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ABSTRACT

Davidson, carnpbell G" Ph"D", The university of ManiËoba. June 1986.

Experimental taxonomy, propagation and models of j-nheriEance for flower

colour and extra petals Ín Potentilla fruticosa L.

Major advisor: Louis ll. Lenz

This study was conducted to obtain a broader comprehension of the

taxonomy, to determine practices of sexual and asexual propagaËion and

to develop models of inheritance for floqrer colour and extra petals for

Potentilla fruËicosa.

Numerical and experimenËal approaches r^/ere utilized in the

taxonomic study' seasonal variaËion of quantiEative t.axonomic

characters rrTas significant and result.ed in use of raËios of variables in

the calculation of similarity coefficients. The Govrer general

coefficient 1¡7as calculated for I27 tepresentatives including NorËh

Arnerican, European and Asian representatives as well as cultivars.

rnterpreÈati-on of cluster and non-metric multidimensi.onal scaling

multivariaËe statisËical analysís suggest that all taxa are variants of

a common central theme. tMongrelizatíont may have clouded any distinct

phenetic differences.

Most taxa were self-incompatible. One tetraploid representative

was self-compatible buE resulting seedlings lacked vigour.

Eight geographíc representatives rvere selecËed to study breeding
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relationships. All were successfully crossed with the exception of a

Eetraploid taxa. Heteroploid matings v,zere noted by a reduced success

rate" Backcrosses to existing putative l'1 hybrids \.{ere successful. on

the basis of this study Potentilla fruticosa should be used as the

species name for the shrubby cinquefoil complex.

Softwood cuttings are easy-to-rooË. Success \das highest during the

early part of the growing season. Reduced rooting corresponded to a

period of high temperature. Hardwood cuttings were dífficult-to-root"

After-ripening of seed generally increases boËh emergence raÈes and

maximums " A period of 30 to 45 days is sufficient Ëo promote rapid

emergence. Tv¡o taxa originally obtained from the Rocky Mountains were

noted by very low emergence maximumso

Preliminary models of inheritance of flower colour and extra petals

were derived. Two whitenÍng genes L,/1 and \,12 and two yellowing genes y1

and Y2 are proposed to explain the observed segregatÍon of white and

ye1low flower colours" The action of a bleaching gene is also

suspecLed" The cyanic flower colour model developed involves background

petal- colour, cyanic pigments and distribution and temperature

sensitivÍty genes.

The extra petal model proposed involves a tvro gene switch, D1 and D2

to turn on the production of up to five extra petals and a modifler gene,

Dm that accounts for an additional one to five extra petals.
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Table of Contents

Page

Acknowl-edgements iii
Abstract v
1"0 Introduction , I
2"0 Literature review , " ",,. 2

2"I Plant Taxonomy z
2.I "I Introducti-on . 2
2.L"2 BiosystematÍcs 2
2"I"3 Numerical taxonomy 4
2"L"4 Phenotypic plasriciry " ...... 10

2"2 Plant Propagation ". ooôoo lt
2"2"I Introduction . oo6oo 11
2"2.2 Seed dormancy o .oooo tI
2"2"3 Cuttage ooooo oôo¿e...".. 13

2"3 F]ower Colour ooôooooooo 14
2"4 Double Flowers ooooo 16

3.0 }fanuscript I: Experimental taxonomy of the shrubby
cinquefoil; Potentilla fruticosa L. ,..,., 19

3,1 Introduction. t9
3"2 Materials and Methods 24

3"2"L Phenotypic plasticíty of quantitative vegetative
and reproductíve characters ... ".., ". 24

3"2"2 Numerical Ëaxonomy oooco 25
3"2"3 Cytogenetics ooooo ,""""" Zg
3"2"4 Gene exchange trials .." 29
3.2"4" I hloody plant hybridization . 29
3.2.4.2 hbody and herbaceous plant hybridization . ooooo ", 32

3.3 Resul-ts and Discussion " ". " " " 32
3"3"1 Seasonal variation """,.323"3"2 Numerical analysis 39
3.3"3 Gene exchange trials ..ooo ooeoo """ 46
3.3.3.1 Self pollinations o ooooo ".""" 46
3.3.3.2 Cross pollinatíons ooooo ôôo.o ...." 50
3.3.3"3 l{oody x herbaceous crosses oo 57

3.3.4 Chromosonal informatíon ... " . 61
3"4 General Discussion . ". 62

4"0 llanuscript II: The propagation of Potentilla
fruticosa L. by sexual and asexual means . ".. ". 65

4"1 rnEroEffin .""... 65
4,2 }h'terials and Methods ooooo 66

4.2.I Rooting of cuttings ooooo oôooo """" 66
4"2"L I Cutting collection . 66
4"2"I.2 CulEivar rooting survey ocooo ."""" 66
4"2,1,3 Harvest date survey oôôoo eeooo oôoooooooooooe 67

-vaa-



4 "2.2
4"2"2"1
4.2 "2.2
4 "2"2 "3

4"3
4.3 "r4"3.r.r

4 "3 "1.24"3.1.3
4.3 "2

4 "3"2"r
4,3 "2.2

5"0

5.1
5"2
5.3

s.3. 1

5"3.1.1
5 "3.1.2

5"3"2
5 "3 "2.I
5 "3.2.2
5.3,2"3

5.3"3
6.0
7"0

7 "r
7"2
7"3
7"4

8.0
8.L
8"2
8,3

9"0
10"0

Iable of Contents

Page

Seed studies " 67
Seed collection 67
Germination Eemperature 68
After-ripening study oôoeo 68
Results and Discussion 69
Rooting of cutËings 69
Cultivar survey Do6oo,oo 69
Harvest date survey " " 70
General discussion of rooting of cuttings .ceoe 76
Seed sËudies ooooo ôoooo " 77
Germination temperature 6ooooooooo 77
After-ripening study oooôooôooo 78
Manuscript III: Models of ínheritance of flower colour

and exÈra petals in Potentilla fruticosa L, 82
InËroduction . ,.. 

-. - 

82
Materíals and Methods oôooo 83
Results and Discussion ooooo " 93
Flower colour oôoooooooo ooooo 93
Flower colour inheritance ooooo oooeoooo 93
Relationships of colour assessments under controlled

and field condit,ions .,.ooôoo ôoooooooeo...114
Flower doubleness of P. fruticosê "øo ... LI7
Parental taxa .oooeo.;..- .IL7
Progeny analysis oo.oo ooooooooeo""L22
Extra peËal ínheritance model . "., L27
Character correlations 6oooo oooôô .138
General Discussion ooo ooooo "" I43
Summary and Conclusions ooeoo ooooo."...I5Z
Experimental Taxonomy . ooooo ooooêco,oo " I52
Plant Propagation ooo.oco ooooooo6oo ¿oooo.,..153
Inheritance of Flower Colour and Extra Petals o o o o c. " " 154
General oooooooooooeooooocoe oo.oo " 155
Recommendations for Further Study and Research ... o o o. 156
ExperimentalTaxonomy. "156Plant Propagation e o "... 157
Inheritance of Flower Colour and Extra Petals .,. 158
LisË of References o. ooooo "".160
Appendices "osooeoo oooooooooe ooooo.""""L6g

- v].l_l_ -



List of Tables

Page

TABLIi i. Comparison of morphological differences used by
Juzepchuk to differentiate shrubby cinquefoils -
Dasiphora spp" 2I

TAtsLE 2. List and mode of assessment for characters recorded
J-n study of taxonomy of the shrubby cinquefoil . ". ". 27

TABLE 3. Parental- taxa used in the breeding relationship
study of Potentilla fruticosa 30

TABLE 4. Herbaceous Potentilla used in crossing with
P" fruticosa . 33

TABLE 5. Analysis of seasonal variation of individual and
ratios of quantitative reproductive characËers
in shrubby Potentilla complex ". 34

TABLE 6. Analysis of seasonal variation of individual and
ratios of quantiEaEive vegetative characters in
shrubby Potentilla complex 35

TABLE 7. l'þan seed set and numbers of seedlings obtained
from outcrossed and selfed flowers of shrubby
cínquefoils 47

TABLE 8" Mean ovule number and fertilízatÍon success rate
based on outcrossed seed set . 49

TABLE 9. luban seed set, seedling yield and compatÍbility
indices among eight shrubby cinquefoils. The
compatibility indices are the mean seed set or
seedling yield divided by the símilar value for the
outcrossed parenË 51

TABLE 10. IÞan seed set, seedling yield and compatibiliry
indices for backcross to putative l-1 hybrids. The
compatibility indices are the mean seed set or
seedling yield divided by the similar value for
the outcrossed seed parent .. 53

TABLE 1I" Open pollinated seed yield of F1 and BC1 progeny,... 58

TABLE 12. lvban rooting percentage f or three culËivars
of Potentilla fruticosa sampled every two weeks
from June I to 0c
December 3, 1984

tober 5 and November 2 and

-ix-

11



Page

TABLE 13. Root development of cuttings of three P. fruticosa
cultivars, collected during the perio¿ .l"ne 3 to
December 3, 1984 rated after 42 days in an
intermitEant mist chamber " 7 2

TABLE 14. Summary of growing degree day values calculated
f.or 14 day intervals from May IB to October 5,
1984 . " 74

TABLE 15" luban growth parameters for cuttings of three
cultivars of Potentilla fruticosa rooted in
inËermirtanr@ 75

TABLE 16. Mean percentage emergence following four different
afËer-ripeníng treatments for seven taxa of
Potentilla fruÈicosa .. 79

TABLE 17. Mean number of days to emergence maximum and 501l of.
emergence maximum following four after-ripening
treatments for seven taxa of Potentilla fruticosa . " 80

TABLE 18. Descriptions of flower colour and petal number of
parental taxa used in t.he inherítance study oôoooooo 84

TABLE 19. Outline of crossíng program for the study of
inheritance of flor¿er colour and peÈal number " 88

TAtsLE 20" List and mode of assessment of characters utilized
in progeny evaluations 89

TABLE 21. Segregation for flower colour in controlled crosses
between bright yellow and white flowered plants 94

TAtsLE 22" Flower colour segregation of progeny of controlled
crosses betvreen UM 7901 (bright yetlow) and UM 7904
(crearny yellow with orange)

TABLE 23. Flower colour segregation of progeny of conËrolled
crosses between UM 7901 (bright yellow) and UM 791I
(crearny whj-te wíth pínk)

TABLE 24" Proposed genoEypes of progeny from a cross beEween
ULl 8i02 (whire) and UI4 790I (bright ye11ow) Ljt

TABLE 25, Segregation for flower colour in crosses between
UM 7901 (bright yellow) and UM 7904 (creamy
yellow) ocooo ooooo I0B

95

96

-x-



Page

TAtsLE 26" Proposed genotypes of progeny from a cross betr¿een
UÞl 790I (brighr ye11ow) and UM 7904 (creamy
yeJ-low) lr0

TABLE 27 " Segregation for fl-ower colour in crosses between
UþI 7901 (bright yellow) and Ul'I 79II (creamy white)". 111

TABLE 28. Seasonal variation of the mean numbers of petals
and size classifications for parents used in the
controlled crossing of P. fruticosa " tIB

TABLE 29. Segregation of progeny for extra petals from crosses
between l0 petal (Uli Z90t) and f ive petal (Ut't 7904)
parents I23

TABLE 30. Segregation of progeny for extra petals from crosses
bet\^reen f Íve petal (P. fruticosa 'Goldf inger') and l5
peral (UM 8102) parenrs L24

TABLE 31. Segregation of progeny for extra petals from crosses
betT¡/een f ive petal (UM 791I) and t0 peral (Ut"i 7901)
parents ocooe I25

TABLE 32. Segregation of progeny for extra petals from crosses
between 10 petal (UM 7901) and 15 petal (UM 8102)
parenËs oooooooooc 126

TAtsLE 33" Size classification of extra petals based on family
means for controlled crosses of P" fruticosa I2B

TABLE 34. Observed and theoretical frequencies of double and
single flowered plants in progeny of controlled
crosses of P. fruticosa 129

TABLE 35. Observed and theoreËical frequencies of double
flov¡ered plants in progeny of controlled crosses
of P. fruEicosa " I30

TABLE 36. Proposed genotypes of progeny from a cross between
10 petal (UM 790I) and five petaf (UlI 7904) types 134

TABLE 37. Proposed genotypes of progeny from a cross between
fÍve petal (!. fruticosa rGoldfinger') and I5 peral
(Ulf 8iO2) rypes 

- 

.. ".. 135

TAtsLE 3U, Proposed genotypes of progeny from a cross between
10 petal (U1,1 7901) and six petal (UM 7 911) types "., 136

-xl-



Page

TABLE 39. Proposed genotypes of progeny from a cross between
10 peral (UM 790i) and 15 perat (UM 8102) rypes 137

TABLE 40. Character correlations for progeny obtained in the
flower colour and extra petal crossing program 139

TABLE 4I. Character correlations for progeny from open-
pollinated families ."" I4I

- xl_]- -



List of Figures

Page

FIGURE 1" Col-lection sites for North American taxa . 26

FTGURE 2" seasonar vari.ation of petal width for p. fruticosa """ 37

FTGURE 3. seasonal variation of leaf tength for p. fruticosa .,. 38

FIGURE 4. Dendrogram depicting relationships among 127 shrubby
cinquefoil Ëaxa determíned by single linkage
clustering...coooooooeo ôoooooooocoe,eo ooooo 4l

FIGURE 5. Dendrogram depicting relationshlps among 127 shrubby
cinquefoil determined by average línkage clusterinC " " 42

FIGURE 6" Relationship of 127 shrubby cinquefoil determined by
non-metric nultidimensional scaling oooooooooo "," 44

FIGURE 7 " Breeding relationships based on success of seed
production, Success vøas based on the average seed
yield for the cross and reciprocaL divided by the
appropriate outcrossed maEernal parent value e o o o o..., 55

FIGURE 8. Breeding relaËionships based on success of seedling
production. Success was based on average seedling
yield for the cross and recíprocal divided by the
appropriate outcrossed maternal valuê oou oo6ooooo 56

FIGURE 9. Illust,raEion of some of the parental taxa used in the
crossing program oooooooooooooooooooooooooooooo,, 85

FIGURE 10. Typical examples of cyanic zonation i-n selected
progeny from conËrolled crosses of P. fruticosa .".,.o 90

FIGURE 11" Examples of progeny obtained from crosses between
UM 8102 and UM 7901" UM 8102 (whire) is aÈ exrreme
lefr, UII 790I (yellor^i) is extreme righr and progeny
are in beÈween ooooo """.97

FIGURE i2" Examples of progeny obt.ained from crosses between
P" fruticosa tGoldfingert and UM 8102. tGoldfingert
Tis at extreme left, UM 8102 at extreme right and progeny
are in between oooôo ooooo ooooooêêÞ 99

- xaar -



List of Figures

Page

FIGURE 13. Examples of progeny obtained from crosses between
UIl 7904 and UM 790L" Ut'I 7904 is ar exrreme 1ef r,
UM 790I is at extreme right and progeny are in
between 101

FIGURE 14. Examples of progeny obtained from crosses between
Ull 79ll and Ul"I 7901. UM 7911 is ar exrrene lefr,
UM 7901 is aË extreme right and progeny are in
between 103

FIGURI 15" Examples of progeny obtained frour crosses between
UM7904 and UM 79II. U147904 is ar exrreme lefr,
UM,791l at extreme right and progeny are in
between oooeo 115

FIGURI 16. fllustrations of petal form in a seedling from a
cross between Ul'I 790I x UM 8102 t20

-xav-



LisE of Appendices

Page

APPENDIX l. Taxa used in the taxonomic study of the shrubby
cinquefoil ". " 169

APPENDIX 2. Gower coefficient and computer programing .,. I7Z

APPENDIX 3. Mean values for assessments and measurements for
each operational taxonomic unit (OTU) ... . I7l

APPEI'IDrx 4' similarity coefficienËs for pair wÍse comparisons
between 127 shrubby cinquefoil taxa " 206

APPENDIX 5. Stimulus coordinates for each operational
taxonomic unit (OTU) as determÍned by non-metric
multidimensional scaling "" 243

APPENDIX 6. Preliminary experiments on rooËing of softwood
cuttings of Pot.enÈilla fruticosa ooooooeeo 246

APPENDTX 7. survey of rooEing of 64 Porenrilla fruticosa raxa . " 248

A?PENDIX B" l4aximum and minimum temperatures and growing degree
day values from May 8 Eo October 9, 1984 .ocooo 250

APPENDIX 9" Flower colour classes utilized in progeny
assessnents 254

APPENDIX 10, Leaf size classes used in progeny assessment 255

APPENDIX 11, Detailed progeny evaluatj_on of A) Flower colour and
number crosses, B) open-pollinated families and C)
experimental taxonomy crosses ooo6o 256

-xv-



INTROÐUCTION

The shrubby cÍ.nquefoil is a dwarf shrub that is widely used in the

landscape industry" Plant sLze, hardiness, ease of maintenance and long

flowering period have contributed to the popularity of this shrub,

The UniversiËy of Manitoba has been involved in a potentilla

fruticosa breeding program since I968. Recent objectives have centered

on two floral characterÍstics, flower colour and extra petals.

This study \4ias underEaken to assist j-n Èhe continued development of

this breeding program by determining;

1) a broader comprehension of the taxonomy of the species.

2) practices for sexual and asexual propagation.

3) inheritance of flower colour and extra petal-s.



LITERATURE REVIEI,ü

2"I Plant Taxonomy

2.1..r Introduction

llan has always been intrigued \^rith Lhe classification of the

animate and inanimate objects around him. This is accomplished by

recognition of discontinuous structure in an environment which j_s

sornetimes discrete but more often continuous (Legendre and Legendre

1983). Common folk classifications vrere the earli-est of plant groupings

(Raven I976). These "use" classifications function admirably well,

particularly under local conditions. I¡/ith advances j-n knowledge of

biology many intricate systems of classification r^rere soon developed.

until the t,ime of Linnaeus there was 1itt1e agreement in handling

identification and naming of plants. Linneaus in his Classes PlanEarum

(1738) and species Plantarum (1753) laid the framework for a more

natural classification system and binomial nomenclature. From then

unËil the present there have been many researchers who have contributed

to a greater understandíng of plant taxonomy (Vickery 1984)"

2"I"2 Biosystematics

According Ëo Baker (1970) there are fern¡er "classical" Eaxonomists

nor^r than in the previous 50 years" These taxonomists judge the

taxonomic disposirion of a plant sirnply on the basis of exËerna1

morphology. There is now almost universal agreement that whenever

possi-ble physiology, ecology, distribution, cytogenetics and breeding



behavior information should be considered with morphology (vickery

1984)' The treatment of a particular taxa or individual requires the

succinct compilation of as much informali_on as possible"

Biosystematics, a word coined after pioneering work by camp and

Gil1y (1943) has become synonymous with this approach to taxonomy (Stace

1980). These studies are concerned with populations of individual-s and

the processes that occur within. Many components are Ínvol-ved and

generally encompass field as well as experimental garden sËudies (Stace

l9B0). An early concern of biosystematisËs has been the definition of a

species " Ylayr (1942) defined rhe biological species as

"groups of actually or potentially interbreeding populations
which are reproductívely isolated from any other such
groups " .

As has been discussed by other reviewers (Stace 1980, Briggs & i{alters

L984, and tr/agner 1984) chis definition functi-ons r¿ell for animal

species, however, difficulties are encountered when dealing with

plants. These difficulties generally relate to the diversity of

reproductive and isolation mechanísurs. The ability to intermaËe should

noË be used as the sole criterion for specÍes definition (Stace 1980).

Many rather intricate nomenclatural systems have been developed Ëo

assist taxonomists" These include the coenspecies, ecospecies and

ecotype of Clausen, Keck and Heisey (i9a0), Ehe homogenon, phenon,

dysploideon, etc" of camp and Gilly (1943), the "deme" terminorogy of

Gilmour (1960) and the more recently defined specíes terminology of

GranË (1981) nanely taxonomic species, biological species, mi-crospecies

and successional species. However in applied fields the biological

species concept has found considerable support. allowing the abitíty to

E.est a hypothesis.



Breeding relationships and gene exchange are of considerable

interest to plant breeders (Allard i960). However even this component

may be less important in the future due to considerable studies in the

fields of genetic engineering, In the future concern may not be whether

plants wil-1 intermat.e but if genes can be transferred by some ot.her

means"

tr{agner (i984) has proposed a definition of a species which really

outlines how most researchers use the term. He considers a species as

"a convenÍenE taxonomic category that defines a unit of
organismic diversity in a given time frame and composed of
individual organisms that resembl_e one another in all or
most structural and funcËional characters, that reproduce
true by any means, sexual or asexual and constitute a
distinct phylogenetic line that differs consistently and
persistently frorn populations of other species in gaps in
character sEate combínations, includíng geographical,
ecological, physiological, morphological, anatomical,
cytological, chemical and genetics, the characËer st.ates of
number and kind ordínarily used for species definition in
Ëhe same or relat.ed genera and if partially or whol1y
sympatic and coexistent with related species in the same
habitat, unable to cross or i.f so, able to maintain special
distinctions" 

"

The author agrees that this definition is cumbersome but is removed from

the simpristic approach that relies on only one or a few criteria.

significant freedom is provided for the taxonomist to work (wagner

1984) "

2"I.3 Numerical Taxonomy

The fields of biosystematics and numerical taxonomy begin to merge

aË this poinË (l'IcNiel 1984). According ro Heywood (r976) numerical

taxonomy can be defined as

"the numerical evaluation of similarities or dissirnilarities
between groups of organisms and the ordering of these groups
ínto higher ranking taxa on this basis".



From the onset proponents of numerical procedures have suggested

the use of as many variables as possible to discriminate groups of

individuals (sokal and sneaÈh 1963, sneath and sokal rgl'3, Dunn and

EverÍtt 1982). The larger the information matrix, Ehe more reliable or

predicËive the model will- be" These techniques are exploratory rather

than confirrnatory tools (Tukey i980). lrÍ-rch controversy has ensued,

however numerical techniques have developed a role in modern taxonomy

(Stace 1980, Briggs & In/alters 1984). The proponents of these Ëechniques

have outlined seven advantages as follov¡s:

I)

2)

3)

4)

The greaËer the j-nformaEion cont.ent available
the more characters on which Ít is based, the
predictive a given classification will be.

A priori, every character is of equal weight
natural taxa"

for a taxa and
better or more

in creating

0vera11, similarities between any t\,¡o entities is a function of
individual sirnilaritíes in each of the nany characters being
compared.

Distinct taxa can be recognized because correlations of
characters differ among the groups of organisms under sËudy.

Phylogenic inferences can be made.

AS

s)

6)

/)

Taxonomy is viewed and practiced as an empirical science
opposed to an interpretive or deducti_ve one.

Classifícations are based on phenetic sirnilarity (Sneath
Sokal 1973) "

and

Since the early work of Sneath and Sokal (1973) computer

Eechnologies have progressed rapidly. Numerical techniques have rapidly

developed to the poi.nÈ where Legendre and Legendre (1983) referred to a

"panoply of techniques".

These authors in¡ere referring principally to cluster analysis, listing no

less t.han five major approaches and t4 dÍfferenÈ mathematical methods"



The same comment could be sÈated for measures of resemblance" They list

23 difnerent distance coefficients and l5 different simÍ1ariËy

coefficients. According ro 0r1oci and Kenkel (1985) major problems

include Ehe proper choj-ces or combinations of the coefficients and the

algorithms. The relative availability of many of these techniques as

packaged prograns has resulted in a great deal of misuse"

Cormack (L97L) srared;

"The availability of computer classification technique
packages has fed to the waste of more valuable scientific
time than any other "statistical" innovation with the
possible exceptíon of urultiple-regression techniques ! "

These comments noE being disregarded however, it may also be stated that

if properly handled numerical techniques do provide a very useful tool

for the taxonomist"

0f the techniques reviewed by Cormack (197I) and Legendre and

Legendre (1983) the polythetic agglomerative hierarchical types are most

widely used in taxonomy. These begin with discontinuous partitions of

operational Ëaxonomic units (OTUts) and successively group them into

larger and larger clusters. This continues until only one cluster

remains. The taxonomist decides at which point in the iterative

process' thaË biological meaningful groups have been aËtained. The

polythetic approaches enables a large body of data representing many

atËribuÈes or association mat.rices Èo be utilized. This is judged

superior to monoËhetic models which are based on consideration of síng1e

descrÍptors at a time since Lhere is less chance of error (Orloci and

Kenkel l9B5). Single linkage clusËering (Sneath 1957) is often used as

a basic rnodel to discuss clustering procedures (Legendre and Legendre

I 983) .



The first step ínvolves the manipulat.ion of the similarity (or

dismilarity = distance) inatrix so that the most/least similar pair of

OTUrs are followed by the next most/least símilar oru, etc" This

proceeds until all OTUts have been ordered. rn the second phase,

clusters are formed hierarchically starting wíth Ëhe t\,ro most sirnilar

OTUrs and l-etting the objects clump inËo clusters and the groups clump

to one another as the similarity criËerÍa is relaxed" The rule used Ëo

assign an object to a single linkage cluster requires that an gTU has a

simí1arit,y, at least equal to the considered level of the porti.on, \,¡it.h

at least one OTU already a raember in the clusËer. Many of the other

rnajor techniques follow similar procedures, however the entrance of an

OTU to a cluster is treated differently. Average linkage or unweighted

pair grouping based on arÍth¡netic average clustering (or UMPGMA) (Sneath

and sokal L973) for example bases entrance not on sirnple singular

similarities but on arithmetic averages of similarities or distances to

each of the members"

Centroid clustering bases entrance on average di-stances to the

centroi.d of a cluster. A centroid of a cluster of OTUts can be irnagined

as the center of a hyperspace surrounding a1l oru's" This procedure

requires recalculation of similarities or distances on the basi-s of the

ne\¡/ or adjusted centroid coordinates after an oru has been added.

Several of the technqiues, weighted average linkage and weighted

centroíd clustering have intricate procedures for allowing for cl-uster

size compensatÍon (sneath & sokal 1973), The lasË of the commonest

group of algorithums is complete linkage. complete linkage is almost

opposite to single linkage and has also been called furËhest neighbour

sorting (Legendre and Legendre 1983). The fusion of orurs depends on



the most distant pair of OTU's" An object joins a group when linked to

all the OTUrs which are already a mernber of the cluster. Two clusters

can fuse only when all OTUts of the first are l-inked Lo a1l objects of

the second and vice versa" The difficulty of including new oru's

j-ncreases as the process progresses (Legendre and Legendre 19s3).

As mentioned previously \,rrong procedures can be chosen. However,

the choice of correct ones is difficult (Orloci and Kenkel 1985). The

correct choices are primarily based on the st.ructure of the data set and

tlr.e ultimate purpose of the study. rn many instances researchers

utili-ze a variety of approaches in order to obtain a broad picËure of

the data" rn a study of Daucus carota, sma1l (1978) presented

dendrograms for nine different clustering procedures. Comparísons r^rere

made between these in order Eo develop an overall synthesis of Lhe

complex under study. This is, however, somewhat of an exÈreme example.

¡'fost researchers use tI4ro procedures to ensure thaË ei-rher technique is

not distorting the data representation. Single linkage clustering has

been recommended (Legendre and Legendre 1983) as a good position to

start. The procedure is well suiÈed for the identification of

intermediates between groupso Chaining or the sequenti-al addition of

OTUts to the clusEer rnay be Ëhe result if the groups are not sharply

defined (Orloci and Kenkell I985).

Other equally informative mathemaËical techniques which are not

related to cluster analysis directly can also be applied to

inul-tidirnensional data sets. These procedures are variously referred Ëo

as ordínation (Legendre and Legendre 1983). I{hereas cluster analysis

seeks to determine relatively homogenous subsets of the oruts and

thereby produce a classification, ordination at.tempts Ëo represent OTUts



as PoÍnts in some hopefully low dimensional space with distances between

points refl-ecting relationships (Dunn & Everett Ig82)" No

classification is irirplied with these procedures, They are more of an

ordering on a reduced scal-e which can assist in interpretation of the

data. Ordínation techniques that are commonly used in data exploration

include prJ-ncipal component analysis, cannonical analysis, reciprocal

averaging and non-metric multi-dimensional sealing (NI.DS) (Orloci and

I(enkell 1985)" With the exception of Nl'fDS a1I the rechniques arrempr to

determine l-inear rerationships in the data set (Fasham 1977). rt is

possible to determine linear trends in many daEa sets, however if the

real trends are non-linear, int.erpretation of results may be at best

tenuous or even erroneous. NlrlDS on the other hand makes fewer

assumptions (Orloci and Kenkell 1985, Kruskal r964a, b, Shepard rg74)"

NMDS as described by KruskaL (r964a, b) altows greater choices of rhe

input resemblance structure which widens the choice of

similariEy/dissinilarity coefficients that can be utilized. The number

of dimensions is specified a priori hence no information is lost or

discarded by higher axeso Tvro dimensions are t.he easÍest to interpret

and nost commonly utilized. rn Ëhe other techniques, such as principal

component analysis information may be lost to higher dimensions (Fasham

1977). In a tyPical principal component analysis the first tv/o axes may

explain 60 to 80 percent of the variati-on present whÍle Ëhe remaining 20

to 40 percent is not consi-dered." In NIIDS 100 percent of the variation

is represented. NMDS conceptually finds an arrangement of individuals

in a reduced metric space such that Ehe pair wise distances in this

space are as closely monotonic as possible with the original data matrix

(Kruskal 1964 a, b). lbnotonic relationships irnply thar rhe rank ord.er
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of the variables in Ëhe tv/o matrices are the same. NMDS Ís not a

modeling tool. rt is a data exploration technique Ëhat allows

visual-ization of data in reduced dimensions while maintaining as far as

possible the distance relationships between the objects. It hopefully

achieves a concise and assimílable representation of the essential-

patterû of st.ructure Ehat is more or less hidden in a given array of

numerical data"

2"I"4 Phenotypic plastíciry

The genotype of a particular plant is the sum total of the genetic

determinants but any particular genotype can give rise to a range of

phenotypes, depending on environmental variabl-es (Grant 1975). The role

of phenotypic plasticity has been recognized as irnportant but has been

largely neglecLed by taxonomists and bÍ-osystematists (Moriset and Boutin

1984). Bradshaw (1965) has shown rhat plasticíÈy or response of a

partícular character or genotype with respect to a given environmental

factor varj.es betr¡reen individuals, between populations and between

species" Moriset and BouÈin (1984) make the dístinction between

developmental and environmental plasticiEy, As the narne ímplies,

developmental plasticity relates to the ontogenetic development of an

organism. Alternation of the phenotype occurs during different parts of

the life cycle" This is arso known as fixed phenotypic variation

(Bradshaw 1965). Environmental plasticity results when the phenotype is

modified by environmental stimuli (lfcriser and tsoutin l984).

Environmental plasticity enables the plant to toleraËe or compensate

when growing under non-optimal conditions. This is generally referred

to as an adaptive strategy which permits the planË to respond to

environmenËal variations that are Èoo small to permit adaptation Ëhrough
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genet.ic differentiation (Bradshaw 1965), These are most evident in

pioneering species which may develop different forms depending on

habitat condition (lvforiset & BoutÍn L9S5). One of the problems that has

troubled researchers is the difficulty of studying this phenomenon. The

response of a plant to environmental stÍnuli is often complex. Factors

such as nuLrients, ËemperaEure and moisture are often interrelated.

leading Lo resulËs which are difficult to i.nterpret. Experimerrts,

particularly in the field, are difficult to conduct (Hurlberr l9B4).

Hor^rever for an indepth study of a particular taxa phenotypic plasticity

should be included. Moriser and Bourin (I9s4) suggesr dividing rhe

phenotype into two essential components, the genotype and the

environment. Only with detailed programs will a better model result"

Such studies are valuable (essential) for characters which are being

utilized as taxonomic descriptions of an organism (nriggs & tr{alters

I e84) .

2"2 Plant Propagation

2.2.I IntroducÊion

A knowledge of plant propagation is essential in Agriculture, This

is very evident in ornamental horticulture where aspects of both sexual

and asexual propagation are important. Seed propagaÈion information is

necessary for breeding programs while asexual techniques such as cutEage

and graftage are often required to maintain a particular genotype

(Allard 1960, Harrman and Kester 1983)"

2"2.2 Seed Dormancy

One of the rnore important obstacles that may influence seed

germinatlon is seed dormancy (Khan 1977)" Viable seeds that fail to
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gerüinate in favourable condi-tions are considered to be dormant (Villers

1972) rvith dorrnancy being a state of growth and reduced metabolism

(Salisbury and Ross 1978). Seed dormancy is very common in woody plants

(Schopneyer I974). Factors which have been influential in controlling

seed dormancy patterns have been reviewed by Nikolaeva (1977 ) who

utilized the basic concepts as outl-ined by crocker (1916). Two maín

groupings were recognized" These are exogenous and endogenous

dormancy. Exogenous dormancy relates to physical, chemical or

mechaníca1 ímpediments to seed germination generally caused by seed

coverings" Endogenous dormancy relates to internal constraints such as

morphology and physiology that can influence seed germination.

Morphological considerations such as immature embryos and physiological

considerations such as growth inhibitors or lighÈ requirements often are

inportant in dormancy regulation.

Various techniques of seed coat modification or scarification are

useful in overcoming exogenous dormancy while stratification in moisË

media under specific temperature conditions to after-ripen the seeds can

be utilized to overcome endogenous dormancies (Hartman and. Kester

I9B3)' Combinatj-ons of both endogenous and exogenous dormancies are

also known (Nikolaeva I977)" In these situations scarification and

stratification are both required. Such a si-tuation is evident in Cornus

stolonifera (Davidson 1979).

References to germination of PoËentilla fruticosa seed are few.

According to currah er a1. (1983), Grewal and Ellis (Lg7z), Elkíngron

and Woodef (1963) and Rhodes (1954) seeds germinate readily wirhour any

pretreatment" The gernination percentages range from 20-95 percent"

Meshinev (L973) determined that light during the germination period
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increased the rate of emergence but had no effect on germination

maximums. He suggested that a very light covering of media be used.

Thj-s was to prevent rapid drying of the seeds or newly emerged

seedlings. Greater variability was obtained when the seecis remained

uncovered"

2"2"3 Cuttage

The rooting of cuttings of various plant parts is a wídely

pracËiced rnethod of planl propagation (HarEman and Kester 1983). parts

such as stems, leaves and roots have been used for many species, however

between and within species the success rates are highly d.ependent on the

parts selected and procedures uÈilized (Janick 1979). Trials with each

species and ofEen cultivars are required to determine suitable

conditíons for rooting.

Hartman and Kester (1983) have revíewed factors which may influence

success rates. These are divided into three general areas:

I) Selection of the cuttíng material which includes the condition
and age of the stock plant, Ëype of wood selected, presence of
viruses and the time of year that the cuttings are taken.

2) Treatment of cuttings including growth regulators, mineral
nutrition, fungicídes and wounding.

3) Environmental factors during rootíng including water relations,
temperature, Iight and rooti_ng medium.

Potentilla fruEicosa cultivars have been classified as eas]-te-

root" (van de Laar 1982, Freeland 1977, Bowden rg57). The extent of

knowledge of facÈors ínfluencing success rates are meager (Freeland

1977). she suggested that cuttÍngs can be taken from early summer

through fall and both bottom heat and rooting hormones are helpful,

Predictíons of the ability of a cutting to rooË during the growing
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season is difficult, Several approaches have been tried to help define

a "rooting winciow" " A rooting window is a period of time when rooting

is most successful" cram and LindquÍst (196I) proposed the use of

moisture content. Rooting of Caragana arborescens Lam" declined when

toist,rre content of t.he cutting dropped below 70 percent. Kend.er (1965)

found that the time of shooË tip abortion of Vaccinium angustifol-ium

AiË. was a good indicator of when rooting success would decline.

Cuttings taken after this period rooÈed poorly.

Adams and Roberts (1967) tried to use Lerminal flower bud size of

Rhodoclendron sp" to define Ëhe best rooting window" Measurements of

flower bud size were t,aken and correlated with rooting successo

Interpretation of the results suggested that a firm relaËionship was not

evident. Differential growth rates of shoots and buds limited the

utility of this procedure. Propagalors still largely rely on experience

to determine when the best period to take cuEtings of a particular

species or cultivar (Ltartman and Kester 1983).

2.3 Flower Colour

The genetics of flower colour have been well studÍed in many

species (Grant L97l), This has resulÈed in developmenÈ of a generalized

model for gene action (Paris et al. 1967). This model is based on

accumul-ated evidence from seventy-five different species of flowering

plants. Paris et al" (1967) have proposed that five major genes are

responsibl-e for col-our and one to several genes may be involved in

intensification, bleachíng or diluEion" The major genes are:

I4l = colour ww = white P = purple, magenta
Iv = non ivory iv ív = ivory pp = pinks, roses or reds
Y = non yellow yy = yellow
B = purple, magenta bb = blues
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There have been no direct studies on inheritance of flower colour

in P" fruticosa. Clausen and Heisey ( 1958) in an extensive analysís of

Potentilla glandulosa Lindl. developed a genetic mod.el tha¡ dealt wiÈh

flower colour. Due to the relaEive uniformiEy of flower colour

inheritance in general (Paris et al, 1967 ) it is not' unrealÍstic that

colour inheritance ín P. fruticosa would be sí¡nilar.

P. glandulosa is a long-lived herbaceous perennial Ëhat is easily

hybridized. Clausen and Heísey ( 1958) initiaËed rheir comprehensive

study of Ehis species in 1932. Crosses \^/ere made between different

subspecies and progeny \,/ere grovrn and evaluaËed over many years at

different locations on an elevational gradient" P. grandulosa typica is

a white-creamy r¿hite plant; subspecies reflexa is deep yel1ow;

subspecies hansenii is cream; and subspecíes nevadensis is cream-whÍte.

F2 progeny from Ëhe origÍnal crosses \^/ere used to develop inheritance

models. They determined Ehat there \^tere at least two pairs of mu1Èip1e

whitening genes w1 and tri2 and two paÍrs for yellow: deep yellow y1 and

lemon yellow Y2, The action of a bleaching gene B1 was also suspected.

The action of the I^I genes tends t.o cover the effects of the y genes and

in Èurn deep yellow Y1 tends to cover the pale lemon yellow y2 although

there is not complete epistasis. ThÍs system establishes a delicate

balance in the intermedi-ate colours which was also nodifÍed to varying

extent by the environment. Their observed frequencies r¡rere not always

in close agreement with the calculated but they felt thaË these were due

to the inherent difficul-ties of classificat,ion" Calculated ratios also

do noL take into consideration genetic linkage and crossovers which

r.rould shift the ratios. They did not rule our the possíbility of more

genes operatíng but lacked data frorn additional generations required to
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Ëest the hypothesis.

The environmental variabÍlity of flower colour noted by Clausen and

Heisey (1958) is also apparent in p" fruticosa (Roberrson 1984). This

variabÍlj-ty Ís most evident in cyanic taxa but is also present in

acyanic planËs. Cyanic taxa of P. fruticosa derive their "redness" from

Ëhe production of anthocyanins, Yellow colours are due to carotenoid.s

and flavonoÍds other than anthocyanins are responsible for white

(Robertson 1984). Flower pigments production is affected by high

temperature. Anthocyanin synthesis was the most variable with almost a

complete cessation at 30oC. Changes in carotenoid.s were also observed

but these did not result in drastic petal colour changes. The rates of

loss of anthocyanin production varied among the taxa studied " UþL 7gO4

and UM 79Il were among the more stabl_e types identified"

2"4 Double Flowers

PlanËs bearing flowers \^/iËh extra peËals or double flowered. have

long held interest for the horticulturj-st. According Eo Reynolds and

Tampion (i983) Theophastus (372-387 BC) was the firsr horriculrurist ro

record observati-ons about plants bearing extra petals. Reynolds and

Tainpion (i983) recenEly revj-ewed double floweri-ng plants in relation to

history' occurrences' developmental and physiological considerations as

well as genetics, several speci.es have been well studied eg" Rosa,

Aquilegia vurgaris L., Petunia hybrida Hort., Narcissus and calend.ula

but, for most plants there is relatively little informati.on. Double

flowers r¡rere reporÈed for tir¡o herbaceous Potentilla species; P. rept.ans

L. and P.

fypes are

Ëomentilla L. (Reynolds and Tampion 1983). Several cultivated

also known to bear extra petals. The most recent int.roduction
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has been P" hybrida 'Doubl-e French Hybrids' from Royal sluis co. in

Hol-land" The next most common

Nancyr. Extra petals are also

double flowered cultivar is 'G1ory of

known in P" fruticosa (tsowden 1957, Lenz

I97O). The triploid cultivar tHersit occasionally produces extra petals

and cv. rsundancet, âD introduction from the university of Mánitoba

(Lenz 1977) has between one and six extra petals above the basic

complì-ment of five. This was one of the maÍn selection

the development of the cultivar.

Studies on the genetics of doubl_e flowers although

not very common" Such studies are often complicated by

double flowers (Saunders 1928). Stamens and/or carpels

due to the presence of extra petals"

criteria used in

not rare, are

sterÍlity of

may be lacking

The number of genes affecting petal number varies considerably with

the plant studied. A summary of reports from a wide variety of plants

was made by Beatty (i937). In 17 out of 49 studies examined a domÍnant

gene vras responsible for doubleness. The remaining 32 were due to

recessive factors " 36 out of 49 lnad only one factor pair invol-ved while

seven had two genes and two were undetermined. Eight different studies

suggested that from one to three modifiers were lnvolved in

determination of actual petal numbers. More recent studies (Lambert

L945, Johnson 1953, and Nugent and Synd.er L967) follow similar trends.

Crane and

i-nvolved

Lawrence (1938) were

in Dahlia variabilis,

unable t.o determine the number of genes

however, there \¡/ere more than four. The

160 to I70 perals while rhe sÍngle haddouble flowered L¡ahlia used had

eight. Aftered segregation ratios are also known in several species"

In Aquilegia doubleness Ís inherited maternall-y and probably cytoplasmic"

(Rousi 196s). Poll-en from al-l forms of the double crossed ori to a wide
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EnvÍronmental- factors affecting the expression of doubleness of a

particular genotype have been reported. Low temperatures (5" to rz"c)

increased petal numbers in rose and carnatÍon (Moe 197r, Garrod and

Harris I97 4) whj-le in Freesia and Kerria j aponica L. ( Baer and l(ho L97 I ,

Reynolds and rampion 1983) high ternperatures resurted in complete

reversion to single flowered plants that were genetically double.

range of single flowers

from singles or doubles

plants. Genetic linkage

is knov¡n to have caused

(Johnson 1953).

produced only single flowered plants yet pollen

on d.oubles produced only double flowered

of the double flowering gene ro a pollen lerhal

altered segregation ratios in lufathiol_a incana

temperature at

with increasing

taxa examined"

the expression

petals were

Robertson (I984) found that petal number was affected by

bud initiation in P. fruticosa. Petal number increased

temperature buÈ the extent of variation depended on the

lvloisture rel-ations were also irnplicaEed ín variation of

of doublenesso Under dry conditions, numbers of extra

generally l-ower.
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3" O I'4ANUSCRIPT I: EXPERI MEI{TAL TAXONO I'fl

PotenËi11a fruticosa

SHRUBBY CINQUEFOIL;OF

L.

3" I Introduction

The shrubby cinquefoil is widely distributed throughout the

northern hemisphere of the world. It is also a common ornamental shrub

wit.h more than 80 named cultivars (van den Laar l9B2). It has long been

a source of taxonomic confusion and controversy. This in part nay

relate to the use of the plant as a landscape ornamental (van den Laar

r9B2) and partially to an incomprete Eaxonomic understanding of

naturally occurri-ng taxa (Hulten r97r) " p. fruticosa was init.ially

described by Linnaeus in 1753 (pr. 495) from marerial collecred in

Oeland, England and Siberia. From that poÍ_nt to the work of

Handel-MazzetLL (L939) and Juzcepchuk (I941) nunerous ner¡r species,

varieties or f orms were described (Crantz 1766, I¡/illdenows 1813, Pursh

1814' Loddiges 1824, Hamilron L825, Don 1625, Lehmann 1831, Rafinesque

1840, Iulaximowicz r873, h/atrs, L873, Rydeberg 1898, 1908, Farrer LgL6,

Rheder 1922, L924, L929, 1960, Besanr 1927 and Fernald 1935).

Handel-l4azzetLi (1939) dealing with Asian taxa, recognized four

species; PoEenEilla arbuscula D. Don, p. parvifolia FÍ-sch, !. glabra

Lodd, and P. davurica Nestl. These were in addition to p. fruticosa

which r^/as not discussed. The principle differences of the four

described species involved leaf size, leaf vesËure, leaf venation,

flower colour and plant habít. Handel-l'fazzettí (1939) also recognized

four hybrid taxa; P. x vilmoriana (Komar) Konken (p" arbuscula var.
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albicans x P" gl-abra var. uandshurica), p" x Rhederiana Hand-}.{zt (p.

parvifolia x P. fruticosa), P, x Sulphurescens Hand-blzt (P" arbuscula x

3. gfabra and P" x Fredrichsenii Spath (p. fruticosa x p. glabra)"

Juzcepchuk (I941) adopted the generic name Dasiphora, after work by

Rydeberg (1898, I90B). Six species and one hybrid grouping were

described and are summarlzed Ín table l. According to stace (19s0)

Juzcepchuk usually recognized species rather than varieties or forms.

Rheder (1960) presented a more conservative viewpoint, Ile

suggested all- taxa berong to the same species p. frutÍcosa with the

understanding that it was a morphologlcal variable grouping. He listed

fourEeen forms and one variety. Hara ( 1952) while studying AsÍan taxa

came to the similar conclusion stating;

"the differences betr^¡een those species and P. frutícosa are
not so clear and regard them a1l as geographícal varieties
of P. fruticosa""

Löve (I954) considered there was sufficient divergence between the

North American taxa and Eurasian representatíves for the former to be

treated as a separate species and also suggested the resurection of

Pentaphyloides as the generic name.

Bowden (1957) examined and counted chromosomes for a wide range of

members. The najority of taxa were diploid (2n = 14) but triploids,

Ëetraploids, hexaploids and octoploids r¡rere reported" Bowden (1957)

followed the nomenclature established by Handel-lfazzetEí (1939)"

Elkington (1968) proposed recognition of two varieties; p.

fruticosa fruticosa from northern Europe and P. fruticosa floribunda

from Nortir America and southern Europe. Recognition of these was based

on ploídy determinations and sexuality. Taxa from northern Europe are
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often teEraploid and dioecous while NorËh American and southern Europe

plants are diploid with perfecc flowers. Recognition of the varieties

on the basis of morphological features alone \,/as not possible. l-urther

separation of the North American and southern European group h/as not

possible due to considerabre similarity. The only certain met.hod of

identification of P" fruticosa fruticosa v/as to counE the chromosomes.

Even the dioecous nature of the tetraploids is not consistant.

rnterpretation of observations by Tornblom (1911) and experiments by

Richards (I975) indÍcate significant variabitity i-n the degree of sex

expression exists in wild populations.

rn Ìiulten's review of circumpolar plant.s he states thaÈ the

morphology of the shrubby cinquefoil is extremely variable and often

changes dramatically even within a short disËance (Hulten l,g7r). The

often used characters such as leaf size and pubescence show remarkable

variability thus suggesË.ing that previous taxonomic Ëreatments based. on

these are j-nadequate. Hulten states thaË at best the identified types

are races of a variable complex.

Hulten (r97 L) also argued for the retention of the generic name

Potentilla" This was based on studj-es of hybridization between various

herbaceous and woody Potentilla (esker 1970, r97L, 1917, Erris 1962)"

several of these and subsequenË studies also involved Fragaria sp.

(Jelenkovic 1984, Ni-emirowicz-Szczyl| L982, Macfarlane-Smith and. Jones

1985 a & b) " Alt.hough there has been several proposals Ëo change the

generic name of Fragaria to Potentilla none have been followed through.

The pri-ncipal taxonomic difference between the two species j-s the nature

of the fruit. Fragaria have a fleshy fruit while Potentilla are dry and

dehiscent (l'facfarlane-smiEh and Jones 1985a). Kalkman (i968) suggested
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that the only reasons for the retention of separate genera lrere

nomenclatural stabílity and practical useage.

Viability and fertility of hybrids between woody and herbaceous

Potentilla and Fragaria has been very low. Until the work by

I'lacfarland-snith and Jones (1985) no fertile F1 hybrids had been

obtained" This study involved Fragaria moschaËa L. and p, fruticosa

cultivars" Four male sterile seedi-ngs were obtained. All seedrings

resembl-ed the herbaceous parent" Attempts to backcross these by

conventional methods were not successful ( Ibcfarlane-Smith and Jones

1985b). Enbryo rescue techniques rrere employed to obtain seedlings from

backcrosses between an aneuploid hybrid (2n=23) and the parents. Seven

vigorous progeny were obËained" Chromosome numbers were 2n=44, 49, 63"

63, 65, 67 ' 67" The origin of Ehese exceptional chromosome numbers

could be through unreduced and double unreduced gametes

(Ptacfarlane-Smith and Jones i9S5b). The occurrence of double unreduced

gametes have been proposed in earlÍer interspecific hybrÍdization r¡ork

in Potentilla (Munt.zing and Muntzing 1944). Parental chromosome numbers

were 2n=42 (Fragaria rnoschara) and 2n=I4 (p. Éfqg.lcosa).

The shrubby cínquefoil has been used as an ornamental since early

i700 (l'tussel r97r). Van de Laar (1982) lisrs over 80 culrivars. The

taxonomic picture becomes even more clouded if cultivars used in the

landscape industry are included. The correct treatment of cultivated.

taxa is often complicated due to extensive hybridization and selection

(Hawkes I970, Brandenburg I9B4)"

The primary purpose of this study j-s to obcain a greater biological

understanding of thÍs group of plants. Data will be examined from a

phenetic and experi¡nental viewpoínt to determine if the resulting groups



¿+

correspond to prevlous taxonomic investigators or to suggest a more

practical treatment" In addition the extent and potential importance of

phenotypic plasticity of often used taxonomic characters will be

investigated" Finally to identify potential areas where further

hybridization could be used to extend the range of characteristics that

may be valuable in the development of nerv cultivars will be identified,

This requires the determÍnation of relationships of existing cultivars

Eo native types and possible zones of hybridization.

3 "2 l"laterials and l"lethocis

3"2.L PhenotypÍc plasticity of quantitative vesetative and

reproductive characters

It nas been wel-l establ-i-shed that the taxonomic value of a

character varies enormously from group to group and it is difficult to

predíct whÍch are the most useful (stace 1980, Benson 1959). To

determine the extent of phenotypic plasticity, seventeen vegetaËive and

reproductive characters were selected for measurement during the growing

season. The characters were I) flower diarneter (or*), petal length (mm),

petal width (mm), sepal di-ameter (mrn), sepal length (mm), sepal width

(mm), epicalyx diameter (ro*), length of epicalyx bract (mm), width of

epicalyx bract (mm), leaf length (mrn), leaf r¡idth (mm), petÍole length

(rnm) , terminal- leaf l-et length (mm) , terminal leaf let width (m), stipule

length (nmr), sËipule width (mm), and the number of leafl_ets.

luleasurements \¡/ere obtaj-ned for eight taxa; p. fruticosa - North

American, P. fruticosa - European (2n = zx), p. fruticosa - European (2n

= 4x), P" fruËícosa - Scandínavia, P. arbuscula, p. parvifol_ia, p.

glabra and P. davurica 'Hersi' (2n = 3x). Five samples were obtained.
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from each of two established plants growing in the Universit.y of

I'{anitoba test garden. Vegelative characters v/ere sarnpled every t\¡zo

weeks from mi-d-June to September 1984 while reproductive structures r^/ere

sampled from l-ate June to september 1984. The second fully expanded

leaf was used for vegetative measurements while the primary flowers of

an inflorescence were sampled for reproductive characËers. The <iata

were analyzed by analysis of variance procedures.

3.2.2 Numerical Taxonomy

To assess the morphological variation I27 operational taxonomic

units (OTU) \,,/ere sampl-ed during August/september L984" oru's included

66 cultivars, 5I North American representatives and I0 Eurasian !axa,

The I'Jorth American taxa v/ere collected as indj-cated in figure I. A

complete list of all taxa is presented in Appendix I.

Forty-sqyen characters \{ere assessed or measured (Table 2). The

means of quantitatÍve characters were calculated on five samples. Leaf

measurements and assessments were conducted on the second fully expanded

leaf on a stem. Reproductive character measurements and assessments

utilized the primary flower of an inflorescense. Colour assessments

were made with the assistance of the Royal Hortj-cultural SocieËy colour

charts (1938, 1941).

The nonmetric general- similarity coefficient of Gower (I97I) was

calcul-ated for each pair of taxa, The Gower coefficient permits

combinaEion of both qualitative and quantitative descripËors. Details

of the calculation and the fortran program used are presented in

Appendix 2.

distances the

procedures of

After conversion of the similarity measuremenËs to

coefficients vrere sorted by the agglomerative hierarchicaf

singl-e linkage cl-usterÍng and weighted pair group
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FIGURE I COLLECTION SITES FOR NORTH AMERICAN TAXA



TABLE 2. Li-st and mode of assessment for characters* recorded in study
of taxonomy of the shrubby cinquefoil

Character Code *å- Assessment }lode

A. Reproductive

Abundance of fruit AtsSED norre o.. very abundant
Calyx diameter SEPD rrìm

Duration of flowering DUR long ( ô0 days), medium (30-60
days), shorr ( 30 days)

Edge of epicalyx EBCT smooth, toothed, notched
Edge of sepal ESEP smooth, Ëoothed, notched
Epicalyx bract length BRLEN Ðm
Epicalyx bract widrh BRI,{ID ûur
Epicalyx diameter tsRD ûìm

l-loriferous rating FLORR low ... high
F-lower colour FCOL Royar Horr. soc. colour chart.s
Flower dÍameter FLD nm
lubture f ruit col-our SDCOL dark brown, brown, light brown
Number of petals NEPT count
Peduncle length PEDL ûtm

Peduncle vesËure PEDPUB glabrous ... tomentose
Petal lengËh PETL nm
Petal width PETI,,/ mm

Prominance of fruit PROSED hidden, visible, proninent
Sepal length SLEN ûùn

Sepal width SI,üD mm

Stamen colour STCOL yellow - yellow orange
Timing of flowering TIM contí-nuous, sporatic, cyclic

B" Vegetative

Deprh of stipule notch DNOT mm

Form FOM round, ova1, spreading,
irregular

Inner stipule vesture ISTPUB glabrous Eomentose
Leaf col-our

Leaf length
Leaf texture
Leaf venation
Leaf width

LCOL light greene green, dark green,
silver green, blue green

LLEN mm

LTEX fine coarse
LVEIN smooth .. " rugose
LWID mm
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Lower leaf vesture LLPUts
Mid-rib vesture I"]RPUB

Number of leaflets NLL
Outer stipule vesture OSTPUB
Petiole length PETOLEN
Petiol-e vesture PETPUB
Plant height (average) HGHT
Plant width (average) WID
Secondary leaflet length SLLLEN
Secondary feafl-et width SLLI4ID
Stipule length STLEN
Stipule membranous STMEN
Stipule notch STNOT
Stipule width STWID
Terminal leaflet length TLLEN
Terminal leafl-et width TLLWID
Upper leaf vesture ULPUB

glabrous
glabrous
count
glabrous
mm

glabrous
cm

cm
nm
mm

ÍIIIN

yes no
present,
nn
ituft

mn
glabrous

tomentose
tomentose

tomentose

tomentose

absent

tomentose

* See text for explanation of sampling procedures.
** CODE = symbols used in appendix sumuary (Appendix III).
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clustering based on arithmetic averages or average linkage (sneath &

Sokal L973)" Finally an ordi.nation technÍque, non-mecric

multidinensional scaling (Kruskal L96Sa, b) rvas performed to províde an

additional- visualizatLon of the data in a reduced number of dimensions"

3"2"3 Cytogenecics

Chromosome counts were conducted for all taxa under study.

Techniques used v/ere as described by Bowden (1957 ) except that a tú/o to

three hour cold treatment prior Eo fixation r./as incorporated to condense

the chromosomes which enabled easÍer counting.

3"2"4 Gene Exchange Trials

3.2"4" I ltloody pl-ant hybridization. To assess breeding

relaÈionships a toÈal of eleven taxa lrere selected as parental material

(Tabre 3)' Ir/ith the exception of P. davurica all plants were well

established in the Universíty of Manitoba test garden, P. davurica v¡as

obtained at the initiat.ion of the study and subsequently transplanted

and grown in the same area. Parents one to eight r¡Jere cross pollinated

in arl combinations including selfing (diallel crosses) while only

selected backcrosses I¡Iere performed with parents nine to 11. A minimum

of ten pollinations vrere attempted except with P. davurica.

Insufficient flowers reduced crossing levels in some cases. Addítional

crosses were made if seed set r^/as low or variable. pollinations \{ere

compreted in the field or in a growth room with pot.Led plants during

June 1983 to August L984" The flowers \^rere emasculaEed prior to

ant.hesis. The pollinations r¡rere completed within 24 hours either by

rubbing mature anthers repeatedly over the stigmas or wíth the use of a

camel hair brush iL-roculated $/ith freshly collect.ed pollen. After

pollinations, flowers were immediately enclosed in glycine bags" A1l
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TABLE 3" Parental taxa used in
PotentÍlla fruticosa

the breedÍng relationship study of

Taxa RegÍon of 0ccurrence
Chromosome

Source number

I P. fruticosa

2 P. fruticosa

3 P. fruticosa

4 P" fruti-cosa

5 P. davurica

6 P" glabra

7 P" parvifolia

B P. arbuscula

North America

Europe

Europe

Scandinavia

E. Siberia & ChÍna

E. Siberia & China

Mid Asia

SE Tibet, trvÌestern &

Northern China

P. parvifolia x
P. frut.icosa

P, fruticosa x
P" arbuscul-a

P" fruticosa x
P. glabra

U}fC

RSM

RSM

RSl"f

SKI tr?k*

RS}4

RSM

RSM

RSM

RSM

RSM

L4

T4

10LO

I4

I4

T4

I4

t4

I4

I4

I4

+

IO

11

P. x Rhederi-ana

P. x Sulphurescens

P" x Friedrichsenii

:l University of Manitoba collection, I"Iinnipeg, Manitoba.
** RSM = Agriculture Canada, Research Stati-on, Morden, llani_toba.

*** SKI = Skinnerts Nursery LEd., Roblin, l"lanitoba.
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eguiPment \"Ias steriLízed wit-h 951l eÈhanol to prevent contamination.

Self-pollinations were conducted utÍlizing two methods. Flowers

were either enclosed Ín glycine bag prior to anthesis (autogamous) or

T,vere emascul-ated as previously described and fertilízed with po1len from

same plant (geitonogamous). As apomixis is known in Potentilla

pollinations !üere also made wíth foreign pollen (Nygren 1967, Asker

1977, Goswami and MatfieLd 1974). Rosa pollen was used in the rnajority

of these pollinations.

If possible all crosses were conducted with the primary flower of

the inflorescence. Al1 other fl-owers or buds v/ere removed at the time

of emasculation" The mature fruit was collected 30 to 40 days after

pollination. Ripeness was vÍsually determined" Seeds were manually

extractecl, counted and placed in paper envelopes in cool, dry storage

unËil- planting. Due to small seed sÍze and difficulty of distinguishing

betÍ/een filled and shrunken or shriveleci seed, random samples of all

material exEracted from the fruit r^/ere retained"

Seeds l,./ere sovln in a peat:vermiculiÈe media ( I : t vol. ). Emergence

was moni-tored for 40 days and then seedlings \,/ere transplanted to small

plastic ce1l pak containers (6 cm x 3.5 cm x 5.5 cm) containing heat

sterilized soil:sand:peat medj-a (2zL:t vol.). Seedlings r¿ere field

planted the following spring, Samples of shriveled or misshapened seed

were also planted, however, no emergence r^¡as noted.

Due Èo varíation in flower size of the parental taxa and of

possible subsequent effect on seed set, open-pollinated seed set and

mean numbers of ovules were determÍned. 0vu1e courits were obÈained by

dissection of 10 flowers. Open pollinated seed was col-lected in AugusË

1983, and 1984" Seed counts for a minimum of 25 mature fruit were
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conducted.

3"2,4.2 ì,/oody and Herbaceous Plant Hybridizations" Pollinations

were conducted with herbaceous Potentilla representatives to assist in

relationship determinations and to investigate the ease of mating and

Ëransfer of desirable traits, Asker (I910" L97l), Ellis (1962),

Jelenkovic et al" (1984) and Macfarlane-Srnith and Jones (1985 a & b)

have utilízed P" fruticosa in crossj-ng with herbaceous Potentilla and

Fragaria sp. These studÍes related to intergeneric hybridization

haploid product.ion or studies of apomixis. In the present study the

herbaceous plants were all used as the pollen parents since the degree

or extent of apomixis in t,he herbaceous plants Ís unknown" Apomixi-s is

not known in P. fruticosa (nlkington 1968). The herbaceous taxa used in

the crossing program are presented Ín Table 4. Many of these plants

have very desirable characterisËics which if transferred to the woody

plant would si-gnificantly increase horticultural value. These

characters include:
1) increased range and i-mproved flower colours
2) increases j-n f l-ower diameter ( Þ 40 rn¡n)

3) increases in numbers of peuals (È ZS)
4) resistance to spider mites
5) increased range of foliage characters

a^
J"J

3.3" I Seasonal Varíation

Result,s and Discussion

The results of the analyses of variance for reproductive and

vegetative characters are presented in Tables 5 and 6, Interpretation

of these indicates that there v/ere significant differences among taxa,

sarnpling periods as well- as the Ínteraction terms for most characters

measured. This suggests Ehat each taxa lias responding differently Ëo
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TABLE 4. Herbaceous Potentill-a used in crossing with P. fruticosa

P" atrosanguinea Lodd ex D. Don
P" argut.a Pursh"
P" alpina Dallatane
P. arenaria
p. arsenina L"
P" aurea plena L"
P. bipinnatus
P. crantzi G, Beck ex. Fritsh.
P. crarLLzí baldensis G. Bech ex. Fritch.
P" cuneata l,{allÍch ex Lehm
P. nepalensis Hook"
P" nepalensis 'luliss tr{illmott I

P. nitida L.
P. palustris (L" ) Scop"
P. recta L. I l^/arreni t

P. reptans L"
P" rupestris pygmaea Duby
P. subacaulís
P" villosa Pall ex. Pursh
P. thurberi A. Gray
p. Lridentat.a Ait"
P. x tGlory of Nancy'
P. x tGibson Scarletr
P. x tivfons Rouillardt
P. x rDouble l'rench Hybrids'
P. x 'Yellow Queenr
P" salesoviana St,eph" (suffruticose)
Fragaria vesca L.
!'. x ananassa Dush. tRed Coatt
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TAtsLE 5. Analysis of seasonal variatj-on of
quantitative reproductÍve characters in

individual and ratios of
shrubby Potentilla complex

Taxonomic Charact.er Taxa*
Sarnpling All
Time** Dates

Significance of Interaction Term
June 29,
July 13
Samples
Del-ete<i

June 29
Sarnp 1e
Deleted

Fl-ower diameter (rnm)

Petal length (rnin)

Petal width (umn)

Sepal díameter (mm)
Sepal length (rnm)

Sepal widËh (mn)
Epicalyx diameter (mm)
Bract length (mm)

Bract width (nm)

RaEios

Flower diameter/
Sepal diameter

Petal length/
Sepal length

Epicalyx diameter/
Bract length

Q.QQ]**x"
0.00r
0" 001
0.001
0. 001
0 ,034
0.001
0.00r
0" 001

0.001

0.001

o "022

0" 00r
0.001
0,001
0.001
0"001
0.00s
0.001
0.001
0.001

0"376

o "044

0"002

0.011
0.078
0. 001
0.001
0. 001
0. 075
0. 00r
0.00r
0"001

0. 091

0.070

0.233

0.029
0. I84
0" 132
0.006
0.001
0.075
0.001
0"00r
0"001

0. 100

0.051

0 "246

0.026
0"128
0.097
0"008
0. 001
0 .124
0.001
0. 001
0.014

0" 100

0"L76

0.431

* Taxa P. fruticosa - North American, P. fruticosa - European (2n=2x), P"
frutiãosãTEõean (2n=4x), P. fruticosãT-Scandinavià, P. frucicosã
'Hersit (3n), P. glabra, P, parvifolia, P" arbuscula

** Sarnpling tÍmes, June 29, JuIy 13, July 29, August 10, August 24, September
7

trxx VaÌues are probabilities of a greater F value
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TABLE 6. Analysis of seasonal- variation of individual and ratios of
quantitative vegetative characters in shrubby Potentilla complex

Taxonomlc Character l.AXa^
Sampling All
Time** Dates

Significance of InLeraction Term

June 14 & June 14, 29
June 14 June 29 & July 13
Sample Samples Sarnples
Deleted Deleted Deleted

Number of leaflets
Leaf length (ru¡r)
Leaf width (mm)

Petal- length (mm)
Terminal leaflet

Iength (mm)

Terminal leafl-et
width (mm)

Stipule length (rnm)

Stipule i¡idth (umr)

RatÍos

Leaf length/terminal
leaflet length

Stipule length/
stipule width

0.001 0.001

0.00r 0"001

0.001*'.çå-
0. 001
0.001
0"001

0. 001

0"00r
0.001
0.001

0"00r
0.001
0.00r
0.001

0.001

0. 007
0. oOt
0. 001

0.040
0. 001
0"002
0. 001

0. 00r

0. 120
0.001
0"006

0 "2L5
0. 001
0.02
0. 001

0,00r

0. 108
0"001
0. 001

o "202
0,040
0. 382
0"001

0"010

0. 156
0.00r
0"001

0 "222

0 "093

0"176
0.033
0.51I
0.001

0.006

0. 215
0. 001
0"008

0. 160

0"r29

0.920

0 "026

0"L7 5

0. 054

* P. fruticosa - European (2n=2x), P" fruEicosa rHersir (3n), P. fruticosa -
n"ropñ-(2"=4x), p. fruticosa - l¡orttr ¿.rnerican, P. arbusculã, ¿.
frutícosa - Scandinavia, P. glabra, P. parvifolia

** Sampling times, June 14, June 29, JuIy 13, July 29, August 10, Septernber
7 , 1984

*t{* Values are probabilities of a greater F value
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the varying environmental conditions during the growing season. Petal

width and leaf length were se-l-ected to illustrat.e these responses (nig.

2 and 3).

The significance of the interaction term raises the question

whether or not these are "good" characters to use in a taxonomic study.

The variable response could be due to developmental or environmental

plasticity (tjradshaw 1965). Early season gror^rth may be different than

growth later in the growing seasono Similar changes for vegetative

characters have been documented for other species Íncluding Acer

(Critchfiel.d L971, Powell et al. 1982) and Populus (crircfrtield l960).

subsequently the early sanpling periods (June 14, June 29 and July

13) were sequent.ialry removed and the remaining data anaLyzed.. The

remaining periods would stil1 correspond to the general tirne period for

Ehe major taxonomic st.udy. The significance of the lnteraction term \{as

lost in approximately 40:l of the cases.

RaEios of various characters \,rere calculated to deEermine Íf the

significant interaction Eerrn would be lost. Ratios have been previ-ously

used (Juzcepchuk r94I). Ratios of components r^/ere ca]culaEed and

treaEed in a si-milar manner (Tables 5 and 6). These were superÍor due

to both Ehe loss of the significant interaction term and potenÈially

conveying greater taxonomic informaÈion by enabling more descriptors to

be used" As a consequence of this discovery the only quantiÈive

measurements used in Ehe subsequent analysis r¡/ere the ratios presenÈed

in tables 5 and 6"

The significant interaction term raises some interesting questions

concerning the use of quantitative characters in taxonomíc studi-es" Are

the interactions signifícant in taxonomic terms or do they represent

relatively srnall changes which have sEatistical significance but liníted
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OT

or

less biological meaníng. Are ranked data subject to similar problems

are the categories generally broad enough Ëo avoid this difficulty?

Does variation in times of sampling in previous studies make

comparisons beEween different studj-es meaningful? Sexual maturiEy is

frequently used as a biorogical ind.icator for sampling (Benson 1959).

However in a plant such as Potent.illa sexual roaturity occurs through the

major part of the gror,ring season" Flowering on field groÍ.rn plants in

this study occurred from early June through Eo l-ate october.

Are sample sizes significantly large? rn the present study two

replicates of five samples each were obtai.ned. How may more intensive

sarnpling be handled efficiently and economically?

rn species that are known to be phenotypically plastic, character

expression varies from l-ocation to.l-ocation and year to year (Bradshaw

1965)" Only through study and evaluation over a number of environments

and years can response patterns of different genoEypes be determined

(Clausen and Heísey 1958). l'rom these sËudies salient features can be

extracEed and used in further taxonomic studies. The use of conÈrolled

environment facilities and experimental gardens is considered. í¡aportant

(tuoriset and Boutin 1984).

Phenotypic plasticity is well known in plants with such examples as

Ranunculus and Polygonum of ten cited (Briggs and. i.n/alters 1984). However

plasticity may be much more subtle and require years of study to

investigate. Biosystematic studies that include phenotypic plasticity

assessments are not coûmon (Moriset and Boutin L9S4).

3.3"2 Nurnerical Analysis

The mean values for the measurements of each OTU are presented in

Appendix 3. The sinilarity coeffícients deteruined by Gowers general
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coefficient bet\^reerr each pair of OTUrs are presented ín Appendix 4"

These val-ues are difficult to compare due to the large number of

individuals involved in the study. Cluster analysis enables signi-ficant

data reduction and hence easier interpretation.

A typical phenogram obtained by single linkage clustering is

presenLed in Figure 4. single linkage crustering generally gives an

accurate picture of relationships between pairs but has a tendency to

chain particularly if intermediates are present (Legendre and Legendre

1983)" chaining Ís the sequential addition of taxa ín a stepwise

fashion" The distance bet,ween individuals is generally sma1l. Chaining

is evident in figure 4 and as a consequence fornation of strong,

distinct groups is noE apparent. North American representatives show a

general affinity, however, several taxa are scattered throughout the

entire phenogram" Trends relating to the collection sites are not

apparent. Plants collected in Manitoba had equar affinity to those

collected in Al-berta. No elevati-onal or latítudínal associations are

visible eíther. Eurasian taxa are also scattered as are the cultivarso

very little development of clusters is apparent. The principal reason

for this likely relates to the general sirnilarity of the taxa" This is

substant.iated by the minimum distances betr¿een group or individuals.

The rnajority of taxa have l-ess E]nar- 20"/" difference (8oZ similarity)

(Appendix 4) 
"

The results of the unweighted pair grouping analysis are presented.

in figure 5' General trends are similar but chaining is less evident.

There is greater internar organLzation of rhe oruts. North American

OTUts again group fairly well- but ouÈliers are evi,dent" No associations

base<i on collection siËe, elevaEion or latitude are present. l"iany of
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the Eurasian taxa and known hybrids have cultivated types

arbuscula and the cultivars tassociated" For example

Daresburyt , rsutters Gold , tLongacret, t700t and ttrrlhite Goldt form a

fairly compact grouping. It is apparent that this clusterÍng procedure

is more successful in this respect than single linkage. However, the

distances between individuals and groups stilt remains quite small-. The

majority of taxa retain an overall similarity of r'ear g0%. Thus the

groupings t.hat are evident can not be considered definitive.

The ordination results are presented in figure 6. The actual

stímulus co-ordinates are presented in appendix 5" once again, the

native North Aurerican representatives are fairly tightly grouped but

several representatives are scatEered throughout the figure. Several of

the associations visible in the cl-uster analysis are also apparent with

this analysis. For example, similar taxa are grouped around. p.

arbuscula as \^/as observed in the cluster analysis. There Ís a greater

tendency for cultivars to be spread generally. More cultÍvars are

situated close to the native grouping indicating a closer association

than observed in the clustering phenograms"

The greatest differences betrveen the cluster analysis and the

ordination are observed in the treatment of two taxa, p. fruticosa -

European (zn = 4x) and P. glabra. These plants are the first to split

off fron the pack in the cluster analysis and appear quiËe similar Ëo

each other. This distinctiveness Ís evident in the NMDS ordination,

however there is little similarity between the Èwo taxa, They appear Ín

distinct positi-ons in this analysis" p. glabra ís a low mound forming

planË, densely pubescent and bears few creamy yel1ow to light yellow

flowers. The tetraploid representative from Europe is noLed by

closely

Fran Ladyt
t



@

@@

@ g B@aa
6 ¡¡Egt 

""" 

t"tuan

EtoE'
Ae

ø Í.¡OBTH AUEßICAN TAXA

A EUßASIAN TAXA

@ CULTIVABS

&¡
a l5

@
(Ð 6

@
Â

OO
o

6
gø 

@

@

€

o@
@

6

ca
g

s. @8
.t¿o rg

-3.o

@@

(þ

FIGUßE 6. 8ELATIOHSHIP OF 127 SHßU88Y CINOUEFOIL DETERMINED 3Y NON-METRIC

6@
@

@

@

@ø

@

-2.O

@

& E6

@@

@

@

@
@ø

@

@

@

- 1.5

@6

@

(&

@ø

6@
@

A

@

o,5 0.o

DIMENSION I

@

@

o.5 1.o 1.5 2.0

MULTIOIMEt{StONAL SCALTNG (SEE AppENDtX S )

g8

@

STRESS =O.27

.F
-Þ



45

relatively small, nearly glabrous leaves, a profusion of bright ye11ow

flowers and an oval shape. It is unlikely that the tetraploid naÈure of

the plants is responsible for unique characteristics since tetraploids

are very difficult Ëo distinguish except by chrornosome counts (Elkington

L968). In addition tÍ,/o other tetrapl-oids spl-it off much later than this

representative.

The clustering procedures may have resulted. in the close

positioning of these two taxa. These are more dissimilar than any other

representative and this through the process of eli-mination are the first

two plants to be positioned. Hence their close proximity to each

other. In the ordination a better positioning results since all taxa

are treated equalry in Ëhe space condensatíon process. Differences

between clustering and ordj-nation are not uncommon (Orlocj- and Kenkel

1985)' These discrepancies may be useful indication of where further

research is required.

In previous Eaxonomic treatments flower colour was used to assist

in species delineation. There is little evidence that this character is

responsibre for any groups posËulated" I,Jhite, light creamy yellow,

creamy yellow and bright yerlow taxa occur throughout the groups. The

observations of Farrer (1916), an early plant explorer are important to

recall (page 90, 91)

the pure white forms are abundant a1l over the
foothills of the siku Alps and only tov¡ards the highest
li¡nits in rhe turf at 12,000 feet does it seem to pass into
a yellow form.,. in the Ti_betan Alps, opposite Jô-ni the
va11ey bottoms are filled with masses of deep and brilliant
gold, while higher up the r,¡hite forms comes into fuller
possession" The golden types passes to pure white by
innumerable graduations of cream, amber, citron, butter
yellow, saffron, sulfur and cream ..,"

i{e suggest that flower colour is not a good character for species
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delineation in P, fruticosa.

In a general overview the grouping of North American, Eurasian and

associated cultivars appears fairly homogeneous. The overalt similarity

supersedes any general development of groupÍngs. The variation observed

appears Eo represent a continuum rather than concrete organization, In

a study of Daucus sp. and cultivars smafr (1978) coined the term

"mongrelizatíon" to explain the obscuríng of racíal lines. Artificial-

sel-ection and hybridi-zation both natural and induced may have clouded

any firm natural grouping. This is often the case j-n cultivated plan¡s

(Hawkes I970)' There is also additional evidence to suggest ¡hat racial

separation \¡Ias not strong initially (Hulten r97r, ElkÍngton 196g,

Elkington and L'/oodel 1963, Bowden L957 arrd Hara 1952)"

3.3.3 Gene Exchange Trials

3.3"3.1 Self pollínations. A summary of the results of

self-pollinations is presented in TabLe 7 " Self-incompatibility indices

sirnilar to that described by Gornall and Bolm (i984) were cal-culated for

bolh seed set and seedlings per pollinarion (seedling yield) by

expressing the means as a percentage of outcrossed seed set or seedling

yield. rnterpretation of this table indicates that most taxa are

self-Íncompatible (SI). P" arbuscula and P. x Friedrichsenii have been

cl-assified as sr based on the very low index raÈing for seedling yield.

P. fruticosa - European 2n = 4x coul-d be classified as self-compatible.

since thís was the only tetraploid in the study it is difficult to

generalize, however, it. is recognized that tetraploidation often

disrupts sr systems (de Nattencouît r977)" Tetraploid relatives or

artifically induced Ëerraploids of diploid plants with garnerophyËic
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TAIILE 7. luþan seed set and numbers of seed.li-ngs obtained from outcrossed and
selfed flowers of sirrubby cinquefoi-ls

Mean Comparibility
Mean seed seedlings Index

Number of set per Percent per Seed Seedling
Species pollinations fruit emergence fruit percent percent

P. fruticosa (North Arnerican)
outcrossed 25 9.8È1.13 7 "g 0"7
sel-f300000

P. fruticosa (Scandinavian)
outcrossed 45 l),7tO.ll 63.5 6.9
self290000

P" fruticosa (European 2n = 2x)
outcrossed 20 3 "310"7 6 58.9 L.g
self270000

P. fruticosa (European 2n = 4x)
outcrossed 50 l" 8+0.28 32.4 0.6
self 40 0.9t0.04 22"2 O.Z 4B.g 33.3

P. davurica
outcrossed 44 LI"4X2"51 30"4 3.5
self 10 1.7*0" 56 29 "4 0 "5 L4"g I4"5

P" glabra
outcrossed 20 4.3+0" B6 60.5 2"60
self230000

P" parvifolia
outcrossed
self

P" arbuscula
out crossed
self

60 2"6x0.34 33.1 0.9
270 000

60 6 "LxO "7 2 46 "O 2.8
33 0,3+0.18 18.2 0.10 5.4 2"I

P. x Rhederiana
outcrossed 45 1.8+0.31 47 "g 0.90
self270O00

P. x Sulphurescens
outcrossed 25 2.8*0.61 40" I l" t
self100000

P. Friedrichsenii
outcrossed 10 13.1+3.86 40"7 5"3
self 10 0"1t0.1 100"0 0.1 0"8 I"g
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monofactorial SI often are seff-compatible. Pollen changes have been

proposed in Prunus (crane and Lav¡rence 1929), petunia (scott. and

Chandl-er 1942) and Pyrus (Crane and Lawrence 1942)" These results were

based on reciprocal crossing programs with either naturally or

artificially obtained tetraploÍds"

An alternarÍve Ëo thi-s hypothesis proposed by stebbins ( r97 r)

relies on selection pressure theories for an explanation. rn

letraploids, selection for self-compatibÍlity is often strong due to

reproductlve isolation" Ileteroploid matings are often unsuccessful or

result in the production of sterile triploids thus plants that can self-

fertilize and produce viabl-e offspring are more successful.

P. davurica could be classified as partially self-compatible.

seeds v/ere set only after geitonogamous pollinations. Both

geitonogamous and autogamous pollinatj-ons on the European tetraploid

hrere successful. The shrubby cinquefoils have "sticky pollen" and

generally rely on insecÈs for pollinations (Elkington and I{oodel Ig63)

Ëhus both plants could conceivably be self-pollinated in nature.

The compatibility index based on seed set is generally hÍgher than

the seedling yield index, This is due Lo lack of germination and

emergence uniformity. Emergence rates varied from 7 "B'/" to 63.5"/""

Indices based on seedling yield are more conservative than those based

on seed set alone and are likely more representative of natural_

occurrences since emergence is rarely I00"Á.

Variation in mean ovule numbers per flower are presented in table

8' values range frorn 35,0 to 7r"75. These changes are indicatj_ve of

changes in flor¿er sLze" Varj-ation in the fertilization success rate are

also apparenË (Table 8). The fertilization success rate was det.ermined
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TABLE 8. Mean ovule number and fertilization
seed set

success rate based on outcrossed

Taxa
Sample
síze

Mean number of
ovules (+ SS)

!-e rt i1i z at ion
success rate

(percent )

P. fruticosa (North American)

P. fruti.cosa (Scandinavian)

P" fruLicosa (European 2n = 2x)

P. fruticosa (European 2n = 4x)

P" davurica

P" glabra

P. parvifolia

P. arbuscula

P. x Rhederiana

P. x Sulphurescens

P. x Friedrichsenií

7

10

10

9

8

3

9

7

9

10

l0

1. 34

0.97

2"54

2.7r

1" 56

1.86

r"24

2,4s

r"67

3.28

s"53

r7 .7

30 "7

5.0

2"6

15. 9

8.8

6"5

10"8

4.6

4"8

2I"I

55"3 +

35.0 +

65.3 r

71"ô +

71.8 È

48"7 r

39"7 +

56"4 r

39.4 +

59"7 *

62"r *
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by dividing the mean open-pollinated seed set val-ue by the mean numbers

of ovules. The rowest fertilization success raEe was with lhe

tetraploid plant while the highest r^7as recorded on the Scandinavian

representative. The low success in the former Ís possible due to the

ploidy level, however, the reasons for the varíability in success rates

for the remaining plants is unclear. Further research is required to

clarify this situation.

Of the successful self-pollinations loss of vigour in the resulting

seedlings was only noted for the tetraploid. Twent,y-five percent of che

seedlings died during the first growing season and the remainder only

had a mean vigour rating for the remainder was of 2"7 (0 = dead .." g =

very vigorous).

No other rePorts of SI in the shrubby cinquefoil are known to the

auËhor" SI is common in Rosaceae where homomorphic gameËophytíc system

generally operates (North r97r). Further research is requj_red to

determine the type of incompatibiliËy.

3.3.3.2 Cross pol-linations. The results of the controlled crosses

between the eight major parents are presented in table 9 while results

of backcrosses to putative Ì'1 hybrids are presented in table 10, rn

total 7ti9 pollinations were made in 62 different combinatj_ons.

Compatibility indices r,{ere calculated by dividing the mean seed set or

seedling yield by the appropriate mean value for the outcrossed seed

parent. This correction factor is required due to considerable

varj-ation in the mean number of ovules and subsequent average

fertiLization success rate for the parental taxa (Table g)

rn general three situations arose. !'irstly, the cross was

successful and plurnp sound seed were easily extracEed and. counted.
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TABLE 9" l'lean seed set, seedling yield and compatibility indices among eight
shrubby cinquefoils" The compatibility indÍces are the mean seed set or
seedling yield divided by the similar value for the ou¡crossed parent

Mean seed
set per

pollination Mean seedlings
t standard per

Pollination (9 x d) Nr( error of mean pollination

Conpatibility
index (%)

seed seedfinss

P. fruticosa (U" America) x
P, fruticosa

(Scandinavia) 16
P. fruticosa

(European 2n = 2x) L9
P" fruticosa

(European 2n = 4x) I7
P. davurica 2
P. glabra 9
P. parvifolia L9
P. arbuscula 20

TOTAI, LU
P" fruticosa (Scandi-navia) x

P. fruticosa
(N. Arnerica) L9

P. fruticosa
(European 2n = 2x) 10

P. fruticosa
(European 2n = 4x) 11

P. davurica 5
P. glabra 6

P. parvifolia 9
P" arbuscula 12

TOTAL N
P. fruticosa (European 2n = 2x)

P. fruticosa
(N. America) 10

P. fruticosa
(Scandinavia) 20

P" fruËicosa
(European 2n = 4x) l-0

P. davurica 6
P" glabra 20
P" parvifolia 26
P. arbuscula 16

TOTAI 108
P. fruticosa (European 2n = 4x)

P. fruticosa
(N. America)

P" fruticosa
( Scandinavia)

P. f ruti- cosa
(European 2n =

P. davurica
P. glabra
P. parvifolia
P. arbuscula

TOTAL

0. 3*0 " 10

0. 610. 20

0.4t0"16
tr"Otl"00
3.7x2"30
0 " 5t0.30
0.9t9.36

0.2*0" 15

3, 8+0, 7 4

1.6t0"53
8. 0r3 " 00
3.2+7" 42
^ 

/L1
J"OLLO¿J

1.3*0.56

x

5 " 3*1. 73

1.1+9"31

72"6x+.tZ
26"5!4"68
6.4+2 "LB
1. 6t0.90
2.4t1.41

Ã

2. 3r0. 1

0.0

0.0
0"0
0.2È0"15
0"7t0"19
0"0

0

0.1
3"0
0.1
0.1
0,1

0.1

3"2

0.1
0
2.3
2"7
0.8

2.0

35"4

15. 3
74"6
29.5
JJ"¿
LI"7

r"6

41 .O

1.3
0

J4"¿
40.7
L2"2

2.6

6.4 0

4.2 8.7
rL2"2 434"8

37 "5 15.9
4.8 7 "38.7 7 "3

1.8

0.6

0"1
14.0
L"6
rJ.2

0.4

163" I 94.2

rB

I]

2x) 19
5

I4
10
I6
99

0
0
0
0
0

32.3 3r.4

387,7 5"2
815.4 7 33 "0L95"4 BL.z

48 "6 r2.O
75"r r9"9

r25 "0 0

00

00
00

1r.4 0
38.0 0
00
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TABLE 9. ConÈÍnued

P" davurica x
P" fruticosa
P. fruLicosa
P. fruticosa
P" fruticosa
P" glabra
P" parvifolia
P" arbuscula

TOTA].

P" glabra x
P. fruticosa
P. fruticosa
P. fruticosa
P. fruticosa
P. davurica
P" parvifolia
P. arbuscula

TOTAL

P. parvifolia x
P. frutícosa
P. fruticosa
P. fruticosa
P. fruticosa
P. davurica
P. glabra
P. arbuscula

TOTAI

P" arbuscula x
P. fruticosa
P. fruticosa
P. fruticosa
P. f rut.icosa
P. davurica
P. glabra
P. parvifolia

TOTAI

(N" Arnerican)
( Scandinavia)
(European 2t = 2x)
(European 2n = 4x)

(N" American)
( Scandinavia)
(European 2n = 2x)
(European 2n = 4x)

(N. American)
( S candinavÍa)
(European 2n = 2x)
(European 2n = 4x)

(N" Anerican)
( S candinavÍa)
(European 2t = 2x)
(European 2n = 4x)

4 0"0
7 r5"9
5 L3"2
4 8"8
8 14.1
5 11"8
5 13.8

-
38

12 0.0
9 6"r
5 L5.6
6 8"7

26 4.4
4 7"0
5 28.6

ol

-0
1.50 2 "36"56 4.2
r.7B 0 "71"BB 1"1
0 "7I 2"0
6"20 r0.4

00
139. r r32"1
115"8 L67 "616"8 0
130"0 169.9
r03.5 156.1
LZL.L 23 "I

00
r42.L 89. 6
362"8 161.5
20L"6 25 "7101.9 41.5
L62"8 7 6"9
665.r 400.0

f
t
t
t
t
t

t
È
+
t
J-

+

à"0,
6"s4
1" 11
5,36
2.80
3 "20

0
4"6
5.8
0
5.9
5"4
0.8

25
16
23
11

5

L7
2I

r18

2I
13

9

l0
15
10
L9
w

0"2
1"8
0"2
r"4
0.0
0.6
1.3

t
+
t
f

0,08 0.1
0"73 0"r
0,rl 0.r
0.33 0

0
0"27 0,1
0"40 0"3

6"2
69 "9
8.5

52.5
0

22 "8
49 "8

14.0
15.1
10. 5

0
0

14.0
33.7

*
t

0"4 t 9"13
10.1 + 5"43
5"9 t 2.2¡
3,4 + 0"58

27 "3 r 4"66
4"2 x 0"L8
2.4 + 9"77

0.1
4"2
2"7
0

8.3
0.7
r.2

6.2 5.0
165.3 L47 "796"6 95.0
55"7 0

447 "7 295"4
68.9 24 "939.7 43"1

* Number of cross pollinations
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TAtsLE 10. I@an seed set, seedlÍng yield ancl compatibility índices for
backcross to putative F1 hybrids. The conpatibil-ity indices are the mean
seed set or seedling yield divided by the similar value for the outcrossed
seed parent

Pollinati "" (9.*O1

Number lvlean seed Mean seedlings Compatibility
of. seË per per index (%)

crosses pollination pollination seed seed.lings

P. x Rhederiana x
P. parvifolía 22 0"6+0"27 0.I 33.0 tl.5
P, fruËicosa

(European 2n = 2x) 26 8.3*3.55 3.5 456.0 4OZ,OTOTAL 48

P" x Sulphurescens x
P. arbuscula 9 0.0 0 0 0
P" glabra 8 20"I+7 "36 6.0 707 "8 526"3TOTAI fr

P, Friecirichensii x
P, fruticosa 13 8.212"43 2"4 62.6 45.0

(European 2n = 2x)
P. glabra 10 22,0t4.08 6.0 167 "g LLZ"6TOTAI TI
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Secondly, sound seed were present but many smal-l shriveled ones vrere

also obtained. These rtere not recorded in seed yield information" All

attempts Èo germinate shriveled seed failed" Thirdly, all polJ_inations

\'{ere unsuccessful. }'lorat structures whithered and dried. Few small

shriveled "seed" were observed in this situation. rn any particular

cross combination all three situations could arise. This variability of

success is expressed as the standard error of the mean in tab]es 9 and

10.

In the diallel crosses most matings !/ere successful-. As suspected

accordi-ng to Rhodes (1954) all- taxa are generally interfertíle" 0f the

56 combinations I2"5'A failed to produce seed and 28.6% taiLed to yield

seedlÍngs. The majoriEy of these failures involved the tetraploid

parent' As a maternal parent only 42"9% of t.he crosses produced seed

and no seedlings emerged. Success was higher when this plant was used

as a pollen parent' Seed \das set in all combj-nations and seedlings were

obtained in 42.9% of Ëhe cases. Heteroploid crosses are often

unsuccessful (Stebbins I97I). Further cytogenetic studies are required

to explain the variabil-ity observed. By averaging the conpatibility

indices for reciprocal crosses it is evident that gene exchange is

possible in all conbinations except wiËh some of the heteroploid matings

(Fig" 7 and 8). Cumulative differences in success rates are evident,

P. fruticosa - North Araerican generally performs poorly whereas p"

davuríca and P. gl-abra are very successful. ThÍs rnay relate to centers

of origin for rhis complex. Accordi_ng ro Hulren (Lg7 r) and Elkingron

(1968) the center of origin j-s in Asia. As greaËer and greater spacial

isolation occurs there is a larger potential for genetic i_sol_ation.

This coul-d eventually leao to t.he developmenE of reproductive barriers.
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The ability to intermate and produce

as a measure of relationship, however the

true (Stace i981)" ThÍs j_nformation must

to obtain a holistic outl_ook.

viable progeny is interpreted

converse is not necessarily

be correlated v¡ith other data

A toral of approximarely 1000

Rel-ationships based on seed set al-one (Gornal1 and Bohm 1984) are

1ike1y to be overestimates. rn nearly every case in this stud.y a

reduction in the compatibility index occurred when seedling yields were

considered. A compatibility index that combines both seed and seedling

information i-s also known (Van der Kloet I9B0), however this may result
in some loss of information as well. use of both indices provide the

broadest picture with the greatesE information content. Future research

may develop beLter techniques for seed germinatj-on which may positively

infl-uence the ultimate seedling yield. Thus, performance of the plants

in relation to both seed and seedling yield should be reporËed.

The interpreEation of resulEs for backcrosses to existing F1

hybrids (table l0) indicate rhar a1l_ are fertile. seed and seedlings

were obtained in a1l but one cross, p. x sulphurescens x p. arbuscula.

it is possible that failure of this cross is due to common

incompatibiliry alleles.

To further support the hypothesis of fertiliËy seed yíerds were

deternined on a sample of progeny from the diallele mating as well as

plants from Ëhe backcrossing program (Table ll). rn all cases

significant seed set was obtained.

3.3.3"3 i{oody x herbaceous crosses.

pollinations rrrere made over a tr,/o year period with 28 different species

or cultivars of herbaceous PoEentilla (Table 4). From al-l of these only

síx seeds were seË of which 3 seedlÍngs emerged and gre\.{. All were from
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TABLE 11. Open pollinared seed yield of F1 and BC1 progeny

Number llature fruit Seed yield
Parental Conbination of plants counted (t S¿ of mean)

P" davurica x P" glabra 5 25 1B.g*2.0

P" davurica x P. fruticosa
( Scandinavian) 5 25 24.5*1.5

P. davurica x P. fruticosa
(European 2n = 2x)

P" davurica x P. arbuscula

P. fruticosa (N. American)
x P. davurica

P. fruEicosa (European 2n=2x)
x P" fruticosa (Scandinavian) I

25

l0

5

2

20 "4+r "2

r0.6+i.S

10"4t1.8

20. 0t0 " I

LB "9X2"2

20.5t2 "8

20 .4xr.7

9"4+r.:

22.2tr "7

P, fruticosa (European 2n=2x)
x P" davurica

P" arbuscula x P. fruticosa
( Scandinavian)

P. arbuscula x P. davurica

P. x Rhederiana x P" davurica

P, Friedrichsenii x P. fruticosa
( Scandinavian)

5

5

5

5

5

L6

40

25

25

'2s

25

25
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a cross between uM8I02 x p" x hybrÍda'Gibson scarletr. ul4gl02 is a

University of Planitoba selection that produces double white flowers

whíl-e 'Gibson scarfet' is a dark red flowered herbaceous plant.

Tr,¡o of the seedlings are maËroclinous while the third is

patroclinous. The matroclinous plants are slow growing, reaching only

15 cm and 30 cm after 18 months" The smaller plants appear very

chlorotic and weak. No flowers have been observed. Sporadic flowering

has occurred on the taller seedling. petals are pale pink in colour,

Pistil development appeared normal, however, anthers Í,/ere generally

small and misshapen. Attempts to cross pollinate flowers have been

unsuccessful. Chromosome number for both plants is 14, the same as Ëhe

maternal plant,

The patroclinous plant is quite vigorous with growth equivalent to

the pollen parenE. l-lowers are orange-red in colour and petal counts

frequently exceed the basic number of five. Supernumerary petals have

not been observed on the pollen parent, however, are coûrmorì. on the

maËernal- Parent" Petal counts average fifteen in UM8102 (Robertson

1984). Floral abortion has taken place on numerous occasions under both

greenhouse and field growing conditions. The chromosome number for the

pJ-ant is 84. The pollen parent has 56 chromosomes. Al_1 attempts to

cross pollinate these seedrings have failed. No seeds have been

observed on open-potlÍnated flowers"

It is possible that the tr^7o matroclinous plants resulted from

accidental selfing" After many repeated attenpts uMB102 was

successfully self-pollinated, however, only healËhy, vigorous and whÍte

flowered plants were obtained" This is in contrast to the performance

of the hybrid seedlings. All seedlings have been fÍetd planred and
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performance \^/il-l be monitored over several_ years€

As previously noted crosses between herbaceous and woody PotenEil_la

as well as Fragaria are known (Asker, 1970, lg7r, L977, E1lis Lg62,

Niemirowicz-Szezyt-t 1982, Jelenkovic et al-. 1984, Macfarlane-Srnj-th and

Jones I9B5). rn these studies p, fruticosa was always used as the

pollen parent" Jelenkovic er al-. (1984) nored rhat the possibiriËy of

fertility resEoration was renote in Fragaria x P. frutícosa. Increasing

Fragari-a genomic ratios from l:1 to 8:1 resulted in greater numbers of

survivi-ng seedlings, however f ertility restoration r¡ras not achieved.

Etlis (1962) did nor obraÍn ferriliry in penËaploid and hexaploid

intergeneric hybrids" However, lufacfarlane-Srnith and Jones (i985 a & b)

have obtained putative hybrids between Fragaria moschata and p.

fruticosa" Embryo rescue techniques \..rere employed to obtain 7 vigourous

seedlings from a cross between a l-l aneuploid (2n=23) and the two

parents (2n=42 and 2n=14) " BoLh unreduced and double unreduced gametes

were suspected as being inportant in the production of the seedlings"

Double unreduced gametes could be involved in the production of the

matroclinous plant (2n=84) in the present study. lftrntzing and Muntzing

(1944) suggested that double unreduced gametes \^rere j-nvolved Ín the

production of an interspecific penËaploid hybrid herbaceous PoËentj-l-la"

Love ( 1954) suggested that rhe woody species of potenrilla be

placed in a separate genus (Pentaphyloides) on the basis of

morphological and maÈing behaviour differences. on the basis of our

research and that of others there ís some residual cross cornpatíbility

supporting the view of Hulten (1971) ttrat Potentilla be retained as the

generr-c nameo

verification of hybridity of the matroclinous and patroclinous



6I

seedlings is required. use of electrophoresÍs, chromatography and

enzJ¡me analysis should be evaluated (l'facfarlane-Smíth and Jones 1985 a &

b)" chromosome studies of pairing relationships could also be

undertaken, however, sterility may prevent such an investigation.

If hybridity is confirmed this would be the first Ëime hnown to the

author that crosses using the woody plant as a female have been

successful. In addition, thís is the only known occurrence of a woody

plant habit from woody x herbaceous crosses" such plants have

significant potential in future breeding programs.

In view of Êhe pot.ential for gene exchange further studi-es should

be undertaken" It is apparent that success rates in the present program

I,¡ere very l-ow but it may be possible to increase successes through

embryo rescue techniques. unfortunately, Macfarlane-Snith and Jones

(1985 a & b) have not published thei-r methods, This may result in more

plants either for direct release or for future breed.ing programs.

Several herbaceous Potentillas have very valuable floral

characteristics" These i-nclude bright red, orange and pink flowers;

extra petals (! 25) and large flower size () 40 mm). If Èhese

characters could be incorporated into the woody habit very significant

i-mprovements in ornamental value could be the result"

3.3.4 Chromosomal Information

All North American collecËions r/./ere diploid (2n = 14). These data

are consistenr wirh rhose of Love (L954, l98z) anci Bor¿den (1957)" of

the remaining 65 taxa examinea all but three were diploid. Two

individuals P. fruticosa - European 2n = 4x and p. fruticosa - oeland

r¡Iere tetraploid while the third P"f . tsnov¡f l-aket or tHersit rr/as

triploid' No hexaploid or octoploi-ds r^/ere observed. These data are
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also in general- agreement wit,h Bowden (1957)" DÍstinguishing between

diploid and tetraploid taxa is not simple (Erkingron 196g, tsowden

1957). European tet.raploids are generally considered to be dioecious

(Tornblon 191I, Erkington L968, Grewel and Ellis rg72). on rhis basis

Elkingron (1968) proposed the recognition of P. fruticosa fruticosa (2n

= 4x = 28, dioecious) and P" fruticosa floribunda (2n = 2x = 14,

hermaphodíte) 
"

l'/ithout further informaËion on frower morphology of other

tetraploids, hexaploids or octaploids it is difficult Èo be definit.ive

but the description of t\,ro new varieties (elkington 196g) may have been

somewhat premature, parËicularly in light of the perfect flowered na¡ure

of the teEraploid used in our study"

3"4 General Discussion

The resurts of the multivariate staEistical analysis and gene

exchange trials are consisEent with observati-ons of several earlier

investigators" Hara (1952), Rhodes (1954), Hulren (Lg7r), Rheder (1960)

and van den Laar (1982) suggested EhaË the Potentilla complex is a very

polymorphous continuous grouping of plants, The discontinuities

reported by Juzepchuk (1941) and ll.andeL-l"lazzeLti (1939) are not as firm

as originally expected. It is possible that the seasonal variation of

often used characters has contributed or resulted in confusion.

Differences in month, year and location of collections may have

confounded earlier work.

It is apparent thaË the potentÍal for exchange of genetic

information is present. This is particularly evident when the fertiliËy

of the F1 hybrids is consídered. continuity of plant types in
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outcrossing species with limíted barriers to gene flow is not unexpected

(l3riggs and l^lalrers 1984) .

The relative positioning in the numerlcal analysÍs of several of

the Eurasian types and hybri¿s (eg" p. fruticosa - European 2n = 4x, p.

glabra) may be due to small sample size. Whereas North American taxa

were well represented, samples of Eurasian taxa were not as completely

surveyed" Continuity may increase if native taxa from these regions

could be sarnpled" Recent botanical expeditíons to China may be able to

shed more light in this regard (D. Boufford - per corn) "

The biological species concepts of llayr (1942) is most useful for

the study of cultivated plants and plant breeding (Hawkes rg7o, Baker

1970, Hawkes 1981 and Brandenburg 1984)" The porential for gene

exchange, ancl inheritance of desÍred characterisLics are of prime

interest in plant breeding programs.

During domestication of crop plants intermating of types leads to

taxonomic problems" As mentioned previ-ously the "mongrelizat].on" effect
(sma1l 1978) can significantly cloud the overall taxonomic picrure.

However, this domestication through breeding and selection may make

these plants dependent on man (Brandenburg 1984)" rn relation to

PoÈentilla, the stage of domestication is likely 1ow. rnterest in the

plant as an ornamental dates to the 1700's (l{ussel rgll) however

concerted efforts r¡lere not apparent unËil the late l80ots (van den Laar

1982). signifi-cant overal-1 similarities of near B0% still remain

between cultivated and narurarly occurring types (fis" 4 anct 5)"

Based on the data examined all taxa studied belong to the

biological species Potentilla fruticosa L. This hypothesis is based on

the examination of phenetíc and reproductive observations and
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exPerÍments" Uniformíty of Ëreatment, of the taxa should lead to less

confusion, particularly in the related commerci-al industries" Further

biosysteruatic research of Ehe Asian representatives is required and

hopefully will be completed"
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4"0 Mrttrr""ript rr" The proprg"tion of pot..t!_ifl" ft,tti.os" L. by

sexual- and asexual- means

4 "I IntroductÍon

A knowledge of planË propagation is required in culcivar

developurent programs. Asexual techniques are important for maintenance

and/ot increase of selecEed plant material. Germination and emergence

studÍes are Í-mportanË for effective handring of valuable seeds.

Germination as used in this study is defined as the emergence and

development from the seed embryo of those essential structures which are

índicative of the ability Ëo produce a normal plant (schopmeyer r974),

trthen the radicle was equal to or greater than the seed length a seed was

considered germinated, Al1 germinat.ion studies were compl-eted Ín srnall

peËri dishes. Emergence refers to the development of young seedlings to

such an extent that Ehey were visible above level of the med.ium. Only

green healthy seedlings v/ere considered in emergence counts. Emergence

values are often lower than germination si-nce small seeds that germinate

but lack vigour may not emerge above the medium level,

Potentilla fruËicosa L" has not been studied extensively.

Interpretation of research on seeci germinaËion and seedling produclion

suggested that pretreatments are not rrecessary (currah et al. 19g3,

luleshinev 1973, Grewal and Ell-is 1972 and Elkington and ltloodel 1963).

Emergence percenEages have ranged from 20% to 90%" luþshinev (Ì973)

suggested that covering the seed wich medium should be lÍmited" Light

increased the rate of germination but had no effect on maximum

percentages observed,

DStem cuttings of fruËicosa have been classified as easy-to-root
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(llartman and l(ester 1983). General recommendations suggest that

softwood cuttings root easily under intermittent mist (Elkington and

woodel 1963, van de Laar 1982)" Þ'reeland (1977) found thar currings

coul-d be taken from early sunmer to l-ate summer and the use of bottom

heat and rooting hormones increased success rates" Rhodes (1954)

suggested that hardwood cuttings would al_so root.

The object of thís study is to develop better guidelines for the

propagaLion of P. fruticosa which will enabl-e increased operational

efficiency of a breeding and cul_tivar development programo

4.2 tifaterials and Methods

4"2"I RooEing of CuËEings

4"2.I.I Cutting col-lecEion. A11 cuttings were harvested f rom the

terminal l0 to 15 cm of growth on established field groïrn plants in t.he

University of Manítoba test garden. Cuttings were collected and placed

in plast,ic bags with a moist paper towel- to maintain a high relative

humÍdÍEy. All treatments were initiated wiÈhÍn two hours of harvest,

Each cuttÍng haci four to six buds present on the stem, The lower third

of the cutti-ng was defoliated rnanually and dipped in stim root No. I

rooting hormone (0,Li( rBA - Plant products) imrnediately prior to

treatment initiation (Freelartd 1977) "

A series of exploratory experiments dealing with factors

potentially influencing rooting were conducted. An outline of these and

Èhe results thereof. ate presented in Appendix 6.

4"2"I"2 Cultivar rooting survey. An experiment initiated in mid-

June 1983 involved a survey of rooting of. 64 P. fruticosa taxa (Appendix

7)- cutt.ings were placed in a peaË.:vermiculite media (50:50 vol.) in
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pl-astic cel-l packs (6 cm x 3"5 cm x 5"5 cm) ín an intermittent mist

chamber Ín the greenhouse. The mist was supplied by humidifiers which

operated for ten seconds every two minutes for 16 hours day length. A

completely randomized oesign with three replicates anci six cuttings per

replicate was used' Assessments \,Jere cond.ucted af ter 45 days f or main

and lateral- root development. I'lain roots are considered to be roots

originating fron the stem, while lateral roots origÍnat.e from main

roots. Rooted cuttings \¡/ere then potted in soil : peat : sand rnedia (2: I z I

vol-" ) and survival was assessed approximately I weelc later. A relative

assessment of growth and vigour was also made.

4'2"r"3 Harvest date survey. The influence of harvest date of

cuttings was investigated for three taxa; p. fruticosa 'Abbotswood',
rCoronation Triumphr and tMoonlightt. Cuttings were col-lecÈed every trùo

weeks from June I to october 5 and on November 2 anð. December 3, The

sequential- harvesting of cuttÍngs could not be accommodated for

October-December due to shortage of suitable materials on field plants.

Cuttings were t.reated as previously described. Assessments completed. 42

days after treatment included main and lateral rooÈ development ratings,

counts of bud breaks, height changes and survíval. From May g to

October 9 maxímum and minimum temperatures \^/ere recorded near the tesE

garden site. Growing degree days were calculated. accorcling to the

method of Dunlop and Shaykewich (1982) 
"

4.2"2 Seed Studies

4.2"2"I Seed coll-ection" All seed was harvested from

plants. seed ripeness \^ras vlsually determined by observing

changes. collections were made when fruit r^ras brown. seed

es tablished

colour

was manually
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extracted and counted with the aid of a dÍssecting microscope. only

fu11 pluurp seed was used in the study. Unless otherwise specified seeds

hrere so\¡/n in a peat:vermiculite (50:50 vol" ) medium" A very smalr

amount of rnedium was used to cover the seed (l'leshinev 1973)" Growth

room temperatures were 20"c/15" c (day/nighr). Light was supplied for l6

hours dairy. All data were analyzed, by analysls of variance"

4"2"2.2 GermÍnation temperature. To determine temperature

sensitivity of seeds during germination open-pollinated seed from p.

fruticosa arbuscula and p. fruticosa fHurstbornet were placed on a

thermal gradient in small sealed plascic containers (Zastre 19s5).

Filter paPer moistened wíth dist.illed r,rater was placed beneath the

seeds" Temperature treatments were 7oc, l3oc, 17"c and zooc. Each

treatment consisted of three replicates r^rith l0 seed per replicate.

Germination \^/as monilored for 30 days with counts made twj-ce a week.

Seed which had formed a radicle equivalent to the length of the seed was

considereci germinated"

4"2"2"3 After-ripening study" Experiments were conducted to

det.ermine the effects of after-rÍpening treatments on the rate and

percentage of seedling emergence, Open-pollinated seed collected from

established field gror¡rn plants r{ere sown in a courpletely randomized and

replicated design" Four replicates of 25 seed were used for each

treaËment" Seed were collected from p. fruËicosa arbuscura, p.

fruticosa parvifolia, P. fruticosa - European source, p. fruticosa -

scandinavian source and three North American plants, NA-l, NA-2 and

M-3. 'l\+o of the plants, NA-I and NA-2 were collected near Bow pass in

Ëhe Rocky l'iountains, Alberta and the other from near lyarchand,

I'fanitoba" The seed vras stratÍf ied in peat:vermiculit,e media (50:so
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vol" ) in small sealed plastic containers which were also enclosed in

plastic bags to reduce moisture loss. The treatments \^rere:

1) J,5 days at 4" + l o C and dry (no moisture ad.d.ed.)

2) 15 days at 4" f l"C and moist (pre moistened mediurn)

3) 30 days at 4" t loc and moist (pre rnoistened mediun)

4) 45 days at 4" f loc and moist (pre moistened medium)

The media was moj-stened with distilled water prior to treatment.

Treatment.s Lüere initiated sequentialÌy to a1low uniform placement of the

containers in a controlled envÍronment growth room (20"/r5o day/night

temperature)" Emergence was monitored twice a week for a period of five

weeks. Contaíners v/ere re-randomj-zed each time. Data were analyzed by

analysis of variance.

4.3 Resul-ts and Di-scussion

4.3.I Rooting of Cutrings

4.3.1.1 culEivar survey. The results of the survey of rooting of

64 taxa are presented in Appendix 7. rnterpretaÈion of Ëhese suggests

thaË the majority of plants rooted and survived very well. The mean

survi-val percenËage \^ras 88.0'a x 3"2 with most plants growing quite

vigorously. The mean main root rating was 3.27 * O"l5 out of a possible

maximum of 5"0 while the mean l-ateral root rating \,ras 2.68 t 0"09 out of

a possible maximum of 3"0. The only taxa that consistently failed to

root wel-l were plants collected from naEive North Arnerican sourceso

According to Tornbl-oom (1911) and Elkington and Idoodel (1963) seed

reproduction is more important than any vegetative means in wild

populations. However, ease of asexuar propagation is an irnportant
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crj-terÍon in commercial production and breeding programs (Hartman and

Kester 1968)" Considerable selecËion pressure may have been exercÍsed

for ease of rootÍng prior to the release of new cultivars.

It is also evident from this survey that if root development did

occur subsequent survival and growth r,rere generally high. rf root

development was poor, the cuttings usually died.

4.3"I"2 Llarvest date survey" The percentage of cuttings rooted at

each harvest date for the three cultivars is presented in tabfe 12.

Cuttings were classified as rooted if the number of maÍn roots \n/as

greater than three. This was based on the survival information gained

in earlÍer experiments.

tcornation Triumph' rooted most uniformly during the growing

season" success rates were .l-ow only during the last two sampling

dates. Rooting of rMloonlightt and 'Abbotswoodt were most successful

during the earlier part of the growing seasono After mid.-summer rooËing

was much more variable"

The results of ratings for main and lateral root development are

presented in Eable 13. A highly significant interacËion term between

cultivars and sampling dates indicates thaË each cultivar responded

differently to the treatment conditions. Several overall Erends are

visíb1e however. Root developrnent on cuttings collected in November and

ijecember was the poorest. Rootíng did take place but only to a limited

extent. Secondly, root developmenE \^ras lower on the August 10 sampling

than either immediately proceeding or subsequent dates. ThÍs general

reduction may be related to environmental condiËions immed.iaËely prior

to the sampling date" Frorn July 27 to August l0 the \^rarmest period of

Èhe summer occurred (Table l-4 and Appendix 8) " cut.tÍngs collected
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TABLE 12" l'lean* rooting percentage for three cultivars of potentill-a
fruticosa sampled every tr¿o weeks f rom June I to OctoO"rJ-ã"¿ llãrember
Z a"d Decernber 3, LgB4"

Cultivar
Sampling Date Coronation triu

June I
June 15
June 29
July 13
JuIy 27
August l0
August 24
September 7

September 2l
October 5

November 2
December 3

Ilean

100.0 a*'*
100.0 a
100.0 a
88.9 a
94"4 a
88"9 a

100"0 a
88"9 a
83.3 a
88"9 a
55.6 b
61.1 b

87"s

94"4 a
94"4 a
94.4 a

88"9 a
50"0 c

94"4 a
83"3 a
83"3 a

94"4 a
4L.2 d

77 "8 abc 88.9 a

66"7 abc 50.0 cd
22"2 d 61"1 bcd
72"2 abc 77.7 abc
22"2 d 88"2 a
61.1 bc 77 "B abc
61.1 bc 38.8 d

75"6 I J"¿+

* luieans of three replicates wiËh six cuttings per replicare.
** Means fol-lowed by a similar letter are noË significantly different at d- =0.05, Duncans Multiple Range Test.
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TABLE 13. Root developmenË of cuËtings
collected during the period June 3
in an intermittant mist chamber

of three P" fruticosa cultivars
to Decemb; s, rg84 rrr;;-;;;;-'+z a^r"

I'fain Root Rating*
Coronation

Sanpling Date Triunph Moonlight

Lateral RooE Rat.ing*"x
Coronation

Triumph Moonlight AbboLswoodAbbotswood

June I
June 15
June 29
July 13
JuLy 27
Aug. l0
Aug, 24
Sept. 7

Sept" 2I
Oct. 5
Nov. 2

Dec.3

Mean

2" 50b***
2"83 ab
2.50b
2"83 ab
3"28 ab
2.72 b
3,56 ab
2.33 b
3.11 ab
4.22 a
1"00 c
0.83 c

2"64

1.5Oabcd
1"78 ab
I.94 a
2.L7 a
2"22 a
0.89 bcde
1.61 abc
0"33 e
1.78 ab
0.50e
0.61 de
0.78 cde

r"34

1.67 cde
1.67 cde
1.44 cde
2"67 abc
3"39 a
0"69 e
I"22 de
1.56 cde
2"I7 bcd
2"9I ab
L"22 de
0"44 e

L"7 5

1.50 bc
I"94 ab
1.50 bc
1,17 bc
1.39 bc
0"89 cd
1.78 ab
1,61 bc
1.78 ab
2"50 a
0.33 d
0.17 d

1.38

2.44 a
1.83 bc
1.89 b
1,56 bcd
1"11 de
0"72 ef
1.28 cde
0.11 g
0"72 ef
0.28 f.g
0. 00g
0" 00g

1" 00

1"83 a
1.56 ab
1.17 abc
1.33 abc
1.50 ab
0"52 cde
0"94 bcd
0"83 bcde
I.00 abcd
1"49 ab
0.17 de
0.06 e

1.03

* Main root ratings; 0 = 0 roots, I = l-3 roots, 2 = 4-6 roots, 3 = 7-9
rooËs, 4 = L0-I2 roots, 5 = 12 roots

** LaËeral root ratings - 0 = 0 roots, 1 = few, 2 = moderate, 3 = heavy

tr** Values f ollowed by a similar letter are not statistically dif f erent aË6, =0"05 (Duncants lfultiple Range Test),
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during or shortly after periods of high temperature generally have a

reduced ability to root. This reduction could al-so relate to internal

moisture stress (Cram and Lindquist l96I)" It shoulci also be noted that

the growing degree day values provide a simple method of summarízing

Ëemperature data and thus can be very useful to assist in data

int.erpretation (Edey I977) 
"

Environmental conditions did not affect the three culÈivars in the

same manner" Development of main roots from the August 10 sampling in
rcoronation Triumphr was reduced by r7%, 'Abbocswood' by 601Z and

tMoonlight' by ?:0"/" (Table 13)" similar Erends are present in l_ateral

root ratings" These resul-ts may relate to the place of originatlon for

each cultivar. 'coronati-on Triumphr was selected at rndian Head,

saskatchewan while the oËher tl,/o were developed j-n Europe. The

saskatchewan introduction may be better adapted to prairie growing

conciitions having been sel-ected under the harsher prairie environment.

The other cultivars originated from Europe and may not have Seen exposed

Êo as hot and droughty conditions during the selecti_on process.

The average heighr increase for all cuttings l{as generarly higher

when rooted earlier in the growing season (raute is). cutËings

exhibited more vigorous growth during Ëhis period. The mean number of

bud breaks is difficult Ëo interpret. These data were not analyzed, by

analysis of varj-ance procedures due to non-norurality and. heterogeneity

of error variances (Steel and Torrie I9B0), Transformations were of no

assistance hence only means and standard errors are presented (Gomez and

Gomez 1984) " Counts of bud breaks includes both lateral and Lerminal

types, however, termÍnal buds vrere not iniportant until after September 7

to Septenber 24" Prior to this shoots were actively growing. Lateral
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TABLE 14. Summary* q¡
intervals from lulay

growing degree
18 to October 5

day values calculatecit"^' f or l4 day
, L984.

May 18 - June 1

Junel-June15

June 15 - June 29

June 29 - July 13

July 13 - JuIy 27

JuIy 27 - August l0

AugusË I0 - Augusl 24

August 24 - September 7

September 7 - Septernber 2l

September 21 - October 5

2L9 "7

269.8

362"5

346.7

37 5.5

393, 9

336"8

285.8

208 "9

103.1

For complete data, see

Dunlop and Shaykewj.ch

appendix 8.

1982 (ninimum base temperature 4.4'C)"
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TABLE 15. llean* growth parameters
Potentilla fruticosa rooted in

for cuttings of three
internittent mist for

cultivars of
42 days"

lvfean Nunber of Bud Breaks tSE*-* l'leqn Length Change (mm)
Coronation

Sampling Date Triumph Moonlíght
Coronation

Abbotswood Triumph t"loonlight Abbotswood

June I
June i.5
June 29
July 13
juJ-y 27
Aug. 10
Aug. '¿4

Sept. 7

Sept.2I
Oct. 5
Nov" 2

Dec. 3

Mean

0.33*0. 18
0. 50t0.30
1. 18*0. 20
1.00ù0.71
1.09+9.21
0. 92È0. 31
0. 00
0. 86+0 

" 
2

0" 95*0" 5
2"40x0 "59
0 "7 ïtO "28
r"7 2r0 "24

0. 96

(.)" 0o
0. 67+0.33
I . 43*0. 30
l_. 50t0 .5
1.00*0"25
0.00
1.00*0. 30
0 " 61*0. 25
0.80+0.50
0 " 3310. 14
O" 43x0 "20
1.0 *0.21

0. 73

0. 00
0,2È0.15
0 " 82x0.26
1"33t0.67
1"0 +0.40
0.71+0"18
0"42x0"19
0 " 70t0.16
0"4310.18
2.1311. 20
1. 13*0. 38
L"20X0 "2L

0"84

13" 0 bJd**
23.0 b
13"2 b

8"4 bc
5"0 c
4"4 c
1.6 d
3.9 cd

1r.0 b
t.) q ^

7.7 bc
3.9 cd

9 "82

16.9 a
18.7 a
11.2 ab
9.2 ab
1.6 cd
3"7 c
4.3 bc
3.3 c
3.6 c
9.0 ab
3.8 c
0"5 a

7 "r5

I3.9 a
13"1 a
I4"2 a
13.3 a
L4.3 a
4.1 b
6"r b
3"6 b
3"4 b
0.6 c
4"3 b
O"7 c

7 .63

lvlean of 18 cuttings ( three re¡:licates x six cuttings )

SE = standard error of mean

**rk Values foll-owed by a similar letter
0 " 05 Duncan I s I't¡ltiple Range Tes t"

are not statistically different. aEa{ =



76

bud breaks \,sere of two types. Firstly buds bel-ow the meclium initiated

growth which developed into new shoots. In many insEances rooting was

observed on these. second-ly buds initiated growth above the medium

line, These developed into branches.

Neither Lhe number of bud breaks or the height changes shoulcì be

viewed singularly since both are estimates of growth" Growth may have

result.ed from either component singly or Logether. Further studies

shoul-d inc]-ude biomass estinates" This may be a better overall

estimator of cutting performance (Collicutt l98l).

4"3"1.3 General discussion of rooting of cuttings. In view of the

results obtained P. fruticosa cultivars could be classified as "easy to

root" substantiating the work of l-reeland (1977) and, reports by Hartman

and Kester (1983). There is a rel-atively broad "window" during which

cuttings can be successfully rooted" A "rooting window" is a period of

Ëime r¡hen rooting is successful" There were differences between the

cultivars. rn the detailed scudy the windor4/ \^ras broadest f or

tcoronation Triumphr but was more restrÍcËed for tAbbotswoodt and

rl"bonlightr. A-11 attempts to correrate growing degree days to apparent

rooting success failed. The principal reason being the relatively high

success during the major part of Ehe growing seasono Environmental

information \,ras useful however in proposing an explanation for the

decl-ine in root development on the August 10 sampling date. Perhaps the

concept of a 'rooting window' would be more fruitfully persued with

species that are more difficul-t-to-root" other parameters such as

tissue moisture content could be evaluated.. Cram and Lindquist (1961)

found that tissue moisture content of Caragana arborescens Lam. was a
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good indicator of rooting capacíty of soft\,/ood cuÈtings. Success rates

declined when the moisture content dropped below 70%" correlations

between tissue moisture content and growing d.egree days were not

attempted in this study, but may be present. These investigators noted

differences in environmental conditions. TemperaEure and precipÍtarion

appeared to be related to tissue moisture content at the time of

sampling"

Another point for discussion relates to the minimum number of roots

required for successful establishment. In the survey of cultivars ít

was noted that relatively few roots r¡/ere required for establj-shmenË.

Plants with greater than three roots per cutting kiere successful. Does

a greater number of roots transl-ate into greater success? success

meaning increased survival and vigour of the ner,J plants, Studies should

be inltiated to determine the influence of the number of roots has on

these parameters" cuttings with varying degree of root development

should be outplant.ed and subsequent growth and performance monitored,

providing greater insighÈ ínto this question.

cut.tings from Potentil-la fruËicosa should be harvested early in the

growing seasono During this períod rooting and growth were greatest and

most consistent. Periods of environment stress to the moÈher plants may

reduce rooting levels. Ilanagement programs should be implemented to

ensure the mother plants are maintained healthy and vigorous.

4"3.2 Seed Studies

4.3.2"1 Germination Eemperature. rnterpretation of t.he analysis

of varlance for the study of temperature effects on seed germination

indicated that t.he major effect was the slower germinaËion rate as a



7B

resulË of reduced temperatures (probability F = 0.008)" The 7"c

treatment was the slowest foll-owed by the 13oc and then l7"c and, zo"c"

The rate of germination \^ras not statistically different for LToC and

20"C" No differences r¡ere obtained f or germination rnaxi-mums. A1l

treaEments reached siurÍlar maxiuums regardress of temperature

(Probability of !- = 0.46). No statisËical di-fferences \^/ere observed

between the seed f rom the t\^/o parents. (probability F = 0"07)"

Maximum germination percentages were in the range of 40,0 to 57 "g"/."

Temperature effecEs on seed of many woody plants have been documented

for many species (schopmeyer r974). Germination and emergence are

rouLinely eval-uated at l5oC to 25"C" Most species germinate and emerge

rapidly aE these tenperatures.

4"3.2"2 After ripening study. The resul-ts of the after-ripening

study are presented in tables L6 and 17. Due Eo a highly signifi.cant

interaction between taxa and treatment each taxa \,/as anaLyzed,

separately. The interaction indicates that the taxa r^/ere responding

differently to t.he treatments and thus required separation to determine

lrue treatment effects. No seedling eüergence was observed at tire

Eermínation of Ëhe cold treatnent.

There was a general decrease in the days Ëo emergence maxÍmum, days

Eo 5o"a of emergence maximum and an increase in overall emergence

percentages with increasing treatmenË duraËion. At 30 days of

after-ripening emergence was at or near the maximum. The days to 50"/" of

emergence maximum also reflect this. This val-ue \À7as recorded. since

germination is often non-l-inear (t'tiltrrorpe and Moorby r979),

particularly for woody pÌanrs (schopmeyer r974)" Lirrle selecrion

pressure has lÍkely been applied for germination and emergence
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TABLE I6. lfean* percenEage emergence after four different after-ripening
treatnents for seven taxa of Potentil-1a fruticosa"

Taxa
P. P. P" P. P. P. P.

fruticosa fruticosa fruticosa frutícosa fruticosa frutÍcosa fruËicosa
Treatment l'lA-t NA-2 NA-3 parvÍfolia arbuscula European Scandinavian

45 days
moist
q6ld**rr 7 "0 a** 15"0 a 59.00 a 34"0 ab 37.0 b 70.0 a 80"0 a

30 days
moist col-d 2"0 a 5"0 a 75.0 ab 47 "3 a 61.3 a 64"0 a 56.0 b

15 days
moist cold 2"0 a 0"0 a 44"0 b 34.0 ab 58,0 a 41"0 b 81"0 a

45 days
dry cold 0.0 a 13.0 a 22"0 c 21.0 b 42.0 ab 51.0 ab 80"0 ab

0verall
I'lean 2.8 8.25 50" 0 34"I 49 "6 56"5 7 4"3

/. Mean of four replicates of 25 seeds each.

** Values followed by a sirnil-ar letter are not statistically different i 4 =
0"05, Duncanrs lfultiple Range Test.

tr)k* Cold treatment aL 4"0 È 0"5oC"
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uniformity especially when compared to domesticated crops species.

There are t\^/o significant exceptions to this generalization. p"

fruticosa NA-I and NA-2 did not fol-low similar trends. Emergence

maximums are general-ly very low. Both of these plants were originally

obtained near the Bow Pass ín the Rocky Mountains of Alberta" rt is

possí-b1e that they are ecotypes adapted to parÈicular1y short growing

seasons and a long cold period and thus require a longer after-ripening

period to stimulate emergenceo This is in contrast to the third natj_ve

plant originally corlected near l,farchand, Ifanitoba. The response

pattern of this taxa does follow the general trends as outlined.

Further experimentation is required to Eest this hypothesis.

Earlier researchers (currah et al" 1983, Grewel and Ellis 1972,

Elkington and tr{oodel i963, Rhodes 1954) suggested that pretreatments of

seeds is not required. In the present sEudy emergence rates for most

taxa after the dry cold treatment was substant.ial. This was

particularly true for the representative from Scandinavia where the

after-ripening treatment did not affect the emergence maximums. However

the number of days to this maximum were reduced by treatments. Earlier

workers may not have been concerned with minimízation of the germination

period and consequently led to the developmenÈ of these

recommendations" The objective of our sEudy was to determine methods to

maximize percentages and rates due Ëo value of seed propagation in a

breeding program" Seed of PotenËilla fruticosa should be after-ripened

for a period of 30-45 days to obtain more rapid and uniform emergence"

IÈ is evident from this study that preliminary experiments wíth seed

germination and emergence can be beneficial parËicularly when only

general recommendations are available.
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5"0 I.hnuscript III. Models of Inheritance of Flower Colour and Extra

Petal-s in Potentilla frutÍcosa L"

5.1 Introduction

P" fruticosa is a valuable dwarf ornamental shrub that is widely

planted in the landscape. rn excess of eighty cultivars have been

selected although only a small number are routinely propagated and used

by the landscape lndustry (van den Laar l9B0). some of the important

plant characteristics which have influenced the popularity of the plant

include plant size and form, flower colour, size and abundance, long

season of flowering, foliage colours, and ease of niaintenance in the

l-ands capee

Flower colours range from bright yel1ow co \^rhite with numerous

shades 1n between, herein referred to as acyanic. Flowers with shades

of red and orange are also known. These colours are due to the presence

of anthocyanins and flavonoids, herein referred to as cyanic, These

colours are greatly influenced by environmental conditions, particularly

temperature (Robertson r9B4). pigment synthesis is reduced as

temperatLlre increases. In a control-led environment study (Ëemperatures

of 30"/20" c day/night), there \,ùas a significant reducËion in synthesis

of cyanic pigrnents"

No previous studies on the inheritance of flower colour in p.

fruticosa have been found although, clausen and Heisey (J_958) have

sludied flower col-our inheritance of Potentilla glandulosa Lindt. They

proposed a series of four epistatic genes to explain the observed

segregations ín l-2 populations. A bleaching gene \../as also Írnplicated"

Double flowering potentillas are known but are rareo Doubleness is
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used in the sense as described by Reynolds and rampion (1983); that is

the presence to varying degrees of extra petals. cv" rHersir or
rsnorvfl-aker often has six to seven petals or one to tr,ro extra petals

above the basic compliment of five (Robertson I9g4). fsundancet, a

cultivar released by the University of l"lanitoba in 1970, has eight to LO

peLals during much of the growing season (Lenz 1977). stuciÍes on

advanced selections in the University of l"lanitoba breedíng progranr

suggest the number of extra petals is influenced by bot.h temperature and

plant moist.ure status (Robertson 1984). The latEer was most Ímportant

in rield studies"

Doubl-e flowers have been reported for other potentilla species:

Potentirla reptans L. and Potentirla tomentilra L. (p" erecta L. )

(Reynolds and Tarnpion 1983)" In P. reptans double flowers resulted from

petalody of both sEamens and ."t*" * Ooubleness in p. tomentil-l-a

resulted from petaloid stamens. No genetic information r^ras available.

The objective of this study is Ëo develop inheritance models of

flower colour and extra petals. This information should be useful in

designing future breedi-ng programs. The majority of plants used in thÍs

sEudy are advanced selections from the University of l"Janitoba breeding

program. Two plants, uM 8102 and uM 7901 will be released in the near

future.

5.2 Materials and Methods

To study the ínheritance of flower colour and petal number, taxa

were selected from existing cultivars as v¡ell as advanced selections

from the University of }lanitoba breeding program. A summary of parental

taxa and their associated characteristics are presented in Table Lti and

illustrared in Fig. 9"

All crossing, harvesting and seed hand.lÍng procedures were as
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TABLE 18" Descriptions of flower colour and petal number of parental taxa
used in the inheritance study

Flower Colour Number of Petals
Phenotypic PhenoÈypic

Taxa

uM 8102

P" fruticosa
davurica

uM 7901

UM.79II

uvr 7 904

'Goldfinger I

Po fruticosa
grandiflora

urhite

sulphur
yellow 1/0

primrose
yel1ow 601/3
with pink

sulphur
yelLow I/2
with orange

sulphur
ye11ow 1/0

sulphur
yellow 1/0

white

bright ye11ow

pink

orange

bright yel1ow

bright yellow

5

5-i 0

5-8 (extra
petals rare)

Ðescription* class designation

white white

Range class desiAnation

10-15 15

5

l0

* According to Royal HorticulEure Colour Charts 1938, Ig4L, assessed underdaylight conditions"



I'igure 9. IllusËration of some of the parental taxa
prograItr"

used in the crossing

[=
B=

D=
Lr_

UM
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UM
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I 102
7 90r
7 9tL
7 904
fruticosa grandiflora
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previously descrlbed under the experimental taxonomy, In most cases a

minimum of 40 pollinations !/ere attempted per cross and the reciprocal

to produce an adequate popufatÍon to observe segregation. An outl-ine of

the crosses is presented in Tabl-e 19. A-ll crossing was compleËed during

the 1984 field season" Seeds were planted as soon as possÍble after

harvest" Seedlings r¡/ere transplanted into small plastic containers (6

cm x 3.5 cm x 5.5 cm) wirh a soil, peat and sand (2;r:l vol.) medium and

placed j-n a control-led environmenË growth roour (20"c/15"c d.ay/night

ternperature) " idhen Èhe seedlings flowered, daÈa were obtained on flower

colour, diameËer and numbers of petals, foliage colour, numbers of

leaflets per leaf and plant vigour, All col-our assessmencs f¡/ere

conducted under natural lighting. Seedlings r^rere then transferred to a

snall fiberglass greenhouse and held at 0 to 5oc until spring. Field

planting was init.iated in early May 1985 at the University of l"Ianitoba

test garden. A randomized complete block design wj-th four blocks was

used" Five planË tiere planted per replicate but the number of

replicates varied with the family size. Parental taxa viere included in

the plancing plan, but, due to larger plant size, only three plants per

replicate were used. Al-1 plant material was irrigated at planting and

as required durl-ng the growJ-ng season. From the initiation of flowering

until mid-September, data were recorded for borh floral and vegeËative

characteristics (Table 20). similar data were also recorded for

open-pollinated seedlings and progeny from the experimental taxonomy

work. A lÍsting of these is presented in Appendix 11,

The dístribution of the cyanic pigments was often not uniform

(Fig" t0)" Red, pink and orange pigments were observed as central

bloËches, as a faint feather in Ëhe center of che petal or as a band.
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TABLE 19. Ourline of
flor¿er colour and

crossing* program for the study of inheritance of
petal number

Parents
ç *d Number of

CTOSSES

UM

UM

ulf

uIl

UM
UM

UM

P.

UM
UM

UM

UM

UM

UM

P.

P"

Br0i
B IO2
B t02

790r

79or
7 90r
790r

UM

UM

UM

D

UM

UM

ul't

x
x
X

fruticosa

8r02
7 9II
7904

x UM 8102 I GoldfÍngerr

7901
7 9TI
7904

fruticosa davurica

83
20
52

13

7s
29
a1JI

2B

38
38
49

45
70
62

25

15

679

x
x
X

79tr
79IL
7 9It

7904
7 904
7904

X
x

ut\t 8102
uM 7901
u\r 7904

UM B1O2
uM 7901
ul"t 7 91 I

fruticosa tGoldfingerr x p. fruticosa davurica

fruËicosa davurica x P. fruticosa grandiflora

X

TOTAL

* Female parenË listed first
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TABLE 20. List and mode of
evaluations

assessment of characters utilized in progeny

Charact er Assessment Mode

A, Reproductive characters

1) flower colour

2) flower diameter

3) petal_ insularity

4) number of petals

5) size of petals

B. Vegetative characters

1) plant heighr

2) planr widrh

3) leaf size **

4) leaf colour

5) leaf vesture

6) number of leaflets/leaf

7) plant vigour

B) winrer injury

Royal Horticultural Society Colour Chart*

I - 10 mm, 2 = 10-15 mm oo" B =Þ40 nm

I = gapped, 2 = touching, 3 = overlapped

count

rate 1 = 100-75"/" of basÍc size ... 3 =
25% of basic size

average height in cm

average width in cm

1 = very large, 2 = large ",. 6 : very
sma1l

I = dark green, 2
light green,

1 = glabrous

average count

0 = dead "..
0=deadrl=

no damage
pollinaÈed

= medium green " ". 7 =
8 = chlorotic

6 = tomentose

9 = extremely high

dead to soil line 6 =
(assessed only on open-
faní1Íes )

* A detailed listing of** Illustrations of leaf
flower colour
size classes -classes is presented in Appendix 9.is presenËed in Appendix Ió"



Fígure 10. Typical examples of cyaníc zonation in selected progeny
from controlled crosses of p. fruticosa.

A) cyanic pigments in a central feather
B) cyanic pigments in a wide margin
C) cyanic pigments in a narrow margin (tip of petal only)
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around the outer edge of the petal" Each of these configurations were

referred to as cyanic zonation. Observations indicated that the area of

zonation was fairly uniform on one plant during the fl-owering period"

The col-our intensÍty of the cyaníc porti-on did change" This change was

likely temperature med.iated (Robertson t9u4), In cyanic-zoned pJ-ants it

was possible to clearly identify the background colour of the petal.

This led to the development of the ratings as outlined in AppendÍx 9.

The background colour could not be det.ermined with confÍdence for

flowers that were uniformly cyanic. The resul-ting colour !/as likely an

interaction of the background colour and cyanic componenËs" Al-1 flower

colour observations were based on adaxi-al surfaces. Abaxial surface

colouration was not recorded. Colours for the two surfaces are often

slightly differenr.

since the intensity of colouration did change during the growing

season only the most. intense colours are reported. This was done to

obtain a better understanding of the phenotypic expression. The colour

differences during the season for several of the parental taxa have been

araLyzed by Roberrson (I9b4).

Robertson (1984) deÈerrnined that the degree of doubleness varied

during the growing season and plant moisture status was the most highly

correlated variable. In the present study petal counts were conducted

on five fror¿ers if possible. rf the numbers of petals changed during

the sampling period, only the mean values for the highest counts are

reported. During the 1985 growing season precipitation r¡/as above

average which according to Robertson (igs4), should favour the

expressi-on of doubfeness" Extra petal size was also rated against Ëhe

size of Ëhe basic five petals of the same flower.
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5"3 Results and Discussion

5.3.1 Flower Colour

5.3.1"1 l-lower colour inheritance" Delailed evaluation of all

progenies are presented in appendix 11 whÍle sumnaries of crosses that

!./ere successful enough to secure adequate populations Eo observe

segregation are presented in Tables 2I Lo 23 and illustrated in Figures

11 to 14" Insufficient seedl-ings were not obtained from the following

crosses and reciprocals:

1) Ut'l 8102 x Ut'I 7904 - g7 pollinarions comptered

2) UM 8102 x UM 79ll - 58 pollínations compleÈed

3) Ut'f 7904 x UM.7911 - 1lt pollinarions complered

The very low success raËe for these crosses is possibly due to

commorr incompatÍbility al-leles. Further research is required to

delineate the exËent of incompatibÍ1ity and to develop rnethods to

circumvent this problem" The exact parenËage of these plant.s is unknor,¡n

so it is difficulc to be certaÍn abouË incompatibility. Élowever, both

ULt 7904 and UM 79ll r^¡ere selected from the same family during the same

year.

To develop a hypothesis for the inheritance of white and ye11ow

colours, several assumptions L\rere made. These were:

1) Dark yellow, brighr yellow and light brighr yellow were

treated as one phenotypic class. These colours are similar

and could be obtained by varying degrees of diluËion of a

base colour or due to environmental variability.

2) Creamy yellow, ligirt creamy yellow and very light creamy

yellow (crearny white) r,rere treated as a second phenotypic

class" Similarly these colours represent a series of
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TABLE 21. Segregation of flower colour for controlled crosses* between brightyellow and whj_te flowered plants

Parents
( colour)

Total Number Number
seedlíngs creamy bright X2 f.or probability
assessed ye11ow ye11ow 3:L ratlo of higher X2

Group I

1) Ut"t 8102 x ul'f 7901 (white
x bright ye11ow 71 57 L4 1.06 0"5 _ 0.3

2) uM 7901 x UM 8102 (brighr
yellow x white) 28 ZL 7 O"O

3) Ui'l 7901 x P. fruricosa
davurica (briehtJellow

1.0

x white)

Conbined 1, 2 & 3

11 B 3 0"03 1"0_0.95

1i0 86 24 0"59 0"5 _ 0"3
(Homogeneity x2
=0.5df=2

not significant)
Group II

4) P" frqticosa tGoldfinger' x
UM 8lO2-Gright yellow
x white 73 22 51 1,03 0,s - 0"3

5) P. fruËicosa tGoldfingert
x P. fruticosa davurica
(b;ighr yellor^r x

white) 57 11 46 0.99 0.5 _ 0.3

6) P. fruti-cosa grandiflora
x P. fruticosa davurica
(b;ighr yeuow ; rhiret 68 Lz 56 L.g6 0.2 - o.I

7) P" fruticosa davurica x
P. fruticosa grandiflora
(white x brighË ye11ow) 42 4 38 5.36 0.05 _ 0"01

240 49 191 2"69 0.2 _ 0"1
(Homogeneity X2
=6.65df=3

not significant)

Combined 4-7

* Female parent listed first
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TABLE 22" Flower col_our segregation of progeny
between UI\ 790L (bright yellow) and IJI,I79O4

of controlled crosses
(creamy ye11ow with orange)

Fl-ower colour of
progeny

Number of seedings
in each colour class

7901 x 7904* 7904 x 7901

Dark yellow

Dark ye1lov¡ with orange

Bright yellow

Bright yellow with orange

Light bright yellow

Light bright yellow wiËh orange

Creamy yellow

Creamy yellow with pink

Creamy yellow with orange

Light creamy yellow

Light creamy yellow with orange

Light creamy yellow \,/irh pínk

0range

Salnon

Total ltlumber of Seedlings

I

0

25

9

24

9

10

J

I4

3

I

1

2

2

0

I

6

I

5

l

3

1

I

1

0

0

0

0

104 20

* Female parent listed first
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TABLE 23. Flower colour segregaËion of
between UM 7901 (bright yellow) and

progeny of controlled crosses
Ut'{ 7911 (creaury whire wÍrh pink)

Flower colour of
progeny

Number of Seedlings
as in each col-our class

7901 x 79II* 79IL x 7901

Dark yellow with orange

Bright yellow

Bright yellow with orange

Líght bright ye11ow

Light bright ye11ow wirh

Light bright yellow wirh

Creamy ye1low

Creamy yellow with orange

Total Number of Seedlings

orange

pink

2

4

5

23

13

0

11

2

1

7

7

37

9

I

L2

1

7661

* Female parent listed first



Figure 11 Examples of progeny obtained
and UM 790I. Ulf 8102 (white)
(ye11ow) is extreme right and

from crosses between UM 8102
is at extreme 1eft, UM 7901
progeny are in betrüeen.





Figure 12. Examples of progeny obtained from crosses between p.
fruticosa 'Goldfinger' and IIM BLo2" 'Gordfinger' Ts
at ext'eme left, rIM 9102 at extreme right and progeny
are ín between.





Figure 13. Examples of progeny obtained from crosses
and llM 7901. UM 7904 is ar exrreme 1efr,
extreme right and progeny are in between.

between Ul,I 7904
UM 7901 ís at





Figure 14. Examples of progeny obËained from crosses
and III{ 7901. IIM 7911 is at exrreme lefr,
extreme right and progeny are in betr¡¡een.

between IIM 7911
UM 7901 ís at
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dilutions or possible envj_ronmenLal variability.

3) The above colours may also be associated with anthocyanin

pigments ( cyanic zonation). The amounts of cyanic pigments

were small and the background colours were easily visible.

4) Any strongly cyanic plants; colour classes orange, pink and

sa-Lmon I^7ere removed from the analysis sÍnce the background

colour vlas noL identifiable" This resulted in the removal

of six plants from a total of 605 seedlÍngs"

The resul-ts presented with associated chi square statistícs in

Table 2I suggest that t.here are L\^io groups of bright ye11ow plants. rn

group r segregations fit a 3:1 ratio wÍth creamy t.ypes pred.ominaEing"

In group II (Table 2I) bright yellow types predominare, The dÍfferences

are not due to the white parents since UM 8102 and P. fruticosa d.avurica

are common in crosses of both group r and group rr. The 3:l ratio

suggests Ëhat a singl-e gene is segregating. Following the gene

nomenclature of clausen and Heisey ( 1958) group r may be segregating

around the trùv gene, cream colours predominating and group II segregates

around Yy, bright yellow types predominating" Since Ul'f 8102 j-s a common

parent in both groups a heterozygous genotype of trrfr^iyy appears lÍke1y"

Thus the genotype of UM 790I is likely i^frrrYY. This reasoning relates to

the 3: I segregation ratio. l.Jith rhe genotypes as outlined iË would be

very diffi-culË to dist.inguish beÈween plants unless an additÍonal gene

is involved or complex epistatic interactions are occurring. A-l:ter the

model of Clausen and Heisey (1958) an additional factor, trrt2 is proposed

to distinguish beËr+een white and yellow plants. since the observed

ratio suggests only a single gene segregation, then one parent is

homozygous dominant (lü1,{) while the other homozygous recessive (ww)" rf
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Èhis factor is involved in the determination of the white genotype

(Clausen and Heisey 1958) then rentatively UM Bl02 should be

Idll{1td2w2Ylyl and urr 7901 should be w1w1w2w2Yyy1. I,vhire colours in rhis

model must be homozygous dominant for û/1 locus and at l-east heterozygous

at the trd2 locus. Bright yeJ-low types could be obtained by having a

homozygous recessive at eiËher tr{ loci and at least heterozygous at the

Y1 locus" Plants t.hat are heterozygous at both hl l-oci and the Y locus

r¿ould be cream coloured. rt is also very probable that epístasis is

involved as !/as similarly observed by clausen and Heisey (1958). The

proposed genoEypes of progeny from the cross between UM 8102 and Ut{ 7901

is outlined Ín Table 24^

By observÍng the segregatÍon of flower col-ours in the cross UYI 79OI

and ul{ 7904 xlne model can be expanded (raute zs). The anthocyanin

pigments are ignored thus the cross ís in effecE between bright ye1low

and creamy yellow. A 3: I ratio of bright yellow types to creamy yellow

types was obtained" l'ol1owing the model of clausen and Heisey (1958) a

fourth gene Y2 is proposed since all atËempEs to work with the three

genes proposed failed" The fourth gene proposed i-s an additional yellow

factor. Since Ulf 7901 is bright yellow Ehe fourtir facËor is proposed as

YZ* while in UM 7904 (creamy yel1ow) ir is proposed ro be y2y2. The

l-atter is in the homozygous condition slnce it is a creamy colour. The

parental genotypes proposed are: uM 7901 = wIwlLl2w2Y1Y1Y2YyYyY2-å uM

7904 = w1w1trrr2w2YrYLyzyz. ulvl 7901 is likely hererozygous for rhe y2

locus' In such a situation creany yellow plants could have genotypes of

w1w1l{2ld2YiY1y2y2, wlwll^l2w2Y1Y1y2yZ or w1wlw2w2YfYLyzyZ. The rario of

bright yellow to creamy yellow planrs in rhe cross ul"l 7901 x uM 7904

would be 5:3" The data presented in Table 25 do fit such a ratio,



TABLH 24. Proposed genotypes of progeny from a
and UM 790I (brighr yellow)

P1 = UM 8102 = W1W1t^J2w2Yiy1

P2 = UNI 790L = w1w1hr2w2y1y1

w1hl2Y1 w1w2Y1

ro7

cross between UM 8102 (white)

Creamy yellow types

Bright ye11ow types

hrl i{2Y1

[,li l,lZyt

Irl1w2Y1

l'JL*zvt

W1w1lt/21{2Y1Y1

i{1w1Iù2 hr2Y1y1

I,/1w1 l^i2w2Y1Y1

I,rlwl l{2w2Y1y1

ii1w1i,/2w2Y1Y1

W1w1l,I2w2Y1y1

tr{1w1w2w2Y1Y1

I{1w1w2w2Y1y1
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TABLE 25' Segregation for flower colour in crosses beËvreen UM 790I (bright
yellow) and UM 7904 (creamy yellow)

Total Number Number prob. of
seedlings bright creamy X2 for higher

Parents assessed ye11ow yellow 3: l ratio 12

r) uvr 790r x uM.7904
(bright yellow x
creamy yellow) 100 68 32 2.61 0"2 - 0.1

2) UM 7904 x UM 7901
(creamy yellow x
bright yellow) Z0 14 6 O,4O 0.7 _ 0.5

conbined r & 2 L20 Bz 38 2.g4 0.I - 0,05
( Homogeneity
XL = ().L7 df
=l=not
s ígnif icant )
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(X2 = L"74 prob. x2 = 0"3 - 0.2). An ourtine

from the cross UM 79rJI x UIa 7904 are presented

of the Y2 gene !/as not apparent in the white x

8102 x UM 7901), The acrion of Ëhe rv¡o I{ genes

Èhe Y2 geneô

of the progeny genotypes

in Table 26" The action

bright yellow cross (UM

may mask any effect of

rn Table 27 rl'e segregation of progeny from the cross uI"I

790r x uy1 79I1 (bríght ye11ow x creamy ye11ow with pink) is presented.

As outlined earl-ier the cyanic components are ignored thus the cross is

in effect betlreen bright yellow and creamy whÍte. once again a 3: I

ratio betr¡reen bright yellow and creamy yellow types was obtained.,

However, according Eo the initial assumptions made Ehe creamy vrhite

colour is in the same phenotypic class as creamy ye1low" Thus by

adherance to these assumptions \^re are unable to distinguish between

plants. tsoth crosses Ult 7901 x UM7¡J94 and UM 79OI xUþI7gII segregated

3:1 for bright yellow types to creamy yellow types which suggests that

Ëhe planEs irave identical genotypes. Horrrever, creamy yellow ís distinct

from creamy white. The difference between Ehese colours may be due to

complex epistatic interactions or to an additional bleachíng gene. A

bleaching gene \¡/as proposed by clausen and Heisey (I95s) buË they were

unable to confirm action or existence, Sirnilarly our information base

is insufficient to be definitive. The addition of a bleaching gene is

considered possible considering Ehe initial assumptions regard.ing the

various shade of bright yellow and crearny yellow.

The Cl-ausen and Fleisey (1953) model indicated Ëhat the I¡/ genes tend

to mask the effects of Èhe y genes anci in turn the deep yellow (yt)

tends to mask the paler yellow (yz) atttrough there !ùas not coniplete

epistasis. Their proposal established a delicate bal_ance with the
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TABLE 26. Proposed genotypes of progeny fron a
yel1ow) and UM 7904 (creamy yellow)

cross betl¡een UI'í 7901 (bright

PI

P2

UM

UM

7 90r

7 904

w1w1I,rI2w2Y tY IYZyZ

w1w1tr{2w2y 1yfi/yZ

o
+

w1 W2Y1Y2

wlW2Yyy/

w1w2Y1Y2

wyw2Y1y2

wlW2Yyy)

w1w1W2i,I2Y tY1Y2y2

w1w1 üi2 l,/2Y lY Ly Zy 2*

w1w1i.rl2w2Y tYlYZyZ

w1w1trrl2w2Y LYlyZyz

w1w2Y1y)

w1w1 tr{2w2Y tYyY2y2

w1w1l^J2w2Y tYüZyZ

w1w1w2w2Y tYtYZyZ

w1w1w2w2Y tYüZyZ

* = creamy yellow types, remainder are bright yellow
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TABLE 27 " Segregation for flor^rer colour in crosses* between UM 79OI (bright
yellow) and UM 79LI (creamy whire)

Total Number Number
seedlings brÍght creany X2 for prob" of

Parents assessed yellow yellow 3:1 ratio higher x2

1) UM 7901 x
UM 79IL
(Urigtrt yel1ow
x pink)

2) UYt 79II x
UM 79OI
(pink x bright
yellow)

Combined

134760 0"36 0.7 - 0.5

2"35 0"2 - 0.1

2.37 0"2 - 0"i

(Honogeneity
XZ = 0" 02 d,f
=I=noÈ
significant )

75

135

62

109

13

26

* Female parent listed first
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j-ntermediate forms which also coul-d be rnodified by envÍronmental factors

or a bleaching geneo The observed frequencies in their study were not

always in close agreement with expectations, They suggested that

discrepancies were due to genetic linkage, crossing over and other

nodifying influences" A fourth and fifth generation woufd be required

to test and refine Ëhe model. P. gl-andulosa can be self pollinated thus

enabrÍng easier study of genetic rel-ationships than with obligatory

cross pollinated plants.

rn P. fruticosa bright yellow types predominate rather than the

creamy types as observed in P. glandulosa. This shÍft is possible due

to genetic makeup of Ëhe individuals studied. The plants used in the

present study were largely obtained as advanced selections or cultivars

and thus may not be representative of Ëhe entire population"

l"fany of Èhe parental plant genoËypes have several homozygorls

genes" This condition is noE as common in self-Íncompatible

cross-pollinated species (Allard 1960). However, since these pÌants are

advanced select,ions that have been serected for * 3 generations a

certain amount of homozygosity can be expected. This is particularly

true for the cyaníc selections (UM 7904 and UM 7911). From the numbers

of cyanic seecilings appearing in Èhe controlled crosses it ís suggested

that gene(s) controll-ing anthocyanin production must be in recessive

condition to be expressed (Tables 22 arld 23)" Observed frequencies of

fully or zoned cyanJ-c flowers were very low.

rn the cross berween brighr yellow (ut'{ 7901) and whire (uM gI02)

Ëhe Y2 locus of ul"I 7901 is not distinguíshable. This may be due to a

nasking effect of the tro/ genes or it may be homozygous dominant and thus

no segregation occurs. rn the cross ul"l 7901 x uM 7904 t]ne y2 locus of
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UM 7901 should be heËerozygous Lo be consistent with the model

developed. This possible discrepancy remains unexplained and requires

furËher study.

Attempts to develop meaningful- rnodels for cyanic flower colour

inheritance \^/ere not successful. Insufficient numbers of seedlings were

observed to develop a complete picture. rt should be noted, however,

that both fu1ly cyanic and cyanl-c-zoned progeny (pink, salmon and

orange) were obtained in crosses between UM 7901 x Ultt 7904 and Ul"l 79lt

(Taoles 22 and 23). ThÍs provides a preliminary indication rhar ar

least tr/ro genes are involved, each coding for different cyanic

componerits" The location of cyanic pigrnents; center of petal, feather

or outer edge of petal, suggests that position genes may be involved.

Robertson (19tj4) suggested that temperature effects on cyanic

pigments production \^/ere not uniform hence temperature sensitivity

geae(s) could also be added to the model-. The background colour of the

petal also appears to interact with cyanic pigmenEs to increase the

range of colours.

A very preliminary model of inherÍ-tance of cyanic pígments is

proposed thaE may be useful for further study.

I) Basic col-our; yellow to white with possible interacLion with

cyanic pigroents

2) Cyanic pigments - at least Ër^/o genes

3) Location of cyanic pigments - center, feather, marginal or

unifonn

4) Temperature sensj-tivity

It is unfortunate Ehat crosses between UM 8102, UM 79ll and U147904

fail-ed to produce large enough populations to study" These could have
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been of considerable value in further development of the rnodel proposed.

Fig. 15 illustrates the flower colour of five seedlings from the

cross ulr7904 x uM 7911. The range of colours suggesrs very complex

inheritance.

Al-1 uiodels proposed are very preriminary and require considerabry

nore research" They have been proposed as an expl0ratory tool raËher

than confirmatory one (Tukey lgSl) " Ar rhe iniriation of the study

little informatÍon r/¡as available regard.ing parental history or

breeding" Further crossing programs are still need.ed however to test

these models and these will have to be carefully designed considering

the apparent complexity of the systems.

fÍeld conditions. Linear regression of field. and growËh room colour

assessments was used to determi-ne the predictability of colour under

different growÍng conditions. prevÍous studies (Robertson l9g4)

suggested that expression of acyanic and cyanic flower colour was

influenced by the envi.ronment.

Regression of acyanic flower colour

and field was highly significant (prob

is outlined by the following equation:

observations in the growth room

F = 0.0001). The relarionship

T=0"43+0.95x R2 = 0.5t1

y = field colour assessment

x = gror¡/throom COlour assessment

There is good agreement between these paired observations"

similarly, regression of cyanic flowers yield a significant

regression equation (Prob F = 0"000I).

5"3.r"2 Relationship of colour assessments und.er controlled and

The relationship is outlined by the following equaËion:



Figure 15. Examples of
UM 7904 and
UM 791,I at
between.

progeny obËained from crosses between
UM 7917. llM 7904 is ar exrreme lefr,

extreme right and progeny are in
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y = 0.69 + O"g4x R2 = O"Z4

y = fiel_d colour assessment

x = gro\^/th room colour assessment

The slope of the l-ines (0"95 and 0.94) suggests that a one to one

relatíonship is evident" The variation in the R2 val-ues suggest that

greater variability existed in cyanic colours. Studies by Robertson

(1984) determined that under high remperatures (20-30'c) significant

reductions in pigmenË production occurs.

cool, moist weather during the assessment peri_od. of t.he current

study allowed good expressÍon of Ehe cyanic components. Such weather

conditions are not common. Hot ofËen dry weather occurs during this

period. In future genetic sEudies it is recommended that growthroom

assessments be continued at least on a limiÈed scale. ThÍs will ensure

the extent of cyanic pigment production can be estimated" However, the

ornamental value of a parËicular plant and associat.ed flower colour is

best determj-ned under field conditj-ons where the plant will be

ultj-mately grovrno

5"3"2 Flower Doubleness of p. fruticosa

5"3"2"1 ParenÈal taxa" The mean number of peËals of the parental

taxa varied during the growing season (Table 28)" petal counts for both

uM 8012 and uM 7901 generarly increased for t,he firsr rhree sampling

daEes. Subsequent changes were smaller. Similar Erends were reported

by Robertson ( 1984). She was able to correlat.e íncreased petal numbers

rnTirh decreases in plant moÍsture stress. During August 19g5, record

levels of precipitation \^/ere recorded" This should. have allowed maximum

expression of extra petals that were implicated to the plant moisture

relationships. This period corresponded to the main time frarne that
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seedling assessments r^7ere compleÈed. Ul4 7904 and rGoldfinger' had five

petals throughout the growing season. This is the basic number for the

species. u}l 79rr pexal counts only varied during the August t to 15

sarnpling perÍoc.. In greenhouse and controlfed growthroom conditions,

petal counts of six to l0 have been observed, Similar values i^rere not

observed during the 1985 growing seasono

size variation of che extra petals was 1ow for uM 8102 (Table 28)"

Only 6"4% of the extra petals were in the medium and sma1l categories.

rn uM 790r varLation \^/as greater with 45.0"/" of the extra petals below

the large size range. The reasons for the variatlon in size of extra

petals remains obscure. Reynolds and Tampíon (1983) suggested that

unequal partiti-oning of resources nay be responsible. This could be due

to photosynthates or hormonal balances. Genetic explanations for thj-s

phenomena could also be i-nvesEigated" Further research is required to

identify reasons for this variation"

It was observed that extra petals appeared to be petalized

s tamens ( Fig. I 6 ) " Of ten rudiment ary anther-like s tructures \,r'ere

terminall-y atËached to petals" This was most frequentÌy observed in the

srnal-l petal size c1ass" Linear regression of the total numbers of

stamens and petals of UM 8102, UM79OI and progeny from controlled

crosses between the two yielded a highly significant equation (Prob. F

= 0.0001). The equation i.s y = 35.7 - 1.17x where y = number of stamens

and x = number of petals. Stamen numbers r^¡ere used as the independent

variable since they are usually <iifferentiated afEer petals (Reynolds

and Tampion 1983). This equation indicates that there is a significant

linear relationship between the gain or loss of eiËher petals or

stamens' This contributes more evidence thaË extra petals are petalized



Figure 16. Illustrations of petal
uM 7901 x Ul,I 8102"

form in a seedling fron a cross between
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stamens. Further anaËomical and developmental

confirm this hypothesis. Double flowers of p.

into class Ic of Reynolds and Tampion (1983)"

research

fruticosa

is required

appear to

to

fiË

5"3"2"2 Progeny analysis" Petat counts of progeny from con¡rolled

crosses are presented in Tabl_es 29 to 32" cross means and parental

means (from August 15 to September 15) are also presented. As outline¿

earlier, crosses between uli 8102 x uM 7911, u¡1 79lI x urq7904 and uM

8402 x uyl 7904 did not yíe1d sufficienr seedlings to be analyzed. rn

addition, progeny frorn the cross uM 7901 x p. fruticosa davurica (ll

plants) were not included due to low numbers" progeny fron crosses

between parents Ëhat both had five petals always yielded five petaled

progeny. These crosses were P. fruticosa davurica x p, fruticosa

grandiflora, P" fruËicosa grandiflora x p. frutícosa davurica, and D

fruticosa tGoldfingerr x P. fruticosa davurica.

rn all cases transgressive segretates, having higher petal counts

than eiËher parenË r^Iere recovered. Nugent and Snyder (1967) d.etermined

that transgressive segregates in Pel-argonium hortorum Bailey were

associated with rnodifying genes. rn their study once a "trigger" for

initiatiorl \¡ras acËivated, expression of up to 3 nodifiers \^/as possible.

rn Petunia hybrida transgressive types r^/ere not observed (saunders

l9l-0) " Double flowers were either present or not in progeny obtained

from controlled crosses. None of the double floivered progeny had higher

petal counts than the highest parent.

Fanily means for numbers of petals are all bel-ow t.he mid-parent

(tables 29 to 32). In the case of crosses between UM 7901 and UM 8102

both fanily means are bel-ow the lowest parental va1ue. The depression

of the family means is due to the large number of single fl-ower types
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TABLE 29. Segregation of progeny
peral (U¡,t 7901) and f ive peral

for extra petals from crosses* between l0
(uM 7904) parenrs.

Number of
petals

Number of seedlinss
UM 7901 x UM 7904 UI4 7904 x ULt 7901 To tal

5

6

7

I
9

10
I1
I2
13
I4
15

TOTAL

;

Mean petal
llean petal

UA(JJ

10
2

2

2

I
0
1
0
I
2

104

5,b6 t 0.19

Ul"I 7901 = 9"85
UM 7904 = 5.0 t

I4
1
0
4
0
0
0
0
0
0
I

20

ó.15 f 0.54

97
l1

2

6

2

1
0
I
0
I
J

L24

5"64 r O"r7

count for
count for

* 0,36
0.0

* Femal-e parent lisced first.



TABLE 30. Seg of progeny for
'Goldfinger' )

extra petals from
and l-5 petal (UM B

124

crosses* between five
102) parenËs.petal (P"

regation
fruticosa

Number of
petals

Number of seedlings
Goldfinger x UM 8102

5
6

7

I
9

10
11
I2
13
I4
15

TOTAL

"

51
4
aJ

0
2

4

0
2

2

2

3

73

6.59 r 0.35

* l-emale parent lisÈed first"



TABL¡I 3I. Segregation
pet.al (U1,1 79lt) an¿

125

extra petals from crosses/s between five
790I) parenEs.

of progeny for
l0 petal (UI"f

Number of
petals _ Number of seedl_ings

Ut"t 7911 x Ul'l 7901 UM 7901 x UM 79ll Total

5

6

l
()

9

10
l1
I2
13
T4
15

TOTAL

"
.ùlean petal
Mean petal

33
11

5

3

I
1
I
0
5

1

I

62

6"48 t 0"35

72
22
11

6

2

4
J

2

9

4
J

138

6"88 + 0"25

39
11

6

3
1
J

2

2

4
3

2

76

7"05 + 0.35

count for Ulvl 79OL = 9"85 t 0.36
count for UM 79LL = 5,0 + 0"0

* Female parenË .l-ísted firsl"
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TABLE 32. Segregation of progeny
peral (UM 7901) and ì.5 perat

petals from crosses* between 10
parents.

for extra
(uM 8r02)

Nurnber of
petals

Number of seedlings
UM 7901 x UM 8102 Ul-1 8102 x UM 7901

5
b

7

I
9

10
1t
72
13
I4
15
16

TOTAL

4
2

4
2

I
3

I
4

5

2

2

0

28

30
6
3
7

2

4
0
4
1
7

6

1

7I

Mean petal count
Mean petal count

for UM 7901
for UM 8102

9.85 *
14"t f

9"67 t 9"63

0.36
o "25

8.25 t 0.45

* lr-ema1e parent listed f írst.
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recovered" This decíded shift was also noted in Pel-argonium hortorum

(Nugent and synder L967)" rt should be noted, however, that as the

petal counts of the parents íncreased there is a concomitmant increase

j-n mean petal counts of progeny. Table 32 illustrates that there may be

reciprocal differences between t\^ro parental combinations. Family means

are higher when the pollen parent had a higher petal count than the

maternal Parent. A similar but reverse trend was noted in flowering

crabapples (sampson and cameron 1965). They provided no explanation.

Reciprocal differences will be discussed aft,er detailed progeny

analysis.

size classification of extra petals based on family means is

presented in Table 33" In most cases the number of medium and small

peEals is quit.e small. Generally, more than B0% of the extra petals are

in the large category, There also is a general Ërend of increasing

medium and small petals as the mean extra petal count increases. rn

rel-atj-on to Ëhe development of ornamental qualities it is much more

desirable to have a high frequency of petals in the large size class.

This has an effect of increasing the fullness of the flower,

5.3.2.3 ExËra petal inheritance model. To initiate the

development of an inheritance model for petal number, comparison betr^¡een

singre and double flowered types were made (ra¡le :+). Rarios fir

eÍther 3:l- or 1:l theoretical segregation patterns. A similar approach

was used by Nugent and Snyder (1967)"

As suspected earlier, reciprocal differences in crosses beÈween

UM 8102 and Ut'l 7901 appeared (Table 34). In the cross UM 8102 x UFI 7901

a significant I : I single double raËio was obtaÍned while in the

reciprocal a 3:L ratio was significanl. The cause of this reciprocal
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TABLE 33" Size
controlled

classification of extra
crosses:l of P" fruticosa

petals based on farnily means for

Number of
seedlings
assessed

Iufean

number
of petals

(+ SE)

Mean
number

of
extra
petals

Mean number
of extra petals
by síze cl-ass**

Medium
& small-
clas ses
asa

percent
Cross Large }ledium Sma1l of total

Uli 7901 x UM
UM 7904 x Ul'1

t Goldf inger'
uM 8102

UIl 79Ll x UM
UlvI 7901 x UM

UM 7901 x UM

Ul'f 8102 x UM

7904
7 90r

X

7 90r
7 9LI

I 102
790r

104
20

73

76
62

2B

7T

0"66
1.15

7"59

2"05
r.48

4.67
3 "25

5 " 66+0. i9
6. l5*0" S+

6 " 59r0.35

7 " 05t0.3s
6,4BtO. ¡S

9 .67X0 " 63
8. 25r0.45

0.53 0"09
r"I0 0"05

1"35 0"16

1.40 0"4L
I.21 0.19

3"65 0.61
2.78 0"32

0.04 r9 "70.00 4"5

0.00 8.8

0 "24 3L.7
0, 08 L8 "2

0.41 2r"8
0" t5 r4"5

Female parent listed first

Petal size classes based on comparison to the 5 basic peEals
large = 100 to 752 of basic size
medium = 75 to 25% of basic size
srnal-f = IZSZ of basÍc size
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difference is unknov¡n and requires further research. The possibilicy of

error in crossing, labelling, etc. can not be totally ruled out but is

retnote since reciprocal differences $/ere not observed in the segregation

of flower colour. In addition, frequencies of double types alone (Table

35) al¿ not have reciprocal differences. rt is possible that the

altered segregation is due to environmental causes, cytoplasmic factors,

linkage to a pollen tethal, preferential fertLLízation or selectÍve

eliminaËion of zygoLes (Grant I975). The last three possible causes are

very rare and have been observed in only very intensively studied

material. Linkage of a double flower inducing gene to a pollen lethal

was found in l"lathiol-a Íncana (Johnson 1953). Cytoplasmic inheri-Ëance of

double flowers is known in Aquilegia vulgaris (Rousi 196g). Further

research ís required to determine the cause of the alt,ered segregatÍon

in the present study.

NotwithstandÍng E.he one reciprocal difference it is stitl possible

to develop a genetic model. rc is necessary to propose tr^ro genes to

explain the segregations observed. These would act as a "swiÈch" or

"trigger" for the production of extra petals, trr/ith either loci Ín a

recessive condition extra petals are produced. Conceptually the switch

nay be envisioned as turning on the production of a hornone (Reynolds

and rampÍon 1983). I,/ith one of rhe tv/o genes fully recessive then

production is possible" The concept of a switch has been proposed in

Prunus amygdal-us (Larnberts 1945), pelargonium (Nugent and synd.er 1967)

and Mathiola incana (Saunders 1928, Johnson I953).

The genoËypes of the parents in the crossing program could be:

P. frut,icosa 'Goldfinger' D1d1U2D2 - doubleness off

ULI 7904 D1DiD2d2 - d.oubleness off
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Ull 79ll D1d1D2D2 - doubleness off

Ul'l 790i df¡D2d2 - doubleness on

UM 8102 D¡d$2d2 - doubleness on

As previously discussed, IJ\,I 79Ll occasionally produces exËra

petals, however, doubles \,rere not observed during the period of progeny

evaluation (August 15 to september 15). Thus, this plant is considered

as a si-ngle type. It is possíble that Ehere is incomplete penetrance of

one of the genes or an additional modifier gene may be involved" These

may be oPeraEj-onal only under very specific environmental conditions.

Further research is required to determine the cause of this. A sirnilar

phenomenon \^/as observed i-n a native plant collected near Marchand,

Itfanitoba. Under growth room condi-tons occasional extra petals were

produced. These were not observed in the field.

Segregation of double flor¿ered progeny inEo two classes, six to 10

petals and Ii Ëo 16 petals is presented Ín Table 35. The designation of

these classes is based on the two double flowered parents" Ui'l 7901

extra petal counts range from six Lo l0 and uM Bl02 frorn l0 to 15"

Broad class sizes are also necessary due to possible environmental

influences" The segregation observed fit either a 3:l or 1:l

theoreti-cal ratio" No reciprocal dÍfferences are noted. These resul-ts

may be explaíned on the basis of a double modifier gene (Dm) (Lamberts

L945, Nugent and synder 1967)" The genotypes of the parental taxa may

be:

P" fruticosa rGoldfínger' - Dm dm

Ul,I 7 904 - Dm dm

UM 7911 - Drn drn

UNI 79OI - Drn dm
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UM Bi02 - dm dm

0n1y Ëhe action of the recessive homozygote would enab-Ie production

of extra petals and only after the system vras turned on" The initial

switch (D) would allow product.ion of between orì.e to five extra petals

v¡hile the modifier (dm drn) would enable an additional one to five petals

to be produced.

combining the two proposals the following genotypes can be

proposed:

P. fruEicosa rGoldfingert - D1d1D2D2Drn dm

UYI 7904 - DIDtD2d2Dm dm

UYI 79Il - D1d1D2D2Din dm

UM 790f - dldlDzd2Dm drn

UM 8102 - Dtdld2d2drn dm

The genotype of uM 8I02 is questionable due to the reciprocal

differences observed. Proposed genotypes and associated chi square

statist,ics are presented for each of the crosses in Tables 36 to 39. On

the basis of chi square statistics, all observed. segregation fits the

model as proposed with rhe exception of uM Bt02 x 79Or (Table 39), The

pri-ncipal reason for rhis is the large number of five petal types that

occur. rr is unfortunate thaË uM 8102 does not occur as a female in

other crosses. i{Lren uM 8102 was used as a polren parenË with
rGoldfingerr and Ul'1 7901, segregatÍons üet expectations, Only when this

plant r¿as used as a female did the altered segregation occuro This

suggests differences may be due to cytoplasmic inheritance (Strickberger

L976). Inhen uM 7901 pollen was used in other crosses no alt.ered

segregation v/as noted (Tables 29 and 3I)"



TABLE 36, Proposed genotypes of progeny from a
(uM 790I) and five peral (ur4 7904).

UM 7901 = d1d¡D2d2

UNI 7904 = D1D1D2d2

D1D2Dm D1D2 din D1d2 Dm D1d2 dm

d1D2Dm
d1D2dm
d 1d2Drn
d1d2dn

plants with six to
plancs \^rith 11 to 1

l0 petals"
5 petals - remainder have five petals"

Ilatio petals 6-10 petals I-15 petals

cross between 10 petal

r34

drn

dm
om^
d¡¡:k:k

Dm dm

Drn dm

Pt=

Pz=

1-J-

l6

?

D1d1D2D2Dn Dm

D1d1D2D2Dm dm
D1d1D2d2Dm Dm

D1d1D2d2Dm drn

D1d1D2D2Dm dm
D1d1D2D2dn dm

D1d1D2d2Dm dn
D1d1D2d2dm dn

D1d1D2d2Dn Dm

D1d1D2d2Drn dm
D1d1d2d2Dm Dm*
D1d1d2d2Dm dm*

D1d 1D2d2Dm
D 1d 1D2d2dm
D1d1d2d2Dur
D1d 1d2d2dm

12=5
t6

I=l
16

Cross

79OI x 7904
7904 x 7901

combined

(Homogeneity

0bserved Number of
peËals

5 6-10 tl-15

173
51

224

significant).

Prob. of

83
I4

97

Total

i03
20

L23

a hiçher
X¿

0. 3-0. 2

0.9-0"7

0.5-0. 3

y2

2.54
0. 54

2.06

x2 no:



TABLE 37. Proposed genoËypes of progeny from
(P. fruticosa 'Goldfinger') and l5 petal

13s

a cross between five petal
(uM el02) types

Pl =

Pz=

rGoldfingerr = D1d1D2D2 Dm dm

UM 8102 = Dtd f ZdZ dn dm

D1d2 dm

D1D1D2d2Dn dm
D1D1D2d2dm dn
D1d1D2d2Drn dm
D1d1D2d2dm dm

d1d2 dn

D1d1D2d2Dm dm
D1d1D2d2dn dm
d1d1D2d2Dm dm*
d1d1D2d2dm dm*r.

D1D2Dm
D1D2dm
d 1D2Drn
dlD2dnt

six to 10 petal progenyo
ll to 15 petal progeny - remainder are five petal Lypes.

= 5 petals = 6-f0 petals = LI-15 petals

Observed Number of
Petals

Total 'Ã2

Ratio

Cross

I Goldfinger I

x UM 8102

I
B

t
it

6

B

Prob, of
a hiçher

N¿

5t

6-10

I3

11-I5

9 73 1. 90 0.5-0"3



TABLE 38. Proposed genotypes of
(uvl lgot) and six peral (uM

progeny from
79II) types

cross beËween 10 petal

d1D2 dm

136

dldlD2D2Dn dm*
dldlD2D2dm dm**
dldID2d2Dm dm*
d1d1D2d2dm dm**

Pt = u¡t 79OI = d;dLD2dz Dm dm

P2 = UM 79II = D¡dl)2D2 Dn dm

I D1D2 Dm D1D2 dm

d 1D2Dn
d1D2dm
d 1d2Dn
d1d2dm

D1d1D2D2Dn Drn

D1d1D2D2Drn dm
D1d1D2d2Dm Dm

D1d1D2d2Dm drn

D1d1D2D2Dm dnr

D1d1D2D2dm dm
D1d1D2d2Dm dm
D1d1D2d2dm dm

d1D2 Dm

dtdlD2D2Dm Dm*
dldlD2D2Dm dm*
dld1D2dzDm Dm*
d1d1D2d2Dm dm*

six to 10 petal types,
lI to 15 petal types - remainder have five petals.

Ratio

Cross

790I x 79II
79II x 7901

Combined

(Homogeneity

Observed Number of

Total y2

6=
16

8=5
t6

petals 6-10 petals 2 = L1-15 petals
I6

Prob" of
a hiçher

33 2r
39 24

72 45

significant) "

7

13

20

62
76

138

0 "42
2"03

2.06

0. 7-0. 5

0" 5-0" 3

0.5-0" 3

X2 not
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UM

UM

Pl =

Pz=

TABLE 39" Proposed genotypes of progeny fron
(ut"l ZgOt) and 15 peral (UM 8102) rypes

79OL = dldlD2d2 D¡n drn

8f02 = DLdIdZd.Z dm dm

D1d2 dm

cross between 10 petal

d1d2 dm

dtdlD2d2Dm dm*
d 1d1D2d2dm dm**
d1d1d2d2Dm dm*
dldid2d2dm dm**

five petals"

d 1 
D2Dn

d1D2dn
d 1d2Dn
d 1d2drn

D1d1D2d2Dm dm

D1d1D2d2drn drn
Didtd2d2Dm dm*
Dtdld2d2dm dm**

six to 10 petal types.
1l to 15 petal types - remaínder have

Ratio

Cross

uM 7901
UM B1O2

3=1
ã-
a)

3
-I

):
¿l

= 5 petals = 6-10 petals

Observed Nurnber of
petals

5 6-10 1 l-15

I2
I9

r.7r 0.5-0.3
LI "52 0" 0l-0"001

(rejecr)

l-J"5 petals

Total x2

Prob" of
a higher

yz

X
X

4
30

L2
22

28
7I

uM 8102
Ul'I 7901
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This model for inherilance of extra petals in p. fruticosa is

explanatory not confirmatory. It provides a hypothesis to base further

research" Test crosses should be conducted. to confirrn the hypothesis

proposed.

5"3.3 Character Correlations

Correlation coefficients were calculated. to determine relationships

that could be of utility in future breeding programs. Only correlations

that were significant aË the 0.01% level and having a R2 (coefficient of

determination) of 0"1 (correlation coefficient 0"32) are presented.

in Table 40. This was done to aid data interpretation.

Farnilies r,¡ere combined f or this analysis to develop a useful

synthesis' These generalized correlations should have good overall

predictive capabilities. rndivídual family correlations can be

reconstructed since both parents and progeny are long lived perennials.

Explanation of the character correlations involve Ëwo maj or

consideratlons. These are geneËic linkage and physiological

relationships. Interpretation of Table 40 suggests that there are many

complex physiological relaËed developments. The sËrongest of these are

seedling vigour, plant height and planË widËh. vigorous plants are

taller and wider. In addition, significant correlations occur be¡ween

leaf colour, leaf size, number of 1eaf1ets, flower diameter, vigor,

height and wj-dth. vigorous plants are not only taller and wider but

generally have larger flowers, larger leaves, dark green colouration and

an increased number of leafleËs"

consi-dering the amount of time and effort expended measuring

plants, future studies need only to assess plant vigour unless speci-fic

information abouË a character is required. The general vigour rating is
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rel-ativel-y fast and easy to determine once one is familiar with the

plants.

However, the principal aim of this

determine if any characters lrere related

fl-owered plants or cyanic flower colour.

breeding and selection programs through

procedures.

r40

aspect of the study \.ras to

to the occurrence of double

This coul-d be of use in future

development of early screening

Double floweri-ng plants were significantly correlated to both leaf

vesture and acyanic flower colour. There is no logical physiological

relationship between these thus genetic linkage is suspected. Double

f]owered seedlings r^7ere generally acyaníc and had low pubescence

ratings. Both double flowered parental plants in this study were also

acyanic and nearly glabrous.

Cyanic flower colour is significantly relaEed to the numbers of

leaflets. Both cyanic parents, ul'f 79lI and ul4 7904 have 5 to 7

leaflets whereas UM 8102, UlIT9Ol and rGoldfingerr have five.

To determine if these relaËionships would be of potenËi-al value in

screening larger populations similar coefficients were calculated for

existing open pollinated faurilies. These seedlings \.,/ere established in

1984, one year earlier than the controlled crosses. This enabled winter

injury and surviva] to be assessed as wet1. Character correlations

generally appeared sirnilar (Table 41)" The same general physiological

trends are apparent. These relaLe to seedling vigour, height and

width" No significant correlations \¡rere obtained wiEh double flowered

plants and only one with cyanic flowered plants. The later was

correl-ated with plant width" Both cyanic and/or doubl-e flowered plants

occurred at a l-o\.v frequency. On the other hand, the controlled crossing



T
A

B
LE

 4
I"

 
C

ha
ra

ct
er

 c
or

re
la

tio
ns

* 
fo

r 
pr

og
en

y 
fr

om
 o

pe
n-

po
llí

na
te

d 
fa

m
ili

ss
:t*

.

V
ig

ou
r

I^
lid

th
H

ei
gh

t
tr

nl
in

te
r 

In
ju

ry
Le

af
 V

es
tu

re
Le

af
 C

ol
ou

r
N

um
be

r 
of

 L
ea

fle
ts

Le
af

 S
iz

e
A

cy
an

ic
 F

lo
r,

re
r 

C
ol

ou
r

C
ya

ni
c 

F
lo

w
er

 C
ol

ou
r

P
et

al
 I

ns
ul

ar
ity

F
lo

w
er

 D
ia

m
eË

er
D

ou
bl

e 
F

lo
¡¿

er
s

.lJ 'û 'rj F¿

(H

r 
oS

+
,.1

 
$,

{ 
h 

${
 

¡.
| 

¡r
 q

)
€ 

O
 $

{ 
9 

3 
O

F
I

ou
 

.¡
r 

p 
q.

tJ
 

tH
 o

 
€q

{ 
q_

{ 
o

.':
l 

É
'n

 
d 

o 
d¡

 
'Ë

 d
 

d 
ñ

a.
l 

:.{
 É

 
O

 O
 

O
 o

 
5 

oJ
 

o.
-t

+
0,

87
 +

0.
88

 +
0"

62
 -

0"
36

+
0.

 8
5 

+
0.

50
 -

0.
37

+
0"

37
+

o"
32

 +
0,

37
-0

 "
47

* 
R

2 
va

lu
es

 b
el

ow
 0

"I
**

 P
op

ul
aË

Ío
n 

m
ax

im
um

no
t 

re
po

rt
ed

.
=

 1
00

2 
se

ed
lin

gs
,

$l O
t{

Þ
 

c.
¡

oB no
Þ

,
ft{

 
-l 

lJ
Þ

 
.r

l 
$l

ul
.{

0)
úl

."
iH

 
o$

{ 
d 

tr
¡ 

(J
$.

{
Ê

 
p 

."
i 

Þ
 

rt
rl 

qJ
 o

 
;e

)
fo

o 
È

o 
dp

 
Þ

E
 

.Õ
b

Þ
,È

 
ß

"+
 

.r
J 

(n
 

b 
6 

'E
 ö

c¿
_q

 
Þ

\O
 

(l)
 Ê

 
r-

l.r
l 

ò;
<

L)
 

U
L)

 
p4

H
 

f"
{Ê

 
òp

.

+
0"

54
 -0

" 
68

+
0.

50
 -

0"
67

 +
0,

32
+

0"
57

 +
0"

61
+

0"
50

+
0"

36
 -

0.
53

-0
.3

9 
-0

 "
 s6

+
0"

32
 +

0.
58

+
0.

20
 

+
0.

54
+

o 
"4

9

+
0"

35
+

0.
40

+
o"

37
 -

0"
40

F N ts



742

program revolved around t.hese two characters so that the frequency of

occurrence Isas rnuch higher. This may be the reason for the discrepancy

between the tr,ro populations" rt appears, hovrever, thaE strong and easy

to screen characler associations are not evident" None of Ëhe

characters assessed could be confidently used to select prior to

flowering.

Since the open-pollinated population has been esEablished in 1984,

apparent winter injury could be assessed in t.he spring of 1985. Al1

other characters v/ere measured duríng roid to lat.e summer of 1985.

ülinter injury after one growing season is strongly relaËed to the

physiological vigour complex (Table 4t). vigorous plants in 1984 had

litrle injury during t]ne L9B4/ 85 winter, plants which suffered

extensive damage during the winter did not, recover and grow vigorously"

Thus, the first llinËer may be very effective natural screeníng procedure

for j-dentification of vigorous plants. I¡Jinter injury is generally not a

major concern in established cultivars. This may be due to early

natural removal of seedlings from Ëhe source populations"
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b.O GENERAL DISCUSSION

Taxonomic studies on plants that have been subjects of selection

and breeding programs for many years can be difficult. 'Mongreliza1Lo¡-l

may have clouded distinct phenetic di-fferences that exist.ed between taxa

collected in the wil-d and those commonly used by man (Srnall 1978). This

situation may have developed in P. fruticosa but overall similarity

based on the assessments conducted suggest strong divergence has not

taken place" The relaEive posítioning of all taxa in the multivariate

statistícal analysis suggest that the cultivars are variants of a common

central thenre" Results of the non-rnetric inulti-dirnensional scaling

effecËively illustrared this. The majority of the cultivars were

positioned in the inner portions of the figure and European, Asian and

North Arnerican taxa located towards the edges. Theoretically, the inner

locations suggest that hybriciization has occurred, however, this

hypothesis requires further research. This could be tested by

conduct.ing numerical analyses on the progeny from the controlled

crosses. rt would be benefici-al, however, to have a wider diversity of

parental types to better sample the genetic poËential.

Phenotypic plasticity of many of the characters assessed. has

contributed to taxonomic confusion" lfany of the earlier taxonomists

could only look at plants in isol-ation, and consequently presented a

less than complete overview. For example, Handel-Mazetti (1939) only

viewed herbariun specimens from Asian representatives, Juzepchuk (194f)
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only studied Russian representatives and Löve ( I954) looked prÍmarÍ1y at

North American and Northern European specimenso The importance of test

gardens to provide reasonably uniform conditions for plant growth has

not had a long taxonomic history (Stace 19S0). These enable uniform

assessments of díverse types in one environment. selection of "good,'

taxonomic characters is easier under these conditions. "Good"

characEers as defined by sËace ( I9B0) are stable and useful in raxa

discriminaEion" The select.ion of good quantitative characters in the

present study proved to be very difficult. The genotype by environment

Ínteraction in the tirne study of taxonomic characters resulted in many

being deleted' 0n1y select.ed rati.os of coüponents r¡rere retained in the

calculatíon of the sirnilarity coefficients for the major study,

However, plastíci.ty was not investigated for ranked or qualitative

daEa. Do these characËers change during the growing season? Are the

changes in quantitative characters biologically meaningful or do they

only have sËatistical significance, These are several questions that

remain unansr¡/ered and require further research"

Phenotypic plasticity was also observed in the breeding aspecË of

this study. The two principal characters studied, namely flower colour

and doubleness often changed significantly during the growing seasoït.

Cyanic flor^rer co]our was the most sensitive to envíronmental factors.

These observations confi-rm earlier work by Robertson (1984). StabiliËy

of the characters remains an important goal in the breeding program.

Compromises will be required until seedlings are obtained that maximize

character expression over a diverse range of environmentso

The najority of taxa investigated were self incompatible" A

perfect flowered tetraploid representative rüas a significant exceptíon.
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ft would consístently produce self pol1Ínated seed but the seedlings

lacked vigour and grew poorly"

self incompatibility can be used to an advantage in a breeding

program (North r979). rsolared crossing plots could be developed by

planting selected parents in close proximity Ëo each other in a remote

location or alternatively, isol-ation cages could be used. Bees should.

be introduced to pollinate flowers. Pollinations by natural vectors

\¡/ere generally more successful in terms of seed set than hand

pollinations. seed set \^/as generally higher on open pollinated plancs

when compared to controlled crosses completed in the field, greenhouse

or growth room. The physical disturbance of handling the flowers in the

crossing and bagging process likely influenced seed set. rn this

respect the breeding relationships reported are likely under-estimates"

If each parental combi.nation Ì¡ras grovlrl in isolation and allowed to cross

pollinate via natural vectors seed set hTould likely be hÍgher. There is

generally no problem in timing of flowering since these taxa flower over

a very long period" A srnall plot was established duri-ng the course of

this study to determine if the isolation concept was feasj-ble.

unfortunately drought, weeds and other problems caused a complete

failure of the trial" The procedure does have merit but it is not

wíthout pitfalls.

Differential ability of parents to set seed was noted in both the

experÍmental taxonomy study and the breeding investigations. Seed yíe1d

has importanE implications in breeding programs and for natural

survival' Seed reproduction is reported to be the most important means

of dispersal i-n wild populations (Tornbloom I911, Elkingt.on and htoodel

I963)" vegetative reproducEion is not considered a major avenue for
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íncrease" In breeding programs seed prod.uction is important, since large

populations are required to obtain the desired character combinations.

Parent UM 7901 was a far superior parent in the colour and doubleness

study. Populations of sufficient size to observe segregation were

consistently obtained. Poor seed set may be a result of common

incompatibility alleles. This i,ras suspected i-n crosses involving UM

8102, UM 7911 and ULI 7904" Seed set \{as very low on al-l combinarions.

careful consideration and early screening is required to ensure the

parents are cross compaËible, produce good qualÍty seed and are of Èhe

sarne ploidy level.

Seed handling is important, particularly for material obtained. from

controlled crosses' To ensure rapid and uniform germination and

emergence seed should be after-ripened. for a period of 30-45 days.

Interpretation of experimental results suggests that maximum percentages

are not affecLed but rates of emergeo.ce érrêo Uniform emergence will

enable more effici.ent handling of seedlings.

This study has opened many doors that require further research and

evaluation. The data collected from both the taxonony stud.y and t.he

seedling evaluation prograûs outline significant potent,ial for furËher

breeding" Many unique character combinations have not been incorporated

into exísting cultivars. Some examples include lov¡ mound forming white

flowered plants, ta1l, upríght planËs with blue-green foliage, and very

floriferous large fl-or¿ered types, In addition, many new flower colours

were observed as v¡ell as double flowering types.

The woody x herbaceous crossing program has yielded useful

information" The potential- for crossing these díverse Èypes is

significant, however, progress v¡ill not be easy" Embryo resclre



techniques may improve success rates (lvfacfarlane-smith and

b). Success rates r.rere extrernely low in the present study

puËative hybrÍds obtained from over I000 pollinations. If

extrapolated to the number of ovul-es potentially fertilized
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Jones I985

with only 3

this val-ue is

the picture

excess of. 25is even bleaker. Iulost P. fruticosa representatíves have in

ovules per fruit"

Incorporation of herbaceous flowering characteristics would be a

very significant achievement. Herbaceous plants have a broader range of

characteristics including flower colours, extra petals and large flower

diameter. Development of woody plants with these characters could

greatly improve aestheËic qualitÍes"

The seedling populations developed during the course of the study

will be useful in many viays, Firstly, direct selection of superior

plants may resurt in direct release as a new cultÍvar. several

individuals with both superÍor floral and vegetative characterist.ics

have been identified. These will be increaseci and screened. closely.

secondly' plants with singly unique characters have been

identified. Some examples are plant sLze, plant habiË, leaf

characteristics; flower size, flower colour and double flowering types,

These should be useful in fuÈure breeding studies. rn effect the

populations generated can act as a souïce population. Since these are

perennial and easily propagated by softwood cuttings che seedlings can

be retained for a long period and/or be concurrently evaluated under

different environmental conditions, Such a study would be very useful

to gain a better comprehension of phenotypic plasticity. Identification

of genotypes that are sEable across several environmenls r,¡ould be very

valuable"
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The genetic models for inheritance of fl-ovzer colour and flov¡er

doubleness require testi-ng and confirmaËion. This is very evident in

the model for doubleness" The reciprocal differences for the progeny

from t.he cross uM 8102 and u}l 7901 requires further study. These

crosses should be redone as well as back crosses of F1 individuals.

Large populations will undoubtedly be required to gain a further

understanding of events"

InterpreËation of observational evidence suggests that extra petals

arise from the petalizaÈion of stamens, To confirm this, developrnenËa1

studies wÍ11 be required. Anatomicar and histological research

investigating flower developnent would provide a valuable insight to

events. Concommittent \,rith this, resource partitioning studies could be

initiated. The size of extra petals varied in the seedling

populations. This nay be due to unequal partioning of resources

(Reynolds and rampion 1983) or d.ue to genetic factors. Attempt.s to

unearth geneËic explanations \^rere not successful, Plant nutrition and

hormone balances may be fruitful avenues of investigation to discover

Èhe cause of petal sj_ze variation.

trrlhile reviewing the literaÈure, no comprehensive breeding prograps

lrere encountered" The majority of plants have been selecËed from open

pollinated populaËions of either naturally occurring taxa or previously

exÍsting cultivars. This suggests that there has not been any major

efforË to breed for specific characters.

Future breeding programs have many approaches open. As previously

identified the seedling populations developed have a wíde variet.y of

characteristics from which selections can be made. However, native

plant Ëypes should not be overlooked" Observations of progeny frorn the



r49

breeding relationship study suggest that a considerable range of

variability exists. This is most evident in Asían representatives"

This group has not been well studied and likely stil1 retain significant

genetic potential thaË could be exploited. The najority of

representatives avai-Iab1e j-n botanic gardens, arboreta and other

collections r¡/ere obtaíned by early plant explorers. Few atËempts have

been made to obËain additional material, Many botanic gardens, etc,

provide a seed exchange servi-ce and seed from various sources can be

obtained relatively easily, However most of the instiËutions have large

collections of similar plants and consequenlly genetic contamination may

occur. This is particularly possible in a species like potentilla

fruticosa. It is cross pollinated and has few breeding barriers. Thus

seed obtained via exhange to represent a particular geographic distrÍct

may in fact be badly mixed with a wide variety of sources, unless

populations of plant,s from one region are retained in isolation, genetic

contanination may result" One musË be particularly cautious since

mixing may have occurred several tfmes in the past. Over a period of 50

years exchanges between botanic gardens rnay have occurred many tiues and

each time contamination may have resulted.

A limited degree in breeding via sibling mating may be useful to

identify potentially valuable recessive characteristics. such

characÈers are masked by domi.nanË genes, Cyanic flower colour is 1ikely

determined by recessi-ve characters, Few planÈs with cyanic components

were observed and Ëhus recessive gene action is suspecËed.

Sibnating, however, will be confounded by ti,/o aspects" Firstly

common incompatibility alleles may prevent the desired matíng from

occurring" Secondly inbreeding depressi-on or expression of deleËerlous
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recessive genes may reduce progeny numbers. Selfing of the tetraploid

is a good example" vigour ratings !/ere very 1ow for the progeny

obtained. Seedlings oft.en died at a very early age.

The maximum petal count obtained was 16. As suspecEed by Robertson

(1984) there appears to be a genetic limiÈ to the numbers of petals

obt.ained. This observation is in agreement wÍth the model of

inheritance proposed" sources of geneti-c material for extra petals

otller than U' of M. selections are limited. tHersit or tSnoi,¡flake' is a

culËivar Ehat occasl-onally produces extra peËals. Unfortunately it is a

triploíd (3n = 21) and is very difficult to use in a breeding program.

crosses r+iE.h this plant were largely unsuccessful , tMcKayrs Inlhiter, a

new cultivar originatÍng from l+risconsin (l'{cKayts Nursery, p"o. Box 85,

I{aterloo, I{isconsín, u"s.A. 53594) is reported to produce a total of

six to eight peËals' Plants have been ordered and wíll be available for

future breeding studíes. No other sources are known to Ëhe auËhor, As

a consequence mutation breeding should be consj-dered. MrËation

índuction has been very successfully used in ornamental horticulture

(van Harten 1982)" Rooted sofËwood cuttings, whi-ch are readily obtained

could be exposed to mutation agenEs such as x-Rays or gamma rays" The

resulting plants could then be grown out and evaluated for inËeresting

characteristics" Such an approach is not restricted to double flower

Ëypes. Thís breeding method could be valuable in cyanic flower types as

well as other plant characteristics"

Potentilla fruËicosa has proved to be a useful research plant, It

is small' easy Èo propagate, grovrs quite quickly and has a wide variety

of characteristics that warrant further study. The time from seed

germination to flowering in the field can be as short as Ëhree months,
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hov¡ever, flowers are not. in abundance" rn greenhouse cond.itions

flowering was observed in as little as tr,Jo months" These observatÍons

coupled i.rith Ehe fact that it. is a valuable land.scape plant, should

stimulate further research. An unofficial survey conducted by t.he

author estimaÈes world wide annual production of P. fruticosa cultj-vars

is valued at us $151000,000. rr is indeed an imporÈanË plant and

hrarrants further study.
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7.O SUM}TARY AND CONCLUSIONS

0n the basis of research conducted, the following can be

concluded "

7.1 Experimental Taxonomy

1. Ifany taxonomÍc characters that vrere quantitively assessed were

phenotypically plastic and consequent.ly could not be used di.rectly

in the taxonomic study, various raËios of components sampled

during AugusE were used in t,he calculation of sinilarity

coef f i-cients 
"

2" Cluster and non-metric rnultidimensional scaling multivariate

statistical techniques rüere used Ëo assist in relationship

determination' No strong divergence from the common central theme

was observed. Overall similarity as determined by the Gower

coefficienL beËween cultivars and native representatives is large"

3. rMongrelizaÈiont may have clouded any dÍstinct phenetic differences

bethleen Laxa collected in the wild and those used in the ornamental

horticulÈure industry"

4" Diploid potentillas are generally self-incornpatible as well as

perfect, flowered. The only tetraploid studied was perfecË flowered

and self-compatÍ.ble" seedlings from self pollinations lacked

vigour,
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5. Significant variation in ability Èo set seed both from controlled

crosses and open pollinated florr¡ers exísts,

6' With the exception of heteroploid matings all t.axa of PotenËilla

studied could be successfully crossed and viable progeny obtained.

There \^rere some reciprocal differences but. all homoploid

combinations \^rere successful.

7 " Breeding relationships should be based on both seed set and

seedlíng yÍe1d data, Using either data alone does not outline a

complete picture.

8. Backcrossing to existing F1 hybrids r¡ras successful. Viable progeny

were obt,ained. F1 hybrids studied are fert.ile.

9" Success rates r¡/ere very low for matings between woody and

herbaceous planc types. Only Ë.hree putative hybrids were obtained

after over 1000 pollinations and none of these have produced viable

seed.

10. The majority of taxa studied are diploid. Only two tetraploids and

one t,riploid were observed.

11" 0n the basis of this study Potentilla fruticosa L. should be used

as the species name for the shrubby ci_nquefoil complex. Further

research is required, particularly on Asian representatíves.

7 "2 Plant Propagatíon

i. Potentilla trutieg¡q cuttings are easy-to-root, CutÈings can be

rooted throughout the growing season. Success is highest in the

early part of the season. Hardwood cuËtj-ngs will root, buÈ success

rates were lower"
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2" Rooting of Norch American natj-ve plants was variable and often

below the average of all taxa (64) evaluated.

3" Rooting success was influenced by environmental conditj-ons at the

time of sampling" High temperatures just prior to rooting

corresponded to lower success rates for rooting"

4" Germination rates slow with l-ower temperatures. Temperature did

not effect the germination maximums"

5" Response to after-rípening treatnents varied. Emergence rates and

maximums generalJ-y increased with increasing afËer-ripening

duration" Two taxa originally obtained from Ehe Rocky l,lounËains

were noted by very low emergence maximums.

7.3 InherÍtance of l'lower Colour and Extra petals

1. A preliminary model of inheritance of flower colour was derived,

Two whitening genes i.r[ and trri2, and Ëwo yellowing genes y1 and y2

are proposed. The actj-on of a bleachÍng gene is also suspected"

A genetic model for cyanic coJ-ours could not be developed due

t.o failure of several crosses. A very preliminary hypothesis was

proposed and invol-ves the background petal colour, cyanic pigments

and their distribution and genes involved ín temperalure

sensitivity,

2" Good correlations beEween greenhouse and field flower colour

observaEions r¡zere obtaíned" The relatively cool growing season

undoubtedly effected this.

3" itlumbers of extra petals varied between parents and sampling date"

GreaË.er stability occurred during the later part of the growing
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season" Petal size variation also was documented"

4" Extra petals appear to be a result of petalizat].or of stamens.

5. A preliminary model of inheritance of extra petals was derived" It

Ínvolves a t\.ro gene switch, D1 and D2 to turn on production of up

to five exEra peËa1s and a nodifier gene Dm t.hat. accounts for an

addiÈional one to five extra peËals.

6" Interpretatí-on of reciprocal differerices betr,¡een crosses of UM 8102

and uM 79oL, suggesÈ that cytoplasmic inheritance or a pollen

lethal gene may be involved.

7 " A large number of physiological relatíonships were documenËed. in

the character correlation study" Correlations for cyanic flower

colour and extra petals to other characters rrere very low and. are

likely of little value as preliminary screening tools,

7.4 GeneraL

l. Potentilla fruticosa has proven to be an excellent experimental

pranË. rt is easy to propagate, relaÈive1y snall in size and grows

quickly.
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8.0 R-ECOI'ß4ENDATIONS FOR FURTHER STUDY AND RESEARCH

8. I Experimental Taxonomy

1" Seasonal variation of taxonomic characters should be investigated

more fully' Signíficant variation was discovered for quantitative

data. Does the same variation occur in ranked data? If

quantitative daËa are converted to ranked data do sÍgnificant

interactions between sampling daËe and taxa occur?

2. Does the significant. interaction of sampling date and. data have

wÍder irnplications for nulneri_caI taxonomy? Studies of other

species Ëhat have been classified by numerical procedures should be

investigated"

3. A1l rneasurements in the present study rr¡ere made on living material

growing in a test garden under "uniform" conditions. Are Ëhey

comparable to studies of dried herbarium specimens collected fron

diverse locations at different times of the year't

4. P. fruticosa glabra and P. fruticosa European (2n = 4x) were

positi-oned close to each other in both cluster analyses, however,

their spacial relationships were quite different in the non-metric

dimensional scaling analysis, This apparent discrepancy should be
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investigated to see if it is possible to determine which technique

better represents the data.

5" variabl-e seed set from controlled crosses should be studÍed

further" If crossing techniques could be refined success rates may

be higher and less variable" These are important considera¡ions

for future breeding programs.

6" The degree and extent of the self-incompatibility system should be

investÍgated further. Knowledge of the system would be very useful

in future breeding programs" IdentificaÈion of self-compatible

types would be useful in inheritance studies. Knowledge of methods

to circumvent the incompatibility system would be useful"

7 " cytogenetÍc investigations of progeny from boËh homoploid and

het.eroploid matings should be initiated.

8n The existing progeny from woody x herbaceous matings should be

evaluated more fu1ly" AEtempts of crossing should continue.

Embryo rescue technique nay be useful and consequenÈly increase

success rates.

9" Due to variability of sex expression in tetraploid plants, stud.ies

should be launched to determine the full range of variability"

sexuality at other ploidy levels should also be investÍgated"

10' Examination of European and Asian native taxa is required to help

confirm or reject the hypothesis of a single species.

8"2 Plant Propagation

Iu The drop of rooting success of cuttings appeared to be correlated

Ëo a peri-od of high temperatures. This aspecÈ should be studied
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more fully to develop better guidelines for propagators.

2" cuttings of PotenLilla formed roots quite readily in the urist

chamber. How many roots are required for successful

establishment? Does the number of roots have any effect on

subsequent growth?

3' cuttings can be rooted during a very wide period of the growing

season. Does this have any functional implications to the

cornmercial propagator" Do plants rooted early reach a larger size

by the end of the growing season than cuËtings rooËed in

midseason? Do cuttings rooted in mid or late season deverop

sufficlenËly to be hardened-off for winÈer?

4o significant differences rrere noted for germination of seeds

collected from plants oríginating in the Rocky }f¡untains and

Ifanitoba" The reasons for thi-s variability should be

investigated. It is possible that the plants from the Rockies have

evolved a more intricate dormancy sysÈem to enable continued

survival under harsh growing conditions"

8"3 Inheritance of !'lower Colour and Extra petals

1" Models f or inheritance of f lor,¡er colour and petal number are

preliminary and require extensive testing to confirm or rejecE

them"

2" VariaÈion in the size of extra petals r¿as observed. Developmental

studies should be undert.aken to determine the cause.

Large-petalled flowers are more desirable,

3. Initiate a mutaEion breeding program,



1s9

4" Reciprocal differences between crosses of uM BI02 and ur"I 7901

suggest that cytoplasmic inheritance or a pollen lethal gene may be

involved" Further research to determine Ëhe cause of these

differences is requíred,
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A"

TAXA USED IN

North American

Plant Number*

1

J
4

19
28
36
37
38
39
46
49
50
5r-
52
53
54
55
56
6I
69
70
76
77
tö
79
80
B1

OL

B3
84
85
86
B7

88
89
90
9I
92

AppendÍx I

THE TAXONOMIC STUDY OF THE SHRUBBY CINQUE}'OIL

Native Representatives

Location of Collection

Whitemouth, Iulanitoba
Bow Pass, Alberta
Bow Pass, Alberta
Marchand, Manitoba
Consolation Lake, Alberta
Consolation Lake, Alberta
Consolation Lake, Alberta
Consolation Lake, Alberta
Consol-ation Lake, AJ-berta
Bow Pass, Alberta
Peyto Lake, Al_berta
Peyto Lake, Alberta
Peyto Lake, Alberta
Peyto Lake, Alberta
Peyto Lake, A-lberta
Peyto Lake, Alberta
Peyto Lake, Alberta
Bow Pass, Alberta
Peyto Lake, Alberta
Cowan, Manitoba
Cowan, Manitoba
Snow Lake, Manitoba
Snow Lake, Manitoba
Kiski, Manitoba
Olds, Alberra
01ds, Alberta
01ds, Alberta
Cypress Hills, Saskatchewan
Cypress HÍ11s, Saskatchewan
Cypress Hills, Saskatchewan
Pontum (30 miles south), lulanitoba
Pontum (30 niles south), Manitoba
Grand Rapids, ivianitoba
Grand Rapids, Manitoba
Grand Rapids, Manitoba
DevÍlts Lake, Manitoba
Devilts Lake, lvlanitoba
Ðevi-l's Lake, l"tanitoba
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93
94
95
96
97
98
99

100
101
r02
103
116
120

B. Eurasian Representatives

Plant Number Name

2

6

7

{J

9

1I
I3
I4
i5
L7

C. Cultivars

5
10
I2
16
18
20
2I
22
¿J
z+
25
26
') -7

29
30
31
JZ
33

PurdomÍ
Coronation Trj-umph
i"Iandshuria
Moonlight
He rs i-
Hachmant s Giant
Buttercup
Sandved
Kathrine Dykes
Veitchi
!'arreri
Ilt " Everes t
Lemon Drop
Irving
Yell-orv Single
Primrose Beauty
Roseacre
!-arreri i¡Jhite

Plant Number Location of Collection

Cowan, I'lanitoba
Cowan, lvfanitoba
l(iskí, Manitoba
Kiski, I'Janitoba
Mafeking, Manitoba
I'faf eking, t'lanit.oba
Arborg, ¡fanitoba
Stuartburn, Manitoba
Sirnonhous e Lake, luhnitoba
Simonhouse Lake, Planitoba
Athabaska Fal-ls, Alberta
Angling Lake, Manitoba
Emma Lake, Saskatchewan

P. arbuscula
P" x Sulfurescens (P" arbuscul-a x P" glabra)
p. fruËicosa - European 2n = 2x
P. x Rhederiana (P. parvifolia x P. fruticosa)
P. parvifolia
P. davurica
P. x Friedríchsenii (P. fruticosa x p. glabra)
P. glabra
P. frutÍcosa - European 2n = 4x
P. frut.icosa - Scandinavia

Pl-ant Number Name



Pl-anË numbers correspond to numbers used in
multidinensional scaling analysis "

17l

Plant Number

34
35
40
4I
42
43
44
45
47
48
57
58
59
60
o¿
63
64
65
66
67
6B

7L
72
73
74
75

104
105
106
108
109
110
111
L12
113
LL4
115
LI7
118
1t9
L2L
L22
L23
r24
t25
126
r27
128

Name

Suttert s Gold
Tangerine
Darts Nugget
Beesi
Sunset
Tenul-oba
Jackman
Fran Lady Daresbury
Tangeríne
Longacre
Hurstborne
700
tr'ihite Gold
Daydavm
Hallnanrs Dwarf
Darts Golddigger
Nyewood Form
0eland
uM 8102
UM 79OI
0rangeman
I,rlaltonensis
Klondike
Minima
Hollandia
I,lhite Rain
Goldstar
Pi.nk Dawn
Micandra
Nyewood
Sandwadena
Hallmants Dwarf
Stockers
Butter
Darts Gold
Hollandia Gold
Dakota Sunrise
Ban Banoch
Gold Teppich
Beani
Gold Fried
Berlin BeauÈy
Subalbicans
Abbot.swood
0chroleuca
Friesengold
Northman
Knaphill

the cluster and non-metric
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Appendix 2

cOhER COEFI-ICIENT AND COMPUTER PROcRAl'nflNG

A, Gower Coefficient (Gower L97I)

This coefficÍent permits Ehe combinatj_on of different types of
descriptors after havi-ng processed each according to j-Es or^m
mathenûatical type" For qualitaËive data or binary descript,ors
values are t.reated as simple rnatching agreement (Si = t) or
disagreenent (Si = 0). For quantitative descripÈors the deviaËions
are first computed ( vi1 = vi2 ) and then this value is divided by
the maximum deviation'(R1)"' Since this is then a normalized
di-stance it is subtract.ed from I to produce a similarity"

Therefore Si = I - [ vil = .ri2 /RJ. The coefficient has addiËiona1
flexÍbÍlity in that míssing" values may be deleted (Legendre and
Legendre 1983)" Weighting of each descriptor is possible but has
not been done for Ëhe present study. Semi-quantitaÈive characters
or ranked data can be treated as quantitative types or as
qualitat,ive (matching) depending on circumstance. The difference
interval beËween ranks must be approximately equal if Ëhe
quantitative approach is used. If intervals are not equal
qualitative descriptors are besÈ (Legendre and Legendre 1983).

The fol-lowing Fortran program for the Gor¡er coefficient vras writt.en
by Dr" Norm Kenkel, Dept. of Botany, University of Manitoba, for
which Ëhe author is indebted. It is presented in complete form for
use on the University of Manitoba Arndal mainframe computer. A
second program is listed for use on the Apple microcompuËer (Apple
basic). This was not used in t.he presenË study but is included for
the sake of completeness. "Dunby" data vras used to test the
programs and copies of these are presented"

B. Fortran Program

File = I'ORTSCR

SCRATCH DA = infile"dat
scratch Da = ouËfile.dac
allocate Da = infile"dat format (¡'8, 255, 1800) size (2T, l)
allocate Da = ouËfi"le.dat format (FD, 255, 1800) size (2T, 1)
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File = I-ORTRUN

T allocare F (t-T10F00f) DSN (infile"dar)
T allocate F (FTl1F00t) DSN (outfite"dar)
T allocare F (FT04F00I) DSN ('*)

!'ile = Gower

S Job
C Program name is gor¡rer
C UniÈ 4 - Screen read and write (interaetive)
C UniE 10 - Read (inpur) file
C Unit Il - l^lrire (ouËpur) file
C Reads in a N (i_ndividuals) by p (variables) matrix
C First line must have variable affinities

(o spaces) REAL FMTrN (20), FMToUT (20)
RIAL y(120), Q(tZO¡, x(120,50), s(120,r20)
INTEGER P,N,NN,L
I^IRITE(4,10)

10 FORMAT(rspecify number of individuals:')
READ(4,:s)ti1

34 I^IRITE(4,20)
20 FORI'IAT( t Specify number of variables: ' )

READ(4,* )P
tùRrTE(4,30)

30 FORMAT( 'Type input format, include brackeEs: ' )
READ( 4,35) FMTrN

3s FORMAT( 20A4)
wRrTE( 4,40)

40 FORMAT( t Type output formar, include brackets: ' )
READ(4,35)FMOUT

c
c Read in dat.a
c

READ( 10, FI,tTrN) (Y( r), r=1, P )
D0 90 I=l,N

90 READ ( lo,FlrrrN) (x( r,J) ,J=I,p)
D0 100 J=l rp
Q(J)=o
DO 100 I=t,N
rF (x(r,J).L8. Q(J)) COro rOCl

Q(J)=x(r,J)
100 Continue

D0 t t0 J=t ,N
D0 110 K=l,N

110 S(.1,r¡=g
NN=I'i-l
D0 200 J=],NN
L=J+1
DO 200 K=L,N
DE=0
D0 190 I=1,p
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rF (x(J,r)"1r.0.) coro rgo
r¡' (x(K,r).1r.0,) coTO 190
rF (y(r) "cr. i. ) coro 180
s (J,r¡=5( J,K)+( 1 " -(ABS(X( J, r)-x(K, r) ) /Q( r) ) )
GOTO IBB

180 rF(Y(r).EQ.3.) coTO 185
rF(x(J,r),8Q.0. ) GOTO 188
rF(x(K,r).EQ.0.) GOTO IBB
S (J,K)=S ( J,K)+I
GOTO 188

185 rF(x(J,r)"EQ.X(K,r)) COro rSZ
GOTO 188

187 S(J,r¡=g1J,K)+l
1BB DE=DE+I
I90 Continue

S(J,n¡=51J,K)/DE
S(K,J)=S(J,K)

200 Continue
D0 210 I" l,N

210 S( I rI)=1
DO ZZ0 I=l,N

220 trr/rite (Il,FMIOUT)(S(I,J), J=1,N)
STOP

END

$ENTRY

C. Execution of Prograu

Step 1 execute FORTSCR
2 execute FORTRUN
3 SAVE DATA TO INFILE.DAT
4 SAVE PROGRAM TO TEMP.FOR
5 TI^/ATFIV TEMP. FOR
6 input data foruat

eg" 9F 8"5 = 9 columns (rows) with 8 character and 5
places after the decinal.

7 input out,put format
€8. 7F 8"4

8 Copy DA = outfile.dat to manËas file

NOTE - Ëhe first row of the daÈa matrix must have the variable affinites
1"0 = quantiËative
2.0 = rank order
3"0 = qualitatÍve

Do Test Data

2"0 1"0 3.0 2"0 1"0 (variable affiniries)021010
132L3
15314
00307
T42L6
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5

7

6

I
I
3

1
(.)

1

2

0

4

E. Gower CoefficienË Program in Apple Basic Language

]O REM PROGTIA}I GOWEIì - CALCULATES GOI,^/ERS GEIIERAI, IIIDEX"
L5 CLEAR :D$ = ç¡1sç (4)
20 INPUT ''SPECI}-Y // ROI^IS (VARS)";P
30 INPUT " SPECIFY /É COLS ( INDS ) : '' ; N
40 INPUT "SPECI!-Y RAI¡I DATA FILENAME: ";NAMEg
50 INPUT ', SPECIFY AFFINITY FILE: ,, 

; NS
60 IITPUT "SPECIFY FILENAI,{E T0 STORE OUTPUT:',;SIM$
70 DrM X(P,N),Y(P),Q(P)
80 PRINT Dg; "OPEN";NAl"ßg
90 PRINT D$; "READ"; NAIÍE$

100 FORI=ITOP
110 Q(r) = 0"
120 FORJ=1T0N
i30 rNpur x(r,J): r!. x(r,J) >Q(r) THEN LEr Q(r) = X(r,J)
140 NEXT J,I
150 PRINT D$ ; " CLOSE" ; NA.ùIEg
160 PRINT D$; "opEN" ;Ng
170 PRINT D$; "READ";Ng
180 FOR I = I TO P: IliipUT y(I): NEXT I
190 PRINT D$;"CLOSE";Ng
2ù0 FORJ=1TON-l
2I0 FORK=J+ITON
220 DE=0
230 FORI=tToP
240 IF X(I,J) < O THEN 3OO
242 IF X(I,K) < O THEN 3OO

245 rF Y(r) > r THEN 260
250 S(J,K) = S(J,K) + (1 _ ( ABS (X(I,J) - X(I,K)) / Q(I)))255 coTo 290
260 IF Y(I) = 3 THEN 285
265 IF X(I,.1) = g" THEN 290
270 Il- x(I,r) = g. THEN 290
275 S(J,K) = S(J,K) + r
280 c0T0 290
285 rF x(r,J) = x(r,K) THEN S(J,K) = S(J,K) + i
290 DE=DE+l
3OO NEXT I
310 S(J,K) = S(J,K) / on
320 S(K,J) = S(J,K)
330 NEXT K,J
340 FORI=1T0N
350 s(r,r) = I
360 NF]XT I
370 PRINT Dg; "OPEN"; Sll"tg
380 PRIt{c D$ ; "l^/RITE" ; SIMg
390 FOR I = I To N: FOR J = 1 TO N: PRINT S(I,J): NEXT J,I
400 PRINT Dg;"CLOSE";SrMg

0

1
1
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405 PRINT D{;; "pR/i 1"
4L0 FORI=lTOlrl
420 FoRJ=lTON
430 PRINT S(I,J);" "ii NEXT J: pRINT : NEXT I435 PRINT Dg: "PR//O"
440 END

* NOTE: variables are in rows and individuals are in co]umns (reverse
of rhe FORTIìAN prograrn)
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Appendix 3
MEAN VALI]ES FOR ASSESSMENTS AND }ßASURE}ITNTS FOR EACH OPERATIONAI

TAXONO¡flc uNrr (OTU). Key Eo abbreviations are at rhe end of rhis
appendix.

3,0 1.0 8.0 1.0 3.0 2"0 3"0 2.0 1"0 2"0
3.0 3"0 6"0 r"0 3.0 2"0 3.0 2"0 2.0 3.0
3,0 5"0 1.0 1"0 3.0 1.0 3.0 3.0 1"0 2,0
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80"0 110.0
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PPPPETSBSSM
UUUUIEECEEE
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P
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EIEIEIEIOOL
NDNDNDNDTTL
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REI
DND

PPPSSS
FEEEELW
LDTTPEI
DLLWDNì)

3.0
4.0
3"0

U

L
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B

3"0
4"0
3"0

8.0 30.6 17"0 4"8 r4"8 4"0 7.2
3"2 22"6 L0"0 4"2 10"6 3"4 7 "6
7 .5 22.5 r2.0 3, 5 1r. 0 2,5 5 , 5

4" 0 2"0 4.0 1.0 3" 0
4.0 3.0 3.0 1.0 3.0
3.0 2,0 2"0 1" 0 2"r

5"0 8,4 7 "2 IL"8 4.0
3.2 9" 6 10 .4 L3"6 5"6
8.5 6"5 6"0 I4"5 6.5

r.0 1.0 3" 0 4"0 I "01"0 3"0 2"0 3"0 2.0
r.0 3.0 3.0 4"0 1.0

4.b r.6 I.0 5.0
3.8 1"0 2"2 5"0
4"0 1"0 2.5 5"0

2"6 rr.6 3 "6 1.0
2"6 r5"8 6.2 2"0
3,0 15,0 6,0 1"0

L
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E

N
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L7 "4
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L7 "s
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2
J
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4

5
6
7

I

C

0
l)
E

4
5
6
7

0

80.0 L20"0
r00.0 130" 0
60" 0 105.0

100.0 120"0
r00"0 r25 "o

3"0 5"0
1.0 2.0
3.0 2"0
1.0 r.0
4.0 1" 0

1.0 1"0
6"0 r.0
5.0 1" 0
s"0 1.0
3 "6 3.8

3"0 1.0
3" 0 s.0
3.0 3"0
3.0 s. 0
2',) )t

3"0 3.0
1.0 1" 0
3.0 2.0
1. 0 2"0
3.8 2 "0

1.0 2 "0
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1" 0 2"0
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L
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P
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4.0 2"0
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2.0 2"0
2"0 2.0
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2"0 1.0
3.0 1.0
3.0 1" 0
3. 0 1.0

3"0 1.0 r.0
1.0 1.0 r"0
1"0 1"0 3.0
2.0 1.0 1.0
2"0 1.0 1.0

3"0 3"0 1.0
3.0 4.0 2"0
2.0 3" 0 2"0
3"0 4.0 r"0
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0
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3"2 17 .O 9 "6

4.8 0

3"8 11"4
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3.8 L2.6
3.2 9 "2

. 5.0 3.0
3.0 6.8 4.4
2"2 6 "4 2"8
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3"0 6.0 3"4

1.0 1"0 6.1
1"0 2.0 4.8
1.0 2.4 5.0
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3.8 9"6 9"6L4"2
4"4 LL.6 11.2 13"0
8,8 8"4 8.0 13.8
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t luit Ever t

t Lemon t

I Conlake5 I

t lrving I

I Yellowsingler
I Primrose t

t Roseacre I

tFarreriwhite t

t Suttergold t

t Tanger t

I Conlakl I

I Conlak2 I

t Conlak3 t

I Conlak4 t

t Dartsnug I I

I Beesi t

I Sunset I

t Tenulob t

t Jackr
t Fran t

'BF2'
t Tanger2 |

t Long t

I Peytos tream I

= TAXA

'Peytolak5'
'Petolak4'
'Peytolak3 I

'Peytolak2 I

I PeytolakI '
I PeyEoviewt
'BF3I
I Hurs tborn t

r700'
t lt/hitegold t

t Daydawn I

t Peytolak6 t

I Halldwarf t

t Dartsgolddig t

I Nyeformt
I Oeland I

r8102'
| 7 g}Ll
t orangemt
t Cowan2 t

t Cor¿an1 t

t I.{altont
I KLond t

t Minimal
I Hollandg t

t hhiterainr
rsnowlalc2 |

'Snowlakl t

'KISKl3 r

I olds2 |

toldsIt
rolds3 |

rCyphilll 
'tCyphill2'

fCyphill3'
t Microtow2 t

I Microtow3 t

t Grandrapl t

t Grandrap2'
'Grandrap3 I

tDevilll I

t Devil12 I

t Devill3 t

I Cowan3 t

t Cowan4 I

t Ki-ski I t

'Kiski_2 r

I }faf king2 r

= TAXA

I Mafkingl I

t Arbourgt
t SËuartburn I

t simon2t
t Simonl I

I Athabaskt
I Goldstar t

t PÍnkdaumt
t Micz'
t MEever2 I

tNyeform2 t

I Sandwadena I

t Halldtnr2 t

t stockers t

I Buttercup2 t

'Dartgold dig2lIttollgold//2'
I Daksunriset
rAnglingl'
I Banbanoch t

I Goldteppich'
I Beani I

t Emmalake t

t Goldfried t

I Berlinbeauty'
t subalbicans t

I Abbotwood I

t ochrole I

tFreisengoldt
t Northmanl t

I Knaphill t

a complete lÍst of names of taxa, see appendix l.
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Key to Abbreviations for Character

= Height
= I^/idth
= Form
= Leaf colour
= Flower colour
= Stamen colour
= Fruit colour
= Floriferous rating
= Tíning of bloom
= Duration of bloom

Inner stipule vesture
OuEer sEipule vesture

= Upper leaf vesture
= Lower leaf vesture

Mid rib vesture
Petiole vesEure

= Peduncle vesËure
= Leaf venatíon
= Leaf t.exture
= Edge of sepal
= Edge of bract
= Prominance of fruit
= Abundance of fruit

Stipules membranous
= Leaf length
= Petiole length
= Leaf width
= Terminal 1eaf1eË length
= Terminal leaflet width
= Secondary leaflet length
= Secondary leaflet width
= Stipule length

Stipule width
= Stipule notch
= DepÈh of not.ch

Number of leaflets
= Nunber of petals
= Flower diameter

Peduncle length
= Petal length
= PeËal width
= Calyx diameter
= Sepal length
= Sepal width
= Epicalyx bract diameter
= Bract length

Bract width

Assessments

HGHT

l.,IID

FOM

LCOL
FCOL
STCOL
SDCOL

FLORR
TII"I
DUR

ISTPUB
OSTPUB
ULPUB

LLPUB
MRPUB

PETPUB
PEDPUB
LVEIN
LTEX
ESEP
EBCT
PROSET
ABSET])
STMEM

LLEN
PETOLEN
L[,IID
TLLLEN
TLLI4TID
SLLLEN
SLLI4TID

STLEN
STI4rIl)
STNOT

DNOT

NLL
NPET

FLD
PEDL
PETL
PETI./
SEPi)
SLEN

S I4III)

BRD

tsRLEN
BRWID
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Appendix 4

SI},IILARITY COEFFICIENTS FOR PAIR WISE COI'IPARISONS BETWEEN 127 STtRUBtsY
CINQUEFOIL TAXA

(st = code i/l , sz = code í12, erc" as r-isted i-n appendix 3)



OBS SI s2 s3 54 55

SAS

s6 s7 s8

207

s9 srO sìt sì2

r r.000 o.798 0.7q1 0.986 o.go7 0.723 0.780 o.7g\ 0.714 0.8t5 o.7ss 0.7512 a.798 r.ooo 0.768 0.744 o.Br6 o.ltrg 0.7\5 o.e3g o.isa o.aoá o.777 0.782, o.tQr 0.768 r.oo0 o.737 o.7Bo o.lt1 o.by o.lla o.iue o.ier 0.700 o.t2z4 0.986 o-rt+\ 0.717 ì.000 0.9ì4 o.åza o.lío o.iß o.ela o.iet o.693 0.7655 0-907 0.8r6 0.780 0.9ì4 r.000 0.700 0.7r r o.zeo o.lLt o.ilj o.715 0.136t o.l?3 o.7t+9 o.l_61 0.678 0.700 1.000 o.8o6 o.e¡g o.Lgt* o.igo o.Blo o.7lt
Z o.ZAo 0.7\5 0.81? s.7a9 o.7l ì o.g06 t.000 o.lg5 o.7l+o 0.829 o.t58 a.t6S8 0'794 0.839 0.1\9 0.7:8 0.780 0.839 0.7g5 ì.000 0.784 0.883 0.885 0.7619 0.7 ì4 0.788 o "r\6 o.678 o.r\t o.elr o.lto o.z8À r"óoo o.iiá o.le9 o.åa¡r0 0.815 o.806 o.78ì o.166 0.747 o.lgo o.'ezg o.ea; o.t7B i.óóõ o.Bt4 0.781ì ì o.736 0-771 0.700 0.693 0.715 o.8lo 0.758 0.88! o.iAg o.aia r.oo0 0.698

0BS Sr3 Srr+ sr5 sì6 sr7 sìg srg s20 s2ì 522 S23 S24

ì 0.691 0.7:6 0.7¡g o.656 o.793 o.79t o.762 0.867 0.846 o.75\ o.798 0.78ì2 o.629 o.r29 o.70r 0.700 o.tg3 0.79r o.7F2 o.goi o.Bzz ó.ial o.ai: o.lsg3 o.7\tr o.7t+5 0.693 o.72\ o.e3! 0.835 o.l4l o.zeg o.BrJ o.iia o.7g5 0.Br r4 0-688 o.7lo o-752 o-623 0.74b o.rso o.iíi o.ere o.le6 o.Lgs o.7t+3 0.7335 0.692 0.7r8 0.72t+ o.6Jì o.7\7 0.753 0.705 0.8g5 o.igo ó.;íí 0.74r 0.6996 o.6oz o,8ol o.qg2 0.685 0.740 o.739 o.lso 0.737 0.7\2 0.776 o.727 0.7t ì7 o.66t o.tB5 o.qeg 0.70ì o.i7o o.776 o.ieo o.ie'a o.eei o.'Bi3 o.lei o.aog8 0.63ì 0.728 o.g7\ o.123 o.7gg o.tg\ o.7gg o.8r I o.827 o.Btí 0.8t7 o.78lg o.6oì 0.704 o-62r+ o.706 0.76t+ o.lao o.ioe o.753 0.7g1 0.7g6 0.771 0.787r0 0.638 0.776 o.6gt o.tst+ 0.8r6 o.B2j+ o.alg o.ils o.agz o.igé o.ail o.eiórr 0.590 0.782 o.6zt o.70l 0.163 0.766 o.tSz o.iiõ o.tii o.'a1a o.Btó o.jgó
0BS S25 s26 s27 S28 s2g s30 s3 I s32 S33 S34 s35 S¡O

1 0.762 0.8rr+ o-92? o.7_71 o.a5? 0.g24 o.grg o.779 0.783 0.7g\ o.8oo 0.7g52 o.t\8 0.79t+ 0.q46 o.Bo3 o.7tB o.Bzz o.lyi o.iej o.ia9 o.Aíe o.177 0.1363 o.77o 0.727 0.845 o.tSt o.7gz o.8lo 0.833 o.Bz3 o.ile 0.79t o.gh5 o.iAl\ o.726 0"77\ 0.772 0.723 0.870 0.7-85 0.lig o.l$ o.i'sl o.iíl 0.7\3 o.7So5 o.676 0.802 o.8or o.75o s.9r! o.85, o.t5i o.tsa o.izi o.izí o.áoi o.iái6 o.7\z 0.859 o.7-07 o.g,*g o.6ga o.rt} o.aói 0.7\r 0.723 0.7\r 0.721 o.rt+67 o.776 0.8t0 o.PoA o.8lz o.135 o.7gt+ o.88l o.luL o.ieg o.iet o.796 o.ezg8 o.l7s 0.856 0.805 0.853 o.leb o.'azl o.Boo ó.lgs o.Blt 0.833 0.152 0.7529 0.73\ 0.77t o.zgg o.-les o.717 o.77tr 0.78r+ o.lztr 0.731 o.lsÉ o.iol o.ilir0 0.898 0.833 0.8¡*r o.glz o.73Q 0.796 o.eee o.gsz o.aís ó-.86í 0.79\ 0.792rì 0.766 0.855 0.7s9 0.829 0.708 0.7t3 0.772 o.lte o.rgi ó.aõa 0.722 o.rB7
oBs s37 s38 s39 sAo s4 r s42 sq3 s44 sq5 sr+6 s47 s4B

r 0.946 0.9ì r o.gor o.gg5 0.7ì4 0.7\6 0.922 0.972 O.gZg o.go7 o.gro 0.824z 0.830 0.790 0.817 0.823 0.806 o.7zB 0.768 o.lot o.lgi o.jeo 0.822 o.lB3I 0.qt6 0.753 0.7!3 o.Bo9 o.r2o o.7Bz 0.167 0.7\5 o.igi o.gsi 0.770 o.78r4 0.882 0.919 o.9ro o.B3r 0.679 o.7oo 0.7r2 o.'ali o.ieo ó'.iÉõ o.g2\ 0.7535 0.9ì3 0.943 0.935 0.957 0.751 o.69z 0.737 0.926 o.e+i* o.iez o.g2g 0.73\6 0.730 0.698 0.76ì o.7I+2 o.Z¡*e o.l'rl o.7iB o.ølt 0.733 ó:;¿8 o.7jo 0.7t97 0.803 0.123 0.73e o.7sB 0.67? o.zoé o.'ait o.aig o.ilí ò.8;B 0.726 0.7718 0.814 0.77t 0.837 0.79t4 0.aie o "iai o.lti o.lso 0.808 0.748 0.7g4 0.7849 0.762 0.7ì9 0.7_32 0.770 0"750 0.689 0.766 o.loa 0.721 o.itg o.72t 0.783t0 0.839 0.75\ o.B2z o.791 0.762 o.gzó o.ig8 0.715 o.aoz o.igs o.l58 o.8zoI I 0.75t+ 0.7t9 0.7t+2 0.776 0.849 o.7t+3 o.Zgo 0.710 0.737 o.lz1 o.lLS o.goo
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SAS

oBs S49 S50 55 ì s52 s53 s54 s55 s5O s5l s5g S59 s60

I o'841 o'909 0-97,6 0.2rg 0.965 0.?30 0.948 0.926 0.95r o.729 o.Bì7 o.8oo2 o.856 0.870 0.864 o.ït+t o.1Sl o.Ale o.eoe ó.e:Z o.Bzl o.768 o.Bl6 o.7gg3 0'875 o'790 o'za: 0.175 0.735 0.755 o.8zr 0.7g3 0.75t o.753 0.894 0.88r\ 0.758 0.83r o.83r 0.864 0.971 0.93õ 0.879 0.870 0.g37 0.698 0.762 0.75t+5 0.780 o.925 0.865 o.g2G o.Bgg 0.912 o.aBé 0.944 0.949 o.7zg 0.804 o.t586 o'762 o'8oz 9'z9o 0.7r2 o.675 o.1so o.76i 0.72r o.7t+9 o.B3o 0.74r 0.7397 0.803 0.158 o.122 0.r77 o.rtt3 o.r_23 o.7s3 o.iaz o.ití ó.8í; o.BoB o.8or8 0"8r5 0.83¡ o.B^6t o.B3r o.i,,s o.Boé 0.8íí ó.eT o.ara ó-.aí1 0.7s6 o.rg29 0.780 o.772 0.805 0.785 o.egó o.lsí o-.j,-t o.¡ao 0.75t+ 0.760 0.784 0.785l0 0.8¡a 0.80i 0.86t o.ell o.775 0.775 o.a4e o.gl4 o.ll7 0.g29 0.834 o.g35ì l 0-777 0.795 0.839 o.goo 0.697 0.lsa 0.768 0.77g o.770 0.827 0.769 0.756

'Bs 
s6 r s62 563 564 s65 s66 s67 s68 s69 s7o s7 r s72

I o'8r8 o'906 o.l?6 0.7-7 0.834 0.gz¡ 0.715 0.802 o .7g2 0.8r3 o .7g9 o.|t+g2 0.716 0.866 o.8r+l 0.826 o.lSg o.Ali o.i,re o.eoo o.ilo o.Azó 0.863 0.79ì3 0.803 o.758 o.782 o.717 o.745 o.lgl o.ilA õ.2,,0 0.771 o.t1B 0.157 0.8254 0.753 0.9ì3 0-l\6 0.723 o.igr 0.775 o.ese 0.740 o.745 0.758 0.766 0.7695 0.7\5 0.896 0.802 0.769 o.759 o.e1ã o.e8i ó.zro 0.703 0.748 0.8r4 0.77g6 0.760 0.767 o.Br5 o.gol o.ito o.za,* o.aló o.erl 0.740 o.rt2 o.7rr o.rs37 o.8or 0.749 0.783 0.777 0.809 o.g'z o.jeó ð.a2,- o.8s5 0.787 0.808 0.77tr8 o.z:g 0.855 o.ql! o.gió o.llo o.üe o.aiì o.gor o.758 o.795 0.9ì r 0.7s29 o'75\ 0.778 9.296 0.77i o.763 o.7r7 o.liz 0.238 0.75o o.729 o.rg7 0.72rì0 0.7er 0.8r7 0.84e 0.83r o.8zo o.alô o.iej ó.aes o.sía ó'.;;í 0.863 0.822n o-769 o.8oz 0.88r o.goo 0.806 o.8rã o.arí o.g¡g o.782 0.762 0.844 0.721
0BS S73 s74 s75 Sle s77 s78 s79 s8o s8 I sB2 sB3 Sg4

r 0.754 0.790 0-7gg o.g4g 0.8r8 0.860 0.860 0.qrz o.827 0.836 0.826 0.8g52 0.771 o.77s 0.832 0.824 o.Bt9 0.855 o.BÀ9 ó.Ate o.igi ó'.8íá 0.7u6 o.8ll3 o.722 o.757 9.914 o.8zo o.7Zg o.7-Al o.la|.0.t59 0.711 o.7t+9 o.713 o.7tz\ o-7 r4 0.740 c-750 0.7e8 o.tai o.8¿õ õ.é;; õ.g26 0.834 o.s;Þ o .v2 0.8235 0.73\ 0.6et* 0.8r7 o.7Bs o.Bzo 0.883 o.8ia ó.e,*¡ ó.eíg ó.8;i 0.849 o.BBt6 0'817 0.76r o.722 0.72g o.7tt 0.729 0.772 0.7.t6 0.715 0.697 0.690 o.7go7 0.809 o.Bì I o.7Bq o.Bl2 o.is7 o.lrí ó.i,,0 ó.çSS 0.69ì 0.7o2 o.676 0.788B 0.864 0.855 0.879 o.B4o o.ao9 o.as6 õ:ód; õ.a¡z o.Brz o.Br9 0.76s o.8AB9 0.776 0.781 0.809 o.78 ì 0.836 0.lgo o.lii ó.lrt 0.748 0.7g1 o ,729 0.79t+r0 0.886 0.9ì6 0.86j o.eZe o.ejt o.AlZ o.óje ó.lgo o.7lt* 0.780 0.731 0.844r l 0.846 o.8r{0 o.Bog o.763 o.gr7 0.ls'e o.lél ó.lgo 0.730 0.g02 0.72g 0.786
.Bs s85 s86 s87 Sg8 s8g s9o s9 r sg2 sg3 sgA s95 sg6

r 0.89¿r 0.869 0.88r o.go8 0.907 0.868 o.g4r 0.87t 0.g76 0.846 0.845 o.8gr2 0'793 o'788 g.94? s.z8g 0.790 0.825 0.830 ó.ezz 0.85r+ õ:8iã 0.828 0.8303 o.8zr 0.78r o.8tq 0.778 o.log o.l_Bi o.ií, ó'.770 0.763 o.Bo4 0.1\s 0.75o! 0.832 0.838 o.8zo 0.896 o.Al¡ o.g,Í o.igt ó'.Azl o.B¡B 0.78,r., 0.814 0.8855 0.8r+7 o.gr9 0.902 o.g4r* 0.8il o.soå o.efi o.aoo 0.g78 0.77g o.867 o.g7o6 o.rlt 0.675 0.r55 o.ro3 0.686 o.loi ó.;í1 õ.2,0 o.rs7 o.76g 0.7s6 o.7g27 0.783 0.738 0-766 o.7rr* o.7rl 0.7_50 0.iae 0.7_70 0.lgt,0.7g3 0.707 0.7668 o.8z 1 0.177 o"Bz9 o.Bo7 o.err o.eó¡ o.á+z ó.óig o.e6i ó:8;á o.Bzz o.Blt9 0.157 0.784 o.792 o.735 o.7Bo o.ll1 0.827 o.rys o.jgl õ:;;ã 0.73t+ 0.753ì0 0.840 o.80r 0.8, o.e3ó o.8oz o.ali ó.8r; o.erg 0.84r 0.842 0.782 0.826I ì 0.735 o.iet+ 0.776 o.tt5 0.77o o.tas o.a6i õ.eré ó:8i; ó'.;;;, o.tz3 o.760



ì 0.874 0.854 0.936 o.gz3 o.grB 0.842 0.826 o.gg8 0.777 0.8¡6 0.740 0.70gz 0.856 0.843 0.859 o.e¡6 0.826 o.lgi ,.ili ó.ezg o.B3o o.Boz o.tB6 0.8r63 o.762 0.749 o.t7g o.7-32 0.735 0.7ôt o.6gg o.7t+6 0.816 0.761 o.8o6 0.136r+ 0.850 o. B ì6 o.tg\ o. 8¡6 o.ltz o.Aei o. aió ó. ga: o.7 t6 0.766 o.695 0.69à5 0.882 0.84g 0.859 0.844 0.822 0.866 0.844 0.872 0.7g7 0.753 0.r3t o.7336 0.762 0.730 0.7h6 0.686 0.742 0.680 0.64g o.769 o.go5 0.76t o.837 0.7077 0.756 0.773 0.750 0.696 0.7r9 0.665 0.669 o.750 0.8r6 o.8rz 0.894 0.72g8 0.864 o.B3z o.Bzo o.Só4 o.aol o.faó o.75i ó.aZo 0.885 0.832 0.87ì 0.8039 o.lgs o.8ro o.9r¡ 0.79r o.766 0.7 j3 o.ii| o.75rt o.r6t 0.759 o.78r o.r77r0 0'834 0'83ì 9.9r2 o.76\ 0.177. o.isa o.itç o.eíe o.áir o.äi6 0.856 o.Bo4ì ì 0.lls 0.843 0.850 o.gor+ o.116 o.tgl o.iÉa o.168 0.836 o.75t+ 0.853 o.Bo5

0BS Sì09 sl ì0 stì I sìt2 sl t3 slt4 sl t5 sì t6 sì17 sl lg stìg st20
r 0.833 0.795 0.783 0.7\7 s.z8! o.797 0.7g2 0.7g8 0.823 0.84r 0.796 0.7232 0'79ì 0.744 0.759 0.702 0-759 o.759 o.l1s o.l, o.8i*í o.7g 0.72\ o.7203 0.169 0.762 0.7r4 o.6rt o.zrl 0.706 o.i'eí o.755 0.725 o.Bo3 0.735 o.756r* 0.789 0.7tú 0.797 0.74ì e.zsg o.grz o.ilo 0.786 0.837 0.83r 0.8, 0.6g55 0.84r 0.705 0.74ì 0.q95 o.tg\ o.776 o.iit o-.lrl o.Bb3 0.78À 0.826 0.7006 0.7gtr 0.789 o.720 o.oal o.iea o.iLe o.iár ó'.lss o.7t6 o.6t+7 0.63t4 o.7Lg7 o'829 0.819 o.lt+5 0.73ì 0.8r6 o.735o.isóó-.ltz o.7oB o.7t+r o.a7so.7u68 o.7gg o. B r8 0-7?6 0.7çtr 0.792 0.'ali o. AíJ o. e¡ r o.8r+o 0.738 0.731 0 .78g9 o.779 o.7t+6 0.249 0.687 0.720 o.719 o.lçA o.7rs 0.730 0.702 0.7t2 0.726ì0 0.802 0.87¡ o.gog o.7go o.go7 o.gró o.',ess o.a,,o 0.7g7 0.760 o.716 0.75t+rì 0.772 0.832 0.7ir 0.716 0.r25 o.Bor o.B-r*ó o.82r o.ií\ ó'.6;i o.697 o.rB7

SAS

0BS s97 s98 s99 sloo sl0ì sì02 st03 sl04 st05

249

sro6 stoT sìog

0.780 0.735 o. gzg 0.7400.82j o.ll3 o.ZB9 o.7t+5
0.7U9 o.77t+ o.lgg o.t\3
o .7 \l 0 .713 0 .710 o .7070.788 o.7t+5 0.816 0.740e./8! 0.178 o.7SS o.lt+5o.778 o.7zt+ o.799 o.glgo.875 0.828 o.gl6 0.808
o.7-78 0.165 0.779 0.770
0.894 0.805 0.805 o.7go
o.8r I 0.839 0.844 o.BlZ

0BS St2t s 122 st23 s ì24 sì25 srz6 s ì 27 srzB sì29
| 0.679 0.727
2 0.735 0.7t6
3 0.757 0.740
\ 0.662 o.705
5 0.672 0.648
6 o.773 o.7oo
7 0.768 0.805
8 o.7qo 0.193
9 0.7ìo o.7og

l0 o.7t+2 0.8t8
il 0. 768 0 .797

0.803 o .787 o .71 |
0.77t+ 0.8t9 o.8lo
0.789 0.737 0.7h9
0.756 0.76\ 0.7\6
0.748 o.lgt+ 0.165
0.820 o.723 o.B3z
0 . 835 o .l t+5 o .llo
0.8ì4 0.8t6 0.863
0.756 o.77tr 0.766
0.8j6 o.199 o. B5o
0.772 0.797 0.867



OBS SI s2 53 S4 s5

270

57 S8 59 S]O Sìì SI2

SAS

S6

12 0'751 0'782 0.722 o-765 0.716 0.7ì ì 0.165 0.161 0.6g3 o.78r 0.6g8 r.000r j 0.69r o.6zs o.rr+\ 0.688 o.es? o.aoz o.e¿i o.å¡r o.eoí õ.åìs 0.590 0.686r4 0.736 0.72s o.tt+s 0.7r0 o.Zig o.aor ó.;85 ó'.;rit;:;;i å'.i¡, 0.782 o.,l15 0.7¡8 o.7o I o.6% 0.752 0.72\ O.qo-2 o.elg 0.67t+ 0.62t+ o.69 l o.627 0.762r6 0.6s6 0.700 o.7_2t+ o.e1l o.å¡r o.ee5 ó.;óí 0.r23 0.706 o.75\ 0.70ì 0.650t7 0.793 0.793 0.835 0.7108 o.7L+l o.ltro o.ilo o.lg9 o.76\ o.Aie 0.763 0.122- rB 0.79ì 0.79r 0.835 o.is6 0.753 o.r39 o.lie o.7gh 0.760 o.B2\ o.766 0.733t9 0.762o.752o.793 0.74ì o.7-05o.750 o.igo o.7ggo.706 0.849 o.7520.7g320 0.867 0.807 o.t6B o.8tB o.a2s o.iil o.ita 0.Bn o.153 o.tg9 o.t40 o.t5321 0.846 o.Bzz o.Br3 o.786 o.leo o.i# ó.8¿; o.B^rl o.r2t o.Bgz o.rr\ o.7r522 o.75\ o.767 0.739 o.695 0.741 o.7le o.873 o.827 o.7g6 o.7gg 0.836 0.75g
0BS Sì3 Srr+ sì5 516 sr7 sìg sìg s20 s2ì 522 S23 S24

t2 o'686 0'771- o'762 o-650 0.7.?2 0.7.13 0.7g3 0.-153 0.775 0.758 0.727 0.725r3 ì.000 0.668 0.78j 0.660 o.687 o.eeé o.aíí o.egi o.eii o'.Lí, 0.6r6 o.661r4 0.668 r.ooo 9.lzs o-7.t+7 o.l.2z 0.76i o.r2\ o.l.r8 a.739 0.791 o.rr\ 0.7r3ì5 0.783 0.723 l.g0o 0.6\7 o.eel o.elí ó.å¡e 0.692 o.t\s 0.6$ 0.636 o.7ooì6 0.660 o.7\t 9.9\7 l.ooó o.736 o.lLo o.ãée 0.735 o.7-39 0.705 o.7t+6 o.tu3t7 0.687 o.lsz 0.66t o.t3G l.óoo o.976 0.832 o|aí9 o.aíi ó'.iil 0.866 o.82lrB 0.689 o.765 o.g7\ o.l\q 0.976 l.óóo o.eíB 0.Btì 0.836 o.t2B 0.861 0.817ì9 0.64r o.tz\ 0.638 o.688 o.Blz 0.848 l.õoõ ò.Ze: o.Bzz 0.125 0.8t4 0.76920 0'694 o'738 0.692 0.735 o.Qig o.ari o.ig3 ì.ooo o.u5 o.77t+ 0.780 0.76azt 0.613 o-739 s.r.\2 0.739 o.B¡+ã o.B¡e o.bií 0.835 r.ooo o.B2B o"84r o.B8o22 0.64ì 0.79r o.636 0.705 0.727 0.lil o.i)i ò.11,0.828 r.oõo 0.78\ 0.849
0BS S25 526 527 SZg S2g s3o s3 r s32 S33 S34 s35 536

12 0'775 0.786 0.800 0.777 0.7g3 0-7.11 0.8r9 0.696 0.771 o.77t,0.738 0.756ì3 0.6i9 0.608 o.712 o.s_Bt o.721 o.ås4 o.6si ó.-lul 0.671 o.6rt 0.7ÀB o.6ttì4 o.Bro 0.166 o.tso o.stz 0.6p1 o.jjt ó.áó' ð.rrr 0.7r8 0.715 0.7A0 0.7s7ì5 0.6ì¡{ o.67t o.ttg o.6oz o.t\l o.L'gl o.áje ó.grZ 0.692 0.679 0.678 o.6tBì6 o.7t7 0.680 0.733 0.7r9 o.oei o.jía.:;íõ ð.gla 0.698 o.tt6 o.715 0.690t7 0.8r9 0.76r 0.875 o.za8 0.74r o.'gzs o.ezi õ.tuu 0.Q39 0.852 0.873 0.758r8 o'823 o-157 g 995 o.i9z o.tst o.8ró o.aJi ó.eÉs o.eí8 ó:Bí,* o.873 o.t6t+r9 0.835 0.796 0.867 0.780 o.iss 0.790 o.aóo o.8zz 0.908 0.898 0.809 0.75220 0'762 o'825 0.7-gtr 0.819 o.aa1 o.géo o.iB¿ õ.za¡ 0.788 o.Bo7 o.7Bj o.rLl2t o .807 o. 829 o. 87,* o.e¡3 o. 808 o .8¡r ó .86; ó .lgs 0.8¡3 0.858 0 .825 o .8oo22 o.79t+ 0.83t 0.753 0.883 0.717 o.gól 0.a,,6 ó.los 0.713 0.735 o.7ss 0.834

'Bs 
s37 S38 S3g s[o s! r s42 s43 s44 s45 546 s47 S4g

12 0.786 0-771 0.78 r o -761 0.696 o.qqo 0.763 0.-lgt 0.748 0.7 r8 0.75g 0.723r 3 0 ' 682 0.702 0.657 0.703 o.ezg 0.gql ó.6;i õ.qrq 0.632 0.7, 0.6s6 o .6tBr4 0.755 0.690 s.tsg 0.7\3 0.7ì4 o.ee8 0.iéí o.grg 0.760 0.758 0.713 0.75215 0.7t6 0.732 0.72\ o.720 o.Lq 0.580 o.Lot ó.aie o.oii 0'.,,66 0.751 0.715t6 0'7ì3 0.648 0.67s 0.702 0.7?? o.gst, o.áis ó.sn o.7oo 0.706 0.640 0.r2517 0.8r6 0.698 ?.lzg 0.766 o.zgl 0.8i,, ó'.;6ó ó.11,,0.829 o.B3l o.716 0.778r8 0"8r6 0.705 l.7tz o.it1 o.ieg o.sii o.i¿ó ó'.teg o.s¡6 o.83r o.t2o o.771re 0.808 o.7ro ?.722 0.7\e o.izj o.Biz o.i;á ó'.trs 0.8ãr o.eõo o.727 o.74020 0.887 0.832 o.BBì o.886 o.igg o.7g\ o.ill õ.ezg 0.864 0.7h6 0.s76 o.7532t o'865 0'787 g.qll o.Br7 o.ilo o.ieo o.áíz ó'.ly 0.826 o.Boo o.Bor 0.84622 0.767 0.75s o.t7s 0.77s o.isz o.ets ó.asi ó'.io.- o.iii ,'.ir; o.ts5 0.800



211

SAS

OBs s49 S5o 55 I s52 s53 s54 s¡,5 s56 ssl s58 s59 s6o

t2 o.756 0.769 0.763 0.768 0.780 0.7,\5 0.756 0.76t+ 0.741 0.765 0.7\3 0.732ì3 0.698 0.6r+9 0.66ì 0.681 o.675 o.AS\ o.Lgt 0.1)2 0.699 0.6\7 0.121 0.153rÄ o'751 0-760 0.775 0.770 s.tzl o.zra o.7ií 0.75g 0.736 0.739 0.752 0.748t5 0-697 0.709 0.74r 0.737 0.756 o.ize o.iil o.735 0.723 0.643 0.6% 0.715ì6 o'740 o'699 0.75o o.loi o.tzo o.eji ó.ili o.7rB 0.657 0.7o3 0.732 0.7r81r o'885 o.r5g o.8r r o.769 0.7\) o-lLl o.gí¡ o.rgl o.l6g 0.755 0.887 o.8Bo- r 8 o ' 880 0.765 0.8 r 6 o.n7 o.!26 o.ittí õ:8 ií o. Boo o.165 o.7as o.B9z 0.884r9 0.804 o.r6o 0.787 o.755 o.l^,,1 o.itl o.iag o.768 o.iti õ.aog o.7gg o.18620 0.792 0.859 0.876 0.904 0.qlg o.2oõ o.'agz 0.93r 0.889 0.776 0.770 0.76721 0'868 o'828 0.877 0.84e o.!2,, o.a9e o.aís o.Qis o.eòé õ.sz¡ o.86r 0.Bzr*22 o'772 0'793 o'809 o.80l 0.703 0.j64 o.lelo o.eóó o.iai õ.e¡s 0.761 0.757

'Bs 
s6 r s62 563 564 s65 s66 s67 56g s6g s7o s7 r s72

t2 0.743 0.757 0.74r o.7zg 0.7,?2 0.772 0.732 0.7.t+6 0.752 0.769 0.771 0.750ì3 0.688 0.693 0.684 0.673 o.åe¡ o.eil o.eÃ o.åro o.oei o.Lgt 0.638 0.740r4 0.806 0.732 0.753 o.tz1 o.752 o.717 o.7os ,.;;; õ:;ä6 ,.ito o.Bo8 o.751t5 0.70t o.776 0.689 o.671o.Zjg o.eei o.Loi o.oui o.oSi ó'.Li,_ 0.70ì 0.686r6 0.679 0.695 0.7_53 o.zia o.iit o.7tt o.689 0.7,23 0.7r8 o.6Bt o.t38 0.70617 o.7st 0.784 0.827 0.842 o.!Ð o.itg o.tzg o.qóq o.i,_i ó'.ià, 0.825 o.B¡erB o.7sz s.tt7 o.Bzt 0.83e o.7aá o.isi ó.;;i 0.qoq 0.751 0.7e0 o.B3e 0.8¡8r9 0.725 0.734 0.799 0.807 0.!52 0.'a22 o.ái¡ 0.828 ó.io,r ó'.iÉo 0.8ìo 0.78220 o'737 0'87t 0.829 0.802 0.79t 0.832 o.76i o.7q o.itre ó'.aoz 0.84r 0.8032t 0.8r3 0.854 o.Bzz o.Bzz o.p?o o.alj ó.ijz o.a,,j 0.e,,2 ó.aóg o.B3t o.B:322 0'840 o'770 o.793 0.79ì o.elr o.aJõ ó-.i6i 0.788 o.86r o.r5o o.Br4 0.766
OBs S73 SZ¡* s7S 576 sl7 SZA S79 sgo sg l sgz SB3 Sgr+

t2 o.772 0.735 o.l7S 0.802 o.-172 o.7lo o.166 0.7.21 o.lt+2 o.t35 0.72g o.763ì3 0-592 0.607 0.694 0.728 0.ao-e o.io, õ.688 0.eú o.åe r ó.1øg 0.682 0.663ì4 0.824 0.795 o.8oz 0.767 0-l?) o.it6ó.;;i o.770 0.740 0.74s 0.739 o.76t+t5 0.599 0-6t+2 0-712 0.7r9 o-7!6 0.755 0.iis 0.717 0.682 0.720 0.664 0.696ì6 0.719 o.133 0.173 0.76t o.i\? o.t1z o.iií o.t2r+ o.t3t o.7ro 0.679 o.tz5t7 0.743 0.806 9.972 o-867_ o.llg o.gzo o.aól 0.7g3 0.lotr 0.807 0.739 o.778rB 0.7\3 o.8oB o.87r o.qq8 o.i-lt 0.8re ó.8ó; o.iaá o.iàz õ.aõo 0.t35 0.777ì9 o.792 0.81ì 0.792 o.860 o.Zif o.Zti o.t,i o.7?z 0.765 0.722 0.7i2 o.7g220 0.804 0.751 0.861 0.845 o.q|g o.óos ó.8éi o.QBo o.8Bo 0.875 0.834 o.eo621 o'7e4 0'850 0.8¡8 0.86e 0.qq/ o.B¡é o.Bit 0.806 o.iãõ õ.eio o.7ut o.B3B22 0.873 0.826 o.8oo 0.77t+ o.e¡a o.llgó.;-6í, ò.2a,., o.it6ó'.igg o.t52 o.Br8

'Bs 
s85 sg6 sg7 S88 sgg sgo sg ì sg2 sg3 sg4 sg5 s96

r2 0.766 o.l30 0.773 o.lltr 0.733 0.165 o.l6t+ 0.74g o.7gl o.l6t 0.732 o.lllll 0.72t+ c.662 o.7\S 0.686 0.6Íì o.6zg o.ttrS o.Ol,, 0.675 o.7to o.70ì o.69lr4 o.759 0.755 o.t5\ 0.729 o.7!2 o.llá o.igt ò.eoo 0.772 0.766 o.7lB 0.771t5 0.699 0-706 0.728 o.7tn6 0.7\i o.iog o.iii ó.zr¡ o.763 0.665 0.612 0.707t6 0.741 o.i2t+ 9.7^26 0.206 o.its o.z¡l o.t3i 0.73ì o.132 0.73t+ 0.704 0.679t7 0.849 0.8r8 0.8ì5 0.824 0.i11 o.!ís o.só3 õ.qrl 0.827 0.828 0.77t, 0.77t+r8 o'843 o'8zr 9.qr5 o.B7i o.ila o.a1i ó:Boi õ.e¡a o.B¡3 o.B2t o.t6B 0.165r9 o.8r r 0"751 9"n3 0.784 o.ilt o.gíi o"laE ó.rya 0.7g2 o.Bro 0.738 o.76420 o.886 0.828 o.ero o.B3q o.bl o.llz o.þ¿é ó.gy o.en o.8¡6 o.Be4 0.88721 0'848 0'8¡r' 0.8¡7 0.839 o.g3g o.gã8 o.g6í ó.gog 0.85r* 0.845 o.Bo3 0.83522 0.7530.766 0.788 0.706 0.829 0.777 0.944 0.7g3 0.78g o.7t+g 0.74ì 0.790



272

SAS

OBs s97 s98 s99 s t0o s ì 0l s 102 s t03 s tot+

12 0.769 0.750 0.162 o.-Lrg 0.729 0.752 0.7ì0 o.77tul¡ 0.675 o.6fi 0.638 0.6s1 o.68í o.eei ó.Lsó ð.r,0r4 0.76t+ o.8o r g.tït o.ttg o.7Bt o. ÀaÀ ó.;ói ó.te,l, o.745 0.737 o.tjg o.717 0.67t 0.72u 0.69u o.7oBl6 o.7rl o.tlt* o.lzï o.ioe o.lil 0.666 o.fie 0.68911 0.9r9 o.792 o.Qoz o.77so.iag 0.78A o.tLaó.tat
l8 0.8r7 0.805 9.897 o.iií o.iez 0.784 0.748 o.tlar9 0.2q3 0.775 o.JBo 0.6_27 o.752 0.719 o.69z 0.16120 0.98? o.8t7 o.952 o.aB¡ o.bq o.ezí o.eía ó.as¡2t o.B3B 0.842 0.843 o.ala 0.806 o.tBó ó.ias ð.e,i22 0.162 o.8jo o.Bl6 0.78r o.785 o.åe4 o.iäó-.tg,

Sì05 Sì06 sì07 slog

o.727 o.77tr o.123 o.8oo
o.659 o.675 o.670 o.6t+5
o.t3\ 0.743 o.737 o.7lt,
0.673 0.731 0.684 o.eól
o .l3-o o .lou o .t 33 o .6gl
o .t89- o .199 o .7 68 o . i83
0.178 o.8oz o .165 o.lïl
0.756 0.79t+ o.165 o.Bzl
o.796 o.l7l 0.77t+ 0.775
o.791 0.853 0.840 0.798
0.791 0.780 0.855 O.7gr+

oBs stog sììo stìl sìt2 sil3 Sì14 sìì5 Sìt6 sil7 Sìtg sltg st20
12 0.78J o.767 0.9ìl o.7qB o.78t o.nt 0.113 0.688ì3 o.716 o.62\ 0.694 o.662 o.680 o.eiz o.azí ó.øzzl4 o.758 o.7t 3 o.t-22 0.761 0.74 ì o .6s6 o. eig o.tgtt5 o.7t+\ 0.606 9.!99 0.628 0.722 o.6lr 0.666 ó.rnl6 0.679 0.721 9.Zll o.tzl 0.6s, 0.67u o.t2t o.613ll 0.75t+ 0.775 o.t!t, o.7oB o.l1z o.lat o.eie ó.azil8 0.754 0.768 9.1\5 o.io! o.ite o.iøo ó.8tA õ.erzle o-7-|"e 0.793 9.76? o.7zB 0.748 o.ito ó. ieg o'.te szo 0.833 o.75tr o.t7\ o.752 o. aoz 0.776 o.isi ó'.tn
?1 0.q39 o.8oe o.nB o.7st+ o.sr8 o.i|i ó.réí ó'.tøs22 0.859 o.Bll 0.765 o.7eo o.Bq5 o.iua o.iei ó-.1,*o

t2 0.733 o.678 0.795 o.tlo o.7gg o.l5Br3 0.639 o.920 o.grl 0.651+ o.åeõ õ.eozr4 0.873 o.921 o.Bzi o.lt*o o.7\9 o.so,*t5 0.698 0.676 o.6hg o.8lz o.aai õ.rroì6 o .t 13 o .tss o .t tg o .65s ó .jl| ó .,,,17 0 .735 0.t62 o. Bz8 o.l7g o.78 I 0.796r8 o.7so 0.173 o.8z6 o.ias o.;é; õ.aozr9 0.716 o.751 o.796 o.lai o.A3o õ.2g,20 0.7\3 0.248 o.Bo9 o.eoz o.igj õ.óãg21 0.737 0.804 0.8¡6 0.822 0.'e2i õ.e:e22 0. 7eB o .tB5 o .Bz5 o. 7r ì o .7já ó. zeg

OBS Sì2I s 122 st23 S l2l+ sr25 sr26 s1 27 sizS s l29

o.763 o.725 0.732 o"7lg
0.660 0.786 o.770 0.687
0.736 0.67t o.632 o.gz9
0.166 o.to| o.768 0.67t
o .67 | o .643 o .639 o .7 22
o .779 0 .838 0 .770 0 .7 49
o .778 0 .834 o .77 u o .7 59
0.727 o.756 o.6g9 o.gtz
0.857 0.792 0.75\ 0.761
0.789 o. Bo4 0.768 0.738
o.721 0.7ì9 o.706 o.7lg

0.7o5 0.733 o.7sB
o .6)t o .6\3 0.64 ì0.836 0.8t5 0.770
0.6fi 0.696 0.658
0.729 o.71t+ 0.153
0.8 r8 o.763 o.727
0.823 o.766 o.l3l
o.7\6 o.77t+ o.l\O
0.795 0.840 o.ZBg
o.773 0.835 o.gzz
0.778 0.85,' o.gol



OBS S]

SAS

s2 53 S4 s5 56 s7 s8

273

59 SIO SIJ Sì2
23 0'798 0'8ì3 0.795 o.7t+3 0.741 o.t21 0.761 0.8r7 o.llt o.grT 0.840 0.7272t+ 0'78r o-r59 o.Br r o-733 o.Çzz 0.iti o.aõg 0.78r o.7Br 0.8i9 o.7go o.72525 0.762 0.748 0.7ro 0.726 0.e1e 0.742 '.iie o.775 o.73tr 0.808 0.766 0.77526 0.8ì4 0.79\ o.727 0.77t+ o.8oz o.A¡9 õ:áíõ 0.856 0.7710.833 0.855 0.78627 0.822 0.846 0.845 0.772 0.80ì o.lói õ.eo,, o.gó¡ o.iag õ.g,_r 0.759 o.8ooz8 o'77t o'803 o.751 0.t23 o.750 o.arô o.Brz o.esi o.iaÉ õ.ãlz 0.829 o.7t729 0.859 o.778 o.r92 o.gzô o.grr* o.rsg o.iti 0.76s 0.717 o.736 0.708 o.16330 0.824 0.822 o.8ro o-78s o.!55 o.lge o.léí o.grs o.77t+ o.796 0.7g3 0.7713ì 0.8ì9 0.787 0.833 o.779 o.757 o.aór o.gál o.Boó o.i'e,r õ.e6e 0.772 0.8r932 0.779 0.76r 0.823 0.7fi 0.73g o.7t+7 0.7\4 0.7g3 0.724 0.832 0.766 0.69633 o'783 0'789 0.t78 0.753 o.727 o.723 o.t6s o.a1í o.iji õ.er¡ o.tgt 0.771
0BS Sr3 Sì4 sr5 sr6 sr7 srg srg s20 s2ì S22 s23 S24

23 0.6r6 0-77t,0.636 0.7\6 0.866 o.g6ì 0.gr4 o.7go o.g4r 0.7g4 ì.ooo o.g4g2t+ o'664 o'773 o'zo0 0.7h3 o.g?l o.giz o.jag o.766 0.880 0.849 0.848 r.o0o25 0'639 o'8ro 0.6ìA o-717 o.glg o.azj o.a1í o.762 0.807 o.rg\ 0.842 o.Bo726 0.608 o.766 o.67 t o.68ir o. Z6I o.lä ó .;é:6 0.825 o.9zs o. ai I o.7Bh 0.75s27 0'719 0.llt o.7t9 0-733 o.gzi o.e8i o.e6l o.7gt1 0.87t o.753 0.86¡+ 0.8¡ez8 0.587 0.872 o.692 0.t\g o.zg8 0.jai ó:;8ó 0.qls 0.8¡3 o.8g¡ 0.8r3 0.84229 o.753 0.68t o.tt+5 o.66t+ o.Z1l 0.751 o.iSS o.qgl 0.808 o.77 o.7t+6 o.t\730 0.684 o.77i o.6s7 o.7zB o.q?3 o.sio o-.tgó o.Bqo o.eia õ.áór o.Bre o.1533r o-657 0.805 0.676 0.7r0 o.pzi o.e3r o.eóó 0.786 0.A62 o.aae 0.792 0.87032 0.7¡{ì 0.698 o.625 o.6g8 0.g54 o.S¡¡ o.ezi o.tg2 o.l-g3 o.7o5 0.832 o.7t+l33 0.671 0.7t8 0.692 0.698 o.B-¡g o.A[8 ó.9õg o.7BB 0.833 0.713 0.856 0.177
0BS s25 s26 s27 sz8 S29 S3o 53 ì S32 S33 SjA S35 536

23 0.842 0.78A o.g6À 0.8r3 0.7!6 0.8r9 0.7g2 0.832 0.856 0.879 0.8r7 0.806zt+ 0.807 o-,ss 0.836 o.Brl o.itrr o.l-si o.äio ò.1\l o.rn o.796 0.83r o.B3r25 ì '000 o'762 o'852 0.848 0.723 o.qii o.Bz5 o.rls 0.7g5 0.8r3 o.7Bg 0.84326 o.762 r.0oo 0.757 0.845 o.ils o.gsó o.aEg ò.lg1o.8io o.B3z 0.738 0.79827 o-852 o.757 r.o0o o.762 o.tg1 o.eoí o.aíí ò.818 o.aei ó:Bé; o.B6e 0.78828 0.848 o.Br5 o.762 ì.000 o.i1t 0.835 o.esi õ:;;B "r'.iu; ;..;;\ 0.766 0.83129 0.723 0.775 0.797 0.73r r.oo0 o.e3é o.lii ó.72,r o.739 0.7\o 0.807 0.75230 0.8r7 0.889 o.80ì 0.835 0.83g r.ooó o.ezÉ 0.84g o.8rz 0.825 0.820 0.8033ì 0.825 0.859 o.Bl, 0.853 0.r73 o.825 r.oõó ó.lle o.rB2 o.7ge 0.845 o.86732 0.785 0.193 o.8lB 0.738 o.lztr o.8té o.jlo i.ooo o.B5z 0.865 0.8,{9 0.76033 o.7e5 0.8r0 0.882 o.it+t o.t3s o.Brz o.iaz o.asi r.õóõ ó'.;;i 0.800 0.751

'Bs 
s37 S¡g s3g s4o sr+ r s42 S43 S44 s45 546 s47 S4g

23 0.853 0-729 0.7t+2 0.782 0.826 o.8og 0.8r2 o.-j2g,0.g35 0.78g 0.7\2 0.8272h 0.8r0 o.tzz 0.132 0.753 0.74r o.ltg o.asa o.åaa o.iíB ó:áiõ o.7tt o.87r25 0.802 o.ro7 0.738 0.r52 0.75t, o. goi o. gio ó.loz o.7gg o.r7g o .720 o. Bo9z6 0.837 0.79r 0.839 o.gÁz o.eô¡ 0.758 o.gír 0.721 0.778 0.736 0.833 0.7532l o'B¡5 0'762 0.78e 0.805 0.7!2 o.7go 0.78g 0.76t+ 0.832 0.845 0.770 0.80528 o'8oo o'tst, 9.grl o.j't o.it9 o.ilt õ:á;é o.ryt 0.713 o.757 0.7i3 o.Bre29 0.886 o.935 o.B9A 0.922 0.7u5 o.gis o.líá ó.gez o.8o6 0.769 o.gi2 o.r5o30 0.873 o.Bz5 o.8z6 o.BBB o.'azi o.sri ó.iq; õ.eoz o.sii o:áõá o.Bt5 0.7733r 0.856 0.710 o.8ol o.8lz o.7tl o.137 o.ggi 0.7ìB 0.798 0.844 0.712 0.8ìl32 0.8ì6 0.708 6.201 o.7tt o.i?g o.gíz ó-.;;; o.l,rs 0.8ì6 0.7g7 0.737 0.76033 0.8r7 0.72t 0.t36 0.759 o.iía o.éri ó-.rí; ó'.trs o.8rz o.782 0.763 0.765



SAS

0BS S49 S5o 55 I s52 s53 s54 S55 s56 s5l S5B s59 560

23 0'854 o'r93 9.9rt 0.7q8 o.7bì 0.r53 0.8r6 o.B0r o.r5B o.rgo o.Bóo 0.82424 0.83¡, 0.752 0.809 0.78 t o.izg 0.72t o.7V a.779 o.tL3 0.76t 0.860 o.85525 0.8r o.713 o.Z?ì o.173 o.iza , 7iÉ o.Bli ó.nt o.tzs 0.772 0.804 0.80625 o.76t+ o.B4g 9.PBo o.eZ8 o.jlg o.'At,t o.s¡i ó.aez o.'Atr2 o.aáô o.756 0.15127 0.Bg¡* o.8zo o.B2e 0.805 o.iol o.76r+ o.eíz õ:B;; ,.;;6 ,'.;;i o.Bs7 0.87sz8 o'8oo o.Bz3 o.gi3 o.azi o.iza o.igt ó.8õ; õ.ez¡ o.igs ó.aåo o.7tt+ 0.77729 0.789 0.879 0.840 o.Bg3 o.'atz o.góg o.eio ó.gzl o.BB5 o.772 o.BzB o.79630 o.BzB o.B7o 0.895 o.88r o.r2t+ o.uÉ o.eå6 ó.agé o.e6í ó.Br,¿ o.B3t o.BzB3r o'846 o'806 9'918 0.833 o.ist o.lai õ.84i ó.ars o.7Bt o.86o o.86z o.86o32 0.83ì 0.772 o.l9-l o.76g o.ilz o.755 0.8i6 0.792 0.751 0.795 0.823 0.85633 0.Bj+7 0.166 0.824 0.76g o.ilg o.i1i õ.iaã ó.ta,, o.iig õ.8íó 0.827 0.83r

'Bs 
s6r s62 s63 564 s65 566 s67 s6g s6g s7o s7r s72

23 0.785 0.78¡+o.g7go.g4zo.gì7 0.77g0.75g o.gzr o.796 o.7gg o.822 o.gor2\ 0.886 o.t6s 9.299 o.t9! o.at6 o.iií ,.i;6 ó.taz 0.865 o.t56 0.784 0.82425 o.8zz o.7t4l o.76b o.769 o.Sio o.7gj o.il*l o.770 o.Bj¡+ o.7go o.Bt ì o.go426 o.782 o.8SB 0.867 0.g43 o.go3 o.gìr* o.glr* o.gz6 o.7gS 0.760 o.gz7 o.l5027 o.77t+ 0.8ì3 0.8r5 0.8r9 o.Bog o.grg o.t5s ó.ao¡ o.iaí õ:áõ;0.837 0.83528 0.854 o.8lo g.gl? o.ZeB 0.798 o.e[3 0'.;86 õ.eot o.856 0.76t 0.843 o.7gg29 0.768 0.869 0.806 o.r72 o.lgg o.Bró o.ili ó.rys o.ruo 0.r52 o.7BB o.Bo730 0.786 0.874 g.B_12 0.865 o.ig1 0.83e o.ita ó.ia' ó.igt ó'.ióe o.868 o.8oo3ì 0.869 0.796 0.796 o.t7o o.8qz o.Bií o.iia õ.aog o.'aÉz õ.8õ; o.Br4 0.83632 o.7t+3 o.lse o.B4o o.BSz o.t39 o.løt o.iee ó.aol o.lle õ:B;ã o.7sr* 0.83733 0.72\ 0.78r 0.846 0.853 0.711 0.iei o.i|l ó.s¡¡ o.751 o.76t 0.829 0.782

?1t!

oBs s73 S74 s75 s7e s77 s78 s79 s8o s8 ì sg2 Sg3 S84

23 o'8oo 0.848 0.84r 0.833 0.8¡? o.8oz o.7g5 a.827 0.7710.860 o.771 0.78224 o.Br5 o.86g 0.839 o.sié o.s7b o.llo o.ila õ.219 0.73t+ o.Bo9 o.752 o.rg3zs o.Bz8 o.B¡e 0.798 0.8¡6 o.Bot o.lLg o.iil õ.2e9 o.712 0.79r o.t6o o.77r+26 0.864 0-796 o.8zr o.liz 0.8r4 o.8ré o.aigó.llt o.7go 0.7g7 0.760 0.85327 0.7\7 0.809 0.8!3 0.9ìo o.8zo o.azi o.aõí õ.7rr o.laç o.óãó o.732 0.787z8 0.922 0.85r 0.8¡A o.go¡ 0.842 o.7g8 0.eií õ.e+e o.q2o 0.83i 0.807 0.8s72e 0'726 o.to2 o.Bz3 o.ts6 o.Bl? 0.8i,' o.!i: õ.ezo o:BtB ó'.Bi; o.BrB 0.85530 0.82q o.75s 0.862 o.7s2 o.Br7 o.ait o.sBã õ.sjã ó:B;i ,'.85,0.786 0.86t3ì 0.817 o.8zz o.84t o.B4o o.tgtr o.7lB ó.i'j ó.ly o.tso 0.752 o.7tt 0.8ìA32 0.784 0.80t 0.806 o.Boz o.l1? o.ige o.ioi ó.lSo o.73s o.761 o.7\t o.,333 0.761+ o.792 0.825 0.85r, o.l1A o.iae o.iii ó.lsl o.715 0.769 0.693 0.77g
0BS S85 s86 s87 s88 s89 S9o sg ì sg2 sg3 sg4 s95 s96

23 0.83r 0.864 o.go6 o.7gg o.7go o.goo 0.g66 o.g8z o.gr3 0.g47 0.750 o.7602t+ 0.808 0.84À o'783 o.zgo o.s/-¡ o.Qsl o.eii ó.ess o.8or 0.775 0.721 0.75825 0.8r6 0.804 o.za¡ 0.176 o.l}i o.aíi õ.8íá ó.ali o.tie ó'.BLí o.t60 0.76326 0.8r1 0.185 9.952 o.t7t o.ie.i o.7as o:84õ õ.so¡ o.856 o.77t+ o.Boz 0.85027 0.846 o.Bz7 o.B2r o.B3r o.ie¡ o.aei o.g16 õ.a,,é o.gí6 o:8id 0.772 0.787zB o.Boo 0.786 0.8r7 o.76i o.ar*l o.8zr o.eej ó.e¡í o.sãõ ó.Bii 0.8ìr o.B5B29 0.825 0.798 0.873 0.8r8 0.84À o.8or o.ai8 o.las 0.859 0.776 0.834 0.84030 o. B4o o.lee o.ge¡ 0.7e r 0.716 o. s iz ó:B;8 o'.'e:, o.sBí ó.8ä 0.86e 0.8563t o'826 0.7e5 9.glg o.zqr o.iat o.aoå o.aoi o-.a2g o.sié o.aôg 0.770 o.Bor32 0'855 0'786 9'gii s.78? o.e4 o.lat o.iei o'.tag o.7Bo o.85À o.Boì 0.78r33 0.798 0.802 0.785 0.798 0.lis o.',llz r.igi õ.are 0.833 o.7g\ 0.720 o.75t+



215

oBs sg7

SAS

s98 sgg sì00 slol sl02 sl03 sr04 st05 sl06 sloT s r08

23 0.786 0.840 0.860 0.827 o.8to o.7t+t+ o.lg| o.716 o.gl9 o.lg5 0.762 0.g142r+ 0.776 0.837 0.8¡+o o.glo o.776 0.707 0.775 0.750 0.75e o.'gzt 0.g00 o.glz25 0-767 0.805 o.8or o.757 0.820 0.715 0.733 0.768 o.lzl o.7gg o.733 o.8ro26 0.837 0.831 o.ltrz o.Bo5 o.795 0.153 o.755 o.sr+o o.eii o.iéi o.eíí o.769
27_ 0.92¡ 0.817 0.844 0.790 0.788 0.76t+ o.t58 0.789 o.8o6 o.'azj o.tt6 o.B5i28 0.83ì 0.862 o.gtg o.8zz 0.852 0.7\6 o.718 o.8lí 0.784 o.aoi 0.801 o.8oo29 0.838 0.833 0.819 o.8zz o.80ì 0.836 0.8ì¡ 0.Bil o.ill 0.761 o.t5l o.16230 0.85q 0.806 0.8j5 o.8zL o.Bz9 o.793 0.785 o.BSg o.ó17 o.ios o.tg3 0.7663t 0.79r+ o.8oo 0.792 0.757 o.751 0.7ì4 0.70ì 0.796 o.765 o.'asi o.'a2i o.ies32 0-165 o.756 0.7_68 o.i3z 0.788 o.733 o.7t7 0.716 o.ilg o.lÉs o.t5i o.73t+33 0.789 o.8lz 0.805 0.76t o.739 0.726 o.tt+5 o.ita o.eóó o.iii o.175 o.826

oBs sì09 st r0 sil 1 sì l2 sì t3 slr4 sr r5 sr r6 sì r7 sr lg sr ìg si20

23 0.738 0.8t9 0.748 o.712 0.672 o.7t+2 0.852 o.gt3 o.750 0.789 0.725 0.7762t+ 0.813 0.809 0.75t+ 0.760 0.7r3 o.t32 o.a3l o.Blé o.iil o.il6 o.zr*r o.ieo25 0.284 0.8 ì9 0.169 0.122 o.7s7 0.73i o. B r 7 o.la6 o.i ti o.ieo o.6ag c. a r ¡z6 0.878 0.85r+ 0.761 0.7t6 0.g45 0.778 0.792 0.751 0.78i o.706 0.719 0.76ì27 0.795 0.786 o.t_55 o.tj7 o.750 o.758 o.tg7 o.tt1 o.t7S o.gll o.ltz o.iatzB 0.827 0.829 0.817 o.tg3 o.Bj6 o.Zee 0.8[q o.eäl o.iao o.i6g o.6lS o.al¡29 0.87ì 0.713 0.7\1 0.692 0.832 0.791 0.692 0.673 0.'gzz o.igi 0.86i o.zoe30 0.868 o.8li 0.796 0.703 0.832 o.tjt o.l'A\ 0.7\6 0.846 o.iig o.Boz o.iSzj r 0.873 0.850 0.78 j 0.762 0.845 0.730 o. B r r 0.768 o.tr+\ o.iaÉ 0.708 o.iíe32 0.744 0.8¡e o.7t+2 0.697 0.679 o.7\\ o.go6 0.793 0.725 0.'a\6 0.71+3 0.70733 o.7zB o.796 o.7z\ o.68g 0.700 0.766 o.gz6 o. eol o.ili o.l7o o.lzt, o. zr*s

OBS Sì2ì s 122 s r23 S l2l+ st 25 s 126 s 127 srzS s ì29

23
2\
25
z6
27
28
to
30
3r
32
33

0.730 o.796 o.773 o.tS\
0.767 0.830 0.845 o.tïz
o.8oo o.8ol o.Bl7 o.j33
0.157 o.l20 0.835 0.8¡e
o .711 o . 786 0.805 o. 8l 70.859 0.79 ì 0.885 o.16z
0.699 0.669 0.735 0.78À
0.783 0.7ì9 0.818 o.glo
0.788 o.787 0.895 0.79t+
o.69l 0.703 0.75\ o.73\
0.7 ì 4 0.758 0.760 0.799

o.80t o.l9\ o.Bzz o.g3z o.7550.780 o.785 0.815 0.827 0.837o.l7t 0.801+ 0.8¡+4 o.l96 o.7690.877 0.817 o.775 0.837 o.827
o. B I 8 0.809 0.788 0.790 0.7690.798 0.849 0.872 o. g6À o. BAoo.7gl o.76t o.7\2 0.790 0.7750.843 0.819 0.815 o.g5z o.Bol0.798 o.199 o.782 o.7Bt 0.8420.803 0.780 0.76t 0.767 0.7040.854 o.8oz o .771 o .l7g o .t 30



OBS sì s8S4s3ç? s5

SAS

S6 s7

216

sg sto sìl sì2

3\ o.794 0.8t6 0.791 o.753 0.727 o.jt+l 0.781 0.833 o.755 0.86ì o.gog o.7lt+
35 0.800 o.7jt 0.945 0.7\3 0.803 o.7zj 0.796 o.752 0.167 0.791+ o.122 0.739
36 o.795 0.136 0.78t o.756 o.l22 o.t\6 0.829 0.152 o.jSz o.7g2 0.787 0.756
37 0.946 0.830 0.8¡6 0.882 0.9ì3 0.730 o.Boj 0.9t4 0.762 0.839 o.t5t+ 0.786
¡8 0.9ì ì 0.790 o.153 0.9t9 0"9t3 0.698 0.123 o.tl7 o.719 0.75L 0.719 o.ttl
39 0.90r 0.817 0.1\3 0.910 0.935 o.l6t o.t39 0.937 o.l32 o.gzz o.lt+z o.7gl40 0.885 0.823 0.809 0.831 o.9Sl 0.7\2 o.l58 o.lgr+ o.7lo o.7gj o.776 o.761r+ì 0.7ì4 0.806 0.720 0.679 0.751 0.749 o.672 o.gt6 0.750 0.762 o.g4g o.696\2 0.7\6 0.728 0.782 0.700 0.692 o.7t+3 o.log 0.787 0.689 0.820 o.7t+3 0.660t+3 0.822 0.768 0.761 o.772 o.73t 0.738 o.837 0.76t 0.766 0.798 0.780 o.j6344 0.872 o.76t o.7t+5 o.877 0.926 0.67t o.619 o.75o o.lo6 o.lt5 0.7ìo o.765

0BS Sì3 Sl4 Sl5 S16 st7 sl8 sr9 s2o s2t s22 s23 s24

3\ 0.671 0.7ì5 o.679 0.7ì6 o.852 0.844 0.898 0.807 0.858 0.735 0.879 0.796
35 0.748 0.7À0 0.678 0.7t5 0.813 0.873 0.809 0.787 0.825 0.755 0.817 0.831
36 0.67r 0.791 0.678 0.690 o.158 o.t6\ 0.752 o.lr+7 o.Boo 0.834 o.806 o.937
37 0.682 0.755 0.7t6 0.7t3 0.816 0.816 o.8og o.gg7 0.865 0.767 0.853 o.8lo
¡8 0.702 0.690 0.132 0.618 0.698 o.lo5 0.7t0 0.832 o.797 o.756 o.729 0.722
39 0.657 0.756 0.72\ o.675 o.lz9 0.132 0.152 o.ggl o.gl3 o.l7B o.tt+2 0.73340 0.703 0.7\3 0.72o 0.709 0.766 0.173 o.7r+6 0.896 o.Bì7 o.l7g 0.782 o.1534r 0.620 0.711+ 0.667 o.7og 0.78,+ o.7gg o.721 0.799 0.770 0.752 o.gz6 0.74ì42 0.689 0.688 0.580 0.69¡{ 0.854 0.84i o.8tz o.16\ 0.760 0.675 o.go9 0.7ì943 0.653 0.79ì 0.661 0.675 0.760 0.760 0.756 0.759 o.8lz 0.861 o.8lz o.g6L44 0.686 0.676 0.678 0.637 0.771 0.769 0.715 0.828 0.737 0.706 0.758 0.688

0BS s25 s26 s27 sz8 s29 s 30 s3 I s32 s33 s34 s35 s36

3t4 0.813 0.832 0.88g 0.773 0.740 0.825 0.796 0.965 0.973 l.oo0 0.gog 0.762
35 o.Z8g 0.738 0.869 o.766 0.807 o.8zo 0.945 0.849 o.8oo o.8og ì.ooo o.7gg
16 0.843 0.798 0.788 0.831 0.752 o.go3 0.967 0.760 o.751 0.762 o.7gg ì.ooo
37_ 0.802 0.837 0.855 o.8oo 0.886 0.873 0.856 0.8ì6 0.817 0.836 o.e[7 0.816
¡8 0.7o7 0.79ì o.7Qz 0.75t+ 0.935 o.825 0.77o o.7oB 0.721 o.131 o.756 o.736
39 0.738 0.839 0.786 0.814 0.894 0.826 o.Bol 0.704 0.736 0.751 o.j5t+ o.itl40 0.752 0.842 0.805 0.185 0.922 o.ggg 0.9ì2 0.776 0.759 0.790 o.gz4 0.76t+4l 0.75\ 0.805 0.749 o.778 0.7\5 o.8zg 0.7ì I o.7gg 0.759 o.7go o.7\7 o.73\\2 0.804 0.758 0.790 o.732 0.679 o.gl4 o.737 0.942 o.gl I o.gzg o.gl6 o.zlg43 0.830 o.8l I 0.789 0.838 0.749 0.785 0.881 0.752 0.7\\ 0.758 0.783 0.93i44 0.702 0.757 o.76\ 0.723 0.882 0.807 0.7t8 0.7\3 0.725 o.728 0.76o o.geg

0BS s37 s38 s39 s4o s4t s42 s43 s44 sA5 sb6 s47 s4g

j4 0.836 0.73 ì o.l5j 0.780 0.780 0.829 o.l5B o.7zg o. g lg o.79t+ 0.172 o.7gg
35 0.847 o.756 0.75\ 0.824 o.7t+l 0.8ì6 0.783 o.760 0.818 o.g2t4 o.l7g 0.799
16 0.8ì6 0.736 o.7t+7 o.l6t+ o.l3t+ 0.719 0.9jt 0.668 o.l\o o.lg1 0.77t+ o.g2g
37 ì.000 0.881 0.899 o.923 0.771 0.779 0.936 0.925 o.ggg 0.934 0.9t0 o.gzo
¡8 0.88r l.ooo 0.946 o.9oo 0.723 0.668 o.7t+3 0.903 0.:72 0.755 0.963 o.739
39 0.899 0.946 ì.ooo 0.932 0.727 0.69r{ 0.767 o.B7g 0.g24 0.756 0.g35 o.761
40 0.923 0.900 0.932 t.ooo 0.793 0.740 0.772 0.933 0.840 O.gog 0.947 0.7634ì 0.77t 0.723 0.727 o.793 t.000 0.763 0.715 0.739 o.7g1. 0.692 o.7L¡7 o.763t+2 o.779 0.668 0.694 0.740 0.763 t.ooo o.7to o.724 o.glo 0.777 0.692 0.125\3 0.836 0.743 0.767 0.772 0.715 0.710 ì.ooo 0.68t o.739 0.779 0.755 0.88t44 0.825 0.903 0.878 0.833 0.739 o.72\ 0.681 t.ooo 0.805 o.736 0.87g 0.651



SAS

OBs s49 s50 s5 ì s52 s53 s54 s55

217

s56 s57 s58 s59 560

3t+ 0.864 0.789 0.83e 0.7g0 o.l50 o.lU5 0.807 o.goj o.l5t+ o.8zo 0.833 o.8¡635 0.893 0.80¡{ 0.790 0.786 o.7I+z o.16, o .az6 o. eoÍ o.iiz ó. iãg o.gzit o.gíi36 0.qoq o.769 0.175 0.78¡ o-r.\7 o.ltt 0.8r5 o.tgg o.rs5 o.Br3 o.B0r o.Bo9
37_ 0.848 0.902 0.870 o .933 0.886 0.9 ì9 o .gSo o.g11 o.Ag9 o.t6t 0.865 o. 8z638 0.757 0.887 0.856 0.896 0.9t2. o.g¡ó 0.8!e 0.90r 0.932 0.751 0.778 0.75039 o.77\ o.922 o.8_75 0.930 o.?oq 0.931 o.goz o.g2g o.g25 o.167 o.l7r+ o.itAr+0 0.19\ 0.921 0.892 0.946 0.8!6 o.i¡o o.lr¡ 0.g37 0.g25 0.7g\ o.e¡*o o.igl4r 0.76t+ o.8ol 0.823 0.788 0.689 o.liz o.1lz o.7g3 0.759 0.766 o.7\7 o.iÉS\2 0.803 0.739 0.760 0.73t+ 0.694 0.7i0 o.tg5 o.t5g o.tzt o.758 0.7g3 o.góó
!3 o.792 0.763 0.781 0.807 o.763 o.t7t+ o.el5 o.AiB o.iez o.Aóo o.ig1 o.tg3L+4 0.743 o.8zl 0.820 0.82t 0.817 0.892 o.lge 0.84ì o.ôr¡ o.6és o.lsa o.iii
0BS 56 ì 562 s63 s64 s65 s66 s67 s6g s6g s70 s7 r st2

3\ 0.7-\20.799 0.861 0.8630.7q3 o.7tt o.BoBo.B53 o.76\ 0.784 o.B2go.tg935 0.8r8 0-767 0.805 0.79\ o.78? o.8ri 0.75t o.7ug 0.789 0.8r0 0.778 0|esi36 0.9ì2 0.782 0.770 0.741 0.908 0.78r o.lit o.758 0.gz-a o.772 0.765 o.Zgi37 0.8ì0 0.881 0.836 0.192 o.Bql 0.840 o.lto o.eó¡ o.Aoz o.eíò o.'A:.¿ o.Ar*¡38 0.7\3_ o.925 0.78_7 0.758 0.780 o.q!4 0.iot o.715 0.740 o.7\g 0.788 0.77339 o.778 0.90ri o.Zgg 0.157 0.79t o.868 o.t2h o.iAi o.ite o.i;i o.e¡4 o.eoi40 0.780 0.900 0.8¡7 0.803 0.805 0.844 o.z:8 o.7rt5 0.757 0.798 o.eãA o.eói4r 0.718 o.8oz o.q5! o.8r+9 o.173 0.136 o.iel o.lle o.iiA o.ilt o.ng 0.135t+2 o.7o5 0.714 0.808 0.826 0.703 o.757 o.739 o.lgl o.7oB 0.7g7 0.172 0.82043 0.903 0.782 0.760 0.73\ 0.902 0.787 0.1óA o.iee o.óoi o.iiy 0.itl o.zai4À 0.644 0.847 o.763 0.763 0.69t o.7le o.6gt o.åe4 o.eee ,.i\; o.767 0.703

oBs s73 S7r+ 575 576 577 S78 s7g sBo s8 r s82 s83 S84

3\ 0.782 0.808 0.839 0.87r+ o.Bo5 o.gol 0.789 0.713 0.728 o.7BB 0.703 o.lgl35 o.731+ 0.773 0.859 0.8:5 o.nB 0.798 o.zBl o.761 o.783 o.ios o.lza o.jgs36 o.8zz 0.830 o.770 o.Bo7 0.804 o.tt\ 0.173 o.igl o.j,ri o.iai 0.7¿{l 0.79g
37- 0.789 0.807 0.839 0.86r+ o.84ì o.BBr o.eB! o.'Bts o.á¡i ó.á;t o.sro o.goi¡8 0.7r+o o.7og 0.786 o.t6t+ 0.809 o.Btt o.agá o.eii o.aig o.Bíg o.Bri2 0.85439 o.799 0.758 0.q¡5 o.9og 0.83t 0.874 o.eiz o.alz o.862 o.B3i o.Bh8 o.gír40 0.772 0.73\ 0.842 0.809 0.842 o.Qlz 0.8ée 0.827 0.8¿rr+ o.aí6 0.79ì 0.885
4 r 0.786 o.7le 0.794 o.7so 0.826 o. aie o. els o. Brrö o.tgo ó. e¡õ o.l6s o.759\2 0.77\ o.8oo o.8oo o.tgt 0.699 0.76r o.lSo 0.738 o.iil o.i;; o.7t)3 o.7tl43 0.840 o.8r+8 0.769 0.824 0.82t 0.760 o.iot o.l8z o.ii| o.iõé 0.767 0.8081+4 o.722 0.693 o.785 o.7\9 o.750 o.BB9 0.865 o.Ar*Z o.Aáõ ó'.'865 o.ela o.Bo9

0BS s85 s86 s87 s88 s89 s9o sg ì s92 s93 sg4 s95 s96

3t+ 0.8ì5 0.808 0.804 o.8oo 0.7\3 0.g47 o.glz o.g3ì 0.g33 o.gzi o.739 0.76835 0.843 0.790 0.824 0.786 0.72\ o. Boi o.no o.lv o.7Bí ó.8ii o.770 o.16536 o-792 0.805 0.78t 0.759 o.775 o.B2o o.a2o o.erró o.ias ó.jgi o.r35 0.71737 0.9ì6 0.878 o.9oo 0.863 0.807 0.902 0.860 0.895 o.eSí o.Aíl o.Aãó o.'Aig38 o.8oo o.8ol 0.glt 0.8¡{5 o.BqB o.Ao¡ o.Bì6 o.lt| o.gl+6 o.ii\ 0.g7,* o.B9o39 0.85r 0.7e8 0.873 0.860 0.858 o.B3t o.B3t o.eir o.Bti ó.árs o.eh o.góg40 0.8r7 o.Bn 0.892 0.79ì o.Br5 o.q:s o.Bt6 o.B¡a o.aií ó.goí o.gei, o.asi4r o.766 o.8lo o.8lz o.7lB o"tg3 o.8ó6 o.Blo o.aóz o.aió o.i;B o.t6t+ 0.751\2 0.q5? 0.749 0.805 0.767 0.662 0.766 o.7t\ o.lOe 0.7¡+8 o.áie 0.79ì o.769\3 0.818 0.838 0.756 0.281 0.798 0.844 o.s[4 o.Ae¡ o.igo ó.jgl o.739 0.7s344 0.797 0.797 0.83r.'0.838 0.792 0.766 0.796 0.753 o|Siz o.iis 0.'.a50 0.',ali



oBs sg7

278

SAS

s98 Sgg st0o sì0ì slc2 sì03 sl04 st05 sì06 sloT stots

3t+ 0.797 0.816 o.Bl6 o.177 o.196 0.135 0.153 o.t6\ 0.8t8 o.tg2 0.79t o.B2B35 0.772 0.765 0.79? 0.748 0.767 0.729 o.Zll o:765 0.778 0.iù o.770 0.76136 0.7_64 0.825 0.798 o.77t 0.783 o.6lo o.izt o.lez o.izl ó.Bti o.776 0.76237 0.869 0.861 o.852 0.843 0.83! o.7sB o.igo o.B8¡ o.'aiÉ ó.Bi; o.768 o.t6t+¡8 0.864 o.83r o.g,¡ 0.840 o.tas o.a6t o.eít ó.egÉ o.iig ó'.;íi o.tt+r+ o.7zB39 0.897 0.85r o.g4g o.gzo 0.g45 0.870 o.8r¡ o.906 0.78r o.gzz o.757 0.75840 0.855 0.866 0.860 0.836 o.8zo o.tg6 0.77i o.Bll o.aro ó'.;ji o.t7B o.t6t
4 ì 0.789 0.840 0.843 0.849 0.824 o.lle o.iig 0.759 0.784 0.721 0.751 0.82542 0.757 0.717 0.73r 0.690 o.782 0.726 o.åei o.i1a o.ieg o.ijg o.728 0.715\3 0.777 o. 83 r o.g,: 0.77s 0.788 o. q94 0 .7t+6 0.lez ,.ilg ó.'86i 0.772 0.769r+4 o.Bzz 0.78r+ o.8rz 0.845 o.75\ o.8Bo o.aoo o.el6 o.iøa ó'.áis 0.712 0.706
oBs sr0g srì0 srrr sil2 sil3 Sìì4 sil5 sil6 sìr7 srìg srrg sr20

34 o.7t+9 0.809 o .7 36 o.70 ì o.7os o.172 0.842 o. B l3 o.165 o.7gz o .123 o .75o35 0.7-87 0.787 0.726 0.692 o.731 o.72t o.8o6 o.la6 o.itre o.elj 0.t67 0.74836 0.869 0.8¡g o.763 o.726 o.elr* o.ågg o.Bo4 o.)as o.ilt, ó.eoi o.6gt 0.76937 0.843 o.8rB o.187 o.t32 o.ttS 0.7L3 o.Bor o.iez o.eiA o"úé o.7t+6 o.73538 0.838 o.tz6 0.77t+ o.llg 0.833 o.g¡i 0.691 ó.2,0 o.g35 o.77t+ 0.846 o.69239 0.860 0.736 0.785 0.7r+6 0.84g o.gjl o.l'eo 0.740 0.g45 0.756 0.7gg 0.76340 0.864 o.763 o.r55 0.699 o.Bo7 o.7t+\ o.iq o.rz3 o.Bli o.ili o.77t+ o.t\64r 0.7¡+0 0.755 0.698 0.6¡8 0.698 0.73r+ o.ari o.ies 0.e26 0.Lgo 0.732 0.72\\2 0.710 o.8zo o.732 o.699 o.osa o.iiz o.tgt+ o.Aoz o.Zii ó.Sí¿ o.tt5 0.7ì I\3 0.870 0.839 o.7to o.139 o.8ro 0.70r o.góe 0.768 o.izi ó.aoi o.687 o.77tr44 0.753 0.7il o.751 0.719 o.773 o.a4e 0.684 ó.lsl o.gzo o.796 0.870 0.705
oBs sì2ì st22 s r 23 sr24 sr25 st26 st27 sr28 s r29

3t+

35
36
37
:8
39
40
4l
42
\3
44

0.7t4 o.767 o.7_92 o.7go 0.g66 0.8il 0.776 o.79t 0.7400.744 o.731 o. Bot o.753 o.l6t o .758 o .tg2 o. g2l o.7570.788 0.768 o.lgt- 0.157 o.t5t+ o.iis o.iag o. a ì: o.7gl0.71 0.15\ o.8oB o.Bol o.lg2 o.7gg o.773 o.ezi o.16l0.683 0.654 o.731 0.165 o.7lo o.iao o.t30 o.7Bl o.7t+3o.izo 0.122 0.79r o.Br4 o.7_gu 0.833 o.ies o.áió o.tt3o.736 0.717 0.783 0.8r4 o.8l¡ o.gó6 0.795 0.83r o.787o.167 o.7ro 0.69r o.gì¡+ o.ari o.76\ o.7g3 o.go3 0.7150.664 0.691 0.739 o.691 0.767 o.igl o.t7g o.tt+o o.6700.758 o.772 0.809 o.755 0.153 o.7t+3 o.762 o.Bil o.Bo40.653 0.642 o.l2t+ o.751 o.l2g o.7\t+ 0.727 o.7lg o.lot+



SAS

oBs st s2 53 54 s5 s6 s7

219

s8 sg SìO SI] Sì2
t+5 0.829 0.797 o.797 0.790 0.g44 0.111 o.l5to o.go8 o.l2t o.goz 0.731 o.lt+Bt+6 0.807 0.760 o.g'z o.l50 o.t6z o.ita 0:838 0.748 0.748 o.793 0.123 o.7tB47 0.910 0.822 o.77o o.g1t, o.g2g 0.730 o.lze o.l2t* o.721 0.75g o.lu5 o.l[g48 o'824 s't81 0.78ì o.1st o.7ll o.iig o.ijj o.taL o.iat õ.s20 o.Boo 0.12349 0.84ì 0.8¡e 0.875 0.758 o.leo o.leí ó.lri o.g,¡ 0.780 0.838 0.777 0.75650 0'9090.8700.790 0.83r o.2?5 o.soz o-lse 0.q]i o.ii) õ.ao:0.7g50.7685j 0.826 0.864 0.783 o. 83 r o .aaÉ o.zgõ ó.i;; o.e6i o.aoi ó. eà r o. B3B o .16352 o'92e o ' 8t+7 o'775 0.864 0.226 o.liz o .iii 0.8¡r* o.leí õ. ai r o. B0o o.76853 0.965 s.t57. 0.730 0.97ì o.apr o.eis o.iLi o.l,rl o.68o o.775 o.6st o.7Bo5t+ 0.930 0.8ì6 o.155 0.930 0.2r, o.lso o.iri o.gog 0.73s o.n5 0.75e o.7r+555 0.948 0.806 o.8zr 0.879 o.eag o.iet o.igi o.8ri o.ili ó.aía 0.768 0.756
0BS Sr3 srA sr5 516 sì7 Srg sìg s20 s2r s22 523 S24

\5 0.632 0.760 0.657 0.700 o.grg 0.836 o.8zr 0.86! o.gz6 0.7ìr 0.835 0.74gI+6 0.7n 0.758 0.686 o.706 0.g¡í o.aír õ.eõo o.lt+6 o.B0o o.7r+l o.7BB o.glo\7 o.696 0.713 o.t5t 0.640 s.t_ig o.lío ó.i;; o.úe o.Bol o.155 o.tt+2 o.ttl48 0'678 o.752 o.-l,s o.t2s o.lly o.iit ó.iió 0.r53 0.846 o.aóo o.B2r o.87r49 0.698 o-751 0.69r o.ztó o.e8¡ o.g8o ó.eoa 0.7g2 0.868 0.772 0.854 0.83r+50 0'649 0.t69 0.709 0.699 0.7se ,./øs õ.ião o.q5g 0.828 0.7s3 0.7g3 0.752st 0.66r o.t75 o.7r{r o.tso o.a;r o.óiá ó.iB; o.Bi6 o.eit ó-.eóg 0.8r7 o.Boe52 0.68r o.tto o.737.0.7o7 o.lgs o.77t ó.;;i o.20! o.e[ó o.Bor 0.788 0.78i53 o.67s 0.721 o.ts6 0.620 o.iy1 o.ise o.ili o.áre o.jgí o.iõ¡ 0.74r o.7zs5t+ 0.69r* 0.7 r 8 0.726 0.672 o.iu, o .iiu ó.i ií o.9oo 0.806 0.76\ 0.753 0 .72555 0.693 0.77t+ o.717 0.731 o.erj o.Arz o.ia:8 0.892 0.85g 0.760 0.8r6 0.181
0BS 525 526 527 S2g S2g s30 s3 ì s32 S33 S3A S35 536
t+5 o'799 o'778 o'q32 o-773 0.896 o.q3l 0.798 0.8r6 o.Brz o.8rB o.BrB o.7t1ot+6 o'779 0.r36 9.9rs o.lsl o.169 o.aó6 ó:Bí4 o.rgr o.rlz o.7g\ o.g2t+ 0.7g1\r o.72o 0.8i3 o.r7o o.l1l o.órã o.B7s o.ilz 0.73r o.763 o.7rz 0.77g o.77tl48 o'809 o-753 g.g'f o.eié o.is-o 0.773 o.eir o.760 o.765 o.7BB o.7sB o.szgt+9 o.8ll 0.76\ 0.994 o.goó o.leg o.eåB ó.e,,e ò.tr, 0.847 0.864 0.893 o.8o650 0.773 0.849 o.8zo 0.823 0.879 0.870 o.eoÀ o.ll, 0.766 o.7Bg 0.804 o.t6g51 0.79r 0.880 0.829 0.843 o.8r+ó o.aôg o.si8 ó.lgl o.824 0.8¡o o.7go o.77552 0.773 0.828 0.805 0.827 0.893 o.g8i o.e¡i ó.log 0.769 o.790 0.786 0.78353 0-728 0.779 0.769 0.72g 0.a62 0.lgt, o.i6i o.ll, o.7t+g o.750 o.7t+2 0.7475t+ o'735 0.846 0.76\ 0.79ì 0.909 o.gis o.ialç ó.lss o.731 o.7t+5 a.169 o.røe55 0.8r70.83r o.8zz o.gor*o.aló 0.a660.'ali õ.ar00.7880.807 0.826 0.8r5
0BS S37 S38 s3g sqo s4 r s42 S43 S44 s45 s46 s47 s48

\5 0.888 0.772 9.9?f o.BAo o.7grr o.8ro 0.739 0.805 ì.ooo 0.769 o.8oz 0.73846 0'83r{ 0.755 9.lSs 0.809 o.egz 0.7.77 o.ilg o.l_ls o.769 l:óoó 0.77\ o.t¡gt+7 0.9r0 0.963 o.gt5 o.gtr1 o.l\l o.egz o i'sí ó.a.lg o.Bo2 o.77h r.ooo o.78748 o.Bzo 0.73e 0.761 o.les o.ig? o.tli o.Bíti¡ ó.est 0.7¡8 o.7Bg 0.787 r.ooo49 0.848 0.7s7 o.77tr o.ts\ o.tsi o.eõí ó.is; ó.t,,t o.eãr o.esó 0.soe 0.85950 0.902 0.887 o.gz2 0.92ì o.got 0.739 o.iq o.grl o.g4l o.goj o.9t+2 o.lg251 0.870 0.85e 0.875 0.892 0.8?l o.lao o.igí o.ezo 0.298 0.79t+ 0.898 0.80452 0.e33 0.89e o.ei9 0.946 o.rqs o.j)'r o.eòz õ.eiì ó:síõ ó'.ió,r 0.e48 o.tsl53 0.886 0.912 0.906 0.846 o.6sg o.og,r ó.16i ó.all o.7g\ o.tue o.g2o o.7\75t+ 0'9ì9 0.950 !.s:i* 0.950 0.772 o.zìo o.ili o.ss? 0.803 0.753 0.g5\ 0.79t55 0'950 0.8¡g 0.902 0.9ì5 0.liz o.7g5 o.sr¡ 0.796 0.867 o.8rz 0.904 0.822
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0BS S73 S74 sl' s76 s77 s78 s7g s8o sg I Sg2 S83 sg4

SAS

oBs S49 S50 s5 I s52 S53 S54 s55 556 sS1 S5B S59 560

145 0.82ì o.8r+l 0.798 o.g3o 0.7?r 0.803 o.gll 0.8j6 o.go3 0.731 0.8t9 o.7ge46 0.880 0.803 o.'1,9,0.780 o.ltrs o.7si o.eiå o.lg, o.1tg o.766 0.896 0.871\7 0.809 o.9t+2 o. pf 8 0.918 0.920 o.g5t+ 0.90! o.9 jB o.933 o.771+ 0.783 o .l6g48 0.859 o.tg2 o. qol 0.79 ì o.1ul o.lgt o.6zz 0.7g9 0.717 o .76t o. B r 6 o.BzlL+e ì .000 0.837 0.842 o. B0o o.t5B o. jgo o.a jã 0.8ó[ o.igi ó. óõ i o. e r8 0.90550 0.837 r.o0o 0.906 o.gzg 0.844 o.gig o.góe ó.gol 0.g27 0.789 o.Brì o.l|g5ì 0.842 0.906 r.o0o 0.9r6 o.s:9 o.éri o.eaz o.éoe o.éoi o.eié o.BjB o.B3z52 o.8oo o.929 0.9t6 ì.000 0.876 o.éeo o.gzA o.gSe o.gS6 ó.e00 0.803 o.tgt+53 0.758 0.8440.8380.876 r.000 o.sz5 o.aee o.a6zo.éíi ó:;õõ o.t6oo.t565\ 0.790 0.9¡+e o.?14 0.969 o.922 r.000 0.s37 o.sg o.gtt ó.i6; o.l|t 0.76655 0.836 o.eo8 0.887 0.928 o.8sB o.931 r.óóô o.gze o.goi o.iii 0.840 o.Bzl
0BS 56r s62 563 564 565 566 s67 s6g s6g s7o s7r s72

\5 0.719 0.772 o.795 o-797 0.752 0.795 0.735 0.792 0.740 0.796 0.83r o.7gg\6 0.8' 0.768 0.ZBì o.793 o.l1S o.Aoi o.iAi o.1,,,, o.7Bo 0.760 o.7to o.8z6\t o.7Bl* 0.929 o.Br3 0.780 o.erl o.azó o.izt, o.r38 o.iié r'.i;6 o.Br5 0.r9148 0.9 r I 0.831 o. zeo o.772 o.so7, o. z8 r o.iit ó.aos o.sit ó'.i'B; o.176 0.80849 0.8¡B 0.836 0.Br{4 0.842 o.gre o.8o6 o.iie õ.elr o.ao6 o.'ail 0.833 0.86850 0.784 0.920 0.q12 o.gr6 0.787 0.84r+ o.iae o.lg,0.783 o.8oo 0.833 o.gzr51 0.778 0.9s3 0.884 0.861 0.837 0.qll o.ieg o.ati o.áoó ó.Brt o.B9B o.8oz52 0.796 0.93j 0.843 0.813 o.A)l 0.866 o.iAi o.lll o.7Bo o.ez,- 0.862 o.Bl353 0.7\5 0.e04 0.750 o.tz2 o.7Bz o.77s o.66i o.i\a o.llt ó.;r¿ o.177 0.77s5t+ 0.79o o.9l+8 0.8¡7 0.79ì o.Bo7 o.gj6 o.74; o.t-53 o.766 o.7gz o.B2o o.Bt355 0.823 o.Be6 0.833 o.7s6 0.850 o.Bsz o.itro ó.Bti ó:Bi3 ó'.v; o.83r 0.864

\5 0.7h7 o.165 o.8lg o.g2z 0.761 o.glg o.gl9 o.lgt, o.g06 o.7gl 0.762 o.g3lt+6 0.730 o.r6s o.9rl 0.806 s.76 0.7_51 o.isi ó.1-tz o.7s6 o.rt2 0.689 o.rg2t47 o.7st 0.712 o.8rz o.7Bs 0.Blq o.a7a o.els ó.!:l o.aie õ.á¡ã o.B2o o.B9B48 0.193 0.862 0.788 o.gze o.846 o.aó¡ o.góá ó.ezs 0.756 0.835 o.t\3 o.tgg1+9 0.76ì 0.826 o.q7o 0.g59 o.7gg 0.83-3 0.828 ó.lgg o.755 o.gr6 o.7og 0.80850 0.79ì 0.17o 0.9rg 0.795 o.Bro o.ajl 0.882 o.ezi o.'ail o:B;; o.tB6 0.8865t 0.832 0.8r6 0.876 o.860 0.883 o.gög o.szl 0.865 ó:Bí8 õ:Bdé o.8n 0.885s2 o.8 r o o.tts 0.847 0.840 0.82I o.Qsi o.goz o.esi o.aøj ó-.8;í o. B rB 0.92353 o.712 0.738 0.248 0.803 0.7 6 0.866 o.All o.A2S o.Br+ó ó.Aae o.8zo o.Aiís\ o.77oo-i33 o.8zr o.ts6 o.B4z0.q?e o.gii ó.a,-6 o.aejó-.8;;0.8600.902E5 0.786 o.Br3 o.Bz9 0.865 0.826 0.BBr o.éoí o.B4o ó.Bti õ:B;-¿ 0.802 0.897
.Bs s85 s86 s87 sBB sB9 s90 s9 r s92 s93 s9r{ s95 s96

\5 0.868 0.803 o.82! o.gr4 0.749 0.83g o.787 0.g25 o.gzr 0.g54 0.83r 0.803t+6 o.8oz o.755 o-187 0.759 o.701 o.z8g o.ise o.za,- 0.782 0.786 0.731 0.75647 0.82r o.7gg 0.87e 0.836 0.8ì6 0.A22 o.eíõ o.erz o.aea ó.8õi 0.859 0.87448 0.797 0.832 o.Z9o o.tït 0.826 0.856 o.g,-6 ó.aaz 0.805 o.Bl5 0.762 o.tg349 0.827 0.805 0.8r6 o.Bt3 o.759 o.a-a: o.8o6 ò.et¡ o.eji õ.ee6 0.800 o.79750 0.828 o.8oo 0.880 o.8oo 0.808 o.e¡[ 0.84r o.ïto o.ase õ:83õ 0.872 0.8825t 0.853 0.855 o.9oo 0.856 0.863 o.Q6z 0.908 õ.qzs 0.928 0.834 0.878 0.88752 0.86e 0.8is o.lr5 0.831 o.B+7 0.856 o.agi o.aii ó.éõ¿,:8í4 o.BBo 0.e0753 0.830 0.832 o.8z6 o.8Br,0.808 o.gi4 o.lgtr o.eií o.éja ó'.;s;0.847 0.8775\ 0.858 o.B3B o.er ì o.QlB 0.835 o.gzs o.'aÉt o.ait o.aéé ó:8íé o.BeB o.8ez55 0.907 0.859 0.893 0.860 o.7gg 0.871 o.gr,l o.géó o.S6s ó.geõ o.B7B o.B7B
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SAS

oBs s97 Sg8 sgg sroo sror sr02 sì03 sror{ sr05 sì06 sroT srog
t+5 0.8ì4 0.176 0.794 0.787 o.gì I 0.166 o.l2g 0.g10 o.l6j 0.7g4 o.l07 o.735I+6 0.760 o.llo o.7lt 0.69À 0.7ì9 o.tlt, o.Ljo o.l6t+ o.g2z 0.716 o.Bz4 o.l\2I+7 0.880 0.864 0.855 0.83t+ o.Aza o.ALl o.gii ð.UrU o.7Bz o.tl7 o.7t+2 o.l3t148 0.792 0.843 o.9rS 0.822 o.7gB o.loe o.jSL ó.11, o.755 o.B8z o.778 0.78ìt+9 o.8lo 0.806 o.Bzl 0.78t o.zé! o.ilB o.il1 ó.a0,- 0.834 0.847 0.8t2 o.7Bz50 0.86ì 0.854 0.872 0.83q o.Bj6 o.lU o.iie ó.AAo 0.824 o.t95 0.789 o.7635l 0.915 0.928 0.9ì2 0.87r+ 0.837 o.Br+i o.eal 0.893 o.ã,_e ó'.âói 0.854 o.tg6sz 0.895 0.Bge o.Blt o.86z o.e6a 0.q19 o.go¡ ó.g\s 0.819 o.aoå o.tB9 0.76753 0'848 o.8zz o.7-gt+ 0.842 s.l6g o.qqi o.eií õ.eez o.7tt+ 0.7710.69r{ o.6855\ 0.893 0.870 0.847 0.85e 0.836 o. BBA o.aÉt õ. ag,r o.igt ó'.i;; o.t5e o .t2055 0.864 0.855 0.8:6 0.827 o.s3E 0.7g8 0.7i8 ó.a82 o.ige o.'8íi o.773 0.7t+3

oBs sì09 stì0 slìt stì2 slì3 stì4 slt5 sil6 sltT slìg sltg st20
t+5 o.7t+3 o.766 o.7t+6 0.7o2 s.7\2 o.729 o.go7 0.761 o.Tg4 0.716 0.71\ 0.722I+6 o.r85 o.7er 0.742 0.695 o.iza o.ioq ó.jsL ó.1g, 0.721 o.7Bz 0.730 o.r7B\7 0.851 o.135 0.76\ 0.699 o.Bl3 o.goe o.iía ó.lrg 0.845 o.t7t o.Bl5 o.7lAr+8 0.824 0.804 o.17-6 0.736 0.778 o.zlÀ ó.e15 õ.aro 0.766 o.Br5 0.7r4 o.758t+9 0.783 o.8r r 0.762 0.73t+ 0.750 0.757 o.g6Á o.g4g 0.7g1 o.g5r 0.758 0.73t+50 0.843 0.775 0.775 0.7r9 o.Alo o.lez o.77t+ ó.lul 0.825 0.755 0.7\t 0.75851 0.870 0.806 0.793 0.753 0.845 0.8¡r o.eio 0.798 0.868 0.766 0.8ì r 0.78352 0.872 0.185 0.790 0.132 o.Blo o.lau o.lg2 0.7\6 o.BS5 o.7gl o.753 0.766s3 0.782 0.7¡+r 0.805 0.7r8 o.tst+ o.qì5 o.i1i ó.ias 0.e19 o.aie o.Br0 0.6895\ 0.864 o-7s3 o.169 0.7 r3 o. ezo o. a r 8 o.iíL ó.12? o. B5o 0.7g5 0.8i3 o.r2355 o'84s o.Br4 o.7go o.739 o.196 0.156 o.aii õ.zae 0.813 o.gzo o.rk5 o.rt+t+

OBS Sì2I s1 22 s r 23 Sl2j+ sr25 sr26 s ì 27 srzS s r 29

45
t+6

h7
48
49
50
51

52
53
5t+

55

0.692 0.748 0.7-69 0.753 0.753 o.j9t+ o.7590.760 o.7u5 0.803 o.z+a o.zla o.iís o.77to.721 0.67 3 o.7se o. go I 0.900 o.7go o.7700.748 0.781 0.7-15 o.t7o 0.176 o.ieg o.Boo
o .7 56 o .766 0.q2J o .17 t o .ts1 o .ig1 o. Bo8o.150 0.7r9 0.q06 0.825 0.823 o.eã8 o.tg3
o .785 0 .787 0.840 o. 86-g o . gz8 o. a8a o .8480.750 0.7\t+ 0.Blg 0.93¿* o.g3l 0.g35 o.7930.665 0.700 0.748 o.ltO 0.752 o.153 o.7070.708 0.679 o.173 0.805 o. eó I o.igi o.,so.7t+\ 0.772 0.gtg 0.797 o.go5 o.'ai6 0.796

0.780 o.lz6
o.8n 0.137
0.829 0.t58
0.808 o.752
0.798 0.153
0.85r o.7ls
0.881 o.Bt7
0.860 o.8oB
0.77o 0.706
o .826 o .7 56o.8z6 0.760
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OBS SI 52 53 SA

SAS

s5 s6 s7 s8 qo SIO S]I Sì2

56 0.926 0.837 0.193 0.870 0.94r+ 0.7s7 o.lg2 o.B3l 0.790 0.gìq o.77g o.76t157 o.951 O.8zl o.151 0.937 0.949 o.7t+g 0.74t 0.glg o.l5t+ 0.777 0.77o 0.7r+ì58 0 .729 0.768 o .l_53 0.698 o .728 o. B jo o.U)1 o.8z I o .ieo o.'Azg o.Azl o.jAS59 0.8ì7 0.816 0.894 o.762 0.804 0.7r+l 0.808 o.796 0.784 o.a¡a o.769 o.itri6o o.8oo 0.199 0.881 o.tSt+ 0.758 o.t39 o.Boì o.lgzo.ies o.Bi¡ o.75eo.jy6ì 0.818 o.736 0.803 0.753 o.7r+5 0"76o o.8ol o.l39 o.75t+ o.lg-t o.16g 0.7i362 0.906 0.866 o.758 0.9ì3 0.896 0.167 o.tu9 o.sís o.iia o.ail o.eo2 o.iSi6s 0.796 0.8!t o.tlz o.7t+6 o.8oz o.Bt5 0.78J o.elÁ o.iee o.Br+ô 0.881 o.ii\6t+ 0.776 0.826 0.777 0.723 0.769 0.804 0.771 0.g10 0.771 o.a¡l 0.900 0.72865 0.83r{ 0.759 o.165 0.79r o.759 o.7ro o.Bo9 o.1lo o.iq 0.8ão o.áoe o.12266 0.825 0.832 0.798 0.775 0.832 0.784 0.8r7 o.elA 0.77i 0.849 o.8rz o.ilz
0BS Sì3 St4 St5 sl6 sl7 stg sìg s2o s2ì s22 S23 52À

56 0.712 0.159 0.735 0.7r8 0.798 o.8oo 0.768 0.93ì 0.83g o.goo o.8or 0.77957 o-699 0.736 o.723 o.657 0.769 o.765 o.tlt 0.889 o.eól o.tB7 o.758 o.iLl58 0.6t+7 0.739 0.9"¡ 0.703 o.725 0.768 0.809 0.776 o.A4 o.'ïss o.zbo 0.76159 0.721 0.752 o.693 o.732 0.887 0.892 0.798 o.t70 0.861 0.761 o.86o o.geo60 o.753 0.748 o.7ls 0.718 o.B8o 0.884 o.786 o.167 0.874 o.isi 0.824 0.8556ì 0.688 o.8o6 o.70l 0.678 o.757 0.752 o.125 0.731 o.Bi: o.aió 0.785 0.e8662 0.6!3 o.735 o.t7_6 o.695 o.7BL 0.177 o.73t+ 0.Bti o.sli 0.77o o.iai o.7(,g
93 0.684 0.153 0.689 0.753 0.827 o.Bzt o.tgg 0.829 o.a2z o.igl o.'Blg o.iaó6t+ o.613 o.7z:r 0.67t,0.718 o.Bbz 0.839 o.gô7 o.eoã o.Bzz o.igí 0.84ã o.t6\
t, 0.685 o.759 0.zl8 0.70r+ o.793 o.786 0.752 0.79r 0.870 o.aãr o.Bli o.gie66 0-674 0.777 0.68r 0.717 0.779 o.793 0.812 o.a¡z o.8z¡ o.g3o o.77g 0.77\
0BS s25 sz6 s27 s2B s29 s30 s3t s32 s33 s3t s35 s36

56 0.777 0.862 0.8r4 0.823 0.923 0.g99 0.825 0.7g2 0.784 0.803 0.807 o.7gg57 o.125 0.842 0.776 o.195 0.885 o.86t 0.783 0.751 o.739 o.t5t+ o.n2 o.75558 o.7tz 0.889 o.7tt 0.820 o.7tz 0.866 o.86ó o.lgs o.aíó o.aão o.lee o.gj359 0.804 0.756 0.897 0.77\ 0.828 0.937 0.g62 0.823 0.827 0.833 0.920 o.8ol6o 0.806 o .t5t 0.878 o.ll7 o.796 o.8zB o. g6o o.as6 o.a¡ ì o.816 o.gtz 0.8096r o.8zz o.t9z 0.7_l\ 0.854 0.768 0.7g6 o.g6g o.lt+3 o.lzt* o.líS o.AtA o.gti62 o.7\7 0.858 0.8t3 0.8t0 0.869 0.874 o.796 0.756 0.781 o.igg 0.761 o.1ez63 0.764 0.867 0.8ì5 o.8lz 0.806 0.879 0.796 0.8¡+o 0.846 o.a6i o.aos o.7706t+ 0.768 0.8À3 0.qìg 0.788 0.772 0.865 o.77o 0.852 0.853 o.g6: o.tg\ 0.7\765 0.8ì0 0.803 o.8oB 0.798 o.tgg 0.792 0.8A2 0.739 o.711 o.tlt o.iaz o.ôoe66 0.191 o.8lr+ o.8zg 0.843 o.8to 0.839 0.83r 0.763 0.icl o.ili o.8ll o.iar
0BS S37 S¡8 S3g S4o S4 I S42 S43 S4r+ S45 546 S47 S4g

56 0.937 0.90ì o.929 0.937 0.793 c.759 0.8ì8 0.84t 0.836 0.79r 0.938 o.7gg
57- 0.899 0.932 0.925 o.925 0.759 o.727 o.7Bz 0.9r3 0.8ó¡ o.iig o.g33 0.77758 0.769 0.751 0.767 0.79t+ 0.766 0.758 o.8oo o.tgi 0.73i o.iot 0.77\ 0.76i59 0.9e¡ 0.778 o.77\ 0.840 o.rt+j o.193 0.798 o.lsa o.aìi o.age o.tB3 o.óie6o 0.828 o.750 s.Zag o.jg7 0.755 o.Boo 0.7g3 0.717 o.196 o.S7l 0.768 o.Bz76r 0.q10 o.7t+3 0.178 0.780 o.7rB o.7o5 o.gó¡ o.eqi o.iig o.air o.iaj* o.gr i6z o.Q8i 0.925 0.9040.9000.8020.7tt 0.1A1 0.847 o.ilio.768o.92g o.etj*
t3 0.836 0.787 0.i89 0.837 0.854 o.8oB 0.760 0.163 o.igs o.isr o.ar3 o.lga6\ o.792 o.758 0.751 o.go3 0.849 0.826 0.73t+ o.ia1 o.igi o.isi o.laó o.iiz62 0.844 o.7Bo o.Z2\ o.go¡ 0.773 0.703 0.902 o.egl o.iii o.ilí o.sll o.got66 0.8r+0 o.8tr+ 0.868 0.844 0.736 0.757 o.|Bt o.ZtA o.igS o.'Aoi o.Bzo o.iei
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SAS

0BS s49 S50 s5 I s52 s53 s54 s55 s56 s57 s¡B s59 s6o

56 0.804 o.go5 o.906 0.956 0.862 0.963 0.926 r.000 0.g53 0.7gr 0.823 0.80r57 0.797 o.927 0.903 0.958 0.922 o.gst o.gol o.g53 l.0oo 0.760 o.7go 0.77558 o.8or o.rïg o.Br8 o.Boo 0.700 o.1eÉ o.ilz o.rgr 0.760 r.000 0.780 0.79ì59 0.9r8 o.8r r 0.8¡8 0.803 0.760 o.\Bi o.Aio 0.gz¡ o.7go 0.780 r.000 o.g4o90 0.10f 0.78e o.8j? o.tet* 0.156 o.ioa o.azj o.8oí o.iis ó'.ié, o.elo r.0006 ì 0.838 0.784 0.778 0 -796 0.lLs o.igg o.ail o .786 0.778 0.7g1 0.8 r 3 0.82662 0.83e o.9zo o.223 0.933 o.go¡* o.gla o.eõ6 o.g25 o.9z6 0.r75 o.Br5 o.Bì ]6t 0.8t+4 0.842 o.QB4 o.AlJ o.iSo o.Ay o.eü o.eeÍ o.aió ó.a8,_ 0.845 o.BzB6t+ 0.842 0.8ì6 0.86r 0.8r3 0.7?z 0.7-g1 0.7t6 o.8zr 0.8r3 0.g43 0.838 0.84r65 0.8ì6 o-rB7 0.837 o.B2r o.7Bz o.qóz o.óíõ o.g,*¡ o.8oz o.7r6 o.8z6 o.Br966 0.806 o.8r+4 0.84! 0.g66 0.71g o.e¡6 0.8Éz o.g7o 0.847 o.8rg 0.8ìo 0.809

0BS s6 r s62 s63 s64 s65 s66 s67 s6g s6g s7o s7 r s72

56 0.786 0.925 0.86t o.8zt o.qu¡ 0.q70 o.t6z 0.784 o.1gt o.8oB 0.864 o.B1557 o.778 o.ez6 0.q?o 0.813 o.8oz o.g,rl o.itrs o.iq o.iÉS o.iig o.BzB 0.80858 0.79t o.tt5 0.gg4 o.q4l 0.176 o.Aló o.erí o.Boo 0.798 0.7Àl 0.807 0.76559 0.8ìi 0.8ì5 0.845 0.838 0.826 o.gtó o.tt6 o.7g7 o.8oz o.7Bl 0.835 0.85060 o.8z6 o.Bt I 0.828 0.84t o.sl9 o.Bo9 o.izó ò.ZaI 0.799 o.Bo7 0.833 o.Bt36r ì.ooo o.zgs o.750 0.721 0.lei 0.179 ó.ir; 0.758 0.888 0.773 0.736 0.84662 0.798 r.oo0 0.869 0.843 o.e¡j o.elg o.ise ò.aoz o.7Bz 0.804 0.863 o.8zo6l o.tso 0.869 ì.000 o.gr7 o.ttt o.B3r+ o.b5é ò.tu, o.77tr o.tgo o.Bt7 o.tg36\ o.r21 o.84¡ 0.9r7 r.óoó o.iee o.e6r ,.Bré ò.e¡s o.7ug o.rgl 0.887 0.7936s 0.861 0.853 o.tg5 0.766 r.óoo o.lU o.ogi o.lW o.B8z o.t6g o.7gr+ 0.78066 o.778 0.848 0.834 0.851 0.783 l.óoó õ.jyi õ.g¡¡ 0.72 o.Bl I o.go7 0.844
0BS S73 s7! s75 576 577 s78 s7g sgo s8 ì s82 s83 s84

56 0.8r6 0-777 0.865 0.843 0.867 o.gg8 0.g25 0.878 0.884 0.893 0.837 o.g2t+57 0.780 0.758 o.8zl o.8lz 0.845 o.ggq o.eBí ó.a,*o o.B4B o.B5B o.Bs2 0.9r758 0.842 0.78t o.gtI o.7_71o.zaó o.157 o.jj, ó.lrg o.tt3 o.t3j 0.683 0.81659 o'751 0'8ìÀ0.8760.8530.801 o.t_gg o.ajr o.iaio.itríó'.iga 0.7ìB o.7gtr60 0.7t+6 o.Blo 0.875 0.956 o.Bt I o.eÍó o.Aíz o.lez o.735 o.tg5 0.7 j3 o.tgg6r 0.806 o.8zz 0.790 o.zae 0.835 0.752 0.755 0.769 o.735 0.776 0.733 0.78762 0.782 0.775 0.852 0.8¡8 0.879 o.gre o.g1g 0.877 0.858 0.898 o.8r 0.8776l o.8zB o.B2t* 0.885 0.82A 0.8i6 o.á¡*g o.a:Bi õ.ezo 0.7g3 o.B3z 0.753 0.8336\ 0.808 o .t9g 0.864 o. B I z o. Bo I o. gzÍ o. aaá ó.lge 0.765 0.824 0.728 0.8 I I6s o.tet+ 0.855 o.lg2 0.q35 o.B5t o. Boo o.e:B ó.eis o.iia ó:B;d o.t6e o.8 n66 0.834 0.802 0.867 o.sl6 o.ïit 0.847 o.aíi ó.e1i o.sii õ.azé 0.788 0.887
0BS S85 sg6 sg7 sgg sgg s9o sg r s92 sg3 sg4 s95 sg6

56 0.893 0.852 o-932 o.g¡g 0.847 0.856 o.8gz 0.874 0.g23 0.830 0.8g4 o.gt257 0.853 o.83r 0.e04 o.86À o.B¡i o.sãg o.s6õ o.ajg o.a9i ó.8óã 0.86e 0.89758 0'744 o'709 9.284 o.Þ99 0.737 o.r3L 0.788 o.7str o.7gg 0.79r o.7ug o.n259 o.Bz9 0.81 I o.8ro o.8o6 0.760 o.s[r o.t9g ó.qll o.alÉ õ.óíe 0.784 o.7tg6o o.Bzo o.BoÀ 0.807 o.Br! o.ilt o.grg o.bóÉ õ.tr,0.8r7 0.828 o.761 0.7786ì o.786 0.796 o.775 0.748 o.eo¡ o.8zó o.8oá ó.az: o.76t 0.7g5 o.737 0.77o62 0.850 0.860 0.194 0.899 o.Ble o.A6¡ o.Bé; ó'.tn 0.938 o.B3z 0.889 o.9oB63 o.Br3 0.7s3 o.g,*g o.ze3 o.lis o.lgi o.a[é o.B]4 0.877 o.B3r o.Bì7 o.Bzl6\ o'789 0.768 o.g3l 0.7-71 o.ist o.t2e o.s¡á ó.so: o.B5e 0.807 0.79r 0.80765 0.82b 0.864 o.BìB o.8il o.e+í o.gB¡ ó:Bé; õ.goo 0.850 o.7so o.t7o 0.80666 0.845 0.780 o.86¡ 0.808 0.8r6 o.aie ó:84í õ.e¡¡ 0.862 0.849 0.860 0.883
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SAS

0BS s97 s98 s99 sto0 sìol st02 sl03 stor+ sì05 sl06 st07 sl0g
56 0.Bgg 0.905 0.972 o.877 0.86r 0.g33 0.826 0.9ìg 0.833 0.8r5 0.7g0 0.78i+57 o'892 0.878 0.859 0.843 0.8i5 0.868 o.eli õ.ull o.8oo o.7g2 0.769 0.73358 0.757 o.tïi 9.162 o.tol o.7li o.687 o.egi õ.zee o.7ts o.t1B 0.858 o.77s5e 0 ' 803 0.807 9.909 0.763 s.tal 0.7t8 o.jíL ó.tt, o.823 0.8 r 9 0.8 r4 o.8oo60 0'799 0. Bo ì o.ls9 0.76, o.ile o.ist o.i ta ó.nt o. zaí o .Bzó o. Bo7 o.7so6r o'7t+6 o.Boo g.rs6 0.76r o.iaz o.eei ó.ií; ó.r, o.715 o.B3B 0.750 o.75262 0.945 0.917 9.193 0.8g5 o.8gl o.goe o.ga2 o.?o? o.8zo o.8jB 0.807 o.1756t 0.843 0.84e 9.gzg o.alé o.tQo o.ii, ó.;6j õ.rr, 0.880 o.8oz 0.86ì o.BoB6t+ o'8zz o'828 9.9?2 0.tge o.ia7 0.iLó ó.i;s õ.er,* 0.884 0.775 0.872 o.8ro65 o'8zo 0.886 o.86r o.g3z o.eli o.ill o.ie6 ó.lgs o.7-t+t o.B7r o.r99 o.79566 0.866 0.8r+i+ o.82r 0.7g7 o.B4B o.igi o.i¿B õ.eg¡ o.83ì o.8jo 0.837 o.BoB

0BS Sl09 Silo Sllt Sìì2 Sìtj Slì4 Sìì5 Sil6 Sil7 Stìg Sìì9 St20

56 0.893 o.79ì 0.792 0.7\3 o.gzg o.7gr 0.775 o.7t+2 O.gg2 o.gzl 0.780 0.76757 0.860 o.760 0.77t o.737 o.gol o.Azo o.iae ó.112 0.843 0.803 0.837 0.74558 o'8¡6 o'828 0.723 o.ZJr* 0.839 o.751 0.770 o.7_t6 0.735 0.725 0.727 0.74059 o.199 0.806 o.tt+3 0.7r4 0.752 o.153 o.eir o.Br9 o.iii õ:B;é o.tsl o.7336o o.795 0.792 o.7Lo 0.698 o.iiz o.75t+ o.AUz o.Bzo o.777 0.g37 0.800 o.7tg6r o.86z o.8zo o.r5t+o.l1o o.aiz o.eil o.a¡iõ.eozo.7oB 0.793o.7o30.7sa62 0.877 0.166 0.786 0.728 0.840 o.Aio o.lgió.llr o.ge¡ o.786 0.860 o.7t+363 o'808 0'8¡6 l.7ez s-72\ o.r7t+ o.grg o.a3J õ.aog o.gr 0.761 o.7r\ o.7606\ 0'786 o'8zo o.7tg 0.708 0-ih o.ïtri o-alí õ.a11 0.722 o.758 0.77s o.75765 0.878 0.8 r3 0.7-63 0.729 o.Azl o.728 o.8 rz 0.786 0.784 0.7g2 0.740 o.76666 o.8r+5 0.787 0.8r5 o.ll1 0.úso.'gzzo.78ró'.lse 0.845 0.7850.7\5 0.804
0BS St2t S ì 22 s ì23 sr24 sl25 s rz6 s 127 sr28 s t29

56 0.7¡+o o .1,38 0.809 0. q3t o.Bz3 o.grl 0.803 0.853 o .79t157 0.704 0.6e5 0.7s3 o.aó! o.lgi õ.aoá o.iie õ.a,,a 0.76s58 0.783 o.rt3 o.aJB 0.7g5 o.'aío ó.1r, o.7so o.B0o o.B2g59 0.735 0.766 o.8zo o.7gt o.aóz ò.Zgo o.ei¡ 0.788 0.7676o 0.758 0.7 ,9 0.805 o .iei o. eo6 ó.rg, o.Bti ó.1g, o.7666ì 0.807 0.762 o.8zA o.lti o.lSi ó.ly 0.800 o.8o6 o.go662 o't3z o.t2s 0.79r 0.859 ó.'eít ó.e,,í o.aié õ.e,*¡ o.r16l o'7\5 0.7\3 o.zea o.si5 o.a9i õ.e¡g o.Bz7 0.826 0.7886\ o.tz' 0.1\s o.t6g o.g0í ,.Bis õ.e¡r o.eõó ó.er i o.tst+6s o'748 0.802 o.ll1 0.806 o.i'a6 ó.lea o.rgg 0.822 o.l7B66 o.7\z 0.r72 o.sie o.rlt+ o.aia õ.e,-o ,.iéí õ.a,-r o.B2g
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0Bs sr s2 s3

SAS

Sl+ 55 s6 s7 s8 s9 sì0 slì sì2

67 0.715 0.7\6 0.778 0.658 0.689 0.850 0.780 0.83r 0.712 0.783 0.gr r o.13268 0.802 0.800 0.740 0.740 o.zrô o.el¡ o.gzr* 0.903 0.73g 0.g95 0.839 o.7t+66g 0.792 0.750 0.777 o.7h5 s.zol 0.740 0.855 o.758 0.750 0.8t4 o.782 o.75270 o.Bl3 o.8zo 0.778 0.158 o.7t+B o.lt2 o.lei o.7g5 0.72g o.7gt+ o.162 o.7697t o.799 o.86¡ 0.757 0.766 o.8r/+ o.777 0.808 0.9ìr o.7g7 0.863 0.844 0.ilil2 0.81+9 0.79t 0.825 o.l69 0.779 0.753 o.llt+ o.lg2 0.127 o.gzz o.7zt o.75073 0.75\ 0.771 0.722 0.7r4 o.t3\ 0.8r7 0.809 o.get o.iia 0.a86 0.846 o.iiz7\ 0.790 0.715 o.t-51 0.740 0.6ei+ 0.761 o.ari 0.855 o.)ai ó:;;¿ 0.840 o.its75 0.799 0.832 0.834 o.750 0.817 0.792 0.781 o.A1g o.goó o.aej 0.BoB o.iii76 0.849 0.82! o.8zo 0.798 0.785 o.llg o.Blz o.el,ó o.iAí ,'.8;6 o.163 o.Bo27l o.8lB 0.819 0.759 o.t6\ o.8zo o.Zil o.762 o.BoB o.eie ó:Bt; 0.8t7 o.t2g
0BS Sì3 Sì¡{ Sl5 5ì6 Sl7 sl8 sìg s20 s2t s22 523 S24

97 0.64r+ 0.709 o .901 0.689 0 .722 0.723 0.8 r 5 o .76t 0.772 0.767 o .758 0.72668 o'6ro o.r\s o.6ur o.723 o.eo8 o.eog o.gzé 0.76j o.eij o.ial o.82r o.7Bz6g 0.662 0.186 o.Ç57 0.718 o.lr+7 o.t5t o.t6\ o.7t+6 o.ehã o.ae I o.tg6 o.86570 0.697 o .720 0.67\ 0.687 0.792 0.790 0.750 o. eoz o. éoõ ó.iso 0.789 0.756
7 t 0.6 j8 o. BoB 0.70 ì 0.7 j8 0.825 o.Blg o. el o 0.84 r o .B3i ó.8í; o.'az2 o.iett72 0.7!0 0.757 0.686 0.706 0.839 0.8j8 o.7Bz o.Boj 0.Bii o.766 0.Bot o.gz4t3 o.592 0.82t 0.r99 0.7ì9 o.t\1 o.t-\3 o.7g2 o.eo[ o.tgi o.ej1 o.Boo o.ei¡7t+ o.9oz 0.795 o.6t+z o.733 o.go6 o.eoe o.gll o.751 o.g5o o.gz6 o.g4g o.aeg75 0.6sr* o.8oz o.712 o.773 o.872 o.q7l 0.7g2 o.e-61 o.AiA õ:Bõõ 0.841 o.Blé76 o.728 o.767 o.t js 0.165 0.867 o.a6a o.s6o o.Br5 o.a:6é ó.i;i 0.833 0.8497r o.666 o.76t o.7t+6 o.7t+2 0.778 0.777 o.7u6 o.Brá o.e6i ó.Bii o.Btjz o.slí
0BS 525 sz6 s27 Szg S2g s30 s3 I S32 S33 S34 S35 536

67 0.74ì 0.8ì! o.7-59 0.786 0.712 0.778 0.738 0.766 0.787 o.gog o.75t 0.71368 o.77o o.8z6 o.8o5 o.goZ o.to; o.ieo o.Aóg ó.Aor, o.'An,:B;; o.tt+9 o.t586g 0.834 0.785 o .782 0.856 o.ltto o.ig I o.8SL o.lue o.751 o.76Lt o.7Bg 0.92870 0.780 0.760 o.go¡ 0.761 0.752 0.lae 0.8óz o. ezg o.iøt o.ieq 0.8 r 0 0.7727\ 0.8ìì o-827 0.837 0.843 0.788 0.868 0.8r4 o.78! o.aig o.aig o.778 0.76572 0.804 0.150 0.835 o.tgg 0.807 o.Boo 0.8¡e o.'Bll o.781 ó.jté o.B5t o.78ì73 0.828 0.86t ,.l,rl 0.922 o.tz6 o.Bz4 o.gíz o.tBL o.ietr o.iaí o.t3L+ 0.8227h 0.836 o.196 o.9og 0.851 o.702 o.tSB o.Bzz o.gol o.igz õ.8õB o.173 0.83075 0.798 o.B2ì o.8r+3 0.858 o.8zl o.86z 0.84r o.8o6 o.e2i ó:Btõ o.'asg o.tio76 0.856 o-772 0.9ì0 o.9o¡ o.t9a 0.192 0.840 0.802 o.aii o.aií 0.835 o.Bo777 0.804 0.814 0.820 0.8À2 0.849 o.8lZ o.1gt+ o.732 o.t1B o.Aó¡ o.7lB o.8or+

0BS S37 S38 S3g S4o s4 r s42 s43 S44 S45 546 S47 Sr+8

97- 0.740 0.706 0.7?\ 0.738 o.78l o.t39 o.to6 o.6% o.t35 o.7Bz o.t2\ o.72768 o'90¡ o.715 6.28! o.t)+E o.7tg o.igi o.iaa o.6Bi o.igz ó.il'r 0.738 o.Bo56g 0.802 0.7t0 o.t\6 0.157 o.t28 o.ZóA o.goz 0.666 o.jlo ó.ieo 0.159 o.gt270 0.840 0-7\9 0.761 0.7S8 0.78r 0.7g7 0.ila 0.7r9 0.796 0.760 0.776 0.7857t 0.832 0.788 0.83q 0.828 o.7ts 0.772 0.167 o.iti o.aíi ó.i;ó o.ei¡ o.ite72 0.845 0.773 0.807 0.805 0.732 0.8ão o.783 0.703 0.799 0.826 0.79ì 0.80813 0.789 0.71+o 0.199_ o.ll2 0.786 o.l7t+ o.S4ó 0.122 o.7r+7 0.730 o.75j o.7g37\ 0.807 0.709 o.t-58 o.73t+ 0.776 o.Boo 0.848 o.6gl o.ias ,.i-6é 0.112 o.86z75 0.p39 0.786 0.8t5 0.8b2 o.tgt+ o.Boo 0.169 o.tAí o.eté ó.Bri o.giz o.ZeB76 0.864 0.75t+ o.9og o.gog 0.750 o.tg7 o.Azi o.7t+9 0.822 o.Aoå o.7BS o.8z677 0.84ì o.8og 0.831 o.g4z 0.826 o.6sg o.gzl 0.750 0.76t 0.761 0.8t6 0.846



SAS

0BS Sl+9 S50 S5l s52 S53 S5L S55

226

s56 s57 s58 s59 s6o

61 0.748 0.i86 0.789 0.765 o.6g o.lt+5 0.740 0.162 o.l\3 0.gl I o.lt6 o.l2o68 0.83r 0.79r 0.8r3 0.r85 0.748 0.7530.'ezz 0.78! o.iei 0.800 0.78r 0.7856g 0.806 0.783 o.8oo 0.780 o.7\1 0.7e6 0.8t3 o.7gt 0.755 o.7gB o.eol o.igg70 o. Bz I o. Boo o. B lz o. B2t o.776 o.7gz 0. B jé o. aóa o.iig o.iít o.783 0.807rt o.8ii 0.833 0.898 o.86z a.r7r o.gão 0.Bií o.86! o.azl o.aoz 0.835 0.83372 0.868 o.8zt 0.802 0.8t3 o.n9 o.Bl3 0.A64 o.Bl5 o.goe o.jOS 0.8ió o.Biil3 0.761 0.791 0.q3? 0.8r0 0.71? 0.77o 0.786 o.er6 0.780 o.a,,z o.l5t 0.746rt+ 0.826 0.770 0.qìq 0.778 0.738 o-733 o.gr3 0.777 o.r5g 0.78r 0.8r4 o.8ro75 0.870 0.8ì9 o.ll6 0.8q7 o.7r.tB 0.Btt o.Szg 0.865 o.eãt o.eì,* o.Bt6 0.875t6 0.859 o .795 0.860 0.840 o.B9J o.tg6 o.Beí o. Br_i o. eiz ó.j1, 0.853 0.85677 0.799 0.840 0.88¡ o. 87l o.766 0.8h2 o. az6 o.B6i o.8r+i o. iao 0. Bo r o. B l r

0BS s6 I 562 563 S6i{ 565 566 567 56g 569 S7o s7 I sl2
67 0.107 o.756 o.Bz9 o.gz9 0.697 o.7gl ì.000 o.gog o.lz6 o.7t+2 o.7S\ 0.15568 o.758 o.8oz 0.852 o.gs5 o.lg7 o.e:5 o.gog r.ooo o.7go 0.809 0.85r 0.g086g 0.888 o.7Bz o.llt+ o.7t+9 0.887 o.lii o.726 o.lgo r.000 o.160 0.162 0.17570 0.773 0.80i{ 0.790 0.ZgB 0.769 o.8ll o.tt+2 o.góg 0.76o i.óõo o.Bì7 o.Aåe7t 0.1-36 0.863 o.Blt 0.887 0.72\ 0.907 o.7s\ o.B¡í o.iez o.eiz ì.ooo o.Bor72 0.846 o.8zo o.7_91 o.tg3 o.7Bo o.e¡*r* o.iíS o.Aóe o.ili o.Aeå o.Bor ì.ooo73 0.806 0.782 o.pz8 o.BoB o.7st+ 0.834 o.tti o.Bz3 o.'e5í ó.t;à o.B3t o.iiar\ 0.822 0.r75 o.q?4 0.799 o.855 o.qóz o.iit- o.ej6 o.aí, o.i'tl o.B2g 0.78075 0.790 0.852 o.qsS 0.864 o.tïz o.gol o.7to o.eib o.7lB ó:iB8 o.gol o.a,,i76 0.786 0.838 0.824 0.8 ì2 0.835 o. Bi+å o.i|u 0.814 o. goi ó.8;à 0.866 0.84077 0.835 0.879 0.8r6 o.8or 0.857 0.823 0.7\7 o.lsl 0.803 o.lil 0.828 o.8lo
0BS S73 STro s75 576 577 S7g s7g s8o s8r s82 SB3 Sg4

61 0-792 o.7t+l* o.l_70 0.76t+ o.7t+7 o.7t+5 0.753 0.705 0.7\2 0.72t o.6go 0.7g768 0.823 0.876 0.8r! 0.834 o.tSt o.ts3 o.sié o.ile o.iSt o.iig 0.700 o.t986g 0.85ri 0.852 0.7!g o.8oz o.Bo3 0.727 0.757 0.753 0.730 0.777 0.731 0.78470 0.738 0.18 0.788 0.836 o.7tl 0.q04 o.lga o.761 o.iis o.)'ú o.tls 0.7897t 0.8j2 o.Bz9 0.90r+ 0.866 o.BzB 0.866 o.góÀ o.a¡r o.'ezá õ.8[; 0.786 0.86472 0.758 0.780 0.842 0.840 o.8ro 0.8?8 o.ezl o.lez o.7g\ ó.eoí 0.769 0.8r773 ì.000 0.glt 0.934 o.go3 o.gz6 0.7g6 o.gl3 o.gzg o.aó¡ o.at: o.goo o.g6z7)+ 0.9il ì.000 0.82r 0.857 0.828 0.781 o.goi o.8zó 0.76í ó.eoí o.773 0.8ì475 0.834 o-8zr r.000 0.868 o.g4t 0.904 o.9og 0.8g7 o.e,oA ó.air 0.802 0.88376 o.9o¡ o-857 0.868 l.ooo 0.85i o.Ql-s o.all 0.860 0.833 o.B4o o.tlg o.86o77 0.826 0.828 0.8¡+5 0.853 l.oóó o.Bái o.eió ó.gol 0.849 o.g2t1 0.836 0.859

0BS s85 5g6 sg7 sgg s8g sgo s9 ì s92 S93 s94 sg5 sg6

6l o.7t+3 0.69r 0.771,0.6g9 o.or? 0.7r0 0.775 0.707 0.762 0.756 0.728 0.76568 o.BoB 0.r73 o.n6 0.Bor o.l¿*e o.qo? o.iga o.er5 o.góõ ó.u6 0.761 o.8rB6g 0-r77 0.79s 0.7t2 o.7\6 o.tlg 0.808 o.aóz o.azi o.t6; o.iá; 0.72s 0.76370 0.868 0.806 o.g16 0.195 0.7\2 o.gog 0.809 o.Bzo o.AóB ó.Bgi 0.820 o.Br971 0.q¡9 0.799 0.861 0.825 0.8?! o.Br+l o.AZó 0.867 0.90t o.Bíi 0.853 o.B6i72 0.883 0.79À 0.856 o. B rz 0.788 o. B4o o.lgt o.Bii o.aoÉ o.goi o.Bti o.Bsi73 0.90¡ 0.785 o.Br2 o.r59 0.82ì o.8n o.e6a o.BrB o.ar-3 ó.iBL o.7Bi o.aib7t+ 0.82r 0.837 o.H7 o.Bo9 0.BrB 0.859 0.856 0.87r o.aoí õ.ai: 0.75i 0.g0075 0.867 0.8r6 0.9eg 0.833 o.B4B o.e¡a o.eis o.U7 o.aBí õ.s¡í o.a¡s 0.86376 0.90ì 0.860 0.p59 0.886 o.ali 0.A74 o.B!¡ 0.S86 o.86ó o.eéo o.B2S 0.84477 0.831 o.8go o.g7r* o.gzo 0.g5g 0.g00 0.g29 o.89r o.ggr o.lgg o.azz o.g5o
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0BS Sg7 sg8 sgg s I o0

I o.732o.71+5 0.748 0.7o5
68 0.804 0.78ì o.7Bi{ o.l\6
6g o.755o.Bzz o.Boz o.l5g
70 0.792 0.78r+ O.779 O.l7t+
7t 0.893 0.877 0.85t 0.825
72 o.796 0.787 0.771 o.166
7 3 0.8 ì 4 0.85S 0.942 0.793
7t+ o.8lt 0.83j 0.834 0.791
75 0.87S o.857 0.849 0.838
76 0.828 o. 86o 0.938 0.826
ll 0.866 0.93t o.9oj o .g2S

SAS

sr0t si02 sì03 st04

o.129 0.66t+ o.616 o.756
0.762 o.723 0.692 0.902
0.765 0.669 o.l3t o.ltt5
0.831{ o.7tt7 0.7ì3 0.827
0.845 0.827 0.786 0.975
0.848 o.755 o.729 0.861
0.829 o.73t o.7l t o. g3l
o.8oz 0.732 o.l5g o.7go
0.829 0.8t6 0.785 o.gl9
o. B jz 0.8 r 9 o .792 o. g6l
0.883 o.8ol 0.879 o.B5z

sìr3 sììÀ slì5 sll6

0.722 o.139 o.732 0.688
0.751 0.807 o.E5z o.g3l+
o.830 o.lo5 o.lB5 o.l63
0.708 o.lt+5 0.717 0.719
o.8lo o.852 0.824 o.gol
0.766 0.73\ 0.809 0.786
0.8 ì7 o.796 0.836 o. B t4
o .7 h6 o . 789 o .Btt o .Bl7
o.8oz 0.831+ 0.870 0.816
0.788 0.79\ o.Bz7 0.8ìo
0.8r4 0.750 0.806 o.77j

o .7 22 0.838 o .769
o.752 o.84z o.gt5
o .7 5t+ o .l63 o .76o
0.748 o.l6t 0.760
0.825 0.85 I o.9oj
o .7 29 o .7 58 0 .771+
0.762 0.816 0.959
o.166 0.808 0.837
0.8 ì5 0.84 I 0.878
0.795 0.827 0.847
0.834 0.196 o.gzl

sl05 slo6 sl07 stoS

0.820 0.133 0.839 0.7\3
o .825 o . 859 o .822 o .7 57
o.725 0.830 0.776 o.76t
0.777 0.791+ o.762 o.72\
o.866 o.825 o.B5o o.gzz
0 .157 0 . 829 o .152 o .7 52
0.809 0.786 o.gzl o.gzz
o.8oo 0.851 o.Bz3 o.gz6
0.859 0.8t9 0.833 o.8z6
0.796 0.872 0.807 o.gzz
o.196 o.8oz o.8lo o.g4l

SllT Sll8 Sìr9 Sì20

o .690 o .678 o .657 o .783
o.782 o.739 0.668 0.728
o.70 t o .n9 o.687 0.t62
o .7ts 0.839 0.688 0.687
0.879 o.769 o.765 0.786
o.77o 0.866 0.139 o.lt6
o .768 o.70 ì 0.696 o.8og
o.757 0.753 0.699 0.788
0.88 I o.7gA o. goo o. goo
o .835 o .849 o .7 \5 o .792
0.824 0.76j o.7Bt 0.784

o.72\ o.196 o.7t+3
0.766 o.7 56 0.759
o .771 o .8zz o .gz3
0.725 0.755 0.1\6
0.843 0.824 0.8 ì 6
0.771 0.765 o.7\7
0.828 o. 86o 0.843
0.8r6 0.816 o.779
o.8ge 0.848 o. Bo5
o.793 0.796 0.775
0.8ì7 o.875 o.gì8

0BS Sl0g slt0 slìl slì2

67 0.753 0.780 0.694 o.6gt68 o.756 o. Bzo o.796 o.l5z6g o.835 0.84t 0.76t+o.l\6
7o 0.717 o.7BÀ o.7lt 0.115
7t 0.8t9 o.792 o.gl2 o.755
72 o.8oA 0.784 o.gol o.lSs
7 3 0.8 r 8 0.887 o. Bo I 0.789
7I+ o.775 0.874 o.go4 0.777
75 0.8r5 0.793 0.798 o.761
76 0.815 0.793 o.8oz 0.775
77 0.862 o.758 o.773 0.736

OBS S I2 ] S ì 22 s r23 S l2ir sì25 S ì26 s 127 Sì28 sr29
67
68
69
70
71

72
7?

7t+

75
/6
77

0.117 0.684 0.755
0.687 0.797 o.792
0.789 0.78I o.BIz
0.7 il 0.738 o.756
0.166 o.Btg o.gìA
0.729 o.728 o.gol
o.8lo o.lB2 0.936
0.752 0.831 o.gl4
o.79t+ 0.784 0.840
o.736 o.Bzz o.gz6
0.78 I o.192 0.78g



OBS Sì s2 53 54 s5

SAS

s6 s7 SB s9

228

sto sil st2
78 0.860 o .855 o .782 o. 860 0.g8l o.7zg o .715 o.8,26 o.7go 0.81 7 0.758 o.7to79 0.860 0.849 0.762 0.87r o.QzA o.ili o.ito o.ge; 0.773 0.838 0.7g3 0.7668o o'8r7 o'8r8 o.t50 o.eie o.glr o.iià ó.LgË o.Bt7 o.176 0.79o o.]so 0.7278r o.Bz7 o-7s7 o.r7) 0.83r+ o.pr-é o.iri ó.áéi o.8iz 0.748 0.77\ o.r30 o.rt+282 o.Bj6 o.8¡6 o.7t+g 0.8¡g o.Qsi o.Lgi ó.jó, o.Br9 o.791 0.780 0.802 0.r358¡ 0.826 o.7t+6 0.7r3 o.83ã o.gló 0.6é0 ó.1;¿ o.762 o.129 o.131 o.729 o.72s84 0.895 0. B r r o.t_r2 o. eã: o. qe r o.zéo 0.;BB o. BrB o.igí õ. ái,, 0.786 o .1638s 0.89¡+ o.ts3 o.Bzr o.e¡t o.guz o.jsj ó.;B; o.Bzr o.iít õ.a,_o 0.73s 0.16686 0.868 0.788 0.78r o.a3e o.arô o.Lis ó.i;á, 0.771 o.tatr o.Bor o.lsu 0.730Bt o.BBr o.8qe 0.8r4 o.elo o.19? o.755 o.iee o.als o.ig, õ.air 0.76 0.t7388 o.9oB o.7Bg o.nB 0.896 o.e4r o.iói ó.ili 0.807 0.135 0.830 o.715 o.77t+
0BS Sr3 Sr4 sr5 sr6 sì7 Srg srg s2o s2r s22 s23 S24

78 o .702 o .716 o.755 o.722 0.820 o.g,g 0.7! ì o.?o¡ 0.839 o.759 0.802 o .77ote 0.688 0.15\ o.135 0.73r 0.997 o.8gi o.iss o.Qsi o.eä ó'.iáa 0.7s5 o.tsl8o 0.61t+ o.tto o.7.!7 o.l1u o.123 0.78é o.izi o.qqg 0.806 o.t¡t+ o.Bz7 0.7908r 0.66r 0.740 o.68z o.737 o.7oi o.iøi ó'.i¿; o.BBo o.7Bo o.156 0.771 0.73t+8z 0.669 o.7i+9 o.t20 o.zlo 0.807 o.aoo ó.i;;'o.Bt5 0.840 0.79g 0.860 o.Bo98: 0.682 o.t39 o.96, o.619 o.732 0.73s o.ttz 0.834 0.7\t o.t52 o.tt1 0.7528! o.663 o.76t+ o.6e6 o.tzs o.t.1e o.iii o.igi ò.1Þ, o.B¡e o.eíe o.tlz o.7s38¡ 0.72\ o.75s o.6ss o.zrl o.ar2 o.ali õ:8í; ò.eae 0.848 0.753 0.83ì 0.80886 o.662 o.ts5 o.706 o.t2t+ o.ars o.ezí ó.isi ò.s28 o.e¡a ó'.iáø 0.864 0.8448t o-7\50-75t+0.7280.726 o.ql:o.er¡ t.ii; ò.2r0 0.837 0.7880.806 o.t'tBB 0.686 o-729 o.ru6 0.706 o.Bz4 o.Bzz o.1Bí ò.e¡r 0.839 o.r06 0.798 0.790
0BS S25 sz6 s27 Szg s2g s3o s3 r s32 S33 S34 S35 536

t8 0.749 0.8r9 0.823 0.798 0.854 o.qzì o.778 0.786 0.7gg o.8or o.798 0.75179 0.77t+ 0.829 0.805 0.82,{ 0.973 o.8gz o.i'aj ó.lez 0.772 0.789 0.78r 0.77380 0.788 0.776 0.79r 0.846 o.8zó 0.832 0.iii o.lso 0.757 0.773 0.767 0.7848r o.772 o.7so 0.766 o.8zo 0.828 o.eíi ó.i;ó ó.lsg 0.715 0.728 0.7Ð 0.7\2Bz 0.79 ì o .797 o.8zo o. 83l o. a3? o. a! r o.ilz o.lq o.t69 0.788 o.76s o.7Bz8t 0.760 0.760 o.712 o.Boz o.eíB 0.76e ó.iíi ó.ltrt o.6% 0.703 0.728 o.t)+)84 o-77t+ 0.853 0.187 0.857 0.855 0.864 o.gra o.7_73 0.779 0.7g7 0.7g5 o.7gg85 0.8r6 0.9ìr+ 0.9,+6 o.eóo o.925 o.g4o o.gz6 0.g15 0.7gg o.gr5 0.8j+3 0.7g286 0'80À o.7Bs o.g, 0.786 o.t2B o.12s ó.;;; ó.te6 o.eói o.soé o.tso o.Bo58l 0.783 o.852 o .B-27 o. B l7 o.'al1 o. e85 o. eíé ó. a,,,.. o.lt.s 0.80À 0.824 0. 78 r88 0.776 0.77t 0.833 0.76\ o.ei8 o.iéí ó.iai ó.ta, o.iga ó.aoo 0.786 0.75s
0BS S37 S38 S3g s40 s4 ì s42 S43 S44 Sr*5 5À6 s47 S4g

78 0.88 r o.877 0.874 0.872 0.8 r8 0.761 0.760 0.gq9 0.8 r 8 o .751 0.878 0.80579 0.885 0.8g8 0.892 0.896 0.8ì5 0.750 0.lAC 0.865 o.grg 0.756 0.885 0.8068o 0.835 0.83r 0.q!2 o.a2l 0.840 o.iJa o.iaz o.q!, o.tgt+ 0.112 0.834 0.825Br 0.851 0.8q8 9.962 0.q41 0.790 0.r27 o.7se o.qqo o.806 0.r36 0.836 o.rs682 0.853 0.84g 0.8j3 0.846 o.e5g 0.125 o.igg o.go¡ 0.7g7 0.112 o.B3B 0.8358¡ o.Bro o.B4z 9.848 o.Z?r o.teÉ o.iii ó.i¿i õ.a,_,_ o.762 o.6Be o.B2o o.tt+384 0.902 0.85¡* 0.9 ì I 0.98¡ o.isg o.ll\ 0.808 0.809 0.831 o.lgz 0.898 o .79g85 0.9r6o.Booo.eslo.qrt o.iee o.Bs, ó:8iBó.lgr o.e6g o.'aoz0.82ì 0.7g786 0.878 o.8or 0.7g8 o.gli o.glo o.Zig 0.838 0.7_gt 0.803 0.755 0.7gg o.Bjz8l 0.900 0.8r+5 0.q23 0.892 o.8rz o.AoÉ o.lge ó.a¡,, 0.824 0.187 0.876 0.79088 0.863 0.845 0.860 o.til 0.738 o.jei ,'.i'B; o.a¡g o.Bt4 o.tsg 0.816 o.7Bl



229

SAS

0BS S4g s50 s5 ì 552 S53 55À S55 s56 s5l S¡g S59 s6o

0BS 573 s74 s75 s76 stl s78 s79 s8o sB I sgz sg3 sg!

78 0.833 o.872 o.90? 0.897 0.866 0.899 o.gBl 0.908 0.881 o.7St 0.199 o.Bìo79 0.828 o.8Bz 0.929 0.902 0.873 0.gì' 0.gor 0.g25 0.8gr+ o.772 0.83r o.grz8o o.l99 0.82r o.96, o.g5r o.gz5 o.g,*6 o.gr*o o.g7g 0.g40 0.7jg o.767 0.7g28r 0.755 0.8¡8 o.8AB o.Bel o.84Þ o.goZ o.A¡,r o.gA! 0.848 0.713 o.7r+l 0.7358z 0.8ì6 o.Bh7 0.geg o.ezi 0.846 0.872 o.aíe õ.ag¡ o.B5B o.73) 0.798 0.7g58¡ 0.709 0.786 o.Br 0.gìg o.Bzo o.g6o o.goz o.g3i o.g5z 0.6g3 o.7rB 0.11384 0.808 0.886 o.gA¡ o.gz3 o.825 0.?02 o.Bg7 o.g-2t+ o.gjl o.Bt6 o.7g\ 0.7998¡ 0.827 o.8zB 9"953 o.geg o.a:ó o.gsa o.gói o.ag; 0.853 o.7t+t+ 0.829 o.Bzo86 0'805 o.8oo 9.8¡¡ o.e¡ó o.at? o.eia o.ass o.alí o.eíí ó.iog o.Brì o.Bo487 0.8ì6 o.BBo 0.900 0.9ì5 o.Big o.?íl o.aéi o.g_1,0.90,* 0.784 o.Bì0 0.80788 0.8ì3 o.Boo 0.8se 0.83r 0.884 o.é¡s o.a6ó o.a1g o.éã.,- õ.åõe 0.806 0.8r4
0BS 56 r s6z s63 s6A s65 566 s67 s6g s6g s70 s7 r s72

78 0.755 0.9ì6 0.8t+9 o.8zl o.goo 0.9,.,2 o.7t+S o.lg3 o.727 o.go4 0.866 o.gzg7e 0.755 o.e3e 0.887 0.842 o.8lB o.Btt o.tst o.aie o.iEi õ:;éd 0.e04 0.8278o 0.769 o.817 9.q20 o.796 o.ai¡ 0.Q33 o.joÉ ó.llt o.153 0.762 0.85ì o.t¡z8r o'735 0.858 o-tg3 o.165 o.716 o.aii o.iií ó.1s, o.730 o.7r5 o.8z6 o.7gt+Bz 0.776 o.Be8 0.832 o.8zr o.gl*g o.azg o.izt ó.lsg 0.777 0.782 0.849 o.Boì8¡ o-733 0.853 0.753 o.7zB o.169 0.788 o.ågo ó.zog 0.73r o.r59 o.186 0.76984 0.787 0.877 0.833 0.8ìr o.Arl 0.gez 0.787 ó.Zge 0.784 0.789 0.864 0.8r78s 0.786 0.850 0.8ì3 0.78e 0.824 o.s4á o.i,,i õ.aóe o.iit o:Bãé 0.83e 0.88386 0.796 0.860 o.793 o.loa 0.864 o.780 o.ogi ó.111 o.795 0.806 0.799 0.7g\Bt 0.715 0.904 0.849 o.B3r o.Br8 o.qsl o.jit ó.1-le o.773 0.856 o.86r 0.85688 0.748 o. Bee 0.783 o.t1t o. B ì r o. eog o. åeg o:Bó i o.iLc ó-.;é; 0.825 o. B r z

78 0.786 0.781 0.90! o.BZl o.Bgz l.ooo o.9r+3 0.940 o.9ll o.933 0.908 0.90r+79 0.8r3 o.8oz 0.908 0.877 0.870 0.943 r.óoó 0.92g o.90r o.9og 0.896 0.g128o 0.829 o.Bzo o.9el o.86o 0.90ì o.l¿-ó o.g2g ì.ooo 0.9ì5 0.958 0.943 0.880Bl o.Bo3 o.161 o.B4A o.Bi3 o.etg o.ér o.gõi o.915 r.000 0.905 0.9r6 0.8698z o.Br3 o.Bo4 o.85r o.aaó o.gztr o.gsl o.éóe ó.g¡e 0.905 r.000 o.g2r o.B4B8¡ o'8oo o'773 0.q92 o.zsg o.ere o.goa o.gé6 o.:i, 0.9r6 o.g27 r.0oo 0.83384 a-862 o.gr4 0.883 0.86ó o.g¡g 0.904 o.grz o.gg0 0.869 0.848 0.833 r.ooo8s 0.803 o.Bzr o.9ez 0.90r 0.8¡¡ o.?06 o.aga o.BBr o:886 o:B¿; o.88r 0.89486 0.785 o.831 0.8ì6 0.860 0.Btó o.Bge o.a6B õ.g,e o.86z o.g3t+ 0.879 0.8168z o'8rz o.777 9.geg o.qf? o.e7r o.gir o.gij ó.agg o.e, o.s2z o.BBr o.Bsl88 0.759 0.809 0.833 0.e86 0.820 0.g29 o.gzi o.go7 o.gB,* o.ggE 0.895 0.812

0BS s85 s86 s87 S8g sgg sg. s9 r sg2 sg3 sg¡* sg5 s96

78 0.906 0.896 0.94ì 0.929 0.87g 0.9q,'o.go5 0.88ì o.gìg 0.845 0.907 0.90179 0.898 0.868 0.9r3 0.92ì 0.88i o.geg o.éoí ó.eg¡ 0.94r 0.85r 0.928 0.g3280 o'88r o.sì6 0.89e 0.297 o.gt's o.plé o.g1e õ.gó7 o.sgr o.sãr 0.883 o.BB98r o.886 0.862 0.9n o.6sa o.aaÉ o.a5o ó.8íi ó.asl0.863 0.833 o.B9ì o.B9t8z 0.865 0.934 0.2?2 o.ggi* 0.g05 0,g22 0.946 0.2rs o.906 o.g3o 0.887 0.8698¡ 0.88r 0.879 9.gBì o.qll o.aga o.gle o.ecz ó.e/-1 o.azr, o.aóã o.gz7 o.g2384 0.894 o.Br6 o.e9Z o.s[ã o.8h 0.845 0.e88 ó.tut 0.885 0.83r 0.887 0.9r98s ì.000 o.89r o.g¡B 0.903 o.a2g o.ag"r o.BeB ó.tnr o.g6g 0.9r0 o.g2z o.gz386 0.89r r.000 0.870 o.?ot 0.8r5 0.g32 o.go4 0.g2g 0.g63 o.gzr 0.83r 0.8348z 0.938 0.870 r . goo 0.856 o. el¡ o. qe r o.éóo o. ae ,- o.9 t I o.Bl7 0.94I o .gt688 0.903 o.go7 0.856 r.oo0 0.ü) o.gB5 o.sr*,* ó.elg o.g67 o.g4g 0.886 0.909



SAS

sì02 sroS sr04

230

sr05 sr06 sroT sroS0BS S97 s98 s99 Sr00 sr0l

0BS Sìog silo sil r sil2 sìr3 srìÀ

78 0.947 0.900 0.892 0.9rr+ o.Bjl 0.952 0.9ì3 0.9t0 0.828 0.826 o.ll3 o.182
l9 0.964 0.9ì7 0.87r 0.898 0.879 0.9i+6 0.888 0.938 0.838 0.846 0.807 0.788
8o 0.9j0 0.932 0.92r 0.946 o.921 0.930 0.939 0.890 0.790 0.791 0.7t+l o.8zz
8r 0.905 0.876 0.866 0.888 0.899 0.909 0.881 0.898 0.16\ o.782 0.714 0.758
Bz 0.9t6 0.948 0.919 0.961+ o.926 o.935 0.97r+ 0.87j 0.807 0.789 0.151 0.833
8¡ 0.885 0.855 0.849 0.9r4 0.888 0.89! 0.909 0.92t+ o.133 0.121 o.699 0.763
8! o.8gB 0.885 0.855 0.830 0.862 0.815 o.8ol o.937 0.8t4 0.826 0.816 o.778
8S 0.892 0.849 0.8r+6 0.8r+9 0.889 0.836 0.806 0.9j4 o.793 0.835 0.755 o.762
86 0.89r 0.899 0.89j o.935 0.8r+7 0.8!0 0.903 0.838 o.ll2 0.793 o.l3t+ 0.189
87 0.902 0.900 0.893 0.90¡{ 0.9rj 0.852 0.846 0.91*3 o.8zl o.8ol 0.790 o.l8z
88 0.926 0.846 0.8f0 0.879 0.82r 0.9rì 0.873 0.904 o.l6t+ 0.830 0.739 0.75t+

srì5 srì6 srì7 srB sl9 sr20

78 0.833 0.731 0.783 0.721 0.803 0.865 0.19\ o.782 0.9ì2 0.827 0.879 o.7zB
79 0.866 0.769 0.8r r 0.76r 0.853 0.900 o.8lz 0.79ì 0.934 0.796 0.875 0.751
8o 0.805 0.738 0.795 0.71+8 0.781 0.856 0.842 o.827 0.903 o.797 0.843 o.178
8ì 0.809 0.771 0.805 0.75t o.195 0.824 0.166 0.7t+9 0.856 0.782 0.803 0.78t+
8z o.8zo 0.7!8 0.784 0.730 o.lj3 0.8j5 0.805 o.196 0.867 o.8l I 0.859 o.151
8¡ o.77tr 0.72\ 0.825 0.77t+ o.78l 0.823 0.750 0.780 0.846 0.8t2 o.8oo 0.75\
8r+ 0.864 0.80 t 0.807 0.786 0.8j{5 0.798 0.798 0.77\ 0.88 ì o.793 0.76t+ 0.771+
85 0.830 o.8l I 0.828 0.784 0.783 o.775 o.8l I 0.788 0.85t 0.886 o.753 0.757
86 0.786 o.7BB 0.768 0.720 o.l2t+ o.769 0.82q 0.818 0.82r+ 0.819 o.116 o.l\2
87 0.87r+ 0.786 0.821 o.770 o.8lo 0.780 o.765 0.739 0.874 0.866 0.78r+ o.765
88 0.788 0.760 o.8oB o.760 o.796 0.858 0.79t+ o.8zS 0.880 0.81+2 0.823 o.720

OBS

t8
79
8o
8r
8z
83
8!
8¡
86
87
88

sr2l

0.7ìl+
o.72t
o.7u6
0.706
0.730
0.706
0.758
0.705
0.709
o .7 t+l
o.669

s I22

0.713
0.738
o.763
0 . 701+

0.743
0.7r0
0.74 ì

0.165
o.l8z
0.730
0.15b

sr23

0.765
0.176
0.733
0.738
o .l3t+
0.720
o.827
o.8ol
o .150
0.803
o.t65

s r2q

o.827
0.829
0.789
0.170
o .808
o .7 )+3

0.799
0.781
o.796
0.830
0.788

s ì 25

0.80!
o .830
o .77 t+

0.748
0.79l
0.721
o.8or
0.170
o.763
o.8zo
0.76\

srz6

0.833
0.862
o.8zz
o.793
o.8oj
o.756
o .844
o .809
0.768
0.834
o.791

s 127

o.8rB
o.8l+3
0 .868
o.79t+
o.B3l+
o.192
o.8oz
o.187
o .80l*
0.803
o.769

s r z8 sì29

o.8jz 0.74 r

o.8zo 0.750
0.866 0.7! r

0.852 0.778
0.867 0.752
0.813 o.l2t+
0.869 0.803
0.8r5 o.752
o .825 o .7 37
0.855 0.785
0.771 0.7 r 0



OBS Sì s2 s3

SAS

s4 s5 s6 s7

237

SB 59 Sto sìt st2
89 o'807 0'790 0.709 0.al¡ o.grl 0.686 0.7rì o.Bì4 0.780 o.Boz o.rro 0.73390 0.868 0.825 0.783 0.8t7 o.8o6 0.7o2 o.iso o.go¡ 0.772 0.8:5 o.7Bg 0.1659ì 0.84r 0.830 o.752 0.792 0.832 o.ist o.)ee o.}4i o.azj ó.aís 0.863 0.76t+92 0.874 0 -Bzz o.7ro o.Bzr o.Qóg o.iio o.iió o.grg o .teg ó.a,,g o.BrB 0.71893 0.876 0.854 0.763 0.838 o.Bzg o.ist o.iä,, o.qsl o .igi ó.a,,, 0.Br ì o.78r94 0.8r+6 0.828 0.804 0.784 o.t.t8 o.iee o.iel o.BlB o.ii'B r.etz 0.7\o o.t6t95 0'84¡ o'828 o-7t+9 0.844 0.Q62 o.is6 o.ióí 0.822 0.73h o.7Bz 0.r23 0.73296 0-88ì 0.830 o.i50 0.885 0.qzo o.igz o.iee o.Q7r o.iíl õ.e2s o.t60 0.77797 0.874 0.856 0.162 0.850 o.Q8z o.iez o.iie 0.864 0.196 0.83q 0 .75 0.16998 0.85i0 o.B4j o.7tg 0.8r6 o.grl o ilo ó.ii; ,.832 o.Bro 0.83r 0.Bqj o.r5o99 0.836 0.85g 0.779 o.tg\ o.B¡e o.iia o.)So o.gão o.gzi o.gíz o .B5o 0.765

0BS Sr3 srr+ sì5 5ì6 sr7 srg srg s2o s2ì 522 S23 S24

89 0.661 0.7\5 o.lt+l o.713 0.753 o.7t+6 0.731 0.g32 0.g39 0.g29 o.lgo 0.84390 0.629 0.776 0.709 0.73t 0.835 0.837 o.Aír o.qlt o.868 0.777 0.900 0.857er 0'6t+5 0'7e3 0.717 0.737 o.eój o.qó¡ 0.76s o.aeó o.sÀi ó.BLL 0.866 0.853e2 0-634 0.Boo 0.713 0.131 0.s3t 0.8¡B o.igo ó.aú ó.s6¡ ó'.ih 0.882 0.85593 0.675 0.772 0.763 0.732 o.A11 o.gi¡ o.igi ó.gtt 0.8¡r* o.7Bg 0.8r3 o.8ol9! 0'7ì0 0 '766 0.665 o.t3k o.8ze o.aii o.Bíð ó.lie 0.845 o .rr+g o.Bt+7 0.77595 0-701 0.7r8 0.672 0.704 0.77h 0.768 0.t38 0.qí4 ó.eoí ó.iii o.750 0.72196 o'697 o'ttt o-7o7 0.619 0.77t+ o.les o.ial õ.qqt 0.835 o.790 0.760 o.rsg97 0.675 0.76t+ 0.7\5 0.723 o.aig o.8rÍ o.ial ó.Q8g 0.838 0.762 0.786 0.77698 0.653 o.Bor o.r3l o.r3\ o.lg1 o.ao5 o.ilí ó.all 0.842 0.830 o.BLo o.B¡799 0-638 0.78s 0.7t6 0.728 o.aóz o.goi o.iïo o.}sz o.s,_3 õ.eíã 0.860 0.8,+o

'Bs 
s25 526 527 S28 S2g s3o s3 r s32 S33 S34 s35 536

89 0.787 0.767 0.783 0.84ì 0.844 0.770 0.76r 0.672 0.725 o.7t+3 0.72\ 0.7r590 0.853 0.78g o.86z o.8zr o.Bor o.eiz o.eòe ó.tal o.ají ó'.Bii o.B0r o.B2o9I 0.8 r 6 0.8r+9 o. B i6 o.B6t o. Bz8 o. BtB ó.8ót ó.lOl o .795 o. B lz o.t7o 0.82092 0 . B5r+ 0.803 0.849 0.83 ì o.rB5 o.gl2 o. aiõ õ. zgg o. B rB 0.83 r 0.783 o. B4o93 0.n6 0.856 0.8¡6 o.B2o o.eçÞ o.aB¡ o.aié õ.780 o.B¡3 o.B3¡ o.7Bh 0.7g5e4 0.84r o.t7t+ 9.qio o.Bn o.tiÇ o.azl õ:ãrõ õ.a¡,* o.téí ó.áíi o.Br7 0.7e19s 0.160 o.8oz 0.772 0.Bl I 0.834 o.geg o.lló o.eot o.tzo 0.739 o.tto 0.73596 0.78 0.850 o.lïl 0.8¡B o.gr,o o.Bse o.góì õ.zal o.lst+ 0.768 0.165 o.17797 0 -767 0-837 0.823 o.8l r 0.818 0.qi! 0.79\ ó.les 0.789 0.797 o .772 o .76t+98 0.805 o.83r 0.8r7 o.86z o.el¡ o.aÉa o.eóo o.lse o.erã o.aíá 0.165 0.82599 0.80 ì 0.842 o. B4L 0.849 o. elé o.B-f¡ o .lg) o.ie1 o. aoi ó.8 t ¿ o.7g2 0.798
0BS s37 s38 s3g s4o s4 r s42 S43 S44 s45 s46 s47 S48

89 0.807 0.848 0.858 o.glS 0.7g3 0.662 0.798 0.1g2 o.7r+g 0.7o2 0.816 0.82690 0.902 0.805 0.8¡i 0.8;5 0.806 0.766 o.aiq o.iea o.e¡é 0.igõ 0.822 0.856er 0.860 0.8r6 9.937 o.q5q 0.850 o.t3t, o.Br{4 o.igo o.taj ó.i;á 0.8!o 0.8!692 0.895 0.798 0.8¡ r 0.8:8 o. eóz o.ieg 0.865 ó-.lst o.Bz5 0.784 0.8 r7 0.86293 0.88r 0.846 0.873 0.875 0.Bro 0.i4q 0.79ó ó.srz o.8zr 0.782 0.884 0.80594 0.857 o.llt o.Br5 0.805 o.7Sg o.e4A o.igt o'.1-st 0.85r* 0.786 o.B0ì o.Bl59s 0.860 0.874 0.867 o.g6r+ o .leu o.lgt o.iig õ.e¡o 0.83r o.731 o.B5g 0.76296 0.879 0.890 o.pog o.gsl o.lst o.ieg o.igi ó"e¡¡ 0.803 0.756 0.874 0.7s397 0.86e 0.864 o.Bg7 o.B5s o.rbg o.7si o.t1i 0.a22 o.Brí õ'.isó 0.880 0.79298 0.867 0.8:r 0.85ì 0.966 o.e4o 0.717 o.gji 0.78r, 0.776 0.77a 0.864 0.8À399 o.Bs2 o.Br3 0.849 0.860 0.84¡ o.z¡i o.ai¡ o.arz o.igl o'.i;í 0.855 o.Bz5



232

SAS

0BS s4g s50 s5 r s52 s53 S54 s55 s56 s57 S58 S5g s60

89 o'758 o'808 0.86¡ o'847 0.90g 0.!:l o.7gg 0.847 0.83r 0.737 0.760 0.77190 0.843 0.83t+ o.86z 0.856 o.gll 0.8;; o.'gií o.B5e 0.829 0.7i4 0.Bqì 0.8299l 0.806 o.84 r o.9og o. Bg r o .7gt+ o .ese o. e,, i o.gg2 o. g69 0.788 0.799 0.80592 o'B3g o.Bzo o.B7g o.B1t o.git o.ejj õ.sgó o.B7t4 o.B3g o.r5r+ 0.844 0.8j693 0.8¡¡ 0.866 0.928 0.906 0.eie o.e8é ó.a6é r.2zs 0.8g7 0.799 0.825 0.817e4 0'866 0'830 o'q3i 0.qrr 0.1s3 o.erB o.eeó o.v6 o.aóe o'.iét 0.8r6 o.BzB95 0.Boo o.B7z o.B7B 0.880 0.8[i o.gga ó.ãie 0.894 0.869 o .7\g o.7Bt+ o.76re6 0.1e7 0.882 o.BB7 0.sot o.Qii o.asi ó.eiã 0.9ì2 0.891 0.772 0.77s o.7tBet o.Bro o.86r 6.eì5 0.895 o.er,B o.eíJ õ.8¿; o.agg o.agz ó'.ih o.Bo3 o.7ss98 o'806 o'B5r* o.9zB o.eé6 o-B?? o.Bió ó-esi o.905 0.878 o.t't o.Bo7 o.Bor99 o.8zr o.872 0.9ì2 0.877 o.7glt o.eú 0.e16 0.872 0.859 0.163 0.808 0.7g8
0BS 56 r s62 563 564 s65 S66 s67 s6g s6g s7o s7 r s72
89 0.805 0.828 0.775 0.763 0.84ì 0.qrq 0.699 0.748 0.77g 0.7\2 0.824 0.788e0 0.Bzo 0.86¡ o.t-s5 0.796 0.88r o.qré ó.;íó ò.eoz o.aóé ó.eoe o.84ì o.B4oer o.BoB o.Be5 0.84e 0.838 0.883 o.e,*a ,.i); , ;;¿.:Bõ; ,.er; 0.870 0.7s7e2 a.8zi o.B7z o.Br4 0.Bol 0.goó o.ql5 0.iri ó.'Bí; ,:B;; ;:ä;à o .B6t 0.835s3 0.761 0.e38 0.877 0.856 0.8¡o o.s62 0.iú ò.qoí o.jes õ:8õà o.eo3 0.80594 0.795 0.832 0.837 0.807 0.790 o.q!9 o.ise ó.836 0.789 0.8g7 0.8\5 0.go7e5 o.t3t 0.889 o.Br7 o.7er o.tt9 o.qqó o.iíe ó.tl o.fig õ:8ió 0.853 0.855e6 o.t7o o.e.B o.Bz7 o.Bóz o.8o6 o gqt õ.i¿; ,.pr8 o .76t o.Bre o .867 0.85797 0-rt+6 o.9t+5 o.Br+3 o.Bzz o.B?9 o.qeá o.;tt ó.804 0.7s5 o.lgz o.Bgr o.lge98 0.800 0.9r7 o.8Ag 0.828 0.896 0.g,t,., õ-.iíE ó.tg, o.8zz 0.78t+ o.877 0.78799 0.796 o.89¡ 0.829 0.822 0.86 I o. Bz I o .i tá ð.ZrU o. Boz 0.77g 0. 85 t o .77 1

0BS s73 s74 s75 sZe s77 s7B s79 s8o sBì SB2 sB3 s84

89 o'8zr 0.8r8 0.948 0.85! o.g¡g o.179 0.885 o.?,¡ 0.865 0.905 0.894 0.85790 0.8ì ì 0.859 0.83r+ 0.87A o.é09 o.eB[ o.aãé ;.elg 0.850 0.922 0.846 o.BA5er 0.864 0.856 9.976 o.qll o.ézs o.lo¡ ó:õõí ð.rr, 0.874 o.st+6 0.862 0.88892 0'828 0.87r 0.837 o.ga6 o.8gr o.eai o.ág¡ ó.20r 0.853 0.g25 0.84r 0.8589i 0.Brr 0.803 o.BBs o.86o 0.88i o.2ir ó-.éíí õ.eg, 0.ge¡ 0.906 0.82q 0.88594 0.784 0.813 0.831 0.880 o.tgg o.a'rÉ ó.é¡i ó.qi, o.83¡ o.B3o o.8o6 o.Bjl9D 0.782 o.tSt 0.836 o.B2S o.Bzz 0.907 o.gzg o.qqj o.89r 0.887 0.g27 o.BB796 0.835 0.800 0.86j o.sqa 0.8?9 o.goi o.ilz o.BB9 0.89r 0.869 0.g23 0.9r997 0.8r4 o.8r r 0.87e 0.q78 o.e6e o.gll o.9'6,r õ.tro 0.905 0.9r6 0.885 0.898eB 0'8sa o'e¡¡ 9.9:7 o.geq 0.9r4 o.éoó o.glt ó.s32 0.876 0.948 0.8¡5 o.es599 0.842 0.834 0.849 0.838 o.éó¡ o .agz o.}li ó.g2] 0.866 o.g3g 0.849 0.855
0BS S85 586 sg7 s88 s8g s9o s9 r sg2 sg3 s94 s95 s96
89 0.829 0.87s o.glrl o.alz r.o0o 0.890 0.9r4 0.893 0.86ì 0.787 0.833 0.g6490 0'894 o'932 0.86ì o.QAE o-esg r.ooo o.éig 0.968 0.876 0.855 0.835 0.8489ì o'868 o'9or' 0'?99 o.Br++ o.gir* 0.9r9 r.óoó ó--grl o.g'g o.Br7 o.B4z o.B7t492 o.892 0.929 0.86t o.qZ9 0.Ag; o.9ea o.gzl i.ooo o.B9z 0.852 o.8À6 0.86093 0.868 0.863 o.9rì 0.861 o.aor o.we o.gig o'.892 r.oóõ õ:8íB 0.889 0.9ì r94 0.9ìo o.82r o.Br7 0.849 o.787 0.855 o.ati ó-.a1, o.szg i.õõõ o.Bgr o.8Boe5 0.922 0.83r 0.94r 0.886 0.833 o.uÉ o.B\2 ó.e16 0.88; o:ð;; ì.000 0.el*396 o.923 o'83¡+ 0.936 0.909 o.e6[ o.aié ó.aza õ.geo o.gr r o"8Bo o.gt13 r.oo097 0.892 0.89r 0.902 0.926 0.896 o.eza o.aég õ.gao o.gs, õ.84; o.g2s o.g\598 o.8l*9 o.8gg 0.900 o.e4e o.gio 0.9t5 o.gSi 0.936 o.9j¡{ 0.g03 0.851 o.gg¡99 0.846 o.Bg¡ 0.893 o.Brro o.88l o.éle o.éíg ó'.g0,0.893 o.lgl 0.827 0.850
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89 0.896 0.920
90 0.87À 0.9ì5
9 r 0.889 0.95 ì

92 o.886 0.9 j6
93 0.93 I 0.934
94 0.844 0.803
95 0.925 o. 85 I

96 0.945 0.885
97 I .000 0.9 ì 2

98 0.9t2 t.ooo
99 0.886 o.9Lo

0.88 I 0.898
0.9ì6 0.89t
0 .9!9 0 .933
o .902 o .892
0.893 0.9 I 3
0.798 0.798
o.827 0.874
0.850 0.862
0.886 0.9ìt+
0 .940 0 .91+o
ì.000 o.925

0.889 0.885 0.903
0.885 o.822 0.856
0.899 o. B2B o. g7j
0.885 0.825 o .BSz
0.855 0.847 o .837
0.882 o.l9t o.lSt1
0.9r8 o.9jo o.Blz
0.9t8 0.906 o.BDl
0.875 0.909 0.866
0.895 o. Bjo o. BB5
0.886 o.8zz 0.965

0BS s97 s98 s99 S ì00

SAS

st0r sl02 st03 st04 sr05 sì06 stoT slog

o.7r+8 0.8t4 o.766 o.927
o .792 0.828 o .l t+7 o . B5o
o .84 0.805 o. B l7 o .g5z
0.790 0.840 0.765 o.gj4
0.844 o.8zo o.8z6 o.gl9
o.171 o.8À6 o.758 o.7t+6
o.778 o.791 0.748 0.736
o.8oz 0.838 o.l85 o.765
0.8 r 4 0.829 o .l97 o. go3
0.8t5 0.808 o.8lo 0.846
0.8 t9 0.784 o .793 0.869

sìr7 sltS sllg sì20

o .838 o .7 52
o.822 0.803
0.85¡+ 0.771
0.846 o. go6
0.gt4 a.791
o .794 0.866
0.866 0.832
0.892 0.8 I 9
o.922 O.7gt,
0.883 0.767
0.83ì 0.75t,

o .836 o .77 3
o.753 o.77t
0 .777 o.8ot+
o.75h 0.780
0.804 0.780
0.7il o.735
0.829 o.7 t5
0.8 r 9 o.777
o .806 o .l7 t*

o.n6 o.8oB
0.765 o.8t I

o.8lz 0.84t o.7gl
o.8zo o.B4o o.7\7
0.851 o.89ì o.gl3
0.830 o.Bl+7 0.759
o.821 o.856 o.goI
o.775 0.782 o.73\
0.776 0.792 o.728
o .802 o .8r+B o .llo
0.824 0.826 0.76t
o .857 0 .897 0.80À
0.86 I 0.890 o. go5

o .868
o.852
o .886
0.871+
0.9ì4
0.881
0.939
o.977
0.938
o .890
0.852

0BS Sì09 slì0 snl slt2

89 0.842 o.7lo 0.790 o.750
90 0.805 o.80l o.7Bl 0.73r+
9r 0.864 0.8t7 0.804 0.758
92 o.826 0.819 0.807 o.757
93 o.87 t o.79t+ 0.807 o.768
94 o. -l9t+ 0.798 o .832 o .177
92 o.838 o .7 39 o.818 0.778
96 0.87r o.7tS o.BSz o.AiS
97 0.85 ì o.7q o.gz' o.l6t+
98 0.859 0.79 ì 0.808 0.770
99 0.84ì 0.787 0.793 o.7t+2

8g o.7t+6 0.717 0.755
90 o.7\3 o.glz o.7go
9r o.775 0.79ì 0.79892 o .7 t+9 0.8 l9 o . 78993 o .7 5t+ o .ll8 o .8zzgt+ o .7 2t o .7 6o o .7g5
95 0.688 0.687 0.713
96 0.728 0.72t 0.8it
97^ 0.728 o.75t+ o.797g8 0.798 o. BoÀ o.lgl
99 0.782 o.7gt o.7gg

Slì3 Slì,1+ Slt5 Sl16

0.849 0.823 o. go6 o .ttg
0.7t+2 O.759 O.g5l o.g3z
0.786 0.807 o. gj7 o. g I ì
o.766 o.766 o.87t o.g5z
0.826 0.823 o.go8 0.7g9
o.7-65 o.769 0.817 o.783
o .8zz 0.835 o .7 t+3 o .7 33
0.855 0.86i o.7BB o.16l
0.845 0.849 o.795 o .7g2
0.818 0.789 o.gz9 o.gì4
o.781 o .796 0.824 o. Bo9

o.lg0 0.153 o.Bì4
o.797 0.776 0.799
o .824 o .836 o .835o.8ob o.7gg o. g I I
o .864 0.858 o . g66
o.738 0.785 o.go8
o.766 o.765 0.796
0.8 t 9 o. goz o. g4g
0.848 o. gz5 0.8590.848 0.927 o.g5l
o . 846 0.839 o .937

0BS St2l s122 s ì 23 S ì 24 sl25 st26 sr27 s r28 st29



OBS SI s2 53

SAS

s4 s5 s6

234

57 S8 59 S]O SìI Sì2
ì00 0.823 0.836 0.732 o.g:e o.gr+4 0.6g6 0.696 0.g04 0.79r o.7611 0.g04 0.729r0ì 0.8ìB o.8z6 0.135 0.762 o.g7? o.Ã; ó.;íé o.Bgr o.ite ó'.in o.t76 0.72sì02 0'842 0'7e2 o'7,03 0.863 o.lþg o íuq ó-.Làí 0.780 0.7ì3 o .tsB 0.6g7 o.rszr03 0.826 0.7r7 0.69g o.e4ó o.li4 o.eqg õ-.oeé o.þ7 0.7\6 0.736 0.758 0.7t0ì04 0.BBB 0.829 o.tt+6 o.BB3 o.Bt^z o.isé o.iËó o.a_io o.ist- ó.áìe o .t6B 0.774ì05 0.771 0.830 o.Bt6 0.716 o.tït o.goí o.aíã o.gB¡ o .iet ó.A2,_ o .U6 o.127lo6 0.8¡6 o.8oz o.l-67 o.766 o.lSl o.le1 0.812 0.g32 o.7rg o.B7s o.l5tt 0.77t+ì07 0.7r+0 0.786 0.806 o.tgS o.tt\ o.B:7 o.ag,, 9.li, o.iAí õ.aie o.Bfi 0.123roB o.to9 o.Bì6 0.736 o.ogtr o.113 o.lo7 o.lig o.Bo3 o .t7t o.gôq o.Bo5 o.8oor0e 0.8:: o.zgr o-76s o.zeg o gu1 o.igL ó.Bré o.tga- o.iig ó.eòz o.172 o.783rì0 0.795 0.71+t+ 0.762 0.7\3 0.705 0.i'g o.aié o.aíe o .iL6 ó.e): o .v2 0.767

0BS Sì3 Srrr sr5 sì6 sr7 srg srg s20 s2ì 522 s23 S24

ì00 0.657 0.739 0.717 o.706 o.7lg o.715 o.6gt o.g9¡ o.Bt4 0.78ì o.Bzt o.Blor0ì 0.685 o.785 o.671 0.7t3 o.zié o.i'ai ó.;;t o.þi o.aoe ó'.tas 0.8ì0 o.7tcì02 0'687 o'684 o .t2t+ o.eeo o.Zgl o .iei ó'.iiõ o.B2s o.t8õ õ-.âe,r o.tt+h o.7olì03 0'650 o'7or 9'!?t 0'928 o.il' o.)la ít.Lgí 9.g14 o.t_85 o.753 o.tsu o.175ì04 0'7ro 0 '762 o.io, 0.689 o.ig: o.ile ó'.iá, 0.885 o.8r o.lgt o.776 0.750r05 0.6s9 0.73t+ 0.67t o.z:ó o.ieé o.ii, ó.iÉo o.796 o.7_91 o.t9) o.8re o.756r06 0 '675 o.7t+3 o.-¡21 o.iot, o.)21 o.goz o.igl o.r7r 0.853 0.780 o.7Bs o.8z6r07 0.670 o-737 o.!84 0.113 o.tga o.7g; ó.i'ts o.7t\ 0.840 o .Bss 0.762 o.Booro8 o.6t+5 o.73i 9.!?l o.aai o.igl o.iai ó.'B;i 
'0.775 

o.7eB o.7B\ 0.8r4 o.Brzì0e 0 -7t6 0.758 o.7r+r+ o.6tg o.tsi o.iz\ o.jlg o.úi o.'Bié ó.éis 0.738 0.8r3r r0 0.62t+ 0.773 o-eoo o.721 0.ilç o.iaa o.igi o.lst, o.aóé o.aír 0.8r9 0.809
0BS 525 526 527 S2g S2g s3o s3 r s32 S33 53À s35 536

100 0.757 0.805 0.790 0.822 0.822 0.gzr+ o .757 0.72? o.lSt 0.771 0.748 o.771ì0' 0.820 0.795 0.789 o.852 0.801 0.829 o.iíi ò.zas o.739 0.766 0.761 0.783ì02 0.715 0.753 0.76t+ o.7t+6 o.836 0.lgi o.ií,, ó.733 o.726 0.735 0.72g o.676r03 0.733 0.755 0.758 o.nB o.Bl5 o.lAÉ o.ior õ .717. 0.7U5 o.153 o.ttt o.t2t+r0À 0.268 o.8r+0 0.789 0.8¡s o.a¡1 0.pss o.ige ó.lle 0.748 0.76\ 0.765 0.762ì05 0'727 0.8t1 0.806 0.78r+ o-l1l o.ali o.ies ó.llg o.8oo o.gig o.778 0.723ro6 o.7BB 0.r92 o.Bz7 o.Bor o.tií o.les ó.á;i ó.lst o.777 o.rs2 o.tB2 o.B5rr07 0.733 0.8¡r o.796 o.80ì o.757 0.793 o.eãi 0.751 0.775 0.7gt o.770 o.776ro8 o.8ro o.t6g o_.!l: o.Boo o iú o 16á ó.!es ó.731+ o.sz6 o.'eza o.tot o.t6zr09 0'784 0.878 0.795 0.821 o.glt 0.868 o.bii ó.u, o.728 0.7t+g o.787 0.869,0 0.8r9 0.854 0.786 0.829 0.713 0.8r3 o.aÅó õ.836 0.796 0.809 0.787 0.838
0BS S37 S3g S3g s4o s4 ì s42 S43 S44 s45 546 s47 S4g

r00 0.843 0.840 o.B2o 0.g36 0.949 0.690 o.l7g o.g45 o.lg7 o.69t+ o.B3t+ o.g22ì0r 0.834 0.785 0.845 o.Aãe o.ezl o.lsz o.i'a' ó.Þr 0.81! o.7tg 0.82/+ 0.798r02 0.798 0.866 o.B7o 0.796 0.7t+6 o.izt ó.6;i o.ggo 0.766 0.67t, o.8t+7 0.706ì03 0.790 0.8¿'7 o.Br5 0.77\ o.ilg o.tet o.tíe o qrg ó.ir| ó'.6ir 0.8r7 0.756ì04 0'883 o.Bg¡ 0.906 o.87¡ o.i2s o.r7B o.iai ó.8'rg o.Bro o.16\ o.B7B o.t7tì05 0.825 0.75s o.tïi o.eió o.iai o.isg ó.it; ó.tee o.ie r ó'.8;; 0.782 o.755ro6 o'835 o.7t+3 0.9?, o.lll o.izt 0.739 o.e6[ 0.67s 0.784 o.n6 o.7n 0.882107 0.768 0.7\t+ 0.757^ 0.778 0.75t o.lze 0.772 0.ltz 0.707 0.g24 0.742 0.718lo8 0.7U4 0.728 o.l-28 o.16l o.'S2S o.lt5 o.16g o.106 0.135 o.7t+2 0.73\ 0.781r09 o'843 o'8¡8 o.9eg 0.86À 0.740 o.rrô o.azó 0.753 0.7\3 0.785 0.851 0.824,0 0.8r8 o .726 0.736 o.163 o.iss o.ezo ó.giõ õ.zr r o.!ee o.lgi 0.r35 0.80,{
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SAS

0BS S4g s5o s5 I 552 s53 s54 S55 s56 s57 s5B s59 560

roo 0.781 0.83i* 0.874 0.862 o.8t? 0.Q59 0.827 o.p77 0.843 0.704 0.763 0.762l0r 0.78r+ 0.8¡6 0.837 0.868 o.7gp o.g16 r.Bti ò.ae i 0.845 o.7t+t+ 0.7q8 0.7r6r02 0.718 0.78¡ o.gr*t 0.8t9 0.864 o.eé/* o.jgs ò.qrl 0.868 o.6Bt 0.748 0.757t0j 0.r38 o.778 0.8qì o.Bo5 o.Bjr o.B-57 o.iia o.eze 0.853 0.697 o.7\tt 0.7i8r04 0.80r+ o.8Bo 0.893 0.9r¡ o.egz o.B9L o:Bót ð.?rg 0.9ì2 0...68 o.r9t 0.r73r05 0.834 0.824 0.8r+6 0.819 o.7tt+ o.lgl o.i;¿ ó.p:: o.8oo o.7tg o.823 0.781106 0.847 o-795 0.goi o.goe o.zzr o.795 o.elz 0.8r5 0.792 0.778 0.8r9 0.820r07 0.8r2 o.7Bg 0.854 0.789 0.6g,* o.isg o.ili ó.126 0.769 0.8¡B o.Bì4 0.807ro8 o '782 o'76t o'7-s6 o-t6i o.tQs o.1tó o.iLi ó.784 o .133 0.77g o.800 0.7e0r09 0.783 0.843 0.870 0.872 o.tlz o.864 õ.a,rí ó.891 0.860 0.856 0.7gg o.7g5r lo o.8r r o.775 o-806 o-785 0.7\t o.753 o.erí ó.zg' 0.760 o.aáa 0.806 0.792
0BS 56 ì s62 563 564 s65 566 s67 s6g s6g s7o s7 r s72
ì00 0.761 0.895 0.8ì9 0.796 o.U7. o.l^g7_ o.lo5 o.7t+6 o.l5g 0.77t+ o.825 0.766r0ì o.782 0.85r 0.786 0.787 o.a1q o.aía o iié ó.lez 0.765 0.834 0.8\5 0.848r02 0 '68 o'906 0.77.0 o.760 0.717 0.7g7 o.ear o.7.zs o.669 0.747 0.827 0.755r03 0 -712 0.882 0.767 0.759 o.lAS o.iee o.aie ó.692 0.73t o.7t3 0.786 0.72gr04 0.752 0.902 0.838 o.er[ 0.795 0.8g3 o .i;¿ ó.802 o .7t+5 0.827 0.875 0.86rì05 0'715 o.8zo 0.880 o.8s'+ o.zr+t o.a3í o.eio o.azi o.izí ó'.;;;0.866 o.t5tro6 o'838 0.8¡B 0.992 0.t78 o.ez,* o.pío o.itt ó.lss o.B3o 0.7g4 0.825 0.829r07 0.75o o.807 o.86r o.872 o.7ss o.git_ o.'eie ó.a2i o.;i6 ó'.iá;0.850 0.7s2ro8 o'752 o'tt5 o'log o.8rg o.)12 o.qóe o .tíi ó.757. 0.7-61 o.72t+ 0.822 0.752ì09 0.862 o.B7t o.BoB o.186 o.e7B o.B4t õ.isi ó'.156 o.B¡5 o .717 o.Br9 0.804ìr0 0.820 0.766 0.8:e o.8zo o.8i¡ o .l8i o.i8ó ó.azo o.8qr 0.784 0.7g2 0.784

0BS S73 S74 S75 576 577 S78 s79 S8o sgr sgz s83 sg4

0BS SB5 586 s87 S8g s89 s90 sg r sg2 sg3 s9! sg5 sge

100 0 .793 0 .791 o. g¡8 0.826 0.g25 o. g ì4
r 0 r 0.829 o. Boz o.grg 0.832 o. ee3 o.Allt02 0.73ì 0.732 o,gl6 o.gt9 o.got o.gS2r03 0.77t 0.758 0.7-85 0.792 0.879 0.gì3
r 04 0.83 I o .7go o. g7g 0.86 I o.852 o. g I or05 0.809 o.goo 0.959 0.796 o.lgt o.ez}ro6 0.786 0.951 o.Bì9 o.A1z o.Aoz 0.826ro7 o.8zl 0.823 0.p33 0.807 o.Bìo 0.173
r o8 o .8zz o .8z6 o. Bz6 o. gzi o. gL I o .lAi
log o.ql8 0.775 o.815 0.815 0.862 0.833
ì r0 0.887 0.874 0 .793 0.793 0.758 0.73i

100 0.9!g 0.935 o.904 o.gzg 0.898 0.89ì 0.933
l0I 0.q8? 0.847 0.9 ì3 o. azl o. e8g o. e8¡ ó.'8éér02 0.836 o.B4o 0.852 o.9ll o.BB¡ o.ez2 o.ei:g
l0¡ 0.806 o.9oj 0.846 0.87¡ o.go; o.856 o.Bi3r04 0.93¡' 0.838 0.943 o.gol o.se8 o.aii ó-.8'Bá
l0t 0.193 0.772 o.9zl 0.7_61+ o.748 o .lgz o.Ail
109 0.835 0.793 o.8ol 0.830 o.alt o.aãa o.eõír07 0 .755 0.73t+ 0.790 o .739 0.166 0.7\7 o.B1i
¡oB 0.762 0.789 o.t-82 o.lst, o.'eu o.eso o.Bsz
I 09 0.810 0.786 o. BZq 0. zba o. Bq2 o. eós o. Báailo o.8ll 0.788 o.tB6 o.l60 0.7t0 o.Aoí o.giZ

0.898 0.946 o.Bgg o.g6t+ 0.9t4 o.g3o
0.879 0.927 0.899 0.926 o.sae o.e6z
9.?lf 0.930 o.9os o.935 0.89t o.Br5
0.888 0.939 o.BBl o.g7)+ o.góg o.Bol
9 239 o. 890 0.898 o .Bt 3 o .gzi o .s3t0.qlq o.790 o.76t+ 0.807 o.1f o.Bì4
o .846 o .t9t o .t82 o. 789 o .lii o .8z6
0.892 o.t-t+t o.rt\ o.751 o.699 o.Br6
9.299 o.8zz o.7sa 0.833 o.tei 0.778
0.866 0.805 o.Bo9 o.8zó o.t7i 0.861
0.169 0.738 0.171 o.7Lg o.l2t+ o.Boì

0.892 0.9 ì3 o.lgB 0.874 o .86z
o.9a¡ 0.85s o.8Bz o.9lB 0.918
o.9rs 0.847 o.lg1 0.930 o.goø
o.!Sz o.Bj7 o.7S\ o.Blz o.BSl
0.87t 0.914 0.88t o.g3g o.gll
0.790 0.844 o.771 o.779 o.Boz
o.8i+0 o.8zo 0.846 o.lgj o.g3g
o .70s 0 .826 0 .7 58 o . 748 0 .l8s
o.q3! 0.8ì9 0.7\6 o.736 o.iAi
0 .826 0.87 1 o .7gt+ o .g jg o . AZJ
0.8r9 0.79u o.7gB o.739 o.775
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SAS

OBS S97 S98 S99 S]OO SìOI Sì02 SIOS SIO4 S]05 SI06 Sì07 SIOS

100 0.9]r+ 0.9t+o 0.925 ì.000 0.905 o.?ì I 0.95g o.g¡g 0.lgl o.llt* o.l\t o.go7ì0r 0.825 0.895 0.886 o.go5 r.óoo 0.8¡e o.a16 6.lrg 0.759 0.782 0.733 0.809r02 0'909 0'830 o'8zz o.9ll 0.439 r.oóõ ó.é;ó õ.log o.7t+5 0.7t49 0.7rl+ 0.71ìì03 0.866 o.88ç 0.865 o.sss o.els o.gió i:óoõ õ.eso o.i,ta o'.iii 0.722 o.t7\r04 0'938 0.890 o -852 o.'se o.gíe o.éõe 0.8;6;.000 0.8ì6 0.szr* o .780 o.76t+r05 0-8rr+ 0.8r5 o.gr9 o-l-gl o.isg o.rt+5 o.lie o.ate r.000 o.7rg o.9oB o.7goro6 o'Bze o'8oB o'zB4 0.it,, o.ie2 o.i,-g o.iii õ.a2,* o.ttá i.óóó o.Br0 0.763107 0'797 0'8lo 0.793 o.7-\t 0.733 o.zrl 0.722 0.780 o.goa o.eiõ ì.ooo o.7g9r08 0.803 0.846 0.869 0.807 o.áóg o.Ztl o.l7r+ o.l6t+ o.l90 0.763 o.lgg ì.000roe 0.85r 0.85e o.Btr o.8o6 o.Brá o.it', ó.r;; õ.ee , o.i6B ,.Bií o.B3t o.177rr0 0.79 0-791 0.187 0.732 0.750 o.åAr o.i,i o'.llt o.7g7 0.789 0.8r5 0.76h
0BS Sr0g sì ìo sì r r sì ì2 Sì r3 sr r4 sr r5 sr r6 sì r7 sr rg sr rg sì20
r00 0.qoq 0.732 o.777 0.73t 0.77oror 0.818 o.t50 o.8jz o.l1S o.iAe
ro2 o "77t+ 0.691 0.797 0.732 O.gloroj o .759 0.702 0.759 0.72t 0.163
r0r+ 0.86t o.llt o.952 o.gr7 o.gt*z
lot 0.268 0.197 o.730 o.7oo 0.715
ì06 0.842 0.789 0.798 o. Z64 o. gr+o

loZ 0.837 0.815 0.731 o.135 o.8lo
ro8 0.77t 0.76t+ 0.761 o.iii o.j,rg
]og r.ooo o.Bo9 0.768 0.133 o.9t+6no o.Bo9 t.ooo o.169 o.lS1 o.ieo

9.q?9 0.791 o.tt5 o.B5B o.177 o.Bz3 0.7480.1!9 o.8rj 0.713 0.815 o.aii o.t30 o.tB5
9.976 0.7r0 0.t62 o.góó 0.8¡ó o.eB¡ o.øéi
9.Y5 o .t 31 o .77s o .9,,t o .tgs o .asi o .jío
9.96? o.7e? 0.783 0.8e4 o.'e1i o. a3r, o.itl
9.911 o.tg; o.7es o.te¡ o.tit o.tta o.ist
0 .lst+ o.8zz s.tB2 o. Bo5 o.Bz5 o.i1e o .ili
9.913 0.765 s.ttrþ o.ls1 o.tti 0.750 o.t68
0.7_82 o.8oz o.llg o.Bz3 o.ilo 0.737 0.8060.750 0.122 0.683 o.goe 0.79o o.tgo 0.7110.762 0.826 0.823 o.7 t I o.iÉz o. e eA o.iSo

OBS Sì2ì S ì 22 s r23 s r 24 sì25 s t26 st27 s r28 sr29
ì00 0.722 0.7\g 0.739 0.8?g o.782 o.1g-l o.Bz3 0.848 0.755r0r 0'758 0.75t+ o-759 o.769 o.ia,, õ.a0,- o.gog 0.850 0.755r02 0.64e 0.678 0.71t o.767 o.ite õ.zeo ó.i;6 õ.ru, 0.68jr03 0'694 0.712 0.7ì0 0.lss o.ili ó'.lsg o.77tl 0.8r4 0.720r04 0'7ìr o'7tt, o.7gg o.aoã ó.iiti õ.e¡, o.785 o.8r+4 0.766r 05 0-7zo 0.76t+ 0.767 0-77s o.'8zz o. eíã ó'.;;é ó'.rr, 0.782ro6 0.6ee o.778 o.tgi o.ts2 0.783 o.Bo¡ ,'.i.í ó'.ruu 0.7\3r07 o.76t+ a.t9z o.Bo5 o.7st o|sii õ.erl o.t7B 0.809 o.Bz8ro8 o.8or 0.765 o.tss ó.a[e ó.a28 õ.ze¡ o.óii ð.aoo 0.773r09 0'767 o'7ì4 o'835 0.8J3 o.8i; o'.lgl o.7r3 o.Bì9 0.830I r0 0.7\6 0.750 o.Bl6 o.lt\ o.Alé o-.1g, o.767 0.805 0.83t+



OBS Sì 52 53 54

c^c
JñJ

55 56 57

237

s8 s9 S]O Sìì SI2

r ì l 0.783 0.759 0.7ìA 0.797 0.zll o.72o 0.71+5 0.796 0.i40 0.808 0.73t o.8tÀrr2 0.71+7 o.7o2 0.67t 0.74t 0.685 0.687 o.i11 o.leU o.Lel o.jéo 0.7t6 0.768I r3 0.784 0.758 o.l)6 0.798 o .lgt+ o.788 o.eíe o .7g2 o.l2o o.Bo7 o .lz5 o..BtrrA 0.797 o.759 0.7o6 0.817 0 .176 o.7t+6 0.735 o.eh o.irg ó.eio o.eol 0.771I ì5 0'792 0.175 0.785 0.736 o.t3t 0.783 o.lto o.a[j o.jee o.ass 0.810 o.i'tsrr6 o'798 0.731 o.755 o.786 0 .7)7 o.t5s o.l1z o.B¡í o .its o.sío o.gzr o.688I ì7 0.823 0.84r o.t-25 0.837 o.B!3 o.i1e o.ioa o.slo o.iñ o.jù o.tLt o.763rrB 0.841 0.763 0.803 o.Bjl 0.ZB! o.ttl o.itl0.738 0.702 o.t6o 0.673 0.125lr9 0.t96 o.t2\ 0.735 0.Bt ì o.8z6 0.63r+ o.ûe o.t3t 0.112 o.lt6 o.6gi o.i3;r20 0.723 o.72o o.156 o.695 o.7oo o.lt+g o.7t+6 o.lgg o.izA o.iS,, o.7Bl o.ltBì2ì 0.619 o.735 o.157 0.662 o.672 o.773 o.l6g 0.740 0.710 o.7t+2 0.768 o.733
0BS sì3 sìt st5 st6 sl7 stg sl9 s2o s2t s22 s23 s24

lì I 0.694 0.799 0.98q o.116 o.t\\ o.l\S o.t69 o.t7t+ o.lt| 0.165 0.Zr+B 0.751+I ì2 0.662 o.761 0.628 0.723 o.7og o.Zot* o.izA o.752 o.75r+ o.160 o.112 0.760r ì3 0.680 0.74r o-7.22 o.651 0.r12 o.7t6 o.7\B o.aol o.eía ó:B;; o.672 0.773r r4 0.672 o.696 0.691 o.67t+ 0.76) 0.760 0.77o o.77e 0.762 o.jtâ 0.7\2 0.7321r5 0 -62t+ o.8r9 o .666 0.721 0.828 0.824 o.iag o.iq o.igj o.iel 0.852 0.834rì6 0.622 o.197 0.612 0.673 o.Bzt o.Bl7 o .ieí o.7-22 o.765 0.7h6 o.833 0.8ì9I ì7 0'660 0.736 0.766 o.611 0.77o_ o.778 o.izi o.'Bsl o.ieé ó.izt o.750 0.713r r8 o -786 0.671 o.ro5 0.643 0.818 o.aj,- o.iie ó.1g,0.804 o.r jg 0.788 0.716I r9 0.770 0.632 0.7,68 o.639 o.llo o.llr+ o.e8g o .7SU 0.76g o.iol o.125 o.7t+lì20 0.687 0.829 0.679 o.r22 o.rr+g o.r59 o.ati o.l6t o.i¡é ,.;;g 0.r76 o.7Bor2r 0.639 0.873 0.698 o.li3 0.735 o.750 0.7t6 o.7t+3 o.iil o.ige 0.730 0.767
0BS s25 526 527 sz8 S29 S3o 53ì S32 S3j S3q S35 536

I I ì 0.769 o.l6t o.155 0.817 o.lt+3 0.166 o.lg3 o.7,\2 0.72t+ o.l3€) 0.726 0.763rr2 0 '722 0.716 0.717 0.793 0.692 0.703 o.l6i o.Lgl o.åae ó-.iól 0.692 0.726I ì3 0.15t 0.845 o.t5o o.836 0.832 o.A¡2 o.er,¡ o.ei'e o.Zoó ó .ióÈ o.731 o.Bzt+ì ì4 0.73r 0.778 0.758 0.76g o.7g7 0.771 o.llo 0.74r+ 0.766 0.772 0.721 0.698lr5 0.811 0.192 0.797 o.841{ o.692 o.z8a o.sír o.8o6 0.g26 o.glz 0.806 o.gor+r ì6 0.186 0.r51 o.7r1 o.8zr o.ail o.7\6 0.768 o.rB3 o.eõa õ:8r; 0.786 0.165ì r7 0.713 0-782 0.775 0.790 0.922 0.946 0.74\ o.725 0.772 0.765 0.7h6 0.73t+rrB 0.760 0.706 0.831 0.709 0.79r 0.77g 0.785 o.eq6 o.iiõ o.iBí 0.847 0.805I r9 0.Þ89 0.719 0.762 o.67s o.86z o.eó2 o .ioe o.7t+3 o.72t+ 0.123 0.761 0.697120 0.8ì3 0.76ì 0.784 o.gl¡ o.7og o.752 o.iue o.7o7 0.748 o.7So 0.748 o.16912) o.8oo o.751 o.7tr 0.859 o.699 o.ze: o.iae o.ogi o.ittr o.iil o.r\u 0.788

0BS S37 S¡8 slg s40 s4 ì s¡+2 s43 S44 sr+5 s46 s47 s48

I Ii 0.787 o.l7\ o.182 o.t5D o.Sfg 0.732 o.t7o 0.751 o.7t+6 0.722 0.76\ 0.716r ì2 0.732 0.7ì9 0.7-)+6 0.699 0.619 o.69g 0.73g o.7r9 0 .702 0.695 o.egg o.isarì3 0.775 0.833 o.lag 0.807 0.698 0.666 o.Aìó o .773 0.7\3 0.728 o.eii o.iiail4 0.7\3 0.8¡i' 0.8r7 0.744 o.l1tr 0.7\2 0.701 o.elg o.izó ó:iõ8 0.806 0.7t6I r5 0.804 0.691 0.76o c.767 o.8n o.7gtr o.8o6 o.68r+ o.ggi ó.i;,_ 0.7q8 0.8i5r r6 0.7-62 o.7ì0 0.zr+o o .723 0.76g o.góz o .768 o-.753 0.761 0.7g2 0.72g 0.8ìor r7 0.838 0.835 0.845 0.83¡ o.8zo 0.7r3 o .722 0.'e20 0.)é'r ó-.iíi 0.8\5 0.766r l8 0.829 0.77t+ 0.756 0.757 0.690 o.Al6 o"g.t 0-.jg6 0.176 o.7g2 0.777 o.Bt5ìr9 0 -7lt6 0.846 o .798 0.77\ 0.732 0.715 0.68i o .'eio o.;ir ó.iio 0.8r5 0.7ì4r20 0'735 o.692 0.763 o"7t+6 o.7zt+ 0.711 0.77u o.los 0.722 o.7lg o.7tu o.l5gt2t 0.7r 0.683 0.720 0.r36 0.167 0.66\ o.7sB o.est o.sgi ó.;Ló o.721 0.748



238

SAS

.Bs s,..9 s5o s5 r s52 s53 s54 s55 s56 s57 S¡B s59 s6o

I lr 0.762 0.775 o.793 0.790 0.qol o.769 0.790 0.7g2 0.77t o.133 o.ttr3 0.740rr2 0.73\ 0.7t9 0.153 0.732 o.l_sg o.lti o.i1é o.7t43 0.737 o.7tu o.7ì4 0.698rì3 0-750 0.820 0.8¿+5 0.8r0 0.79r+ o.qzó o .iga o.8zé o.aóa o.e¡g o .152 0.752ìì4 0-75j 0.762 o.83t o.76t+ o.eí¡ o.sìB ó.rí¿ ,.;Bi ;:s;; o'.i;, o.753 o.t5t+ì l5 0.864 0.77t+ o.8lo 0.7g2 0.721 o.lr+6 0.8Í¡ o .775 o.t6g 0.770 0.831 o.B\zrr6 0.849 0.7t+t o.Z9q 0.lt*e o.lls o.il, o.iaé o .7-\2 o.¡5 o.7ì6 0.8r9 o.Bzor ì7 0.79ì 0.825 0.868 0.855 0 932 o.e5o o.eai o.aa2 o.'eLi ó.)ss o.777 0.777rr8 0.85r 0.755 o.766 o.zeì o.eíB o 79; ó.ezó o.8zt 0.go: 0.725 0.818 o.8llrì9 0.758 o.7,17 o.8r I o.753 0.910 o.É3i o.i'-i o.7Bo o.B3t o.127 0.791 0.800r20 0'73t+ o'758 o'783 0.766 0.99g o.lii o.i,rí 0.167 o.rt+5 o.7uo o.133 o.ttBì21 o.756 o.750 0.785 o.l50 o.665 o.ioA o.i,r,t 0.740 0.70b o.7V 0.135 o.lSg
0BS 56 ì s62 563 564 s65 566 s67 s6g s6g s7o s7 r s72
ìr ì o.75t+ 0.786 ?.!6? 0.132 0.193 0.8r5 0.694 o.786 o.t6\ o.7tt o.Br2 0.80ìlì2 0.7t6 o.728 0.72\ 0.708 0.7_2g o.ll1 o.aet o.752 0.746 0.715 0.755 0.755t3 0.8r2 o.Bro o.r7t+ o.r|r o.'azi o.'Bti ó-.ií) o.ls, o.B3o o.zog o.Bì0 o.166rì4 0'673 o'870 o'829 0.847 o.t.7a o.gtí ó.h; ò.goz o .705 o.lt+s o.Bsz o.73t4t5 0.8i7 o-7e2 o.83¡ o.Bzz o.rl? o.tai ó.iií t.psz o.7Bs 0.771 o.824 o.Boerr6 0.802 o .tt3 o.Bo9 0.Bl ì o.zqe o.ise õ:¿óB à.eit 0.763 o.t19 0.80ì 0.786r ì7 0.708 0.88: o.B¡7 o .rg2 o.7B,' o .'Bis ,.¿ð0 ò .7Bz o.rot 0.765 0.879 0.77or ì8 0.793 0.786 0.761 o.758 o.i?z o.78i o.6i8 ò.ln o.779 0.8¡9 0.769 0.866ìre o'to3 o.86o o.i7t+ o.ns 0.7\9 o.uÉ o.esi ò.tee o.6Bi ó.ãáb o .165 o.73sì20 0.758 o.7Lt 0.760 0.757 o.rgl o.eoi o.jíti ó.-L',B 0.762 o.6Bt o.tB6 0.7t6ì2ì 0.807 o-732 o.7\5 o.rz} o.ir*g 0.7\2 ó.iri ò.eez 0.789 o.7r r 0.766 o.72g

0BS S73 s74 s75 s76 s77 SZg s7g s8o s8ì s82 s83 s84
ìrì o'8or o.80¡{ o.7gg o.go2 0.773 o.7g¡ 0.g, o.792 0.g05 0.7g4 o.Bz5 o.go7I ì2 0.789 0.177 o.761 0.715 o.llo o.lzi ò.ie j ó.14 0.751 0.730 o.77t+ o.786I r3 0.8r7 0.tt+6 o.8oz 0.788 o.Al4 o.9gj o.ei¡ õ .l|l. 0.195 0.713 o.tlt 0.845r .4 0.796 0.78g 0.834 o.7gt+ o.750, o.86É o.goo ó.ple 0.824 0.8;¡ o .84 0.7g8,5 0.836 0.877 0.870 0.811 o.eóe o.lgi o.8i; ó.842 o .766 o.8o¡ o .750 o.7g8I r6 0'814 o '877 9'l!6 0.810 0.77t o.iaz o.rgi ó.azl o.7t+9 o.796 o.7Bo o.rrt+ì r7 0.768 0.757 o.BBt 0.835 o.B2t+ 0.912 o.gi,, ó.go: 0.856 0.867 0.846 o.BBlI r8 o'7or o.753 o.7sB o.e[é o.tg] o.azi ó.ige ó.lgl o.laz o.eii o.Br2 o.7s3I r9 0'686 o'6eB o.8oo o .7t+5 o.7pr o.Bj; ó.8í; ó.843 o.Bo3 0.859 o.Bo0 0.76!r20 0.808 0.788 o.8oo 0.7s2 0.igl o.úa ó.;ií ó.778 0.784 o .757 0.75\ o.77Lrr2r o.Bro o.t5z o.7st+ 0.r36 o.ier o.iir ó.;t; ó.lro o.106 o.r30 o.to6 o.t58

0BS S85 586 sg7 S88 s8g sgo s9 ì Sg2 s93 sg4 sg5 sg6

ì r I 0.828 0.769 o. Bz I o.8oB o .7go 0.787 o. go4 o. go7 o. go7 o .Bz 0.8 ì8 o .852r r2 0.78! 0.720 0.770 0.760 0.iÈo 0.734 0.758 0.757 0.768 o .777 0.i78 0.8r8rl3 0.783 o.t2\ o.8to 0.796 o.Brg o.lt*z o.iAO o.16,Ç 0.826 o .165 o.Bz2 o.BS5ì 14 0.775 0.769 0.780 o.elA o .Bn 0.75g 0.807 o .766 o.BT o.t6g 0.835 0.861r r5 0.8ì r 0.824 o.165 o.7g\ o.8o6 o.elí õ:B;i o.gzr o.BoB o.Br7 o.7t+3 0.788I r6 o'788 o'8r8 o'13? o.9ls o.7ts o.e3z o.aíi o.guz 0.78g 0.783 0.133 0.767rr7 0.85r 0.824 o.g7r.' 0.880 0.818 0.e2i ó.a¡a õ.e,-e 0.9r4 0.7gt1 0.866 0.892n8 0.886 o.8re o.8Í6 0.842 0.tÉz o.Bo3 o.iii ó.eoe o.igi ó'.aáe 0.832 0.8rsil9 0"753 0.776 0.784 0.82j 0.9¡6 o.7ss o.iil o'.72t+ 0.804 0.7il 0.829 0.8r9120 0.757 0.rh2 0.765 0.720 0.111 o.llt o.göa 0.780 0.780 0.735 0.715 0.777121 0.705 0.7o9 o.l\7 o.669 o.lt+6 0.7\3 o.715 ó'.1'rg o.7St, 0.721 o.688 0.72g



oBs sg7

ì r r 0.825
112 0.761+
I I 3 0.8¡+5
ì I 4 o.8qg
t 15 0 .795
I t6 0.792
117 0.922
I I I 0.791+
ì ì g 0.806
120 0.77t+
ì 2l 0.728

0BS Sr0g

ì I I 0.768
tt2 0.733
r ì 3 0.946
1tt+ 0.756
115 0.722
I I 6 0.683
r r 7 0.806
ì r I 0.790
r ì 9 0.790
120 O.171
l2l o.767

sg8 sgg stoo slol

SAS

s 102

o.777 o.832 o.787
o.73) o.775 o.732
0.77o 0.788 o.8l o
0.820 o.lt+6 0.876
o.791 0.8t3 0.710
o.775 o.773 o.762
0.858 0.835 o.9oo
0.777 0.823 0.830
0.823 o.7lo 0.883
0.748 0.185 0.692
0.722 0.758 0.649

239

sr05 sl06 sl07 sì08sr03 sr04

o .7 59 o .852
0.721 o. B t7
0.763 0.842
0.835 0.869
0.731 0.792
0.779 0.783
0.847 0.891+
0.795 0.834
0.854 0.83/+
0.710 o.771
o.69t+ 0.711

0.808 0.793
0 .170 o .7 t+2

0.8ì8 o.787
0.789 0.796
0.829 o. B2!
0.8 I 4 o.8og
0.883 0.83 I

0.761 0.75t+
0.776 0.765
0.808 0.8ì ì

0.798 0.782

SìIO Sìì ì

0.169 r.000
o.751 0.933
0.760 0.777
0.762 0.811
0.826 o .182
0.823 0.767
0.7 r r 0.778
0 .7 52 0 .799
o .688 o .t 35
o.750 0.741
o.7\6 0.703

sil2 slì3

0.933 0 .777
r .000 o .l52
o .7 52 r .000
0.77t+ 0.8ì4
0.739 0.708
0.740 0.694
0.725 0.808
0.772 0.7)42
0.706 o.827
0.721 o.7\g
0.676 o.758

Slll+ Sìì5

o.8l l o .782
o.77tt 0.739
0.8 ì l+ 0.708
I .0oo 0.162
o.762 1.000
0.826 0.967
0.845 o .7Bl
0 .l60 0 .7 t+3

o.855 0.693
o.725 0.175
o.6Bì 0.772

sil6 sil7

0.767 o.778
0.7r+0 o.725
0.694 o.80B
o .826 o .81+5
0.967 0 .787
r.000 o.773
o .713 r .000
o .1t+7 o .770
o.758 o.837
o.759 o.715
0.738 o.763

sil8 silg st20

0.799 o.7 35 0.74l
0.772 0.706 o.72t
o .7 t+2 0 .827 0 .l \g
0.760 0.855 o.725
0.7\3 0.693 o.775
o.7t+7 0.758 0.759
0.710 0.837 0 .715
r.000 0.836 0.70t
0.836 ì.ooo o.692
0.70r 0.692 t.0oo
o.65t 0.658 0.829

o .7 30 0.798
0.700 0.76t+
o.7t5 0.840
o.Bì4 0.75\
o.796 0.822
o.195 0.789
o .791+ o .805
o.7r+ I 0.825
o.736 0.716
o.753 O.7t+l
o.120 0.699

o.731 0.761
0.135 0.7ì3
0.Blo 0.71+9
0.823 o.185
o.765 0.802
o.lt+6 o.178
o.75t 0.823
0.717 0.7r0
o.750 o.137
0.768 0.806
o.76\ o.80 l

OBS

ìrì
112
I t3
r t4
I l5
I l6
lt7
ll8
ì t9
ì20
121

sr2ì qt?? s r23 s 124

o .786 o .l29
o .792 0 .687
0.816 o.8ll+
o.7t+7 o.762
0.79ì 0.7\g
0 .770 o .7 tg
o .7 39 o .866
0.7ì+2 o.732
0.692 0.781
0.779 0.790
0.826 0.804

0.703 0.725
o.676 o.721+
0.758 0.704
0.68r 0.j26
o.772 0.8ì5
o .7 38 o .787
o.763 0.708
o.6Dt 0.686
0.658 0.650
o .829 o .821+
t.000 0.8t0

s r 25

0.759
0.7 t5
0.773
o.8tg
0 .800
o .771+
0.783
0.704
0.736
0.79\
0.758

s r26

0.78ì
o .'t53
0.805
0.797
0.80ì
0.773
0.833
o .719
o.722
o .803
o.791

s1 27 Sì28 s ì29

0.756 0.766 o.7\7
o.723 0.767 o.t7 t
0.755 0.797 0.815
0.781 0.752 o.753
o .857 o .820 o .7 t+5

0.8,+4 o.8to o.705
0.8ìo 0.806 o.712
0.703 o.750 0.700
0.139 0.757 0.71 I

0.829 0.860 o.77tr
0.850 0.830 o.791



0BS Sl s2 s3 s4 s5

240

S8 qo SìO SìI SI2

SAS

s6 s7

t22 0.727 0.716 0.7r+o 0.705 o.64q 0.700 0.805 0.7g3 0.70g o.grg 0.7g7 0.67gt23 0.803 0.77t+ 0.789 0-756 0.748 0.820 o.e¡! o.eiI o is6 o.eie o .iú o.lôir24 0.781 o.8r9 0.r37 o.76\ o.rgt+ o.723 o.l,-i o.Br6 o .iir ó-.iég o.r97 0.77ot25 0.771 o.8lo 0.7\9 o.7L+6 o.7gr 0.Bj2 o.llo o.B6j o.iæ o.Aío o.e6l o.iAA126 0.780 0.823 o.lt+g o.74r o.788 o.zgg o .iie o.wí o.ill o.eéÀ o.sr r o.r5B127 0.735 0.173 0.77t+ o.713 0.7tr' 0.778 0.72t+ o.A)8 o.i|s o.eó¡ o.an o.l-oslz8 0.829 0.789 0.799 0.770 o.ar6 0.755 o.Zeg 0.8r6 0.ilg o.go5 0.8\\ 0.733129 0.740 0.7)+5 0.tt+3 o.tol o.740 0.7\5 o.g/*B o.BoB o.iió o.iéo o.etl o.il|
0BS St3 Stl+ st5 sl6 sì7 slg slg s20 s2ì s22 S23 S24

t22 0.620 0.823 o.llo o-799 o.l6? 0.7-73 0.753 0.7!8 0.gor+ 0.785 0.796 0.830123 0.627 0.829 o.6r+9 0.7ì9 0.82g 0.826 o.lge o.gog o.8ie õ.'eiÉ o.773 o.8t+5r2! 0 -65t+ 0.740 0.912 0.659 o.77_g o.lag o.l6t o.goã o.eíi ó.;ñ o.t5\ o.tlzi25 0.680 0.7!9 0.9e1 o.716 o.tll, o.lg\ o.B3o o.tg3 o.Bzl o.ila o.aór o.isõ126 0.607 0.804 0.690 0.t32 o.196 o.aol o.lgt o.ezg o.816 ó.iBé o.7g\ 0.785121 0.617 0.8¡6 0.653 o.t2g o.8lB o.Bz3 o.iit 0.195 o.tt3 o.778 o.'e2z o.'BiÉrz8 0.613 o.Br5 o.6gg o.7r4 o.r6t 0.166 o.il,, o.eió o.äiÉ ,'.bsl o.B3z o.Bz7r29 0.641 0.lio 0.658 o.753 o.727 o.731 o.tLo o.7BB o.Ali o.éol 0.155 0.837

0BS S25 526 527 S2B S2g S30 s3r s32 S33 S34 S35 536

rzz o.8ol o.7zo 0.7-86 0.79t 0.669 o.Zìg 0.787 0.7o3 0.758 o.767 o.731 0.768r23 0.8r7 0.835 o.go¡ 0.885 0.725 0.arg o.egs 0.75\ 0.760 o.782 0.',a'o,- o.iéir24 0.733 o.8¡6 o.qìZ 0.762 o.784 o.Blo o .lgí 0.73t+ o.l9B o.7go o.153 0.757125 0.711 o.877 0.818 0.7g8 o.jB,7 o.g,*¡ o.lg1 o.gó¡ o.el,r ó.86¿ o.tei o.iíLtz6 o.804 0.8r7 o.89? o.B4g o.ze ì o.aré o.igg ó.zaó o.eóz o.Br ì o.t58 0.748121 o.84l+ 0.715 o.7BB 0.872 o.l\2 o.Bl¡ o.iA2 o.let o.t7t 0.176 o.792 0.789r28 0.796 0.8i7 0.799 0.86À 0.790 0.psl o.iej o.161 0.77g o.rgt o.82r 0.8r3129 0.769 o-827 0.769 o.g4o 0.775 o.goì o.'uri 0.704 0.730 0.740 0.757 o.7gt
OBs s37 s38 s39 s40 st ì s42 sq3 s44 sr{5 s46 s47 s4B

122 0.75\ o.65t+ 0.722 0.7t7 o.7to 0.69q 0.172 0.6\z o.7t+g o.7t+D o.6lS o.lgtt23 0.808 0.737 0.791 o.Ze¡ o.e9J o.739 o.Aóg o.t2t+ o.t69 o.go3 o.756 0.775r24 0.801 0.165 0.8ì4 o.8rr+ 0.8ì4 0.6t1 0.75i o.751 0.753 0.7l8 0.80t 0.770125 0.792 0.770 0.7-9)+ 0.8r5 0.8ìr 0.761 0.753 0.729 0.753 0.748 o.8oo o.iiet26 0.798 0.160 0.833 0.806 o.t6\ o.7g7 o.iii o.7Ut+ o.lgt+ o.7\6 o.7go o.169127 0'713 0.730 0.18s 0.795 o.793 0.779 0.762 0.727 0.159 0.771 o.t7o o.Bo0lz8 0.827 0.783 0.830 0.831 o.Bo3 0.740 0.8il o.il's o.iao o.eil 0.82g 0.808129 0.761 o.l)+3 o.173 0.797 0.715 0.670 0.904 0.704 0.726 0.737 o.758 0.752
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SAS

0BS s!9 s50 s5 r s52 S53 s54 s55 s56 s57 s58 s59 s60

tz2 0.766 0.719 0.797 o.lt+t+ 0.70g 0.619 o.712 0.73g 0.6g5 o.lt3 0.766 o.169r23 0.823 0.806 o.Bto o.Bìe 0.trg o.tii o.Bi; õ.góg o.téi o.aiB 0.820 0.805t2t+ 0.77 | o.825 0.869 0.834 o .766 o. eó5 0.jgi õ. er r 0.804 0.765 0.78g o .781t25 0.795 0.823 0.878 0.83t 0.752 o.aoi o.AoS o.Ah o.lél ó.8;ó 0.807 o.BoBtz6 o'797 o'828 0.ggi o.eJ¡ o.iÉs 0.793 o.gr6 o.B_27 o.8oz o.rgt+ o.7go o.196t27 0.808 0.793 0.848 0.793 o.iol o.i1a 0.796 0.803 o .756 0.756 0.8ì5 0.8r2r28 0'798 0'85r 9.98r o.q6Þ o.r7o o.8z6 o.'aza o.esi o.gí8 o.Bóõ 0.788 o.7s2ì29 0.753 0.775 0.817 0.808 0.706 0.156 o.16o o.7gt+ o.t6g o.Bz9 o .167 0.166
0BS 56 ì s62 s63 564 s65 566 s67 56g s6g s7o s7 ì s72
122 0.762 0.729 o-7\3 0.7\g o.Boz 0.772 0.6g4 0.7g7 0.1gt 0.73g o.8rB o.7zgr23 0'828 o'79r 9.288 0.769 0.771o.eie o.iss ó'.1g, o.Br2 0.r56 0.8r4 o.Bor12\ 0.7\t 0.859 0.8r5 o.Boo o.eóe 0.78b o.iií ó'.1s, o.7st,0.7qe o.BzD 0.729125 0.751 0.853 0.897 0.879 o.z8g 0.8r4 0.8:e ó.a,-z 0.763 0.76t 0.85r o.758r26 0.735 0.845 o.B¡8 0.8¡l 0.768 o.B4o ó.;áá o.s,¡ 0.760 0.76o 0.903 0.77t+127 0.800 o.gr8 o .gz7 o.goo o .igg 0.7g7 0.72t+ 0.766, 0.771 0.725 0.843 0.771ì28 0.806 0.843 0.826 o.8t I o.az1 o.eia o.iõe ó-.lsa o.Bzz 0.155 0.824 0.165r29 0.808 0.77r o.7BB 0.79A o.ttB 0.829 o.iíl ó'.lsg 0.823 o.tu6 o.Bì6 o.t\7
0BS S73 S74 575 s76 s7l s78 s79 s8o sg I Sg2 S83 S84

t22 0.782 o.83l 0.794 o.gzz o.lg^? 0.7ì3 o.Z¡g 0.763 o.lot+ o.7tú o.7lo 0.7tt123 o.8¡6 0.8r4 0.840 0.826 o.iaa o.itÉ ó.ií¿ ,.733 0.738 0.73\ o.720 0.827ì2! 0 '762 o'766 0.8r5 0.795 o.e¡l o.pzi o.Bté ó.tas o.iio ó.aóa o .7t+3 0.79st25 0'8r6 0.808 0.941 o-8zl o.lgt o.eõa õ.83ó õ.77t+ 0.7h8 o.7gt o.72t o.8or126 0.85e 0.8¡z o.pz8 o.Btt o.azt o.B¡3 o.e6z ó.úz ó.igt õ:áó; 0.756 0.844127 0.828 0.8r6 0.896 0.7s3 o.Br7 o.eí8 0.8¡t õ.ees 0.iéí ,'.uí 0.792 0.802rz8 o.86o 0.8r6 0.9!8 o.ll| 0.87r 0.832 o.ezó 0.866 0.852 0.867 0.8r3 0.869ì29 0.84¡ 0.7r9 0.805 0.r75 o.giB o.lli ó'.isó ó.1,r, o.lrl 0.r52 o.r2\ 0.803
0BS s85 s86 sB7 S88 s89 sgo sg r s92 sg3 sg4 s95 s96

122 o'765 o.782 0.730 0.756 0.177 o.Brz 0.79r 0.8r9 o.llg 0.76o o.681 0.727t23 o.803 0-r5o o.Bo3 0.765 o.iss 0.780 o.ige órztt 0.822 o.7gs 0.773 o.Btsr24 0.781 o.796 0.830 0.788 o.lgo o.igl o.btl ó.A0,* 0.864 0 .738 0.766 o.Btg125 0.77o 0.76s 0.129 o.t6\ 0.753 o.lia 0.836 0.Zaa o.aie õ'.iáS 0.t65 o.Bo2i26 0.Boe 0.768 o.B3,* 0.7e1 o.eiI o .tgg o.aíi õ.å, o.a6e o.óóé o.ts6 o.B4Bt27 o.78t 0.804 0.803 0.76s o.8rz o.'s2o o.eÉi ó.e¡o ò.8;i ó'.iä o.776 o.Bozlz8 0.8r5 o-Bz5 o.Bss o.ll1 o.a,*t o.gr{o o.eéì õ.a,-z 0.856 0.782 o.rg2 o.B4B129 0.752 0.737 o-78s 0.7r0 0.787 0.7\7 0.8í¡ o.ls'e o:8ói õ'.is,, 0.728 0.770



0BS Sg7 s98 s99

SÂS

st0l sl02 st03

0.75\ 0.678 o.7t2
0.759 o.715 0.7ìo
0.768 0.767 o .t65
o.l6t+ o.146 o.l3l
0.804 0.780 0.759
0.809 o.756 o.77t+
0.850 0.748 o. B I 4
o .755 0.683 o .720

srì3 sìt4 sì15
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sr05 slo6 sloT slog
122
123
12h
125
tz6
127
rzB
t29

o.75\ 0.804 0.791
0.791 0.793 0.798
o .848 0.8,+8 o . 846
0.825 o.827 0.839
0.859 0.851 0.837
0.82r+ o.8Sl 0.861
0.826 0.897 o.g9o
0.76i o. Bor+ 0.805

s l00

o .7 t49

0.739
o.8zo
o.l8z
0.797
0.823
0.848
0.755

Sìì2

0.724
0.792
0.687
o.7)5
0.753
o.723
0.767
0.711

s r23

0.791
ì.000
0.785
o .804
0.835
o.8zo
o .820
0.845

s t04

o.71\
o.799
o.8oz
0.781
0.832
0.785
0.84!
0.766

srì6

o.787
0.770
0.719
o .77 tl
o.773
o .844
o.8to
0.705

Sì26

o.8oj
o.u5
o .834
0.86r
1.000
0.88 r

0.847
0.809

o.765
o-756
0.848
o.8zB
0.783
o.8it
o.Boo
0.773

Sì20

0.16t+ 0.778 0.792
0.767 o .791 0.805
0.779 0.199 0.796
o.8zz 0.783 o.g\l
0.8 I 2 0.805 o.8z I

o.n9 0.76\ o.7tg
o.796 0.75t, 0.809
0.782 o.7t+3 o.8zB

srì7 sìt8 stìg0BS Sì09 sìt0 slìì
122
t23

2l+
)tr,

z6

0.7ì4 0.750 0.125
0.835 0.8t6 0.786
0.833 0.741 o.l29
0.8r3 0.818 o.l59
0.197 0.79 ì 0.781
0.77 3 o.761 0.756
0.8r9 0.805 o.766
o.Bjo 0.834 o.lr+7

0.704 0.726 0.815
0.8ì6 o.lt+7 O.lg1
0.8ì! o.762 o.149
o .ll3 0.819 o. Boo
0.805 o.l9l o. Bo ì

o.755 0.78r o.BS7
0.197 0.752 o.Bzo
0.8r5 o.753 o.lt+5

s 124 sr25

o .71+9 o .7 530.785 0.804
ì.ooo o.Bz7
0.827 I .000
0.83! 0.86 I

0.808 o . Bzo
0.827 o. gz3
0.77t+ 0.796

0.708 0.686 0.650 o.g2t1
0.739 o.742 0.692 0.779
0.866 0.732 o.7Bl o.lgo
0.783 o.7oi{ 0.7 36 o.lgt+
0.833 0.7 t9 o .722 o. go3
o .8 ro o .lo3 o .7 39 o .g2g
0.806 0.750 o.l5l o.g6o
o.7t2 0.700 0.7tì 0.77t+

s127 s ì 28 q I ?O

0.807 o. goo 0.799
o.8zo o.8zo 0. g45
o .808 o .827 o .77 tt
0.820 0.823 0.796
0.881 0.847 o.go9
r.ooo 0.868 o.lgz
0.868 t.ooo o.8t+4
0 .782 0.84r{ I .000

121
r zB
ì )o

OBS S]2I s 122

t22 o.8lo ì.ooo
\23 0.826 0.79 ì

124 0.804 0.7\g
125 0.758 0.753
tz6 0.79 I o. go3
127 0.850 0.807
r 28 0.830 o. Boo
129 0.797 0.799
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STIMULUS COORDINATES
DETERI.trNBD BY

Appendix 5

FOR EACH OPERATIONAI TAXONOI'trC UNIT (OTU) AS
NON-}ÍETRIC M]LTIDIMENSIONAL SCAIING

CODE

NUMBER*

SAS
CONFIGURATION DERIVED IN 2 DIMENSIONS

STIMULUS COORDINATES

Dimension
)

1
2

3
4

5
6
1

I
9

10
11
T2
13
L4
15
L6
L7
18
19
20
2L
22
23
24
25
26
27
2B
29
30
31

-0"7501
0"5918

-1 " 
8131

-l-"7 635
L"97 39
1.8525
0.4386
0" 8185
0 "9493
L"27L4

-0 " 951r
-1. 8806
I " 4138

-3"77 47
2"62L9
0"5809
0 " 5086
1. 4055

-0 "9L9r
0 " 1853
0.8943
L.LO7 4
1,3110
L"5270
0 " 1941
0.1918
0.8L7 4

-I"5982
-0 "2543
I"0625
0 " 6111

-0.9405
r"67 58
0 " 4361
0. 0818

-L"2787
0" 1948

-0.9087
-r.8420
-0 " 0159
-L.287 5

-r"7887
3 "r546

-r.4258
0"4725
r,0664
t"3024
L"2B2B
0 "9797
0"0778
0.5225

-1 " 4613
0" 6308
o "2597
0 "2602

-L"2382
1.0655

-1 " 0895
0" 1969
0 "2782
0"r47 6

r"6827
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10JL

33
34
35
36
37
3B

39
40
4I
+z
43
44
45
46
47
4B

49
50
51
52
s3
s4
55
56
57
58
59
60
6I
62
OJ

64
6s
66
67
68
69
70
7T
72
73
74
75
76
77
78
79
BO

B1

82
83
84
B5

0"7 408
0 "7 906
0.3806
1.4588

-0.407 3

-1 " 7538
-7"L295
-0.9527
0. 28 31
0.97 09
r.1530

-2"rL95
-0 "1432

o "8642
-L.4233

o "9424
0.47 B0

-0.6434
-0 "2245
-0 " 6208
-)."7 430
-L"257 6
-0.3386
-o "6L34
-1"1768

1 " 5194
0.334r
0 " 3895
L"3862

-0.8233
0" 328
o .567 9

0 "2238
-0 " 0883

2"L224
r"4439
1. s608
o "0179
0.0645
0 " 0740
0. 9 541
1. 2988
0 "077 0
0.064s

-0.3060
-0 " 8968
-0.7 063
-0 " 8861
-1. 18 79

-0.867 6

-L "547 0
-0 "3392
-0. 3881
-0 " 659s

7"37 20
1. 1099
t_.4543

-0. 0658
0"57l-2

-0 "2218
-0 "644L

0 " 1816
-1, 6893

2 "0068
-0"7477

o "2276
r.3840
1 " 5128

-0"0523
0.6824
0. 9 655

-0 " 4161
-0 " 2535
-0 "236r

0 "37 32
-0. 0816

0.57 43
0 "0666

-0 " 0610
-0 .67 22
7.I22I
L"2077
0 " 4788

-0 "0967
0. 4061
0"7877
0 "6257

-0 " 3893
-0.4908
0.7979

-0 " 3005
r" 47 67

-0 " 4337
L"227 4

-L "1227
-0 "2644

0 " 1689
0.593s

-0 "6299
o "2794

-0. 0335
-0 "2997
-0 " 406s
-o "r7 28

-0. s565
-0 " 3410

0" 6353
0 " 5605
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B6
Õt
B8

89
90
9L
92
93
94
95
96
97
9B
99

100
101
r02
103
104
105
106
107
108
109
110
111
L12
113
IL4
115
rr6
LT7
118
119
\20
L2I
L22
r23
124
r25
L26
L27
r28

?t Code number = code numbers as

-0"5691
-o "97 54
-0. 8920
-0.2095
-o "\322
-0 " 0802
-0 .427 8

0 " 9040
-L"2L27
-0 "7366
-0"6766
-0 "2s47
-0. 2181
-1.0825
-0 " 6843
-L.9239
-1. 6800
-0 "8237

0 "7 32r
0.4265
r"2623
0"5876

-0"s47 4
I " 5151

-0.8044
-0 " 0678
-0. 8307
_I.2B2I

L.2447
1.0409

-L"2920
-0 "9668
-2 "07 39
r.L666
L.597L
2 " 0533
L"L594

-0. 7111
0 "6644
0"3197
0.8161
0 "L577
0"8779

listed ín appendix 3"

o.IB92
0 " 6362

-0.9139
0" 3210

-0 " s198
0.047 6

-0.1098
0" 9s53
0. r587

-0.23s0
-0.1493
-0,499s
-0 "5292
-0 " 4893
-0.447 4
0.L662

-0"s872
-0 " 0950

0,7 87 3
0 "8725

-0 "57 s5
-L.3258
-0,6354
0.Lr23

-L.L646
-2"1904
-1. 3149
-0. 7 519
0"2802
1.0686

-o "3392
1 " 5102
0,6247

-L"377 6
-L"6297
-0 "2839
-0 " 516s
-1.0780
-0 "6537
-0 "8927
-0"8784
-0 "7 722
-0.4861
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Appendix 6

PRELI1,trNARY EXPERIMENTS ON RO0TING OF SOFTI,ÐOD
fruti cosa

CUTTINGS 0F Porenril_la

A series of exploratory experiments \,/ere conducted Eo help delineate
cultural requirernents for rooting of softwood cuttings" cuttings ofrCoronatÍon Triumph' and tl4conlightr were collected in late June" Three
replicates r^¡ith 6 cuttings per replicate were used for each treatment
combination. Cuttings vrere rated approximately 30 days after treatment
Ínitiation" The treatments T\7ere;

Þledia study: The media used were turface, vermiculite, peatmoss,
peatmoss and vermi-culite (50/50 vol, ) and peatmoss and turface
(50/50 vol.). Cuttings \4rere placed in plastic pots wÍth the
appropriate media and enclosed in a plastic bag to maintain a high
relative humidity. Pots were placed on a growt.h room bench
(20"C/15"C day/nighc) wirtr a 16 hour daylength.

Rooting Hormone: cutrings were dipped in stimroot lfL (o"lz rBA in
talc, Plant Products, Braulea, Ontario), (Freeland lg77) and. praced
i-n a peat/vermiculite rnedia (50/50 vor. ) in a plastic pot" pots
were then placed on a growÈh room bench (20"c/L5"c ð.aylnight) with a
16 hour dayrength. Ar unlreated control was also courpletãd for
compariËive purposeso Pots were enclosed ín plastic bags to
maint.ain a high relative humidity.

Environment: cuttings were placed in a peat/vermiculite media (50/50
vol. ) in plastic pots and placed on a growth room bench, on a
greenhouse bench, in a greenhouse intermittanE rnist chamber ( l0
sec. mist every 2 ninuËes). pots in Ehe first two locations were
enclosed \,rith plast.ic bags to maintain a high relative humidity.

containers: cut.ti.ngs were placed in a peaË/vermiculite rnedia (50/50
vol. ) in either plastic or clay pots and then placed on a growth
room bench" Pots were enclosed ín plastic bags to maintain a high
relative hurndity.

The results of these prelÍminary experimenÈs are presented Ín the
following table"

1)

2)

3)

4)

Treatment Mean Rooting Percentage Mean Main Root Rating*

A) Media effects
turface 61.1 bc** 2"2 bc
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B)

C)

vermiculite
peatmoss
peatmoss & vermiculite
peatnoss & turface

Rooting Hormone (0.I"Á
hormone
no hormone

Rooring environment
greenhouse bench
growthroom bench
i-ntermiËtant mist

Type of container
plastic pot
clay pot

55.5 c
63.9 b
69.5 a
63"9 b

ItsA in talc)
69.5 a
6I"1 b

80.5 a
64.9 b
85.6 a

83"5 a
52.8 b

2.2 bc
L.B c
2"8 a
2.3 b

3.3 a
2"r b

2"8 b
2"L c
4"0 a

D)

2.7 a
1.4 b

* Main root rating: 0 =no rootsr l = 1-3 rootsr2= 4-7 rootsr 3 =8-lI roots, 4 = I2-I5 roots, 5 = )15 roots"

** Values followed by a similar letter are
as determined by Duncants multiple range

not statistically different
test, aC = 0"05"

rnterpretatj-on of these results ind.icate that cutÈings placed in a
medium composed of peat and vermiculite, in an intermittant mist
chamber, with rooting hormone r¡rere most successful and vigorous.
Success and vigour relaÈe to overall survival and development of many
new roots, There \¡rere no differences beËween the È!¡o cultivars tesEed.
The results from this preliminary experiment \"/ere utilized in the
selecËion of cultural treaÈments for subsequenË st.ud.ies,
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Appendix 7

SURVEY 0F ROOTING 0F 64 poÈenrilla fruricosa TAXA

Mean
Main
Root

Ratingl

Mean
Lateral
Root Survival

Raring2 ("Ð3

New
Growth
Rating4

A" Cultivar

Abbotswood
Beani
Beesi-
Berlin Beauty
Buttercup
Coronation Trj_umph
DarLs Golddigger
Darts Nugget
Daydawn
Elizabeth
Farreri
FarrerÍ I,Jl'rite
l-ran Lady Danesbury
Friesengold
Goldfried
Gold Drop
Hachmanrs Giant
Hallmants Dwarf
Hers i
Hurstborne
Irving
Jackmani
Katheri-ne Dyke
Knaphill
Lemondrop
Longacre
l"fandshurian
MoonlÍghr
l{ount Everest
Northman
Nyewood Form
Ochroleuca

5.0
2"0
2"3
4"7
4.0
4"7
4.0
3.0
3"0
4,0
4.3
5"0
4"7
2"0
3.3
3"7
4.7
4"3
4.0
2"0
2.7
4"7
2"7
2"7
4.7
3.0
5"0
2.3
3.0
t1
5,0
2,7

3"0
2"0
3"0
3"0
3"0
2"0
3"0
3.0
3"0
3"0
3"0
3.0
3.0
3"0
3.0
3.0
3.0
3.0
3.0
1"0
3"0
3.0
3"0
3,0
3"0
3"0
3"0
2"O
3.0
3"0
3.0
2"0

100
88"7

r00
88.7

r00
80
88. 7

100
100
r00

88" 7

100
100
100
100
100
100
r00

33
40
88"7

100
BB"7

100
100

88.7
100
100
100
r00
100
88"7

2"0
2"0
2"0
2"0
2"0
2"0
2"0
2"0
2"0
2"0
2"0
2"0
2"0
2"0
2,0
2"0
2.0
2"0
1,0
1.0
2"0
2"0
2"0
2"0
2"0
2"0
2"0
2"0
2.0
2"0
2"0
2.0
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Primrose Beauty
Purdomi
Roseacre
Sanved
Subalbicans
Sundance
Sunset
Sutters Goi-d
Tangerine
Tenuloba
Veitchi
I,vhite Gold
Yellow Single
uM 7911
ut{ 7 506

B" Miscellaneous Taxa

P. fruticosa arbuscula
Friedrichsonii
glabra
parvifolia
Rhederlana
Sulphurescens
native /13

native ll4
native // 120
native /i19
native //49
nalíve lÍ52
native /l I
native //28
European (2n=2x)
European (2n=4x)
Scandinavian

3"7
4.0
2"0
2.0
3"3
2.3
2"7
3"7
3.0
2.0
3.0
4 "33
4.0
3"0
2"33

3"0
3.0
3.0
3.0
3.0
3,0
3.0
3,0
3.0
3"0
3"0
3"0
3"0
3.0
1.0

100
100
100

77
100
100
100
100
100
88. 7

100
100
100
100

65

2"0
2"0
2"0
2"0
2"0
2"0
2"0
2"0
2"0
2"0
2"0
2"0
2"0
2.0
2"0

4"3
3"0
3"7
5"0
3.5
3"7
0
0
3.7
4"3
0
3.0
2.3
2.0
3.0
3,0
2"5

3.0
3.0
3,0
3"0
3.0
3.0
0
0
3.0
2"0
0
2"0
3"0
1.0
3"0
3"0
3.0

100
100
100
r00

65
66

0
0

100
100

0
100
100
22"2

10r)
r00
100

2"0
2.0
2.0
2"0
2"0
2"0
o

0
2"0
2"0
0
2"0
2"0
0
2"0
2.0
2.0

8-I ilulainRootRating: 0=none, 1= 1-3 rooEsrZ= 4-7 rootsr 3 =
rootsr 4 = I2-I5 roots, 5 =)15 roots,

2Laterar RooË Rating: 0 =none, l = fewr 2 =mod.eraL€r 3 = abundant.

3 Survival: outplanting survival after treatment"

4 Nur Growth Rating: 0 = none, I = weak, 2 = vigorous.
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Appendix B

MAXII.ÍUM AND I'IINIYIUI"I TEMPERATURES AND GROI^IING DEGREE DAY VALUES FROM MAY
8 T0 OCTOBER 9, Igg4

Growing Degree Day Values
(4"4"C base temp")

Date Max. ( oC) Min, ( o C) daily cumulative

llay 8
9

10
11
L2
13
L4
I5
I6
L7
18
L9
20
2I
22
23
24
25
26
27
28
29
30
3l

June l-
2
J

4
5
6
7

I
9

10

13" 3
L6 "7
20.0
11.1
15. 0
18"3
20.6
2s.6
3r"7
25 "6
20 "0
r3"9
L7.2
23 "3
L6 "7
18 ,9
L4"4
13.3
18"9
r8.9
22.2
2s "6
32.2
35.6
2r"7
25 "6
26.7
27.7
77 "B
20.3
2t .2
20 "0
13. 3
rB.9

1.1
r"7
6"r
6.7
0.6
7"2
4"4
6"7

16. 1
18.9
13.9
10.0
9.4

12"2
8.9
8.3
6.L
5,0
3.9
6.7
4"4
6"7

L4 "4
L7 "3
14.4
72"2
II"7
3"3

15"6
L6 "7
16.1
13"9
10. 0
6.7

5.0
9"3

13.9
3"8
7"3

13.4
12.9
L7 .8
26.8
28 "7
20.0
10. 9
L4 "3
2L.7
13, 3
15.0
8.0
5,5

11,5
13.5
14 "L
17 .B
25 "2
26.6
22"3
22 "7
22.6
13.3
20 "5
23 "7
26 "7
2L.O
10.0
13.5

5.0
14.3
27 .2
31.0
JO"J

58.7
7r "6
88.4

LL5 "2
L43 "9
L64.9
175.8
190.1
TIL.8
225 "L
240 "r
248 "r
253 "6
26s "r
278 "6
292 "7
310"5
335 "7
362"3
384 "6
407 .3
429 "9
443 "2
463 "7
487 "4
514"1
535. r
5¿5 1

ss8"6
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11
L2
r3
74
15
L6
L7
18
L9
20
2L
22
23
24
25
26
27
28
29
30

July 1

2
3
4
5

6
7

o
9

10
11
L2
13
L4
15
I6
I7
18
T9
20
2L
22
23
24
25
26
n1
LI

2B
29
30
31

Aug" I
2

-)

23"3
17 "2
20.6
.).) ,
27.7
27 .8
27 ,2
24.4
25.6
26 "7
27 ,2
27 .8
22"8
24 "4
32"8
23"9
25 "6
26 "7
28 "3
30.3
2s "0
29 "4
¿o. I
23 "9
18"9
22"2
23.3
27 "8
30.0
30.0
30.8
32 "2
29.2
26 "7
26 "7
24 "7
26 "7
33"3
28.3
30"0
31" I
27 .B
27 "8
28 "9
30" 3
28 "3
30.0
32 "2
28 "3
27 "8
29 "4
31.1
33. 3
32 "B

9.4
r3,3
10.6
8.9

13. 9

L7.B
17"8
16 .1
13.9
12.2
17. B

L7 "5
t-4"2
L2 "5
15.3
L6 "7
15. 3
17"8
L4 "2
16.1
13. 9

18.9
15.0
13"6
13,9
9"7

10.3
13.9
16. 1
16 "7
L6.7
17 "2
16.7
17 "5
16. 1
15.8
13. 9
t7 "2
13,9
13.9
22"8
2L"9
14 "7
15.6
13, 9

14 "4
15. 0
15.6
20 "3
2L"7
20 "6
20"8
17. B

L7 .8

19 "2
L7 "8
18"5
18.1
)') t

¿o. J
28.2
25 "8
24 "3
23"L
¿o"¿
28 "L
23.2
22 "5
25.9
26 "r
25 "5
28"L
25.2
27 "0
24"0
26 "0
25.6
23 "3
20.0
18.8
20"0
24 "8
27 "0
27 .5
27.5
27 "7
27 "5
27 "8
26 "6
25.6
24.6
27 .5
24.9
25.0
3 3.0
32 "0
25 "6
26 "5
25 "O
'25 

"4
26 "0
26 "3
30 "7
3L"9
31.0
3L,2
28.0
28 "2

577 "8
595"6
6]_4 "L
632"2
654 "4
682"7
7r0 "9
736 "7
7 6L.0
784"L
812.3
840.4
863 "6
886,1
9L2.0
938. r
963.6
99L.7

1016.9
l-043 "9
L067 "9
r093"9
1119 " 5

Lr42"8
LL62.B
1181.6
1201 " 6

L226.4
L253"4
L280 "9
1308.4
1336.1
L363 "6
1391 " 4

1418 " 0
1443 "6
L468.2
r495 "7
l-520 "6
7545 "6
1578.6
1610. 6

L636 "2
1662 "7
L687 "7
1713. I
L739 "I
1765"4
L796.r
1828.0
1859.0
1890. 2

L9r8"2
l-946 "4
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4

5
6

7

8

9
10
t1
L2
13
L4
l5
L6
17
l8
L9
20
2I
22
23
24
25
26
27
28
29
30
31

Sept. L

2
J

5
6
7

B

9

l0
11
72
13
L4
15
L6
T7
18
19
20
2I
22
23
24
25
26

32.5
1a aJLaL
a.) aJL6 ¿

30"6
28 "3
24.4
23"3
30"6
30. 6

36 .1
33.3
25.6
32.2
30.0
30.3
32.8
26 "r
23 "3
2r" 4
26.L
30.0
34 "4
38. 6
38 ,3
34 "7
27 "8)) )
19 "4
18"9
18.1
18. 9
20 "6
17.8
28 "9
23"6
17 .2
L4"4
15"8
17 .8
15.0
15"6
ls.6
18.3
L7 .8
29 "4
24 "4
23"6
2L.7
15. 0
17 .8

7"8
5"6
6"7

10"0

18"3
17 ,8
73 "9
14 "4
17 "2
r6 .1
16.7
r3"9
17.8
20.0
22"8
15"0
L4"4
14.4
L4"4
r8,1
L9 "2
15.0
11, 1
8,6

15"6
19 "2
16 "4
15.6
L6"L
10 .0
73.9
8"9
8"6

II"7
9"3
7"8
5.3

L2"B
15. 6
11" r
10"3

Õ"J
5"6

IL"7
10"0
6"4
5"6
3.9

LL.7
L6 "4
10. B
7"2

11. 1
4"4
3"3
r"7
L"7
r"7

28.7
28.3
24"8
25 "4
27 "9
2s "B
25 "7
25 "0
28 "5
28. B

32"s
25 "3
25.2
25 "5
2s"5
28.4
29 "2
24 "2
19.5
19 "7
26 "5
28 "9
24"0
23 "5
26 "O
2L"3
22"6
16.0
L5 "2
L7 "3
15"0
16 .0
LL.2
24 "0
24"9
15"8
Ir. 8
II"7
11.5
13.8
13.0
9.8

12.0
10"4
23.0
26 "0
20"6
L6 "2
13,3
10.4

0
0
0
0

I97 5 "L
2003.4
2028.2
2053.6
208r"5
2L07.3
2133.0
2158 " 0
2L86 "s
22L5 "3
2247 .8
2273"L
2298.3
2323.8
2349.3
2377.7
2406 "9
243L"r
2450.6
247 0 "3
2496.8
2525.7
2549.7
257 3 "2
2599.2
2620 "5
2643 "r
2659.L
267 4"3
269r"6
27 06 "6
2722"6
27 33.8
27 57 "B
27 82 "7
2798 "5
2810 " 3
2822"0
2833 "5
2847 "3
2860"3
287 0.L
2882.L
2892.5
2915 " 5
294L"s
2962.L
297 B "3
299r.6
300 2. 0
3002 " 0
3002.0
3002 " 0
3002.0
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27
28
29
30

Oct. 1

2

3
4
5

6
7

I
9

N/A
14 "4
L7 "8
15"0
20 "6
22"5
18"9
1s.6
25.6
20 "3
16. 9

22.2
24"4

N/e
L.7
3"3
3.0
0.0
8"9
)')
2"8
6"7

15.6
6"1
7"5
7"8

N/A
6"5

10"4
7"3

12 "9
18"3
11. 5
8.0

L7 "8
aa 1

lr.0
16 .8
18,3

3002 " 0
3008 

" 5

3018 " 9

3026 "2
3039.1
3057 "4
3068 " 9
307 6 "9
3094 "7
3rr7 "4
3L28.4
3L45 "2
3163.5
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Appendix 9

FLOI,ER COLOUR CLASSES UTILIZED IN PROGENY ASSESSMENTS

Cl-ass Royal- Horticulture Colour Description

I. Dark Yellow Aurelian yellor¿ 3/0

2. Bright Lemon Yellow canaxy yellow zl0 - sulphur yerlow 1/0

3. Light Brighr Yellow canary yellorv zlr - sulphur yellow t/I
4. Creamy yellow Canary yellow Zl2 - sulphur yeLlow L/Z

5. Lighu creamy Yellow canary yellow z/3 - sulphur yelrow l/3
ó. Creamy White primrose yellow 6OL/3

7. White

8-28 Each of the above colours wíth the presence of orange, red or pink
pi.gments to varying degrees but noË Ëo do¡ninate background. colour,ie. Cyanic zonation.

29. Red

30.Orange

31. Salmon

32. Pink



g5s

ACTUAL SIZE

CLASS 1

CLASS 2

CLASS 3

CLASS 4

C LASS

CLAS S

APPENDIXlE LEAF SIZE CLASSES USED IN PROGENY ASSESMENT

$M
MM
MßW
www

5

6
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Appendix I I

DETAILS OF PROGENY EVALUATION

A) Flower colour and petal number crosses

B) Open-pollinared fanilies

C) Experimental taxonomy crosses
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Abbrevíation Character l"fode of Assessment

PLNUII = planr number
wr = winËer injury 1 = dead , 2 = dead to soil li-ne "..6 = no damage
LFCOL = leaf colour 1 = dark green ".. 5 = lighË green,

6 = silver green, 7 = blue greene
8 = chlorotic

LFPUB = leafvesture l=glabrous o."6 =villous
LFSIZE = leaf size as illustrated in appendix l0
NUMLF = number of leaflets count
FLCOL = flower colour as ouËlined in appendix 9
FLDIAì4 = flower diameter I = l0mm, 2 = l0-f5 mm ..o 7 =

35 ruo
NPET = number of petals count
NLPET = number of large

petals count
NI"IPET = number of medium

petals count
NSPET = number of small

peËals counË
PETOV = petal insularicy I = gapr 2 = touching,3 = overlap
HGHT = heighr cm
WDTH = width cm
VIG = vigour 0 = dead ... 9 = very high
FLCOLG = flower colour -

greenhouse as outlined in appendix 9
FLDAMG = flowerdi-ameter- f = l0mmr2=lo-l5mm.o.7=

greenhouse 35 mm
NPETG = number of petals -

greenhouse count
NLPETG = number of large petals

- greenhouse count
NSPETG = number of srnall petals

- greenhouse count
PETOUG = petal insularity -

greenhouse I = gap, 2 =touching, 3 = overlap
LFCOLG leaf colour -

greenhouse I = dark green ".. 5 = tight green
LFPUBG leaf vesture -

greenhouse I = glabrous .". 4 = villous
NMLFLG = number of leafleËs -

greenhouse count
VIGG = vigour - greenhouse 0 = dead n.. 5 = very high
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I(ey to Abbreviations and Codes

Code Number

100
101
ro2
103
104
105
106
LO7
108
109
110
1r1
LL2
113
LL4
115
116
tL7
118
119
120
L2T
122
r23
r24
L25
r26
127
r28
r29
130
131
132
133
134
135
t36
r37
138
139
740
I4L
742
l-44
L45
r46
r47
148
r49
150

Taxa

Arbuscula 0P
Grandiflora 0P
Glabra 0P
uM 7901 0P
Maaneley 0P
ur'I 8105 0P
Parvifolia OP

Micandra 0P
Friedrichsenii 0p
Beesi 0P
tr{eeping OP
Rhederiana 0P
uM 7904 0P
uli 7911 0P
Mandshurica OP

I4archand 0P
Arborg
USSR OP

Sundance 0P
uM 7513 0P
Northman OP

UT4 7TO2 OP

uyr 7522 0P
Coronation Triurnph 0p
Logan Form 0P
Tangerine 0P
uM 8102 0P
Sunset 0P
Jackmani OP

Purdoni 0P
Nyewoods Form 0P
Hall¡oanrs Dwarf OP

Coronation Triurnph x UM 7528
Abbotswood 0P
Goldfinger x Roseacre
Goldfinger x lr{archand
Goldfinger x Red Ace
Goldfinger x Davurica
Goldfinger x UM 790I
Goldfinger x UM 8102
Goldfinger x Grandiflora
Goldfinger x Hachmants Giant
Goldfinger (x)
Goldfinger x UM 791I
UM 8i02 x Ul{ 5722
UM 8102 x UI4 7904
UM 8102 x Red Ace
UM 8102 x UM 7909
Ulr 8i02 x UM 7911
UM 8102 (x)
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Code Number Taxa

151
r52
153
L54
15s
L56
L57
158
159
160
161
r62
r63
165
166
L67
168
169
173
774
L75
L76
L77
178
179
180
181
L82
183
184
185
rB6
l-87
188
rB9
190
191
l-92
193
794
195
196
L97
198
L99
200
20L
202
203
204
205
206

UM BI02 x Marchand
Ul"l 8102 x Davurica
UM 8102 x Goldfínger
UM 8102 x UM 7901
Ul'1 8102 x Gibson Scarlet
UM 8102 x Sundance
UL'[,790L x Davurica
UM 7901 x Goldfinger
Ull 7901 x Sundance
UYI 7901 x UM 8102
UM 7901 x I'larchand
UM 79Ol x UM 7911
UM 7901 x UM 7904
Grandiflora x Hachman's Giant
Hachmanrs x Goldfinger
Red Ace x UM 7908
Sundance x UM 8102
Sundance x Marchand
UYI 7904 x UM 7901
UNI 7904 x Sundance
UI4 7911 x UM 8102
ULl. 79LI x UNI7904
Ul{ 79ll x Marchand
UþI 79 11 x UM 7901
l{archand x Sundance
European (2n = 2x) x Davurica
Sulphurescens x Davurica
Scandinavian x Davurica
Coronation Triumph x UM 7901
Arbuscula (x)
Fríedrichsenii x Davurica
Davurica x Glabra
Rhederiana x Davurica
Grandiflora x Scandinavian
Davurica x European (2n = 2x)
Glabra x European 2n = 4x
Arbuscula x Davurica
Davurica x Arbuscula
North American NaEive x Davurica
Arbuscul-a x Scandinavian
Glabra x Arbuscula
Friedrichsenii x Scandinanvian
Davurica x Scandinavian
European (Zn = 2x) x Hersi
Parvifolia x Arbuscula
Glabra x Hersi
Arbuscula x Glabra
Scandinavian x Glabra
Glabra x European (2n = 2x)
Glabra x Parvifolia
Arbuscula x European (2n = 2x)
European (2n = 2x) x European (2n = 4x)
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Code Number Taxa

207
208
209
2r0
2IL
2L2
2L3
2r4
2L5
2L6
2L7
2L8
219
220
22L
222
223
224
225
226
227
228
229
230
23L
232
233
234
235
237
238
239
240
24r
242
243
244
245
246
247
248
249
250
25r
252
253
254
25s
256
257
258

Hersi x Glabra
Parvifol-ia x North American
Scandinavian x European (Zn = 2x)
European (Zn = 2x) x Glabra
Davurica @
Scandinavian x North American
European (2n = 4x) @
European (2r, = 2x) x parvifolia
European (2n = 2x) x North American
Scandinavian x Arbuscula
Arbuscul-a x Hersi
Parvifolia x Glabra
European (2n = 2x) x European (2n = 4x)
Hersi x Scandinavian
Glabra x Scandianvi-an
Parvifolia x Scandinavian
North Amerícan x Glabra
Scandinavian x Parvifolia
Parvifolia x Hersi
Arbuscula x North American
Arbuscula x Parvlfolia
Arbuscula @
European (2n = 2x) x Arbuscula
Davurica x Parvifolia
RhederÍana x Hersi
Glabra x Davurica
European (2n = 2x) x Friedrichsenii
Sulphenescens
Rhederiana x ParvifolÍa
FrÍedrichsenii @
North American x Arbuscula
Parvifolia x European (2n = 2x)
North American x parvifolia
Hachman's x UM 7519
Coronation Triunph x UIí 7528
Arbuscula x UM 7309
Glabra (Parenr)
Hersi (Parent)
Scandinavian (Parent)
Arbuscula (Parent)
Parvifolia (Parent)
North Arnerican (parent)
Rhederj-ana (Parent)
Sulphurescens (ParenL)
European (2n = 2x) (parent)
European (2n = 4x) (parent)
Davurica (Parent)
UM 79I1 (Parenr)
Ul{ 7911 (Parent)
UM 8102 (Parenr)
Goldfinger (Parenr)
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Code Number Taxa

259
260
26L
262
263
264
¿6J
266
268
269

UM 7901 (Parenr)
Marchand (Parent)
Red Ace (Parent)
Sundance x UM 7904
Goldfinger x Sundance
Davurica (Parent)
Subalbicans x I'farchand
Cornation Triumph x Sundance
Hachmanfs Giant OP

NorEh Arnerican 0P
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A) Flov¡er colour and petal number crosses,
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B) Open-pollinated farnilies"
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