroyos  (small strearns  that can  be dry fbr an  extended

peTiod). However, the arToyo  bank is also  a common

habitat of  Petunia exillaris  in Uruguay. We  did not

nQtice  any  particular characteTistics  about  these seven

localities that  led to the  development of  the large

prostrate growth form.

  These membeTs  have a  low growth habit with  a mean

height of 111 mm  but not  compact.  Its lateTal branches
extend  to form a robust  plant with  a mean  width  at the

anthesis  of  the first flower of  merely  480 mm  (Table 5).
Ultimately the plant grows to a width  exceeding  one

meter  in diameter.

Artigas department

  Except for U20  in Tacuaremb6 along  the Rfo Negro
river, the remaining  populations of  subsp.  parodii which
are classified as upright  form occur  in Artigas (3
pepulations) (Fig. 7). Artigas is the closest  department

to Forrnosa PrQvince  of  Argentina  from which  the  type

of subsp.  parodii came.  The type plant is larger and

more  erect  than subsp.  axillaris  in the original  descrip-
tion (Steere, 1931). The upright  forms in Artigas may  be
related  to the upright  subsp.  parodii indigenous to
Argentina rather  than to the upright  subsp.  tzxillaris

which  occurs  in southern  Uruguay, Further research  will

be necessary  before a  conclusion  can  be made,

  The  growth form  of  Petunia exitlaris  occurring  in

Artigas seems  to be unique.  In addition  to the aboye

populations with  exceptionally  upright  form, the two

pepulations U28  and  U220  (Fig. 7) are also  classified  as

large prostrate form, FurthermoTe, the lax foTm U37

(Fig. 7) that is chaTacterized  by tall, wide  plants (Table
5) is endemic  to this department, These evidencc  suggest

that a great diversity in the growth fbrm exists  in this
department,

Growth forms ofsubsp axillaTis

  Differences in the growth fbrm among  the populations
on  the shores  of  the Rfo de la Plata and  the Atlantic
Ocean are apparent  although  the habitats appear  similar.

･The Rfo de la Plata does not  seem  much  different from
the Atlantic Ocean, because its width  exceeds  40  km  and

one  cannot  see  the other  side  of  the river,

  Sandy beaches and  dunes along  rivers  and  the Atlantic
ocean  are preferred habitats of  numerous  pepulations of
Petunia axiUaris.  They exhibited  a  large variation  in
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growth forms, rnost  typical of  subsp.  czxillaris  with  some

intermediate A  populations in Colonia (Fig. 7). These

populations were  categoTized into three groups as  fOl-
lows:a)

 upright  Rio de la Plata bank

  The  members  of  the  upright  Rfo  de  la Plata group are
endemic  along  the banks of  Rfo  de la Plata, namely,  Rio
Negro (U262), Soriano (U201), Colonia (U92, U93,
U99, UIOI, UI02, U199, U200), and  San Jose (U88),
They were  classified  as the upright  form by the cluster

analysis  (Fig, 6) except  U200; this region  seems  to be
`

 the center'  of  the upright  form (Fig, 7).

  Previously the diejunctiye distribution of  subsp.

axitlaris  and  subsp,parodii  in Uruguay was  the subject

of  many  discussions (Ando et al., 1994, 1995, 1998;
Kokubun  et al., 1997). In our  discriminant analysis  of

fleTal morphology  derived from herbarium specimens

(Ando et al,, 1994), the classfication  of  many  specimens

collected  from this region  was  inconsistent, resulting  in

both subsp.  exitlaris  and  subsp,  parodii occuTring  con-

comitantly.  Subsequent analysis  of  floral organs  using

live plants (Kokubun et al., 1997), categorized  most

populations among  the 21 populations in Colonia and

San Jos6 into subsp.  axiUaris,  but four populations
intermediate forms closer  to subsp,  axillaris  (inter-
mediate  A) (Fig. 7). Tlierefbre, we  have concluded  that

genetic jntrogression of  subsp.  parodii into subsp.

exiUaris  exists,

  IVthough  the floral characteT  of  the intermediate forrn

(intermediate A) in this region  seemed  te be influenced
by subsp.  parodii gene, the vegetative  growth is defi-
nitely that of the upright  subsp.  exillaris (Fig. 7).
Although thTee populations of  subsp.  parodii in Artigas

were  classified  as  upright,  they  are far from this region,

being separated  from Colonia by the departments of

Salto, Paysandti, Rfo Negro, and  Soriano, where  differ-
ent growth forms, such  as small  prostrate, large prostrate
and  medium  forms persist. Therefore, it may  be prefer-
able  to consider  that the upright  form is the result  ef  the

environmental  force, which  induced the subsp,  axillaris,

not  subsp.  parodii, with  its upright  form to evolve

initially along the Rfo de la Plata,
b) cornpact  Atlantic coast

  The second  group, compact  Atlantic coast, which

derived from the cluster  analysis  (Figs, 6, 7), consists  of

U152, U177, and  U178  in Maldonado, It represents  a

typical subsp,  exillaris  being less than 15 cm  tall and  17

cm  wide  (Table 1) and  having  extremely  thick corolla

limb and  leaves (Figs. 3, 4).

  According to Map  3 in Daroczi et al. (1990), the

Atlantic Ocean and  the Rio de la Plata are  divided at

Punta del Este, which  is the southeTnmost  point in

Maldonado near  where  U151 is fbund (Fig. 7), There-
fore, U152  belongs te the Rio de la Plata bank popula-
tion. The  site is ecologically  the same  as  the Atlantic
coast  because the vegetation  is common  to both U152
and  other  Atlantic coast  localities, The plants grow in

37

the cracks  of  rock  (U152) and  on  the sand  dunes (U177,
U178), Their compactness  seemed  to be  the result  of

environmental  stress at the time of  the field survey,  but

cultivating  the plants undeT  controlled  conditions  proved
that this trait is genetic,
c) large prostrate Atlantic coast

  The laTge prostrate Atlantic coast,  consisting  of  one

population in Rocha (U68) that was  6 cm  tall and  40 cm

wide  at the anthesis  of  the first flower (Table 1),

eventually  attaining  the width  exceeding  1m, It is the
sole  population located along  the Atlantic coast  which  is
classified  as the large prostrate form by the cluster

analysis  (Fig. 6).

  Among  these  three  groups, b) and  c) on  the Atlantie

coast  the leaves are  characteristically  O.8 to 1,Omm

thick and  17.6 to 19.6mm  wide  (Fig, 4). The thick

leaves may  be an  adaptation  to the dry environment  and

a  defense against  the wind  carrying  sand  particles that

can  severely abrade  the plants, The group b) also  had the

thickest corolla  lobes in all plants studied  (Fig. 3).

  The difference in growth forms among  the three

waterfront  groups is striking. If there is any  immediate
difference in the environment  among  the three gToups, it
would  be the salt concentration  in the irrigation water,

which  would  affect  the osmotic  pressure in the root

zone,

  The difference in growth habits between  the second

and  the third groups cannot  be  explained  easily  because

the environment  of  b) and  c)  groups appear  sufficiently

sirnilar. The  evolutionary  mechanism  involved in differ-

entiating  these two  groups within  a  similar  environment

is worthy  of further investigation.

Smallprostrateform

  We  consider  the growth forms reyealed  by the cluster

analysis  based on  three plant characters  as  ecotypes  or

simple  vegetative  variation;  we  do not  find them  taxo-

nomically  significant  with  possible exception  of  the

small  prostrate form,

  For example,  all the Tiver  and  sea  shore  populations of
subsp,  cvcillaris  in the previous section  had similar  fioral

morphology,  except  for corolla  thickness, while  the

growth form greatly yaried  among  them, In the subsp.

parodii, a variety  of growth foims exists  in the depart-
ment  of  Artigas (Fig, 6) but we  could  not  find any

ecological  significance  for the large prostrate fOrm,
Therefore, these can  hardly be ecotypical  or taxQnomical

groups.
  However, the small  prostrate form shares  several

general morphological  characters  that are distin-

guishable in the typical subsp.  axillaris, subsp,  parodii,
and  the other  fbrms of  R  axiUaris.

  Populations of  small  prostrate form are primarily
fbund in the Soriano department and  fit into inter-

mediate  A  (UI04, UI05, U169, U170, U171), but also

extend  farther east  to Florida (U3) and  Lavalleja (U58)
which  are  otherwise  classified  as  subsp.  ctxillaris.
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Although classified  as the large prostrate form, U24e

(Flores) and  U258  (Cerro Largo)  appear  to be  similar  to

the plants of  the small  prostrate form (Fig. 7).

  This  population with  chaTacteristically  small  corolla,

small  Ieaves (Figs. 2, 3 and  4), and  thin, zigzagging

stems  is detected easily  by visual  inspection. The stem

character  is rare.

  This aTea  around  Soriano emerged  in the first live

plant analysis  (Ando et al,, 1995) as having inconsis-
tently predictable populations by the discriminant func-
tions. Because we  suspected  that these populations
might  be the result  of introgression between the two
subspecies,  we  studied  the inheritance of fioral char-

acters  between typical subsp.  etxillaris and  subsp.

parodii, HoweveT, the artificial crossing  did not  pToduce
plants similar  to these populations (Kokubun et al,,

1999).

  The  native  habitats in these  eight  localities in Soriano,
Florida and  Lavalleja are  on  or  among  tocky  outcrop-

pings; thus, the  small  prostrate forrn of  R  axillaris  is

apparently  a  saxatile  plant, The drier condition  in such
habitat rnay  have led to their demunitive size. On the

other  hand, the small  prostrate fOrm can  be interpreted
as  an  ecetype  associated  with  rocky  outcroppings,

  The  distTibution range  of  this growth form seems  to be
restricted  to central Uruguay and  a discontinuity of

morphology  seems  to be present. However,  there is not
enough  data to conclude  if the small  prostrate form is
indeed an  infraspecific taxon because much  of  FloTes,
Durazno and  northern  Florida still needs  to be surveyed.

Early breeding ofgarden petunia and  wild  variation

  The descriptions of  earlier  petunia hybrids and  cuiti-

vars  in the early  19th century  depict tall, lax plants.
Loudon (1834) noted  a hybrid ("Petunia willmoreana")

between P. nyctaginijlora  (=R axiUaris)  and  R

phoenicea D. Don  ex  Loudon (=P. integrijbtia) that

attained  a height of  7 ft. (2 rn). Cultivation techniques

from that era included training the petunia against  a

trellis or wire  frame (Loudon, 1840) and  frequent
stopping  of  shoots  (Paxtofi, 1844), These weTe  probably
because taller forms of  R  axitlaris were  used  in the
earlier crossings,  The other  parent, Pl integrijblia, grows
long  lateral branches  that sprawl  on  the  ground becom-
ing 6 to 10 inches (15-25 cm)  tall (Hooker, 1831).

  One  aim  ef  breeding of  garden petunias has been to
attain a  compact  growth form because they  are  econom-

ical to propagate, gTow, and  market.  The objective  could

be achieved  easily  if horticulturally acceptable  compact

types such  as U152, U177, and  U178 (Fig. 5) found in
this study are used  as a germplasm source.

  Our analysis  of  growth foTms successfully  identified
some  special  fOrms, such  as  compact,  srnall prostrate,
and  large pTostrate. This classification  has immediate
use  for breeding of  new  petunia cultivars, e,g,, the recent

trend toward  prostrate type petunia (Racler, 1993) can  be
expedited  by using  the large prostrate form found

throughout  the Tange  of  R  cixitlaris, such  as  U68, U220,
and  U240  (Fig. 7) as parents,
  The garden petunias today have the corolla  shape  that

is similar  to subsp.  czxitlaris with  a wide  range  of  the

cerolla  limb diameter, although  their corella  lebes are
not  as pronounced as in the wild  subsp.  exitlaris. Our
data indicate that a considerable  variation  of  corolla

shape  exists  (Fig, 2) between subsp.  axiltaris  and  subsp,

parodii, which  was  previously noted  by SteeTe (1931,
see Plate 34). Despite certain disadvantages, such  as

thinner corolla  limb CI'able 2) and  dispropertionately
long corolla  tube (Ando et al., 1995; Kokubun  et al,,

1997; Steere, 1931), introducingparodii genes into new
cultivars  may  create  a new  corolla  shape.

  Although we  tried to cover  a wide  range  of  Petunia
species  both geographically and  morphologically,  we

have examined  only  a part of  it. We  did not,  fOr
example,  expect  those cQmpact  populations of  R
axillaris  in Maldonado, such  as U152, U177, and  U178

(Fig, 5). These have rather  large, substantially  thick

corolla  (Fig. 3), which  may  offer  an  advantage  as a

breeding material.  There must  be more  unique  forms
like these waiting  to be discovered by future plant
explorers.

              Acknowledgement

  The  authors  thank  Mr.  Masao  Udagawa  of  Monte-
video,  Uruguay,  for his kind assistance  in surveying  the

habitats of  Petunia species  in Uruguay.  We  also  thank

Mr. Yoshito Iwasa  of  MidoTi-ku,  Yokohama  and  Mr.
Shun-ichiro Suda of  Hiratsuka, Kanagawa  pTefecture
for the 19th centuTy  references  generously provided to
us.

               Literature  Cited

Ando, T. 1996, Distribution of  Petunia exillaris  (Sola-
   naceae)  and  its new  subspecies  in Argentina  and

   BoLivia. Acta Phytotax. Geobot. 47: 19- 30.

Ando, T., S. Iida, H. Kokubun,  Y. Ueda  and  E, Marchesi.

    1994. Distribut{on of  infraspecific taxa  of  Petunia

   axillaris  (Solanaceae) in Uruguay  as  reveaLed  by dis-

   criminant  analyses.  Acta Phytotax. Geobot. 45: 95-
    109,

Ando,  T., S. Iida, H. Kokubun,  Y. Ueda  and  E. MaTchesi.

    1995. Distribution  of  Petunia exillaris  sensu  Lato in

   Uruguay as  revealed  by discriminant analysis  of  the live

   plants. J. Japan. Soc. Hert. Sci, 64: 381-391.

Ando, T., T. Tsukamoto, N. Akiba, H. Kokubun,  H.

   Watanabe, Y, Ueda and  E, Marchesi, 1998. Differen-

   tiation in the degree of self- incompatibility in Petunia

   axillaris  (Solanaceae) occuTring  in UTuguay. Acta

   Phytotax. Geobot, 49: 37-47,
Cabrera, A. L. 1977. Novedades  en  las Solanaceas de Entre

   Rios. Hickenia 1: 79-81.

Dareczi, I., E. Garcia and  M.  Ligtiela, 1990.  Atlas de la

   Republica Oriental del Uruguay. Segunda Edici6n

   Actualizada. Editorial Amauta,  M"ontevideo, Uruguay.

NII-Electronic  



Japanese Society for Horticultural Science (JSHS)

NII-Electronic Library Service

Japanese 　Sooiety 　for 　Hortioultural 　Soienoe 　（JSHS ｝

園学雑．（J．　Japan．　Soc．　Hort．　Sci．）71 （1）：26−39，2002． 39

Hooker ，　W ，　J．1831．　Salpiglossis　integrifo肱 Bntire−1eaved

　　 Salpiglo∬ is．　Bot．　Mag ．58：t．3113．

Kokubun，　 H．，　 T．　 Ando，　 S．　 Kohyama，　 H．　 Watanabe，　 T．

　 　 Tsukamoto 　 and 　 E．　 Marchesi．1997．　 Distribution　 of

　　intermediale　forms　of 　Petunia　exi 〃aris 　subsp ．　exi 〃aris

　　 and 　subsp ．parodii（Solanaceae）in　Uruguay 　as　revealed

　　by　discriminant　analysis ．　 Acta 　 Phytotax．　 GeQbot．48；

　 　 173−185．

Kokubun ，　H ，，　T ．　Ando ，　H ．　Watanabe ，　T ，　Tsukamoto 　and 　E

　　 Marchesi，1999．　Floral　morphology 　of 　FI　and 　F2　proge・

　　 nies 　between　two 　subspecies 　of 　 Petunia　exi 〃aris

　　（Solanaceae），　Acta　Phytotax，　Geobot．50：207−219．

Lamarck，
　 J．　 B ，　 P．　 A ．　 M ．1793．　 Nicotiana　 axillaris ．　 Tabl，

　　 Encyc．　Metb．　Trois　Regnes　Nat．　Bot．2：7．

Loudon ，」，　 C，　1834，　 Petunia　witlmoreana ，　 Gardeners’

　　 Magazine 　10：603，

Loudon ，　J，　C，1840．　Genus 　VIL 　Petunia．　Thc　ladies’flower一

　　garden　of　ornamental 　annuals ．　Willlam 　Smith，　London ．

Paxton，　J．1836．　PetUn’α nyctaginiflora 　 v め ’acea ，　 Paxtoゴ s

　　Mag．　Bot．2：173．

Paxton，　J，1844．　Petunia　punctata．　Paxtoパs　 magazine 　of

　　botany　and 　register 　of　flowering　plants　11：6−8．
Rader，　J．　S，1993．　New 　perennial　petunias　can 　really 　take　the

　　 heat，　Greenhouse　Manager 　12：65 −69．

Sink
，
　K ．　C ．1984，　Taxonomy ．　 p．7

−9．　In： K ，　C ，　Sink （ed ，），

　　Petunia・Springer−Vcr正ag ，　 Bellin，　 Heidelberg，　 New

　　 York
，
　Tokyo ．

Steere，　W ．　 C．1931．　P θ’unia 　parodii，　 a　 new 　species 　 of 　the

　　 subgenus 　PseudDnicoIiana　from　Argentina．　Pap，　Mich −

　　 igan　Acad ，　ScL　Arts　Let．13：213−215，

Wijsman
，
　H ．　J．　W ．1982・On 　the　inter・−relationship 　of　certain

　　 species 　of 　Petunia，1．　Taxonomic 　no 匸es　 on 　the　parental

　　 species 　of 　Petunia　hybrida．　Acta　Bot、　NeerL 　31： 477 −

　 　 490．

ウル グアイ産 Petunia　axillaris の 形態的変異
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摘　 要

　南米 ウ ル グ ァ イ の 102地点か ら採集 した Pε飯融 襯 〃α廊

の 種子 よ り植物を育て ，園芸的 に 重要 と考え られ る 3つ の 花

器形質と 7つ の 栄養器官形質を計測 し，そ の 変異幅を調査 し

て，有用 と考え られ る形質の 集中す る地域を 抽出した．両形

質の 多 くに つ い て，亜 種　axillaris ，亜 種 parodiiお よ び 2種 の

中間型の 間に有意差 が み られた．各群落は 株 の 高 さ，株の 幅，

開花時の 側枝数 の 3形質を用 い た ク ラ ス タ
ー
分析 に よ り次の

6 つ の 形態型 に 分類 で きた，1）直立 ・
高性，2）中間型，3）コ

ン パ ク ト，4）粗放，5）小型 ・ほ ふ く性，6）大型 ・ほ ふ く性．

こ れ らの 形態型と自生地 の 環境，特 に 河岸，海岸 の 群落 に つ

い て 考察し，ま た種内分類群との 関連 につ い て も述べ た．さ

らに 園芸的に 利用可能 と思 わ れ る形質 を もつ 群落と その 育種

に お け る 有用 性 に つ い て 考察 し た．
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